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Abstract-Practical synthetic routes to 19-hydroxy-, IS-oxo-, 19-o& and 19-nordeoxy- 
corticosterone were developed. 19Hydroxydeo corticosterone (11) and its Ill-acetate 10 
were iirst prepared by two routes via t.X 
starting from rea 

0-protec lg-oxygenated intermediates 6 and 17 

acetate (121. t The 
‘ly available pregnenolone acetate (1) and deh 
ey step in the Srst route is the application o fEVroe 

piandrostetone 
enI& a&&y&ion at 

C-21 to the enamine 7 derived from 6. Ihe sewndreute Snvolvmintroductioti ofa 
hydroxyacetyl sidechain at C-17 starting with baae-catalyzed~t&~ ef 19 with 
methoxyacetlc ester. 19-010- and 19-oicdeoxycorticostsrone (23 and 26) and their 21- 
acetates 22 and 24 were obtained via chromium trioxide oxidation of IO under different 
controlled conditions. Alkaline hydrolysis of 22 under decarbonylatlon led to 19-nor- 
deoxycorticosterone (26). Alternative1 
estrone methyl ether (27) was achieve B 

, a short-step synthesis of the latter steroid from 

the corticoid side chain. 
by utilizing the same procedure for construction of 

19-Nordeoxycorticosterone (19-nor-DO(Z) is a mineralocorticoid with potent sodium-retaining activity 

comparable to that of aldosterone, which has recently been the focus of attention in connection with low 

renin hypertension.1 It was first isolated by Comez-Sanchez et al. from the urine ofrats with adrenal 

regeneration hypertension2 and later identiiIed by Dale et al. in human urine.3 More recently, Come5 

Sanchez et al. reported the isolation and identification of 19-hydroxy-, IS-oxo-, and 19_oicdeoxycortico- 

sterone (B-OH-, Hl-oxo-, and lg-oic-DOC) as metabolites of deoxycorticosterone (DOC) by rat adrenals.4 

These 19-oxygenated products may be crucial intermediates in the biosynthesis of 19-nor-DOC from DOC. 

However, 19OH-DOC and lg-oxo-DOC have little or weak sodium-retaining activity,6 and the 

physiologicalxigniiicance of the i&a-adrenal formation of lg-oxygenated steroids is as yet unknown. 

In order to fully investigate the metabolism of DOC and the structure-activity relationship of this 

series of deoxycorticoids, large quantities of the title steroids are needed. Since previously published SF- 

these&7 of these compounds were unsatisfactory for our preparative purposes, we developed improved 

synthetic routes as convenient alternatives. Here we describe the preparative synthesis oflS_OH-DOC, the 

conversion of 19-OH-DOC to lg-oxo-, IS-oic-, and then 19-nor-DOC, and an alternative facile synthesis of 

19-nor-DOC. 

IO-OH-DOC(11) 

Synthesis of 19-OH-DOC (11) was initially undertaken by two routes starting with readily available 

materials. The first approach8 utilized pregnanolone acetate (1) which was converted into lio,0@-brom* 

hydrin 2 by addition of hypobromous acid (Sehesw I). Qwtmmnt of 2 with lead t&ma&&e and iodine 

under irradiation (the hypoiodite reactiop)9&f%rdadtbr6~,19-epoxide !l.s,lO-tz gwcrIt8 r&t&ion of 3 

with activated rlne and &tic acid gave the m l+hy&oxy derivative 412 WI&~ d;ar cMbxt,~aftsr 

chromatography, in an overall yield of $6.48 Barn 1. hot&&on ofthe IQ-hgdroxj@wup u the t-butyl- 

dimethylsilyl ether followed by alkaline hydrolysis of the 3-acetoxy group converted 4 to ihe selectively 
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Scheme I 

(a) NBA, 0.6 N-HCfO,,‘dloxane, rt; (0) Pb(OAc),, I,, CaCO,, cyckdwme, lw, roti 

HCAc-H,O (153). rt; (d) t-W4e,SEl, lmktuob, DMF, rt; 

(c) Zn, 

(1) Atwro),. m 
(01 K&O,. MeCtl-H,o (lDzl)* rt; 

(h) Pb(OAc),. ff ;-Et x6, 
tobuene, influx; (2) pyrrotldbw, MeCll, Ar, 60% 

THF. rt. 
~&6l. N, rt; a, EtoH. aq w,, N,, rt; 0 R’BuJ’Jf, 

Scheme II 

1 d,e 

(a) NBA, 70%~HCtD, eq doxane, rt; 
(c) Zn, HOAC~H,O (15~1). 45OC; 

