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aza-androsta-16-ene-3-one) were reacted with conjugated unsaturated esters (ethyl

acrylate, diethyl fumarate, diethyl maleate, diethyl acetylene dicarboxylate) in Heck-
reaction and consecutive Diels-Alder reaction resulting in facile formation of
pentacyclic derivatives. All steroidal esters possessing two, three and four ester

functionalities on the E-ring were formed by the a-side addition of the dienophile.
© 1998 Published by Elsevier Science Ltd. All rights reserved.

Introduction

There are many examples of pentacyclic steroidal derivatives of pharmacological and biological
importance. Most of these compounds possess an E-ring, which contains heteroatoms like nitrogen or oxygen. !

However, only a few carbocyclic steroidal derivatives containing cyclohexene (or cyclohexane) ring fused
to A, B or D-ring are known.> Due to extreme reaction conditions and low selectivities these reactions are of

low synthetic value.
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Recently we have found 3 that various pentacyclic steroids can be synthesized by a one-pot reaction of a
steroidal alkenyl iodide, vinyltributyltin and a dienophile in the presence of a palladium-catalyst. The diene,
formed in Stille-coupling 4 as an intermediate, undergoes Diels-Alder reaction in the presence of the dienophile.
Here we report on the synthesis of novel pentacyclic androstane derivatives by a Heck-reaction © — Diels-
Alder reaction sequence carried out in one-pot. This methodology has been used by de Meijere er al. © for the
synthesis of bicyclic systems. However, in our case the olefin that is used as a coupling partner in the Heck-
reaction can compete with the dienophile both in the coupling and in the cycloaddition step. The effect of

reaction conditions on chemo-, regio- and stereoselectivity of the two-step procedure has been investigated.

Results
1 .A M COCQIN(r f.f\ ‘ I’I [ﬂ 1 1 A + . + 7, + X "H’\
The synthesis of steroid epimers possessing functionalized E-ring was carried out in two routes. 7} 20-

Methoxycarbonyl-pregna-16,20-diene (2) was synthesized by Heck-coupling reaction of 17-iodo-androst-16-

possessing a six-membered carbocyclic E-ring (Scheme 1).
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Scheme 1.

ii) 17-lodo-androst-16-ene (1) was converted to the ring-closed products by a one-pot reaction using
methyl acrylate and diethyl fumarate, both reagents are able to act both as dienophile in Diels-Alder reaction
and activated olefin suitable for Heck reaction (Scheme 2). Other pentacyclic derivatives were also produced by
this method, using allyl alcohol or allyl acetate as olefin in coupling reaction and diethyl fumarate as the

dienophile.
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Reactions with methyl acrylate and diethyl fumarate

The steroidal derivatives with trisubstituted E-ring (3a and 3b) are easily accessible from the ‘preformed’
diene (2) and diethyl fumarate in Diels-Alder reactions (Table 1). The use of elevated reaction times results in
practically complete conversion of the substrate both in toluene and DMF. The ratio of the two stereoisomers is
affected by the temperature, reaction time and solvent. In toluene the 1'o,2',3'a-triester (3a) predominates

over 1'B.2'a.3'a-triester (3b) throughout the reaction (entry 1). Carrying out the reaction in good donor
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solvent, DMF, and short reaction times 3a is the major product (entry 2). However, in longer reaction times the
formation of 3b is favoured (entry 3). It should be noted that 3a could be produced selectively with 69 % yieid
(GC) at 60 °C in 3.5 hours. The isolated 1'a,2'B,3'a-triester (3a) can be partly converted into the 1'B,2'a.3'a-
i PRSSNP4, 3 WA U S IVEUIREE 0 Y U § RIS SN NN oS IS RS P
aerivatve (9p) on neating in LJvir' 1 tne absence or ine aienopniie.

