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265. On Cardioactive Steroids. XI1 
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Summary 

An efficient and simple synthesis of bufalin (1) via furan-containing intermediates is 
described. The same method was also used for the synthesis of a'-isobufalin (2) which was 
prepared with equal simplicity, but in lower yield. 

Introduction. - In [2] we have described a relatively simple synthesis of the bufalin and 
resibufogenin isomers 1-111 ') in which we utilized an adaptation of our furan strategy 
for cardenolides [3]. The pharmacological study of these compounds and their dihydro 
derivatives submitted as glucosides yielded interesting results [4]. Especially the deriva- 
tives of I have shown extremely high potency combined with a significant improvement &$ 0 0  2 
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I )  For communication No. XI, see [l]. Systematic names of all compounds are given in the Exper. Part 
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of the margin of safety as compared with the natural Digitalis cardenolides used in 
therapy. These results encouraged us to work out alternative variants of our furan 
strategy which would enable us to approach natural bufalin (1) and a'-isobufalin (2). 

We wish to describe in the present paper a simple and efficient preparation of these 
two compounds. Lengthy, many-stage syntheses of bufalin (1) have been reported pre- 
viously [5], but a truly simple and efficient preparative method does not seem to have 
been found yet. Complex and not fully successful approaches to systems similar to 2 were 
also published [6]. 

Discussion. - The first four steps of our bufalin synthesis were identical with the 
already described [2] preparation of fl-isoresibufogenin 111, and they are, for the sake of 
completeness, shown in Scheme 1 (formulae IV-IX) together with the yields obtained. 

The 15'fl-OH-group ') of compound IX, the actual starting material of the present 
work, was eliminated with mesyl chloride (MsCl) in pyridine, and the crystalline 
A 14', I5'-derivative 3 (m.p. 141 - 142") was obtained in a yield of 85 % ,). The 'H-NMR 
spectrum of 3 showed the vinylic H-C(15') as a m(Wl,, = ca. 6 Hz) at 6 = 5.23. The 
acetal 3 was irradiated with a 100-W high-pressure Hg-lamp at - 70" in CH,Cl, in the 
presence of 5,10,15,20-tetraphenylporphyrin [7] while 0, was bubbled through the 
solution. The peroxide bond of the resulting endoperoxide 9 was cleaved with a largc 
excess of Me,& and the crude unsaturated keto aldehyde 10 was immediately reduced 
with an excess of NaBH, . The oily product 4 was obtained in an overall yield of 82 YO 
from compound 3. The 'H-NMR spectrum of this material indicated that it was a 
mixture of about equal parts of two epimers. 

After the synthesis of bufalin was completed and we only had a small amount of 
compound 3 left, we discovered an even simpler conversion of 3 to 4. Compound 3 was 
treated with 1 mol of N-bromosuccinimide (NBS) and yielded directly the keto aldehyde 
10 presumably by HBr-elimination from the intermediate 11. Reduction of 10 with 
NaBH, gave as in the previous procedure the diol4. This method of furan ring opening 
(cJ: [3]) was utilized with great advantage in the synthesis of a'-isobufalin (2; vide infra). 

Compound 4 was now heated under reflux with dilute HCl in THF. Hydrolysis of the 
ethylene glycol acetal and hemiacetal formation yielded 95 % of the diastereoisomeric 
mixture 5, which was oxidized in the next step without purification with Ag,CO,/Celite 
in refluxing benzene [8]. The unsaturated hydroxylactone 6 was obtained in a yield of 
75% and, somewhat surprisingly, turned out to be a sharply melting crystalline com- 
pound (m. p. 117- 119'). The hydroxylactone 6 is clearly on the oxidation level of bufalin 
and requires only a simple adjustment of functionality to yield the final product 
1. Compound 6 was dissolved in CH,C1, and mesylated with MsCl and Et,N. The 
crude mesylate was then subjected to elimination by heating with 1,5-diazabicyclo 
[4.3.0]non-5-ene (DBN) in benzene. The elimination product 7 was crystallized from 
Et,O/hexane (m.p. 115-116"), and it was obtained in a yield of 85%. Its spectral 
properties left no doubt that the a-pyrone construction was now complete. The introduc- 
tion of the 14'fl-OH-group was performed as described previously by the modified 
method of Engel (cJ [2] [3]), and the product, 3-o-benzylbufalin (8), was isolated in a 
yield of 70% and crystallized from Et,O/CH,Cl, (m.p. 198-200"). 