(b) W(CAC)~, 1,. CaCO,, cwlohexane. hb. reflux; 

(e) K ,CO,. MeOH-HxO (10: 1). rt; 

(d) dihydropyran, pteDWH,O, CH,Ci,, rt; 

M@OC&CO$ (8 w), JJ+F. -7D’C; 

(0 t-BuMe,SlCI. Imldarolo,. DMF, rt; (d) I_DA ( 10 03, 

(h) SOCI,, Py, -3O’C; 

(i) Ac,O. PY. rt; (k) n-Bu,NF, THF. rt; (I) AI(I-Pro) 

(0 kBu,w tduene, -20%; 

toluene, reflux; (m) cone HCI, acetone, O°C: 
N-methyl-4-piperidone, 

(n) 4 N-k, acetone, rt. 
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protected dial 6. Oxidation of6 by a modified Oppenauer procedurel3 led to the O-protected 19-hydroxy- 

progesterone 6 aa a key intermediate, which was thus obtained in 76.3% overall yield from 4. In order to 

introduce an acetoxy group at C-21, the enamine 7, quantitatively prepared from 6, was treated with excess 

lead tetraacetate in 6% methanol-benzene containing boron trifluoride etherate (the Henbest proce- 

dure).W5 The metrl@g eniminium salt 8 WM hydrolyzed with aqueous ethanolic sodium bicarbonate and 

gave 19-OH-DOC Il-acetate (19-OH-DOCA) (lo)8 (9.6%) and ita O-protected derivative 9 (24.1%). The 

latter was deprotected with tetrabutylammonium fluoride and 10 was again obtained. Fianlly, mild 

alkaline hydrolysis of 10 furnished pure 19-OH-DOC (11)&a in 73.4% yield. 

The second approach started with dehydroepiandrosterone acetate (12) which was similarly con- 

verted via the bromohydrin 13 and the epoxide 14 into the known 19hydroxy derivative 1616 in 36.6% 

overall yield (Scheme ID. The 19-hydroxy group was protected as the tetrahydropyranyl ether and the 3- 

hydroxy group formed on alkaline hydrolysicr, as the tbutyldimethyhdlyl ether. The O-protecteddioll7 as 

a key intermediate waB thus prepared in 33.7% overall yield from 16. To build the corticoid side chain at C- 

17, we applied an efficient and straightforward method developed by the Schering group.r7 The process 

involved base-catalyzed condensation with methoxyacetic ester. Addition of excess methyl or t-butyl lithio- 

methoxyacetate, generated in situ from the corresponding ester and lithium diiaopropylamide, to the 17- 

ketone 17 at - 70°C followed by dehydration with thionyl chloride in pyridine at - 20°C gave the uneatu- 

rated eater 18a or 16b in identical yields of 70.7%. The product in either case was formed aa a mixture ofE- 

and Z-isomers (E/Z ratio: l/1.3 for 18a and 1.6/l for 18b by NMR as indicated below). The isomers could not 

be separated by TLC and HPLC and were subjected to further transformation. Their reduction with diir~- 

butylaluminium hydride in toluene at-20°C yielded the same Sl-alcdholl9. The 21-hydroxy group was 

acetylated and then the 3-silyl group was deprotected. The resulting 3-alcohol20 was converted by 

Oppenauer oxidation into the enone 21. As the final step, smooth conversion of 21 to 19OH-DOCA (10) and 

19-OH-DOC ( 11) was achieved in one step by acid hydrolysis under controlled conditions. When aqueous 

oxalic acid and aqueous hydrochloric acid were employed at room temperature for the hydrolyaie, the 19- 

tetrahydropyranyl group was easily deprotected but, contrary to expectation, the 2O-enol ether grouping 

was incompletely cleaved. The forced conditions required for the complete hydrolysis further induced 

concomitant removal of the 21-acetoxy group. Thus, exposure of 21 to aqueous 4 N-hydrochloric acid in 

acetone at room temperature for 39 h directly led to 19-OH-DOC (11) in an overaIl yield of 60.6% from lga. 

On the other hand, treatment of 21 with cone hydrochloric acid in acetone at 0°C caused no appreciable 

hydrolysis of the Il-acetoxy group, providing solely 19-OH-DOCA (10) which was thus obtained in 66.3% 

and 64.4% overall yields from 18a and 18b, respectively. 