The use of a 'preformed’' Pd(0) catalyst (Pd,(dba);) does not influence the conversion thoroughly. The
3a/3b ratio is similar to that obtained without catalyst in a short reaction time (e

some increase in the amount of 3b can be observed in a longer reaction time, 3a is still predominating (entry 5).

Table 1. Reaction of 20-methoxycarbonyl-pregna-16,20-diene (2) with diethyl-fumarate 2

entry r. time [h] solvent catalyst conv. © [%] ratio of isomers ?
3a 3b

1 26 toluene — 100 67 33

2 6.5 DMF e 38 59 41

3 30 DMF — 100 22 78
4 6.5 DMF Pd(dba), 87 66 34

5 26 DMF Pd,(dba)s 97 54 46

- Reaction temperature: 100 °C, mol diethyl fumarate/ mol steroid: 1/1
b: Determined by GC.
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The one-pot reaction of 17-iodo-androst-16-ene (1) with methyl acrylate anc
presence of vanious Pd precursors gave moderate to high yields of ring-closed products (Scheme 2, Table 2). At
100°C complete conversion was obtained both with Pd,(dba)y and Pd(OAc), catalytic precursors (entries 8,
10). Aithough methyl acrylate and diethyl fumarate compete in Heck-coupling at higher temperatures, at low
temperature methyl acrylate reacts almost exclusively (entries 1-4). The addition of a strong base (K,CO3)

instead of Et3N resuited in lower conversion (entries 5,6). Diene 4 was produced in larger amount only when

the methyl acrylate/diethyl fumarate ratio was changed from 2/1 to 1/1 and 1/2 (entries 12 and 13).



G. Jeges et al. / Tetrahedron 54 (1998) 6767-6780 6771

Table 2 Reaction of 17-iodo-androsta-16-ene (1) with methyl acrylate and diethyl fumarate in the
presence of Pd catalysts ?
entry  catalyst b time methyl acrylate/  conv. © Heck Diels-Alder products ©
[h] diethyl fumarate/1 [%]  products ©
2 4 32 3b 6a 6b S
14 A 45 21111 24 8 — 3 2 — — i
24 A 27 2/1/1 58 20 2 11 18 — — 7
34 A 45 1/1/1 34 5 1 9 7 — — 2
44d A 27 1/1/1 51 2 3 8 21 — — 7
5¢ A 45 2/1/1 23 10 — 6 1 — — 6
6°¢ A 27 2/1/1 43 2 — le 24 — - 11
7 A 45 2/1/1 30 11 3 8 3 — — 5
8 A 27 2/1/1 97 4 S 16 57 2 3 10
9 B 45 2/1/1 75 15 S 13 32 — — 10
10 B 27 2/1/1 100 — 5 14 64 — 3 14
11 B 4.5 2/2/1 80 8 8 8 37 — — 9
12 B 27 2/2/1 100 — 8 15 63 2 7 5
13 B 4.5 1/2/1 100 3 19 14 55 — 2 7
14 B 50 —/2/1 100 — 50 — — 9 41 —

4: Reaction conditions: solvent: DMF, reaction temperature: 100 °C, base: Et3N. b Catalyst A: Pd,(dba)

P L 3

fnd

¢ Determined by GC. 9' Reaction temperature: 60 °C. ©: Base:

methyl acrylate which undergoes consecutive Diels-Alder reaction with diethyl fumarate (Scheme 2.). At low

temperature (entries 1-4) and in the presence of K,CO

possessing trisubstituted E-rings are the major products. A further derivative (diester 5) was also formed as
minor product, indicating that methyl acrylate can react both as activated olefin in Heck-reaction and as
dienophile in Diels-Alder reaction.3®

The dependence of the 3a/3b ratio on the reaction time is similar to that obtained with 'preformed' diene

(2) in Diels-Alder reaction. In longer reaction times the ratio is shifted towards 3b in all cases (compare entries
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5 and 6 or 7 and 8, etc) . The most pronounced effect of the reaction time on 3a/3b ratio was observed in the

7

presence of K,CO5 .