') For complete spectral data for all compounds see Exper. Part. 
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Finally, debenzylation of 8 with Pd(OH),/C [9], a method which we have used 
previously in our synthesis of the isobufalins [2], yielded 70% of the crystalline 
(m.p. 235-237") synthetic bufalin (1). The spectral data of the synthetic material 
[IR (CHCI,): 3600, 3450 (OH), 1710, 1635 (pyrone). UV(Et0H): 298(3.77). 
'H-NMR(CDC1,): 7.83 (dd, J = 10 and 2, H -C(22)); 7.23 (d, J = 2, H-C(21)); 6.25 
(d, J = 10, H-C(23))] were identical with those of an authentic sample of the natural 
product, and the identity was confirmed by mixed m.p. and TLC in several systems. 

The synthesis of a'-isobufalin (2) was performed by a similar route as the synthesis 
of bufalin (1). The starting materials were the Li-derivative 12, prepared by direct 
lithiation of the ethylene glycol acetal of furfural [lo], and our usual steroidal ketone IV 
(Scheme 2 ) .  The synthesis proceeded uneventfully (-+ 13 -+ 14 + 15) to compound 16, 
which was oxidized by NBS, and the product of the oxidation, the diketone 24, was 
immediately reduced by NaBH, to the diastereoisorneric mixture 17. In this case, we were 
forced to perform the oxidative degradation of the a&-disubstitutcd furan before the 
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development of the 14',15'-double bond since NBS attack on the furan and on the double 
bond could not be differentiated. The intermediates in the NBS oxidation were presum- 
ably the compounds 23a and/or 23b which eliminated HBr as indicated (for 23a). 

The mixture 17 was used without separation in the next step, but one of the compo- 
nents was isolated and characterized as a crystalline compound. The acid-catalyzed 
conversion of 17 to 18 proceeded, except for the somewhat poorer yield, normally. The 
oxidation of the pyranose 18 with Ag,CO,/Celite gave 35.2% of the crystalline hydroxy- 
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lactone 19. The reason for this low yield was the formation of substantial amounts of a 
formic acid ester by cleavage of the 2,3-diol ,). 

The elimination of the two OH-groups of compound 19 had to be performed in two 
stages. A monomesylation followed by heating of the crude mesylate with LiBr in DMF 
yielded the a-pyrone 20, and the remaining OH-group was eliminated with SOCI, and 
pyridine. The resulting product 21 was a beautifully crystalline compound (m.p. 
145-146"), and its spectra left no doubt that the pyrone group and the steroidal 
14, 15'-double bond had been correctly assembled. The introduction of the 14'P-OH- 
group and the debenzylation of the resulting compound 22 (m.p. 194-196") was accom- 
plished by the same methods as before. The final product, a'-isobufalin (2; 
m.p. 145- 147"), displayed spectra entirely consistent with the spectral data of its isomers 
which we have synthesized previously and with the structure assigned to it [IR (CHC1,): 
3600 (OH), 1720 (C=O), 1630 (C=C). UV(Et0Hj: 306 (3.84). 'H-NMR(CDC1,): 6.15 
(d, J = 9, H-C(3)); 6.19 (d, J = 6, H-C(5)); 7.3 (dd, J = 6 and 9, H-C(4))]. The 
overall yield of 2 was much lower than the one obtained for 1; this is due to somewhat 
poorer yields in the middle part of the synthesis (16 -+ 20) and especially due to the low 
yield of the oxidation step 18 -+ 19. Nevertheless, we were able to prepare the sample for 
pharmacology without excessive difficulties "). 

We wish to thank the Natural Sciences and Engineering Research Council, Ottawa, Canada, the Canadian 
Heart Foundation, and Advance Biofacactures Corporation, New York, USA, for the support of these studies. 

Experimental Part 
General. See [2]. 