IS-Oxo-DOC(23) and IS-Oic-DOC (26) 

19-0x0- and 19-oic-DOC (23 and 26) were derived from 19-OH-DOCA (10) without difficulty (Scheme 

III). Oxidation of 10 with chromium trioxide in warm aqueous pyridine furnished 19-oxoDOCA (22)68 in 

72.6% yield. The latter compound was ah obtained by oxidation with pyridiniuin chlorochromate. Sub 

sequent mild hydrolysis of the product with sodium bicarbonate in aqueous methanol led to 19-oxoDOC 

(2315 in 72.4% overall yield from 10. On the other hand, oxidation of 10 with a large excetm ofJonea reagent 

in acetone and subsequent treatment with diaxomethane gave 19-oic-DOCA methyl ester (24) m cry&ala in 

73.1% yield. Selective saponification with sodium bicarbonate in aqueous methanol smoothly converted 24 

to lg-oic-DOC methyl ester (26b) in 34.5% yield. 

IO-Nor-DOC (26) 

On treatment with methanolic potassium hydroxide at mm temperature, 19-oxoDOCA (22) readily 

underwent decarbonylation to afford the desired 19-nor-DOC (23)U in an overall yield of 67.2% from 10. 

However, this synthesis via the intermediate steroid, 19-OH-DOCA (10) appeared quite circuitous for the 

sole preparation of 19-nor-DOC (26). Thue, we pursued an alternative facile route to the potent corticoid. 

Estrone methyl ether (27) waschosen aa t+ &arting nubrricll, to which the prooedum dcreribed 

above for introduction oftbe hydroxyacetyl aide +a& wao apglied (&h&me IV). Addftion of ti methyl 

li~fomethoxyacetate to 27 and subsequent dehydration gave the upec4ed m&y1 a&r 2?3a in 32% yield 

In a similar manner, the t-butyl eeter 26b was obtained in 66.7% yield.‘In both cases, the product iaomera 
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a R=Mt 
b. R=t-Bu 
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(a) CrO,. WHnO (2:lk 60°C; 8) f’CC. 
CH,cI,, r% (0) NaHCO,. MOH-HOO (al). 
N,. rt; [d) Jotter reagent. acetone, OOC; 
fo) CH,N,, Et,O-Wlti (W), rt; 
(1) KOH, MoOH oIzO). Ar, rt. 

(a) LDA ~1Ou#,MaOCH,CO,R (6 04). THF, 
-7OOc; (b) SOCJ,, Py. -2O*c; (c) a 
Et&b ~oCCI,CO,Me. THF, rt-60°C; 
(d) I-~u,AIH, toluone. -2ooc; (e) Li, NH,, 
EtOHs Et,O-THF (o:lk 10 fCO$l)t-HtO. 
MeOH-HI0 (l&l), 60°C; (g) 3N-HCI. 
MoOH, SO*& 

were successfully isolated in crystalline forms by preparative HPLC, with the !&isomer being formed almost 

exclusively or p~~n~~y (E/E ratio: l/66 for 26a and l/f7 for 26b). WC also examined the Beformatuky- 

type condensation of 27 with met&y1 dichloromethoxyacetate and zinc in the presence ofdiethylaluminium 

chloride.18 The tmme ester !U3a waa obtained in one,&p, albeit in a low to moderate yield, with the E- 

isomer being predominant @‘Z ratio: 2.6/l). The stereochemistry of both isomers could be eatabliahed on 

the baeie of their UV, CD, and NMB data In comparison with literature data.la.19 The W and CD data 

showed that the E-type compound, in general, has a relatively small molar extinction coeffident (e) and a 
huger molecuiar ellipticity (6) than the Z-type compound. Inapectien of the N&i72 data also suggeuted that 
the 13-methyl signal of the E-isomer shi!In to a slightly lower field f-O.1 ppm) than that of the Z-isomer. 

The crystalline Z-isomer of 28a, readily obtained in large quantities, was ueed for the further conversion. 

Beduction ofdiieobutylaluminiu hydride converted Ma to the corresponding alcohol 29 in 91.4% yield. 