The formation of tetraesters (6a and 6b) in isolable amount takes place only when diethyl fumarate is the

Yol -

only activated olefin present in the reaction mixture {entry 14). Although the full conversion of 17-iodo-

androsta-16-ene (1) to coupling product 4 and cyclisation products (6a and 6b) needs longer reaction time than

Lot i 4 PR L M (P P o~ 1 S TS B arata waal
e 1 NLNCSIZEU 1N TNOAcrdic yicia

+ [ § IR, PP E. SRR LU SR [P TEPRER B I TR
LidL 1il UIC proscicc eyt acryldic, UlC majol CyClsdlioll proguct on Juida pe

y
and characterised.® Heck-product with diethyl fumarate (4) could also be isolated from the reaction mixture

with 25 % yield.

one-pot reaction of 17-iodo-androsta-16-ene (1), methyl acrylate and diethyl maleate the main product was 5,
and the four stereoisomers of pentacyclic triesters were formed in ca. 40%. Diels-Alder reaction of isolated 2

with diethyl maleate resulted in 54 % conversion in 24 hours and the same four isomers could be detected in
approximately equal amounts.”

Steroidal triester (8) was produced by the reaction of the isolated diene (2) with dimethyl
acetylenedicarboxylate in moderate yield (Scheme 3). Cycloaddition product (7) was transformed (aromatised)
spontaneously into the compound with aromatic E-ring (8) even in the absence of a palladium catalyst.
(Aromatization of the cycloaddition product of dimethyl acetylenedicarboxylate and pregna-16,20-diene had
been observed before only in the presence of palladium catalysts.>)

The one-pot reaction with dimethyl acetyienedicarboxyiate as dienophiie failed. in the presence of the
palladium catalyst a cyclic trimer was formed from the dienophile. Although the formation of hexamethyl
benzenehexacarboxylate (detected by GC—MS) can be suppressed by using phosphine ligands, it predominates
over cycloaddition even in the presence of palladium—phosphine systems under the conditions of the one-pot

YT

reaction. In THF no Heck-products, and consequently, no Diels-Alder products could be detected.
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Reactions with electron deficient olefines and diethyl fumarate
Pentacyclic derivatives were also produced by the reaction of 17-iodo-androsta-16-ene (1) with allyl

alcohol and diethyl fumarate in the presence of palladium catalysts. Heck-reaction of steroidal alkenyl iodides

palladium—alkyl intermediate of the catalytic cycle, /i.e. by the favoured B-elimination of the proton adjacent to
ale tionality 10
the alcohol functionality.
Product 10 bearing both alcohol and ester functionalities was formed as the main product from the

compound can be partly trapped by the dienophile before isomerization could occur. In this case allyl alcohol
could be used in fivefold excess. Since it is a poor dienophile, it did not compete with diethyl fumarate in the

cycloaddition step. Under these conditions no Heck-coupling of diethyl fumarate was observed.

CH,OC(O)CH,
_AN_aICOOEL
_COOEt  Pd(OAc), s AL ,L-
g ACCCS
1+ ~_O0COcH, + /[ —_ H
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Scheme 4
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Unexpectedly selective formation of 11 was observed using allyl acetate instead of allyl alcohol as the

coupling partner.

The functionalization of a skeleion of pharmacological imporiance (by using 12 as subsiraie)
Pentacyclic derivatives 13-16 (Scheme 5) were also produced with moderate to high yields by using the
above procedures starting with steroidal alkenyl iodide (12). Diethyl fumarate served as the dienophile in all

reactions. Methyl acrylate, diethyl fumarate, allyl alcohol and allyl acetate were reacted as olefins in Heck-

reactions resulting in the intermediates of ring-closure products, 13, 14, 15 and 16, respectively.
!
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Discussion

i) Characterisation of the stereoisomers (3a, 3b, elc.) by NMR

- T
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kEXxact structures Of the main progucts were getermined arter isolation by NVIK (*H -CUdY and

experiments). Each pentacyclic steroid proved to be the 16B-H isomer: saturation of the 'H-NMR signal of the
16-H (determined by 'H-'1-COSY experiments) resulted in an increase of the intensity of the 18-CHy signal in
each case.

