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Abstract - The synthesis of 17-azacholesterol from the N-(3-hydroxy- 

1-methylpropy1)-17-aza lactam is described The starting alcohol was 

oxidized to aldehyde which was treated with isobutylmagnesium 

bromide. The secondary alcohol obtained was oxid~zed to ketone. Both 

ketone and lactam carbonyl groups were consecutively reduced to C&, 

We have recently described1 the synthesis of the epimer~c at C-20 lactam alcohols (la) and (a). Both prlmary 

alcohols were transformed into the corresponding iodides, and then subjected to hthium isobutylcuprate 

However, the coupling reaction was only partially successfid in the case of 20s Iodide due to a low yield and 

completely failed in 20R series. That is why the stud~es on the side chain construction in 17-azasteroids were 

continued. It is expected that 17-azacholesterol(~5) may act as a hypocholesterolemic agent.2 

Now we report the more efficient method for the construction of the 2-isooctyl side chain in 17-aza- 

steroids The epimeric primary alcohols (la and l&) were separately ox~dized with Cr0,Ipyridine to the 

corresponding aldehydes (2) and ( a ) .  The extention of the s~de  cham by a four carbon atom fragment was 

performed using Grignard reaction. The reactions of aldehydes (a) or ( a )  with isobutylmagnesium bromide 

afforded the epimeric mlxtures of C-23 alcohols (3) (R=H; 8 orb)  in high yields (the ratlo of C-23 eplmers was 

found to be almost 1.1 in both cases). The minor product (about 10%) of the reaction appeared to be the 

compound (1) (a orb)  There was no need to separate the eplmeric secondary alcohols (3) since according to the 

synthetic plan the next step was deoxygenation. However, all methods that where tr~ed to accomplish this 

transformation faded due to the problem with derivatization (e.g. the reaction with TsClIpyridine yielded Instead 

of tosylate (3J (R=Ts) the corresponding chloride in low yield and an unidentified very polar material). Therefore 



932 HETEROCYCLES. Vol. 41, No. 5,  1995 

the epimeric mixture of C-23 alcohols (3) (R=H; 5 orb)  was oxldized with Cr0,ipyrldine to ketone (4) (X=O, 

a or h, respectively) which in turn, was subjected to Wolff-Kischner reduction.= - 

~ C H , O H  ~ C H O  

TBDMSO &ITBDMSO&L la: b: 20R 20s 

2a: b: 20R 20s 

L 

TBDMSO 3a: 20R TBDMSO 4a: 20R 
b: 20s 

The hydrazone was easily formed but ns decomposition required strongly basic agent. Under these conditions a 

proton from a position was abstracted and the fragmentation to the parent lactam with no substituent on 

nitrogen atom took place instead of deoxygenatlon A similar fragmentation was also observed when alkylation 

of aldehyde (2) tosylhydrazone with isobutylhthium was attempted Eventually the desired transformation was 

accomplished by reduction of tosylhydrazone (4) (X = NNHTs) with sodium cyanoborohydr~de in the presence 
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ofp-TsOH.' The product obtained in 20s senes was proved identical in all respects with the prewously described 

compound (a) (R=TBDMS).I The reduction of the lactam carbonyl group of (5a) (R=H) with lithium 

aluminum hydride afforded 17-azacholesterol (6). Molecular mechanics studies6 show that its preferred s~de  

chain conformation in vacuo (torsion angle C13-N17-C20-C21 amounts -51.9') differs only slightly from that of 

cholesterol itself (the angle -57.3"). The analysis of the compound (6) conformation in the solution and the 

evaluation of its biological activity are under way. 

EXPERIMENTAL SECTION 

Meltmg points were determined on Kofler apparatus of Boetius type and were uncorrected Nmr spectra were 

recorded with Bruker AC 200F Spectrometer using CDCI, solutions with TMS as an internal standard. Infrared 

spectra were recorded on a Specord 75 IR as CCI, or CHCI, solutions unless otherwise stated. Mass spectra 

were obtained at 70 eV w~th  AMD-604 spectrometer The reaction products were Isolated by column 

chromatography performed on silica gel 70-230 or 230-400 mesh ASTM (Merck). Thin layer chromatograms 

were developed on aluminum tlc sheets pre-coated w~th silica gel 60 FZ54 and visualized w~th  50% sulfuric ac~d 

afier heating. All solvents were dried and freshly distilled prior to use. 