Birch reduction of 29 with lithium and alcohol in liquid ammonia followed by acid hydrolysis gave, after 

chromatography, the desired 19nor-DOC (26) as the major product together with 19norprogeaterone 

f30).2o,21 The by-product 30 presumably resulted from reductive cleavage of the ally& C-O bond;wbich 
would be facilitated by enhancing the reducing ability of the diesolving metal by increauing its concentra- 

tion, For instance, when the reduction was carried out with 63 equivalents of lithium met& 26 and 36 were 

produced in 61.7% and 18.5% yields, respectively. In contract, using47 equivalentsof lithiumme&il im- 
proved the product selectivity, providing 26 and 30 in 61.0% and 6.3% overall yields, respectively, fkoxn 23. 

The structures of all compounds synthesized in this work were confirmed from their spectral 

characterietica (W, NMB. IB, MS) (see Experimental), The published data wtrt alto compared for the 

already knOwn compounds. 

EXPEBIMENTAL 

Unleaa othenriee stated;melting points wem determined on a calibrated Yanag$m&o Micro Mslting 
Point Apparatus. IufMepectra (IBI wtrt rtadtd on a Model 260-10 Hitachi rpectrophotometer. Ultra- 
violet spectra (UVI were obtained with a Eltachi 329 8 
were recorded usin 

gfsi 
a JABCOJ-40 upectmmeter. Nut 

tmphotometer. 
p” 

Circnlar Mchroign epectra (CD) 

on a Varien EM-9 90 MHZ 
ear magneticreeonanoaepeetra (NMRI were taktn 

??ro analyses were carried out on a 
meter using tetrametbyldlane aa an inbmal atandard. IUauqm!tral 

itaehi lMU-6 mass spactmmeter. A Varian Xt260 269 kQiz_eter 
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evaporated in vacua. The residue (the crude epoxide 3) was dissolved in 260 ml of acetic acid and 17 ml of 
water and then 50 g of activated zinc dust was carefully added in 
room temperature overnight (16 h), the excess zinc was filtered o %” 

rtiona underatirring. A&r stirring at 
and the filtrate wasconcenhnted in 

19-t-Butyldimethylsilyiox progesterone(6) 
A stirred solution o f 

dimeth 
239.7 mg (0.64 mmol) of the 19-alcoho14.289.4 (1.92 mmol) of &butyl- 

rmamide war 
allow ec! 

lsilyl chloride. and 217.9 mg (3.2 mmol) ofimidazole in 10 ml of ~~thylfo 
to stand at room temperature ovemi ht (24 h). The mixture, diluted with 3:l etherdichloro- 

methane, was washed with aqueous saline fo Y lowed by usual workup. The crystalline residue wan dieeolved 
in 40 ml of 1O:l methanol-water and 400 mg of potasraum car&mate was added, The s naion was stirred 
at room temoerature for 2 h. The resultinn clear solution was concentrated in VIWUO an Ye the residue was 

followed by usual work” 

0.83 (s,9H, Sit-Bu), 2.09 (e, SH, 20.Me), 3.85 (a, 2H, lo-CH2), and 5.83 (s, lH, 4-H); m/e 444 (I@+). 

19-bButyldimetylai1 
To a stirred so I 

lo.rydeoqvortico~te&nc 21 -Acetate (9) 
ution of 415 mx (0.834 mmol) of the dienamine 7 in 12.5 ml of 96:s benzene-methanol 

containing 2.3 ml (18.7 mmol) of b&i trifluorid&diethyl ether was added 866 mg (1.5 mmol) of lead btra- 
acetate at room temperature under aitavgen. After stirring was continued for 4 h, the mixture was poured 
into ice-water and extracted with dichloromethane. 
salt 8 as a gumm 

The extract was worked up as usual to leave the crude 

aqueous sodium 6 
residue. This was diwolved in 47 ml of ethanol and 4 ml of water and 02 ml Otsatd. 

Icarbonate solution was added. The mixture WM stirred at morn 
under nitrogen. ?feratureforBh Then the mixture was acidified CpH 6) with 10% aqueous acetic aad ( ml) and evaporated 
to dryness in vacua below SOT. The midue was poured into ice-watar and e- with dicbloromethane. 