When the resonance of 16-H (2.80 ppm) of steroidal triester 3b is saturated, the intensity of 2'-H at 3.32

ppm (and that of 18-CH; at 0.79 ppm) increases. At the same time no effect was observed at 2.30 ppm (3'-H).
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corresponds to an o-side approaching and a syn addition of the dienophile to the steroidal skeleton. Saturation

(3.03 ppm) and 18-CHj3 (0.82 ppm) and there was no effect on 2'-H (3.70 ppm). Supposing a syn-addition, this
isomer has the protons in 168, 1'B, 2'a and 3'f positions.

The same stereoselectivity of cycloaddition was observed in the case of the steroidal tetraesters 6a and
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the protons in the 1683, 2'a, 3'a, 4'B positions: saturation of 3'-H (3.65 ppm) resulted in an increase on 2'-H

The structural characterisation of 8, 10, 11, 13, 14, 15 and 16 has been carried out by similar NMR

methods as discussed above.

i1) Influence of the reaction conditions on chemo- and stereoselectivities of the cyclization reactions

The formation of both 3a and 3b is due to the approach of diethyl fumarate from the less hindered o-side,
its COOEt substituent close to 21-COOMe putting "outwards" and "towards" the steroidal skeleton,
respectively (Figure 1).

The surprisingly low reactitvity of diethyl maleate could be a consequence of the presence of 21-COOMe
substituent because of two reasons: first, it could sterically hinder the formation of the endo transiiion siate
(both from a- or B-side) favoured by orbital overlapping, and second, it reduces the reactivity of the steroidal
Ty -

Aa AS PRy S U
ICNeE ds ar IGUU'UI wilnard

[¢]

The existence of a retro-Diels-Alder/Diels-Alder reaction sequence leading to the formation of a
thermodynamically more stable product (3b) in longer reaction times could be deduced from the catalytic

results. Derivative 3a could be considered as a kinetically controlled product formed via less crowded transition

position in 3a) resulting in smaller sterical congestion between this substituent and the D-ring.
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Figure 1

The retro-Diels-Alder reaction in DMF seems to be hindered by Pd(0) catalysts probably by coordination
of a Pd species to the unsaturated functionalized E-ring of 3a.

reaction and Diels-

Av

As a conclusion it can be stated, that key-intermediates of potential Sa-reductase inhibitors of increased
ion.

hydrophilic character can be synthesised in a facile one-pot procedure involving palladium-catalysed Heck-
Alder react

Experimental

P | P I
LIHICA unact dargoil.

All experiments were carried out under an argon atmosphere. Solvents were dried over sodium and

Palladium Catalysts. Pd(PPh;); and Pd,(dba);. CHCl; (dba=dibenzylideneacetone) were prepared as

General Procedure for the Synthesis of the Cycloaddition Products.

0.02 mmol of Pd,(dba);.CHCl; and 1 mmol of steroid were added to a flask equipped with a reflux

condenser and a septum inlet. The flask was flushed with argon and charged with 10 ml of DMF. 2 mmol of
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methyl acrylate (or 5 mmol of allyl alcohol or allyl acetate), 2 mmol of diethyl fumarate and 5 mmol of

N Lo TL

triethylamine were injected through the septum inlet. or 30 hours. The

solvent and all unreacted volatile materials were removed in vacuo. The residue was dissolved in 20 ml of

2'B,3'a-bis(ethoxycarbonyl)-1'a-methoxycarbonyl-androstano-{16c.,17-d]-cyclohex-5'-ene (3a):