4- (3'~-Benzyloxy-5'P-androst-ll'-en-i7'8-yl) furan-2-carbaldehyde Ethylene Acetal (3). Compound IX [2] 
(1.93 g) in pyridine (7.5 ml) was cooled in an ice-bath and treated with SOCI, (517.9 mg) for 30 min. The mixture 
was stirred at r.t. for 30 min and then diluted with Et,O. The solution was washed with 10% citric acid and aq. 
NaHCO, , dried over anh. MgSO,, and evaporated to dryness. Thhe crude product was chromatographed on silica 
gel with acetone/hexane 1:4 yielding 1.58 g (85%) of 3. The compound crystallized from Et,O/hexane, m.p. 
141-142".IR(CHC13):noOH. 'H-NMR(CDCI,):0.68(~,3H-(3(18'));0.97(~,3H-C(19')); 3.70(m, W,,, z= 7. 
H-C(3')); 3.88-4.20 (m. OCH,CH,O); 4.47 (s, CH,Ph); 5.23 (m. W,,, x 6, H-C(15')); 5.83 (s, H-C(1)); 6.33 
(s, H-C(3)); 7.18 (s, H-C(5)); 7.28 (br. s, 5 arom. H). MS: 502 (C,3H420Z). MS(HR): 502.3081 ( M r ,  calc. 
502.3082). 

C33H4204 (502.30) Calc. C78.84 H8.42% Found C78.64 H8.40% 

4-(3'P-Benzyloxy-5'P-androsact-fl'-en-~T ~-yl)-2,S-dihydroxy-.3-pentenal Ethylene Acetal (4). Compound 3 
was irradiated in a 200-ml Pyrex container provided with a gas inlet which was connected to an 0, bomb. The 
container was charged with a solution of 3 (1.58 g) and 5,10,15,2O-tetraphenylporphine ( I  .5 mg) in CH,C1,(100 
ml), submerged in a dry-ice/acetone bath, and positioned as close as possible to the Hg-lamp. The photooxygena- 
tion was complete after 20 min, and the endoperoxide 9 was treated with Me,S (8 ml). The mixture was flushed 
with N, at r.t. for 45 min and evaporated to dryness. The keto aldehyde 10 was dissolved in THF (54 ml), and 
H,O (5.4 ml) was added. The mixture was treated at r.t. with 205.8 mg of NaBH, and 2.95 mi of 2~ KOH for 

Clearly, differential protection of the 3-OH-group in compound 18 would be a solution of the poor yield 
problem. A moderate amount of experimentation in this direction (e.g., acetylation followed by acid hydroly- 
sis) did not yield fully satisfactory results, but a more persistent effort would probably be ultimately success- 
ful. 
We believe that the synthesis of 2 could be developed to a level of efficiency comparable to the one achieved 
in the synthesis of bufalin (1). This development would be undertaken only if a glycoside of 2 is selected for 
detailed study. 
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4 h. The mixture was worked up in the usual manner, and the product was purified on silica gel G plates with 
Et,O/CH,Cl, 3:7 yielding 1.35 g (82%) of pure amorphous 4 over the 2 steps. IR(CHC1,): 3590, 3480 (OH). 
'H-NMR(CDC1,): 0.78 (s, 3H-C(18')); 0.93 (s, 3H-C(19')); 3.70 (m, W,,, % 7, H-C(3')); 3.83-4.10 (m. 
OCH,CH,O); 4.12 (br. s, H-C(5)); 4.30-4.67 (m,  H-C(2), CH,Ph); 4.90 (d, J =  4, H-C(1)); 5.22 (m, 
W,,, % 6, H-C(15')); 5.56 (dd, J =  8, H-C(3)); 7.35 (br. s, 5 arom. H). MS: 522 (C3,H4605). MS(HR): 
522.3321 ( M t ,  calc. 522.3345). 

5-(3'~-Benzy/oxy-5'P-androst-i4'-en-i~ P-yl)-3,6-dihydro-2H-pyran-2,3-diol (5).  Compound 4 (1.3 1 g) was 
dissolved in 18 ml of THF and treated with 3~ HCI (2 ml). The mixture was stirred and heated under reflux for 
5 hand then diluted with Et,O. The solution was washed with dil. NaHCO, and H,O. The Et,O-layer was dried 
over anh. MgSO,, evaporated to dryness, and the product purified on silica gel G plates with CH,CI,/Et,O 85 : 15. 
The crude foamy 5 (1.13 g, 95%) was used without further purification. IR(CHC1,): 3590, 3485 (OH). MS: 478 
(C,,H,,O~). MS(HR): 478.3099 ( M r ,  calc. 478.3082). 