?#ZZiXIXZ?n 
uct, obtained aJIer usual workup, was subjected to purification by preparative HPLC 

e-EtOAc) which afforded 199.8 (24.1%) ofthe lilylo 
(Et20-peotaie) together with 30.7 mg(9.5%)of IBOH-aAU9) m 

enone 9, mp Ill-114°C 

identical with asam le obtained below. The 
l95-198~W2O-pentane~, 

(C=O) 1666 and l&a 
or corn 

Y& cm-l (conj C=O)- 8(C lx) 0 ‘7&s, 8H 13-Me) 0 83 (I 9 
undsho~&, (CHCl# 1740 (OAcI, 1720 

W&I) 2.15 (s, 3H 
oh), i.87 (s;SH, 10.CHz), 4.51,4:69 (A&, 2H, J = li Hx, 20-&H& &I 6.86 (; 1&4-H);& 502 (b¶+j. 

19-Hydrox 
la) 

~~~llc21-AoLLob(19oR~A)(1@~ 
rom the silyl ether 9. A solution of 131 

204 .mg (0.78 mmol) of n-te Z& 
(0.26 mmol) ofthe dlyl ether 9 h 2.5ml ofdry htra- 

hydrofuran containin utylammonium fIuoride was stirred at room 
temperature for 4 h. 8 he m&um was poured into &.e-water and extracted with chloroform Wowad b 
usual workup. The crude product was purified by preparative TLC (5:l chloroform-a c&one with doub Y e 
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at 0°C for 1.5 h, then poured into cold aatd a 
methane. The roduct (365 mg), obtained 

NaHC03 solution (65 ml) and extracted with dichloro- 
aIe r usual workup, was chromate 

The fractions e uted with 1:2 benzene-chloroform, chloroform, and 9:l chloro P P 
aphed on 2 g of Hiemlgel66. 

arm-methanol were combined 
and evaporated. The residue was triturated with ether-pentane to give 161.3 mgof lSOH-DOCA (10) an a 
crystallme solid, mp 199-202°C identical with that obtained above. The mother liquor residue was further 
purified by preparative TLC (5:l chloroform-acetone with double development), giving an additional crop of 
48.9 mg, mp 191-197°C. The total yield was 210.2 m 
correapondmg methyl eater 18a was led to 19-O& 

(overall 64.4%). In the same manner, the 
D%C A (IO) in 65.3% overall yield. 

19-Hydra deoxycorticosterone (lo-OH-DOC) ( 11) 
(a)zom 19-OH-DOCA (10). A SUB 

p” 
naion of 97.1 mg (0.25 mmol) of the acetate 10 and 97.1 m of 

potassium carbonate in 9.7 ml ofmethano containing 0.97 ml of water was stirred under nitrogen. l%e 
mixture became a clear solution after 1 h. After 4 h-stirring, the eolution was poured into ice-water and 
extracted with dichloromethane. The extract wa8 worked up as usual. The reaidue was 

reparative TLC (3:2 c 
LOC (11). mg E 

clohexane-acetone with double development), giving 63.6 mg (7 PfiedbLH_ .4%) of 1 
157-160 

m 160-163 C: vmax 
(ether). Recrystallization from acetone-pentane 

(CHCla) 3620,348O (OH) 1707 (C = 0) 1664 and 16 
rovided an analytical sample, 

B n&C=O);S cm-l (co 
(&X13-D20) 0.67 (8 3H 13-Me), 3.88,4.02 (bq, 2H, J = 10.5 H6,lOCHx). 4.16 (s,2 
(8. 1H. 4-H): m/e 346.M; ). 

,20-C&), and 6.91 
. 

‘(b) l&urn Dicker 2i. The crude ether 21(788 mg), derived from 360 mg (0.61 mmol) of the methyl 
ester Isa, was disaohd in 36 ml of acetone containing 18 ml of 4 N-HCl. The stirred solution was allowed 
to stand at room temoerature for 39 h. The mixture was wumd into ice-water and extra&d with 
dichloromethane. Tfie 

To astirredsolutionof 16.5 g(50mmol)ofdebydroe 
and 25 ml of water containin 

B 
2.5 ml of 70% perchlonc acl -s 

iandroateroneacetate(l2)in 125mlofdioxane 
wan added a euepenaion of 7.59 g(55 mmol) ofN- 

bromoacetamide in 12.5 ml o water. After stirring wae continued at room tern rature for 2 h, the mixture 