Synthesized in 60 % yield. |H-NMR § 5.17(m, 1H, 6-H); 4.15(m, 4H, OCH,CH;); 3.7(s, 1

n 00 % yield. "H-NMRK 0 5 IH, 6-R); 4. o, OCHCH7) 3.7(s,

1"R-HY 3 7(m
ey, 3. /im

1H, 2'a-H); 3.6(s, 3H, OCHj3), 3.03(m, 1H, 3'B-H); 2.63(m, 1H, 16B-H); 1.49(m, 1H, 15a-H); 0.70-1.9(m,

49
22(t, 7.1Hz, 3H, OCH,CH3); 1.19(t, 7.1Hz, 3H, OCH,CH3); 0.82(s, 3

3H, 19-H;); PC-NMR 8: 175.9(CO), 172.85(CO), 172.15(C0O), 155.82(C-17), 103.15(C-6"), 60.65(0CH,),
CH,), 55.01, 52.56, 51.91, 47.07, 44.25, 44.04, 43.14, 40.29, 38.66, 36.42, 34.50, 35.40, 31.67
3039, 2969, 2901, 27.70, 26.76, 22.16, 20.50, 17.18, 14.23, 14.00, 12.23. MS me 514 (M")/0.2, 482/10,
468/20, 425/50, 381/60, 217/60, 151/100, 109/90. IR (cm') 1730(v(C=0)) Anal. Caled for Cy;HycOf
(514.33): C :H, 9.01. Found: C, 72.41; H, 9.18.
2'a,3'B-bis(ethoxycarbonyl)-1'a-methoxycarbonyl-androstano-[16a.,17-d}-cyclohex-5'-ene (3b):
Synthesized in 72 % vyieid. ITH.NMR 6 5. i15(m, 1H, 6-H); 4.12(m, 4H, OCH,CHj5); 3.68(s, 3H, OCHjy);
3.48(td, Jog=Jga=26Hz, 11.5Hz, 1H, 1I'B-H); 3.32(t, Jop=Jga=12.2Hz, 1H, 2'8-H); 2.8(m, 1H, 16p-H); 2.3(t,
Jag=Iga=11.5 Hz, 1H, 3'a-H); 1.50(m, 1H, 15a-H); 0.70-1.9(m, 21H, ring protons);, 1.20(t, 7.1Hz, 3H,

OCH,CH3); 118(t, 7.1Hz, 3H, OCH,CHj); 0.79(s, 3H, 18-H;), 0.78(s, 3H, 19-Hs); 3C-NMR &

a

‘/‘llf"\\ 1L oI 1
A3(CO), 154 33(C-1

(52.56,52.19)(C-2'.C-3"), 48.37. 47.06, 45.40, 44 98, 44 24, 38.067, 38.67, 36.41, 35.39, 34,98, 31.67, 29.01
O 00 ng N7 (o ¥ ha FA Y 1 & N N9 17 V&7 100 I EeRVIaYa & VA & Y 1A NNFNMATT 77711 1D VYA 10N RAC
28 88, 28.23, 26.76, 22.15, 20.28, 17.15(C-18), 14.21(OCH,CH;), 14.00(0CH,CH;), 12.24(C-19), MS m ¢

{ 22) f‘ T77 27T QN1 Lanind- O 7Y A6 T ON1

{ D)L, 1433, 01, Z.VULL TOUNG. U, /240,10, Y.L
1'B,2'a,3'B,4'-tetrakis(ethoxycarbonyl)-androstano-[16c,17-e]-cyclohex-4'-ene (6b): Synthesized in

25 0/ ald 1U ANMD S A 1&fm QLI NCH NI Y ANSia TH VA Y 2 AAFAA 7 S 2 11 27> 1T 22 _1I)-

20 /0 _lelu‘ L1-iNIVIIN O "'.IJ\IXI, or1, U\_/.llzbll}), TLUILL 1L JW ll} J."f"?\uu, 4.011L 1i.4L11L, 111, L}J L),