5-(3'~-Benzyloxy-5'~-androst-il'-en-l7'~-y1)-3-hydroxy-3,6-dihydro-2H-pyran-2-one (6). Compound 5 
(876.8 mg) was dissolved in dry benzene (149 ml) and heated under reflux. Freshly prepared Ag,CO,/Celite (3.5 g) 
was then added to the vigorously stirred solution, and in 10 min the oxidation of 5 was completed. After cooling, 
the mixture was diluted with Et,O and filtered through Celite. The filtrate was evaporated to dryness and the 
product purified on silica gel G plates with CH,CI,/Et,O 85 : 15. Crystallization from Et,O/hexane gave 654.8 mg 
(75%) of6, m.p. 117-119". IR(CHC1,): 3550 (OH), 1735 (C=O). 'H-NMR(CDC1,): 0.77(s, 3H-C(18'));0.98 
(s, 3H-C(19)); 3.72(br.s, W,,, x 8, H-C(3'), OH);4.60-4.87 (br. s, H-C(6), H-C(3)); 5.17(br. s, W,,, x 6, 
H-(15')); 5.88 (m, K,, x 4, H-C(4)); 7.37 (br. s, 5 arom. H). MS: 476 (C,,H,,O~). MS(HR): 476.2926 ( M t ,  
calc. 476.2926). 

C,,H,,O, (476.29) Calc. C78.11 H8.46% Found C77.75 H8.51% 

5-(3'P-Benzyloxy-5'P-androst-i4'-en-i7'~-yl~-2H-pyran-2-one (7). Compound 6 (616.4 mg) in CH,CI, (15.4 
ml) and Et,N (10.2 ml) were cooled in an ice-bath, and MsCl (308.2 mg) was added. The mixture was stirred in 
the ice-bath for 30 min and then diluted with CH,Cl,. The CH,CI,-layer was washed with 5% citric acid, aq. 
NaHCO, , and brine and evaporated to dryness. The crude product was dissolved in benzene (102 ml) and heated 
under reflux with DBN (708.8 mg) for I h. After cooling, the benzene was diluted with Et,O, washed with aq. 5 % 
citric acid, NaHCO, , and NaCI, and dried (anh. MgSO,). The solvent was evaporated, and the crude product was 
purified on silica gel G plates with 5% Et,O in CH,Cl,/hexane 1 : 1 and crystallized from Et,O/hexane giving 504 
mg(85%) of7, m.p. 115-116". IR(CHC1,): 1715 (C=O), 1635 (C=C). 'H-NMR(CDC1,): 0.73 (s,3H-C(18')); 

J =  10, H-C(3)); 7.31 (s, H-C(6)); 7.20-7.37 (m,  H-C(4), 5 arom. H). MS: 458 (C,,H,,OS). MS(HR): 
458.2827 ( M t  , calc. 458.2821). 

5-(3'~-Benzyloxy-14'-hydroxy-S~, i4' P-androstan-i 7' P-y/)-dH-pyran-d-one (8). Compound 7 (504 mg) in 22 
ml of acetone/H,O 9 : 1 was treated with NBS (240 mg) and 10 drops of 1 % aq. HCIO, at r.t. for 30 min. The 
mixture was diluted with CH,CI,, washed with aq. NaHSO, and H,O, dried (anh. MgSO,), and evaporated to 
dryness. The residue was dissolved in 44 ml of MeOH/CH,CI, 1 : 1, and AcONa (91 mg) and an excess of Raney-Ni 
were added. After 30 min of stirring, the catalyst was filtered off, and the solution was evaporated to dryness. The 
product was purified on silica gel G plates with CH,CI,/Et,O 95 : 5 yielding 367.1 mg (70.1 YO) of 8 which 
crystallized from CHCI,/Et,O, m.p. 198-200". IR(CHC1,): 3595, 3450 (OH), 1700 (C=O), 1630 (C=C). 

6.29 (d, J = 10, H-C(3)); 7.38 (br. s, H-C(6), 5 arom. H); 7.88 (dd, J = 2, 10, H-C(4)). MS: 476 (C31H400:). 
MS(HR): 476.2928 ( M t ,  calc. 476.2926). 