was poured into ice-water and extracted with chloroform. The extract was w BBge e-d aucceaaively with 5% 
a 
(JaxSO4), and evaporated below 40°C. The residue was 

ueous sodium thiosulfate solution, satd aqueous sodium bicarbonate solution, and aq -line! dried 

(54.3%) of the bromohydrin 13, m 173-175°C: vm (CHg ) 1728 cm-t (C =O)* 6 (CD&- 
stallme-d from acetone-hexanee811.68 

30 4-l) 
(8, SH, 13-Me), 1.36 (I, SH, IO-Me! 2.03 (s, SH, OA3,3.93.i (m, 1H 6-H), and k.3-5.7 (m 1H 3-H): 

.80 

A stirred aus nsion of 11.6 (27.14 mmol) ofthe bromohydin, 50.17 (101.8mmh)o~commercisi 
lead tetraacetate, 2 F 6 .8 g (228 mmo of powdered calcium carbonate, and 14. 1 5 g (58.1 mmol) of iodine in 2 1 
of cyclohexane wa8 heated at reflux by irradiation with a 506watt lamp. A!W 1 h,the mixture wtmaded 
to room temperature, filtered through celite (10 g) followed by washing with benzene. The filtrate wan 
washed with 6% aqueous eodium tbroeulfate solution and a 
vacua below 45°C. The crude epoxide 14 obtained watr disso ved in 360 ml of IS:1 acetic acid-water. Zinc 3 

saline. dned (N&04), and evaporated ie 

dust (65 g) was added in portions to the etirred resultant solution warmed at 45°C. Stirring was continued 
at the 8ame temperature for 1 h. The excess zinc was Shered off and the filtrate WBB concentrated in vaCuo 
below 60°C. Extraction +h 4:l ether-dichloromethane followed by washing with water and ~atdaqueom 

‘n , and eva sodium bicarbor solution, 9 f ration in vacua left a syrupy residue. Cryatallizatmn from 
ether gave 3.28 of the alcohol 5. 57-161 

0~ 

preparative HP 
The mother liquor residue was purified by repeated 

(Lobar Size B, 3:l benzene-EtOAc and then 3:l cyclohexane-acetone) wkeh a8;arded 
2.88 g of 15 as an additional crop! mp 159-162°C (dichloromethenedther-hexane). The total ‘eld Was 6.16 

(overall 65 5%). Recr stallixatlon from ether-hexane 
~CHCI~)3406-3690 (C& and 1730 cm-t (OAc and C=O 

ave the 
7 

ure material, mp 161-164 08 v,= 
; 5(CDC$) 0.93 (I, SH, 13-Me), 2.02 (a, SH, OAc), 

3.63,3.87 (ABq, 2H, J = 11 Hz, lo-CHx), 4.4-4.9 (m, lH,3-H), and6.7-5.9 (m, lH, 6-H). 
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13-r&&3.20 (t, la, J = 4.5 Hz., 21-OH), 4.16 (d, 2H, J = 4.5 Hx, u)-CH?), 5.95 (d, 1H, J = 2 IFa 4-H), and 
9.92 (8, lH, CHO); m/e 344 Qd+). 

19-Oicdearycorfkmferne Mefhyl Esfer 21 -Acefafe (lS-Oic-DOCA AfefhyJ h’sfer) (24) 
Jontr chmmk. acid reagent (0.26 ml) was added dmpwiee to a &irmd oolution d60 mg(o.129 mm~lf 

of the bohoj 10 in 2.5 ml of acetone at 0°C. The mixture WM stirred at 0°C for 2 h, then the e- of 
chromic xcid wax dtstroyed with isop 
followed by usual workup. A solution o Yan 

01, and poured into ice-water. Extraction with dichloromethene 

methanol was treabd w~tb 
the. crude acid (lS-oie_DOC) obtained in 2.6 d of 4:1 ether- 

19-Nordeoxycorticostne(l9-NorDOC)(!d6) 

(b) From the fefmene 28. Lithium metal (200 mg, 29 mm011 was added in amall portioneta 12 mlof 
redistilled liquid ammonia cooled to -75’C and rtirrin wee continued for 0.5 h. To the blue solution wxa 
added dropwme 159 mg (0.464 mmol) of the tetraene d* m 10 ml of 9:l dry ether-THF followed by slow 
addition of dry alcohol (20 ml) until the blue color disappeared (1 h). The ammonia wae evaporated and the 