2.78(m, 1H, 16B-H); 2.46(t, Jog=Jga=11.2Hz, IH, l'a-H); 1.50(m, 1H, 15a-H); 0.60-1.7(m, 21H, ring
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72.67(CO), 171.68(CO), 171.56(CO), 158.04(C-17), 117.77(C-4"), 61.37(0CH,). 61.26(0CH,),

34.26, 31.61, 2893, 28.13, 26.74, 22.10, 20.64, 16.31, 14.22 14.07(0OCH,CHj3), 14.04(OCH,CHj),
1402OCHCH Y 1A MMOCHHDY 12 1O 10V MS m/e SO0 E+OH_OE+/A4 ASY/IR ANT/100 TA9/R
1A VA ULIUIY ), 17 VAU ), 1400 00=17 ), IS AUE JU\Vi ~CIUN=-ULUiaS, 535/76, AUiT1VY, 354/6

203/12. FAB-MS: 601 (M+H)™. IR (cm™}) 1730(v(C=0)). Anal. Calcd for C35H5,05 (600.37) C, 69.97; H,
8.72. Found: C, 70.08; H, 8.85.
1',2',3'-dimethyl-androstano-{16,17-d}-phthalate (8): Synthesized in 62 % yle]d H-NMR 6 7.75(s,

[e—

H

3

6'-H); 3.90(s, 3H, OCH

2.65(dd, 12 Hz, 16.5 Hz, 1H, 5B-H); 0.9-2.20 (m, 20H, ring protons); 0.88(s, 3H, 18-H;); 0.81(s, 3H, 19-Hy);

MS m e 482(M™)/2, 467/31, 450/82, 435/100, 286/15. Anal. Calcd for CogH350, (482.62) C, 72.17, H, 7.44
Found: C, 71.88;: H, 7.51.
2'a,3'B-bis(ethoxycarbonyl)-1'a-hydroxymethyl-androstano-[16a,17-d]-cyclohex-5'-ene (10):

Synthesized in 51 % yield. TH.NMR 6 5.05(m, 1H, 6'-H); 4.46(t, JAg=Jpr=8.8 Hz, 1H, CH,0H); 4.11(m, 4H,
OCH,CH3y); 3.9(t, Jap=Igs=8.8 Hz, 1H, CH,0H); 3.25(m, IH, I'B-H); 3.05(dd, 8Hz, 12Hz, 1H, 2'8-H);

2.76(m. 1H, 16f-H); 2.25(m, 1H, 3'a-H); 1.54(m, 1H, 15a-H); 1.22(t, 7.1Hz, 3H, OCH,CH}); 1.20(t, 7.1Hz,
3H, OCH,CH3;); 0.67-1.8(m, 22H, ring protons), 0.78(s, 3H, 18-CHj3); 0.76(s, 3H, 19-CH;) MS me

A ~ /

486(M™)/4, 422/63, 394/45, 379/100, 257/50, 217/19, 171/24, 131/29, 91/43, 81/34, 29/24. IR (cm™)

L}

1'a-acethoxymethyl-2'c,3' B-bis(ethoxycarbonyl)-androstano-[16a,17-d]}-cyclohex-5"-ene (11):

17.12, 14.26(0CH,CH;), 14.09(0CH,CH3), 12.24; MS me 482(MT-EtOH)/2, 467/1, 379/28, 349/25,



3'B-bis(ethoxycarbonyl)-1'a-methoxycarbonyl-(3-keto-4-aza-4-methyl-androstane)-[16a,17-d]-

7.1Hz, 3H, OCH,CH3); 1.20(t. 7.1Hz, 3H, OCH,CH3); 0.82(s, 3H, 18-H;); 0.79(s, 3H, 19-H;); MS me