0.97 (s, 3H-C(19)); 3.71 (m,  W,,, % 7, H-C(3')); 4.48 (s, CH,Ph); 5.23 (m, W,,, % 6, H-C(I5')); 6.28 (d, 

'H-NMR(CDCI3): 0.71 (3, 3H-C(18')); 0.95 (s, 3H-C(19)); 3.75 (m,  W,,, x 7, H-C(3')); 4.52 (s, CH,Ph); 

C,,H,,0,(476.29) Calc. C78.11 H8.46% Found C78.10 H8.49% 

Bufalin (1) ')). Compound 8 (367.1 mg) was dissolvcd in 75 ml of benzene/EtOH 1 : 2, and cyclohexene (1.4 g) 
and Pd(OH),/C (171.3 mg) were added. The mixture was heated under reflux for 2 h, filtered through Celite, and 
evaporated to dryness in vacuo. The residue was purified by crystallization from CHClJhexane giving 208.3 mg 
(70%) of pure 1, m.p. 235-237", identical in all respects with the authentic natural product. UV(Et0H): 289 
(3.77). IR(CHCIJ: 3600, 3450 (OH), 1710 (C=O), 1635 (C=C). 'H-NMR (CDCI,): 0.70 (s, 3H-C(18)); 0.95 

5, Since bufalin is a natural product, the usual numbering for the steroid side-chain is used (cJ the systematic 
numbering of all other compounds). 
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(s, 3H-C(19)); 4.13 (m, W,,, N 8, H-C(3)); 6.25 (& J =  10, €{-C(23)); 7.23 (d, J = 2, H-C(21)); 7.83 (dd, 
J = 2, 10, H-C(22)). MS: 386 (C,,H,,Oa). MS(HR): 386.2456 ( M t ,  calc. 386.2457). 

C,,H,,O, (386.51) Calc. C74.57 H8.87%> Found C74.54 H8.76% 

5- (3' P-Benzyloxy-17' 8-hydroxy-5'B-androst-lY-en-l7' ~-yl)~furun-2-carbalhyde Ethylene Acetal(13). A so- 
lution of BuLi in hexane (43.92 mi, 1 . 3 ~ )  was added to a T H F  :solution of furan-2-carbaldehyde ethylene acetal 
(8.88 g in 400 ml) at - 78" under N,, and the mixture was stirred for 45 min. A solution of the ketone IV (10 g 
in 100 ml THF) was then added, and stirring was continued at  - 78" for 30 min. The mixture was diluted with 
Et,O, the org. layer was washed with H,O, aq. NaHCO,, and brine, dried (anh. MgSO,), and evaporated to 
dryness. The foamy crude product was purified by chromatography on silica gel with Et,O/CH,CI, yielding 
12.35 g (90.19%) of pure foamy 13. IR(CHC1,): 3600 (OH). 'H-NMR(CDC1,): 0.99 (s, 3H-C(19)); 1.04 (s, 
3H-C(18')); 3.69 (br. s, W i z  x 7, H-C(3')); 3.98-4.22 (m, OCH,CH,O); 4.45 (d, J =  2, CH,Ph); 5.70 (dd, 

(d, J =  4, H-C(3)); 7.36, 7.38 (2s, 5 arom. H). MS: 518 (C,,H,,O:). MS(HR): 518.3031 (Mf,  calc. 518.3032). 
5-(3'P-Benzyloxy-lS ~-hydroxy-S~-androst-i6-en-l7'-~~l)furan-2-carhuldehyde Ethylene Acetal (15). Com- 

pound 13 (12.35 g) was acetylated with 100 ml of Ac,O/pyridine 1 : 2 in the presence of 4-(dimethylamino)pyridine 
(360 mg) at r.t. for 24 h. The mixture was worked up as usual, and the crude acetyl derivative 14 was heated under 
reflux in acetone/H,O 4 :  1 (400 ml) in the presence of CaCO, (2.4 g) for 3 days. Workup and chromatography 
on silica gel with Et,O/CH,CI, yielded 9.88 g (80%) of 15 which was recrystallized from Et,O/MeOH, m.p. 
148-150". IR(CHC1,): 3600 (OH). 'H-NMR (CDCI,): 1.07 (,Y, 3H-C(19)); 1.32 (s, 3H-C(18')); 3.74 (br. s, 
W,,, 7, H-C(3')); 3.94-4.23 (m,OCH,CH,O);4.51 (d ,  J = 2, CH2Ph);4.62(br. s,  W,,, N 11, H-C(15')); 5.96 