residue was poured into cold water and extracted with 3:1 ether-dichloromethane. The extract wax worked 
up aa usual to leave a colorlees syrup which was dissolved in 10 ml of methanol and 1 ml of water and 877 
m 
al f 

(6.96 mmol) of oxnlic acid monohydrate was added. The mixture wan heated at 60°C for 2 h and then 
owed to stand at room temperature overnight. Extraction with 3:l ether-dichloromethane and washing 

with eatd aq eodium bicarbonate solution followed by usual workup gave a cryetalline residue which WM 

‘p 
urified b reparative TLC (2:l benzene-EtOAc) ‘eldin 
4O-l44”8&her-pedanee) and SO.7 mg(61.7%) ofg 

25.8 m (18.5%) of 19-norprogesterone (So), mp 
nor- 8 OC (26 , mp 136136°C (ether-pentane). Botb k 

analyticxl sample8 were obtained by recrystallixation from acetone-hexane. The major product had mp 
137-139Y!,identical with the authentic ram 

7p 
le obtained above. The minor product, 19-no IV aterone 

(30) showed mp 144-148°C: vIpBx (CHCl3) 1 00 (20-C =O), 1660, and 1610 cm-1 (amj. C=O ; 8 ‘p’f” CDCb) 0.68 
(e, 3H, 13-Me), 2.12 (a, 3H, 20-Me), and 5.81 (be, lH, 4-H); m/e 300 (M+). 

Similar1 
ml of 9:l ether- GH 

, the crude tetraene 29, obtained from 281.6 mg (0.76 mmol) of the parent eater 28a, in 15 
F wax reduced with 249 mg (36 mmol) of Lithmm in 20 ml of li md ammonia followed by 

B 
uenching with alcohol. The reduction product was diesolved in 6 ml ofmethano P containing 2 ml of3 N- 
Cl. The mixture was stirred at 60°C for 1 h. The crude product, obtained by usual extractive workup, wan 

purified by preparative TLC (3:l benzene-EtQAc) which afforded 12.0 mg (overall 5.3%) of19- 
norprogesterone (30). nip 139-143°C (ether-pentane) and 122.6 mg(overa1151.08) of IS-nor-m (261, mp 
133-137°C (ether-pentane). 

Methyl 3,20-Dimefhoxy:19-nprpregna-1 ,3,5(10),17~20Mefraen_-21 -oafe CBa10 
(a) I#! ytdensatron ytt3 methyl mefhozyacefafe. To a stirred cold (O-5 C) solution of 1.4 ml (1.01 g, 

IO IMIOI) o dneopropylanune In 12 ml of dry tetrahydrofuran WM added 6.5 ml (10.3 mmol) of 1.58 N n- 
butyllithium solution in hexane under nitrogen. The mixture was kept at room temperature for 10 min and 
then cooled ti -75%. To it wxe added dropwise with xtirrin 

o? 
in an interval of 10 min a solution of0.75 ml 

(0.79 g, 7.6 mm& of methyl methoxyacetate 22 in 1.6 ml ~IY te ~drofuran. Then a eolution of 284.4 
mg (1 mmol) of eatrone methyl &her (27) in 6 ml of 3:1 ~IY tatmhyd urandioxane wed added dmp* 
durin 

cff 
15 min at the same turn 

tIere 
ture. Afteretirri was continued at -7O’C for 3 h, 1 ml of eatd aq 

NH4 solution was added at Yhe e same temperature. mixture, poured into ice-water, was extracted 
with dichlommethane. Ueual worku left a B 
treated with 0.3 ml offrerhly distill eB ’ 

y 
p”p 

residue which war dissolved in 3 ml of dry ppridine and 
thlony ch oride at -2J?X under stirring. After 1 h, the mIxWe was 

poured into &water and extracted with dichloromethane followed b usual workup. The crtdepdwt 
contained the E- and Z-ieomem of the unsaturated ester 26a. Crystal F l&ion from ether-pentane gave 222-l 



l%Hydroxy, l!J-oxo-, 194i,‘aml19_nordcexytmticos 545 

Hz, 1-H); m/e 370 (M+). The minor E-isomer hadm llO-112°C: v (Nujol) 1718 1631 Wuatdester), 
1607,1578, and 1500 cm-1 (arom.); A,, (EtOH) 22%(~ 13800) and= nm (sh) (c l&W A 249 nm (161 