482(M™-EtOH -CHs). Anal. Caled for C3;Hy5s0,N (543.32): C, 68.47; H, 8.35; N, 2.58. Found: C, 68.32; H,

8.51, N, 2.62.
1'B,2'a,3'B,4'-tetrakis(ethoxycarbhonyl)-(3-keto-4-aza-4-methyl-androstano)-[16a,17-e]-cyclohex-
4'-ene (14): Synthesized in 48 % yield. IH-NMR 5 .15(m, 8H, OCH,CHs3); 4.05(m, 1H, 3'a-H); 3.44(dd,

7.5Hz, 11.2Hz, 1H, 2'B-H); 2.91(s, 3H, N-CH3); 2.78(m, 1H, 16B-H); 2.46(t, Jag=Jga=11.2Hz, 1H, l'a-H);
2.41(m, 2H, 2«-H, 2B-H), 1.50(m, 1H, 15a-H); 0.60-1.7(m, 15H, ring protons), 1.23(t, 7.1Hz, 3H,
OCH,CHj3); 1.22(t, 7.1Hz, 3H, OCH,CH3); 1.20(t, 7.1Hz, 3H, OCH,CHj3); 1.19(t, 7.1Hz, 3H, OCH,CH3);

wn

1.00(s, 3H, 18-Hy); 0.85(s, 3H, 19-Hy). MS m/e 629(M7)/5, 584/29, 538/35, 526/15, 482/82, 480/10, 436/100,

84/92, 49/46. Anal. Caled for Cq5HgOgN (629.79): C, 66.75; H, 8.16; N, 2.22. Found: C, 67.02; H, 8.01, N,
210
2'a,3'B-bis(ethoxycarbonyl)-1'c-hydroxymethyl-(3-keto-4-aza-4-methyl-androstano)-[16c,17-d]-

3 ler amaan

1 1 -0 Y & 1Y . WY o SIS DR U < <dl § Iy | 1 < rr\ l'I' l'T
cyciohex-5"-ene (15): Synthesized in 55 % yield. "H-NMR o

05(m, 1 ), 4.46(t, Jog=Ipa=8.8 Hz, 1H,
CH,0H), 4.11(m, 4H, OCH,CH3); 3.9(t, Jog=Jga=8.8 Hz, 1H, CH,0OH), 3.25(m, 1H, I'B-H); 3.05(m, 1H,
2'B-H); 2.91(s, 3H, N-CH3); 2.76(m, |H, 163-H); 2.41(m, 2H, 2a-H, 2f3-H), 2.25(m, IH, 3'a-H); 1.54(m, I1H,

15a-H); 1.22(t, 7.1Hz, 3H, OCH,CH3;); 1.20(t, 7.1Hz, 3H, OCH,CHj3); 0.67-1.8(m, 16H, ring protons),

N 79/ LT 1 NeY
U.7e(s, dn, ie-Liriz), U

70/80, 41/100. IR (cm"') 3400(v(OH)), 1720(v(C=0)). Anal. Calcd for C3oH,sNOg(515.69): C, 69.87; H,

1'a-acethoxymethyl-2'a,3'B-bis(ethoxycarbonyl)-(3-keto-4-aza-4-methyl-androstano)-[16c,17-d]-

OCH,CH;); 3.90(d, 6.1Hz, 2H, CH,COCH5); 3.08(dd, 6Hz, 1125Hz, 1H, 2'B-H); 2.92(m, IH, 1'3-H);
Uey-HY 1 00(¢c 3IH
3o-H), 1.99(s,

2ai,

COCH;); 1.72(m, 1H, 15a-H); 1.5(m, IH, I5B-H), 1.23(t, 7.1Hz, 3H, OCH,CH3), 1.22(t, 7.1Hz, 3H,
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OCH,CH3), 0.80-1.8(m, 14H, ring protons); 0.8(s, 3H, 18-Hs); 0.79(s, 3H, 19-H3), MS me 511(M™-
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