5 arom. H). MS: 518 (C,,H,,O;). MS(HR): 518.3034 (M?,  calc. 518.3032). 
5- (3' P-Benzyloxy-i5' p-hydroxy-5' /j'-androsiun-I 7' ~-yl~jururr-2-carhaldehyde Ethylene Acetul (16). Com- 

pound 15 (9.88g) was hydrogenated in EtOH (220 ml) with 10% Pd/CaCO, (1.Og) at r.t. The product was 
purified by chromatography on silica gel with Et,O/CH,CI, giving pure foamy 16 (8.50 g, 85.7%). IR (CHCI,): 
3610,3450(0H). 'H-NMR(CDC13):0.76(~,3H-C(18')); I.0(~,3H-C(19'));2.45-2.67(m, 2H-C(16')); 3.76 
(br. s, Ti,  x 7, H-C(3')); 3.96-4.2 (m, OCH,CH,O); 4.34-4.45 (m, H-C(15')); 4.52 (d, .J = 2, CH,Ph); 5.91 
(s, HC-C(2)); 6.04 (d, J =  3.6, H-C(4)); 6.38 (d J =  3.6, HIkC(3)); 7.36, 7.38 (2s, 5 arom. H). MS: 520 
(C33H440:). MS(HR): 520.3191 ( M ? ,  calc. 520.3188). 

5-(3'fl-Benzyloxy-l5'P-hydroxy-S /j'-androsian-iT p-yl)-2,5-,~ihydroxy-3-pentenul Ethylene Aceral (17). A 
solution of 16 (8.50 g) in dioxane/H,O 12 : 3 (375 ml) containing 1.67 g of AcONa was stirred at r.t. while 3.05 g 

of NBS was slowly added. After addition of 2.46 g of NaBH,, !stirring was continued for 2 h. The mixture was 
extracted with Et,O, and the org. layer was washed with H,O and brine, dried (dnh. MgSO,), and evaporated 
to dryness. The crude product was chromatographed on silica gel yielding the pure diastereoisomenc mixture 17 
(6.84 g, 77.5%). One compound crystallized from CHCI,/Et,O, m.p. 183- 185". IR (CHCI,): 3600, 3480 (OH). 
'H-NMR (CDCI,): 1.01 (s, 3H-C(18')); 1.06 (s, 3H-C(19')); 3.72 (br. s, W,,, x 7, H-C(3')); 3.90-4.10 (m,  

J =  3.8, 3.7, H-C(I5')); 5.94 (s, HC-C(2)); 6.10 (d, J =  3, H-C(4)); 6.16 (d, J =  6.5, H-C(16)); 6.41 

(s,HC-C(2)); 6 .25(d.J= 6.9, H-C(4)); 6 .39(d,J= 6.8, H-C(I6')); 6 .46(d ,J=  7,H-C(3)); 7.37, 7.39(2s, 

OCH2CH,0); 4.20-4.32 (m.  H-C(15')); 4.32-4.47 (M, H-C(6)); 4.50 (d, J = 2, CH,Ph); 4.47--4.59 (m, 
H-C(2)); 4.87 (d, J =  6, HC-C(2)); 5.51 (dd, J =  8, 8, H-C(4)); 5.71 ( d d , J =  9, 9, H-C(3)); 7.36, 7.38 ( 2 ~ ,  
5 arom. H). 

C,,H,,O, (540.71) Calc. C73.30 II 8.95% Found C72.93 H 8.82% 

6- (3'/j '-Bmz~loxy-i5'~-h~droxy-S~-undrostmn-l7'/j '-~~l)-3,6-~~ihydro-2H-py~un-2,3-diol(18). A solution of 17 
(6.84 gi600 ml THF) was heated under reflux with 3~ HCI (4.5 ml) for 4 h. After cooling, the solution was 
neutralized with NaHCO, and extracted with Et,O. The org. laycr was washed with H,O, aq. NaHCO,, and sat. 
NaCI, dried (anh. MgSO,), and evaporated to dryness. The crude product waschromatographed on silica gel with 
acetone/hexane yielding the pure diastereoisomeric mixture 18 (4.69 g; 77.4%). 1R (CHCI,): 3600 (OH). 'H-NMR 
(CDCIJ: 1.02 (9, 3 H-C(18')); 1.06 (s, 3H-C(19')); 3.74 (br. r, W,,, Y 7, H-C(3')); 4.22 4.41 (in, H-C(6), 
H-C(15')); 4.51 (d, J = 2, CH,Ph); 4.70-4.84 (m. H-C(3)); 5.90 (br. s, W,,, Y 3, H-C(2)); 5.98 (br. s, 
W,!* =Z 2,H-C(4),H-C(5));7.37,7.39(2~.5arom. H). MS:496(C,,H4,0,). MS(HR):478.3086(Mt-Hz0, 
calc. 478.3082). 