+ 20300); 8 (CDC13) 1.02 (s, 3H. 13-Me), 3.53 (8, SH, 20-O&), 3.77 (a, 3H, S-oMe), 3.81(;, 3H, 21-OMe), 
6.64(be, lH,4-H),6.71(dd, lH, J = 8and2.5Hz 2-H),and7.19(d, lH, J = 8Hz,l-H);m/e370(M+). 

(b) By Reformat& 
(4 mmol) of zinc duet an dy 

-type reaction with metb 1 dichloromethoxyacetate 
1.14 

To a etirred solution of 262 mg 
ml (1.9 mmol) of 20& diethylaluminium chlokde solution in hexane in 4 ml of 

dry tetrahydrofuran, was added dropwise a eolution of 346 m 
and.284.4 mg (1 mmol) of e&one methyl ether (27) in 7 ml o P 

(2 mmol) of methyl dichlommethoxyacetate 
dry tetrahydmfuran at room temperature 

dunng 40 nun: $Wring was continued at room temperature for 0.5 h and then at 60°C for 2 h. Amixture of 
water and pyndme (4:1,2 ml) was added on ice+oohng. The mixture was poured into ice-water and 
extracted with ether. ‘The extract waa worked u 
preparative HPLC (Lobar Size B, 2O:l benxene- E 

as usual to leave a gummy residue which wan purified by 
tOAc), giving 85.0 mg (22.9%) of the B-isomer, mp 

106109°C (ether-pentane) and 33.1 mg (8.9%) ofthe Z-Isomer, mp 130-133°C (ether-pentane), together 
with 109.7 mg (38.6%) of the recovered eatrone methyl ether (27). 

t-Butyl 3,20-Dimethoxy-19-nor~regna-1,3,6(10),17(20)-letraen-21 -oate (28b) 
In a similar reaction camed out usin 

199 mg (0.7 mmol) of estrone methyl ether ( h 
t-butyl methoxyacetate,~ the crude product, obtained from 
), was purified by preparative TLC (4O:l benxene-ethyl 

acetate with double development), furnishing 11.0 mg (3.8%) of the E-isomer of 28b in a crystalline form, 
mp lO&110°C (ether-pentane) and 187.3 mg (64.9%) of the Z-isomer w a cryetalline solid, mp 122123°C 
(ether-centane). The minor E-isomer showed A,., (EtOH) 224 nm (E 12800) and 230 nm (sh) (E 12400): A 
i52 nni ([0] +$760)* 5 (CM=1 ) (200 MHz) 1.02 63$I 13-Me) 1.55 (e QH t-bu) 3.54 (I 3a c&Me) $177 (8 
3H, 3-OMe), 6.63 (b:, lH, 4-I&), 6.71 (dd, lH, J =‘8 aid 2.5 Hi, 2-H), ;nd i.19 (d, lH, J ‘= 8 ke, 1-H);;n/e 4li 
(M+). The major Z-isomer showed Amax (EtOH) 231.5 nm (E 18700); A 255 nm ([0]+8430); 8 (CDCl3) (200 
MHz) 0.94 (s,3H, 13-Me), 1.53 (s, 9H, t-Bu), 3.57 (a, 3H, COae), 3.76 (a, 3H, 3-OMe), 6.62 (bs, lH, 4-H), 
6.70 (dd, lH, J = 8 and 2.5 Hz, 2-H), and 7.20 (d, lH, J = 8 Hz, 1-H); m/e 412 (M+). 

(Z)-3,20-Dimethoxy-21 -hydroxy-19-norpregna-1,3,6(10),17(20)-te~raene(!49) 
To a stirred solution of 200 mg (0.54 -01) of the ester 28a (Z-isomer) in 6 ml of dry toluene cooled to 

-2O’C, was added dropwise 2 ml (2.54 -01) of 1.27 M diiaobutylaluminium hydride solution in toluene. 
The mixture was stirred at the same tern rature for 0.5 h and then water (1 ml) wae added at 0-5”C. Af’ter 
stirrin was continued for additional 0.5 
ether d* 

k , the mixture was poured into cold water and extracted with 3:l 
lchlorometane. The extract was worked up as usual to leave a viscous 

afforded on trituration with ether-pentane 142.0 m 
residue was further purified by preparative TLC (3: f cyclohexane-dime oxyethane) which gave ad 
27.0 mg of 29, mp 107-109°C (ether-pentane). The total yield was 169.0 m 

V* 
(91.4%). The analytical sam le 

was obtained by recrystallization from the same solvent as a crystalline so Id, mp 109-1ll’C: Vmm (CH 8 13) 
1680 (C =C-OMe), 1615,1580, and 1500 cm-l (arom.);mle 342 (M+). 
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