6- (3' /j-Benzyloq-f 5' /j'-hydros.v-S P-undrosian-17' P - d )  -3-h~droxy-3.~-dili)~drn-2l~-p~~run--7-onr (19). Com- 
pound 18 ( 6 . 8 4 ~ )  was hcatcd under reflux with Ag,COj/Cc4i/c. (41.04 g) in benzene (600 ml) for 60 min. Aftcr 
cooling, the solution was filtcrcd through Celite and evaporated to dryness. Thc crude product was chromato- 
graphed on silica gel G with Et,O/CH,CI,. Pure 19 (2.39 g, 35.2%) was obtained after crystallization from 
EI,O/CHCI,, n1.p. 124-126. IR (CHCI,): 3610, 3530 (OH), 1730 (C=O).  'H-NMR (CDCI,): 1.02 (s, 
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3H-C(18')); 1.11 (s, 3H-C(19')); 3.72 (br. s, W,,, Y 7, H-C(3')); 4.26-4.38 (m,  H-C(15')); 4.40 (d, J =  3, 
CH,Ph); 4.65 (br. s, W,,, c 5, H-C(3)); 4.98-5.08 (m.  H-C(6)); 6.01 (br. s ,  W,,, o 2, H-C(4), H-C(5)); 7.36, 
7.38 (2s, 5 arom. H). IR (CHCI,): 3615, 3530 (OH), 1735 (C=O). 'H-NMR (CDCI,): 1.02(s, 3H-C(18')); 1.08 
(s, 3H-C(19)); 3.74 (br. s, W,,, z 7, H-C(3')); 4.28-4.42 (m. H-C(15')); 4.52 (d, J =  3, CH,Ph); 4.64 (br. s, 

5 arom. H). MS: 494 (C31H4205t). 
W,,, x 8, H-C(3)); 4.96 5.08 (in, H-C(6)); 5.86-5.98 (WZ,  H-C(4)): 6.06-6.17 (m, H-C(3)); 7.37, 7.39 (2s, 

C,,H,,O, (494.65) Calc. C75.27 H8.56% Found C75.28 H8.54% 

6-(3'~-BenzyZoxy-15'~-hydroxy-5'~-androstun-l7'P-yl)-2H-pyran-2-one (20). A solution of 19 (2.39 g) in 
CH,CI, (50 ml) and Et,N (560 mg) was cooled in an ice-bath, and MsCl (615 mg) was added. The mixture was 
stirred for 30 min, and then it was diluted with CH,CI,, washed with 5 % citric acid and aq. NaHCO,, dried (anh. 
MgSO,), and evaporated to dryness. The crude product was dissolved in 35 ml of DMF and heated with LiBr 
(510 mg) for 30 min to 105". The mixture was diluted with Et,O, washed with H,O and aq. NaHCO,, dried (anh. 
MgSO,), and evaporated to dryness. The crude 20 (1.49g, 65%) was used in the next step without further 
purification. UV (CHCI,): 306 (3.92). 1R (CHCI,): 3610 (OH), 1720 (C=O), 1630 (C=C). 'H-NMR (CDCI,): 
0.88 (s, 3H-C(18)); 1.01 (s, 3H-C(19)); 3.75 (br. s, W,,, c 7, H-C(3')); 4.36-4.47 (m, H-C(15')); 4.51 (d,  
J =  3, CH,Ph); 6.05 (d, J =  6, H-C(5)); 6.19 (d ,  J =  9, H-C(3)); 7.3 (dd, J =  6, 9, H-C(4)); 7.37, 7.39 (2s, 

6-(3'P-Benzyloxy-5'~-undrost-f4'-en-f 7'B-yl)-2H-pyrun-2-one (21). A solution of 20 (1.49 g) in CH,CI, (20 
ml) and pyridine ( 5  ml) was cooled in an ice bath and treated with SOCI, (487 mg). The mixture was stirred for 
30 min and worked up in the usual manner. The product was chromatographed on silica gel G (Et,O/CH,CI, 3 : 7) 
and crystallized from acetone/hexane giving 1 g (70%) of 21, m.p. 145- 146". UV (CHCI,): 304 (3.92). IR (CHCI,): 
1710(C=O), 1630 (C=C). 'H-NMR (CDCI,): 0.75 (s, 3H-C(18')); 0.85 (s, 3 H-C(19)); 3.66 (br. s, W,,, o 7, 
H-C(3')); 4.44 (d. J =  3, CH,Ph); 5.14 (br. s, W,,, % 6, H-C(15')); 6.01 (d,  J =  6, H-C(5)); 6.12 (d,  J =  9, 
H-C(3)); 7.22 (dd, J =  6, 9, H-C(4)); 7.30, 7.32 (2s, 5 arom. H). MS: 458 (C31H3801), MS (HR): 458.2822 
( M i ,  calc. 458.2821). 

C,,H,,O, (458.61) Calc. C81.18 H8.35% Found C80.87 H8.30% 

6-(3'~--Benzylox)~-14'-hydroxy-S~, 14'~-cmdrustun-IT~-y/)-2H-pyran-Z-one (22). Compound 21 ( 1  .O g) in 
42 ml of acetone/H,O 9:  I was treated with NBS (490 mg) and 0.2 ml of 1 % HCIO, at r.t. for 30 min. The mixture 
was diluted with CH,CI, and washed with aq. NaHCO, and H,O, dried (anh. MgSO,), and evaporated to 
dryness. The residue was dissolved in 84 ml of MeOH/CH,CI, I : 1, and AcONa (175 mg) and an excess of 
Raney-Ni were added. After 15 min of stirring, the Raney-Ni was filtered off, and the solution was evaporated 
to dryness. The product was purified on a silica gel G plate with hexane/CH,Cl,/Et,O 3 : 4 : 2 and crystallized from 
acetone giving 780 mg (75%) of 22, m.p. 194-196". UV (CHCI,): 306 (3.93). IR (CHCI,): 3600 (OH), 1720 
(C=O), 1630 (C=C). 'H-NMR (CDCI,): 0.87 (s, 3H-C(18')); 0.95 (s, 3H-C(19')); 3.74 (br. s, qi, c 8, 

7.39 (2s, 5 arom. H). MS: 476 (C31H,,,0i). MS (HR): 476.2929 ( M t ,  calc. 476.2926). 

5 arom. H). MS: 476 (c,,H,,,o~). MS(HR): 476.2934 ( M ? ,  cdk.  476.2926). 

H-C(3'));4.51 (s,CHZPh);6.14(d, J=9,+H-C(5));6.19(d,J= 6,H-C(3));7.31 (dd,J= 6,9,H-C(4));7.37, 

C,,H,,,O, (476.63) Calc. C78.11 H8.46% Found C77.78 H8.51 'YO 

6-(3'fl,fB'-Dihydroxy-S P,14'fl-undrostun-l i"B-yl)-ZH-pyran-Z-one (ti-Isobufulin; 2). A mixture of 22 
(780 mg), cyclohexene (1.3 g) and Pd(OH),/C (312 mg) in 74 ml of benzene /EtOH 1 : 2 was heated under reflux 
for 4.5 h. The catalyst was filtered off, and the solution was evaporated Lo dryness. The product was purified on 
a silica gel G plate with acetone/hexane 1 : 3 to yield 506 mg (80 YO) of pure 2. From Et,O/CHCI,, m.p. 145- 147" 
UV (CHCI,): 306 (3.84). IR (CHCI,): 3600 (OH), 1720 (C=O), 1630 (C=C). 'H-NMR (CDCI,): 0.87 (3, 

3H-C(18')); 0.96 (s, 3H-C(19')); 4.15 (br. s, W,,, % 8, H-C(3')); 6.15 (d,  J =  9, H-C(5)); 6.19 (d,  J =  6, 
H-C(3)); 7.33 (dd, J =  6, 9, H-C(4)). MS: 386 (C,,H,,O~). MS (HR): 386.2451 ( M i ,  calc. 386.2457). 

C,,H,,O, (386.51) Calc. C74.57 H8.87% Found C 74.36 H9.05% 
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