3O-Hvdroxv-l6-oxo-24-nor-17-azachol-5-enaldehvde tert-butvldimethvlsilvl ether (2) 

Chrom~c anhydnde (180 mg, 1.8 mmol) was dissolved in dlchloromethane (5 ml) - pyridine (1.4 ml) mixture and 

stirred at room temperature for 0.5 h To this reagent a solution of primary alcohol (La) (78 mg, 0.164 mmol) in 

d~chloromethane (I ml) was added and the reactlon mlxture was st~rred 1 h at room temperature, filtered through 

sllica gel (elution with 25% ethyl acetate-benzene) and evaporated Yield of aldehyde (&): 65 mg (84%), mp 

135-138°C (from hexane); ir (CHCI,) 1724, 1668, 1100, 841 cm-I; IH-nmr 6 9.76 (almost s, IH, -CHO), 5.32 

(m, IH, 6-H), 3.88 (m, IH, 20-H), 3.48 (m, IH, 3a-H), 3 32 (dd, I,,, = 17.7 Hz, I,,, = 8.0 Hz, IH, 22-H), 2 88 

(dd, J,,, = 17 7 Hz, J,, = 4.7 Hz, IH, 2243,  1 37 (d, J = 6.8 Hz, 3H, 21-H), 1.05 (s, 3H, 18-H), 1 02 (s, 3H, 

19-H), 0 89 (s, 9H, t-Bu-Si), 0 06 (s, 6H, Me-%); I3C-nmr 6 200 7 (CH), 175.5 (C), 141 8 (C), 120.2 (CH), 

72.3 (CH), 63.6 (C), 5 1.9 (CH), 50.0 (CH), 49 0 (CH,), 42.6 (CH,), 42 5 (CH), 37.0 (CH,), 36.7 (C), 35 7 

(CH,), 33.5 (CH,), 31.9 (CH,), 31.0 (CH,), 30.5 (CH), 25.9 (3 x CH,), 21.2 (CH,), 20 4 (CH,), 19.3 (CH,), 

18.2 (C), 17.1 (CH,), -4.6 (2 x CH,); mass spectrum 473 (Mi, I), 458 (7), 416 (loo), 388 (lo), 346 (41). Anal 

Calcd for C,,H,,NO,SI: C, 70.99; H, 10 00; N, 2.96. Found: C, 70.67; H, 9.97, N, 2.97. 

A similar reaction of 20s epimer (a) afforded aldehyde (a), mp 175-178°C (from pentane-dichloro- 

methane), ir (CHCI,) 1722, 1669, 1100, 841 cm-I; IH-nmr 6 9.74 (t, J= 1.3 Hz, lH, -CHO), 5 31 (m, IN, 
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6-H), 3.74 (m, lH, 20-H), 3.48 (m, lH, 3a-H), 3.30 (ddd, J,,, = 17.5 Hz, J,, = 7.4 Hz, J,,, = 1.3 Hz, IH, 

22-H),2.85(ddd,J,,=17.5Hz,Jv,=6.2Hz,J~,,=1.3Hz,1H,22-H),1.43(d,J=6.7Hz,3H,21-H),1.11 

(s, 3H, 18-H), 1.02 (s, 3H, 19-H), 0.89 (s, 9H, t-Bu-Si), 0.06 (s, 6H, Me-Si); mass spectrum 473 (Mt, 0.2), 

458 (3), 430 (2), 416 (28), 388 (6), 346 (100). Anal. Calcd for C,,H4,N03Si: C, 70.99; H, 10.00; N, 2.96. 

Found: C, 70.65; H, 9.98, N, 3.02. 

O H )  

To the stirred solution of aldehyde (&) (41 mg, 0.087 mmol) in anhydrous ether (3 ml) under nltrogen at O°C 

0.5 ml(1.15 mmol) of isobutylmagnesium bromide (2.3 M solution in ether) was dropwise added. The reaction 

mixture was stirred 1 h at O°C, quenched with water, dried over MgSO, and evaporated. Column 

chromatography over silica gel afforded C-23 epimers of (3a) (R=N, 40 mg; 87%) eluted with 20% ethyl 

acetate-benzene. Further elution with benzene-ethyl acetate (64) y~elded primary alcohol (la) (4 mg). 

3a (crystalline mixture of C-23 epimers); ir (CHCI,) 3380, 1665, 1099, 841 cm-I; IH-nmr 6 5.31 (m, IH, 6-H), - 

4.36 and 3.61 (2 x m, 2 x 0 5H, 23-H), 3.49 (m, 2H, 3a-H and 20-H), 1 36 and 1.35 (2 x d, J = 6.7 Hz and 7.1 

Hz, 3H, 21-H), 1.24 (s, I .5H, 18-H), 1.12 (s, 1 5H, 18-H), 1 02 (s, 3H, 19-H), 0.90 (m) and 0.89 (s) - overlaped 

(15H, 26-K 27-H, and t-Bu-Si), 0.06 (s, 6H, Me-Si); mass spectrum 531 (Mi, 4), 516 (29), 513 (18), 474 (55), 

431 (loo), 416 (26), 346 (21). Anal. Calcd for C,,H,,NO,Si. C, 72.26; H, 10.80; N, 2.63 Found: C, 71 99; H, 

10.63; N, 2.61. 

Aldehyde a) similarly treated with isobutylmagnes~um bromide afforded the epimeric mixture of C-23 alcohols 

(a); ir (CHCI,) 3395, 1668, 1099, 841 cm-I; 'H-nmr 6 5 32 (m, lH, 6 4 ,  3.65 (m, IH, 23-H), 3.48 (m, 

2H, 3a-H and 20-H), 1.44 and 1.39 (2 x d, J = 6.8 Hz and 7.0 Hz, 3H, 21-H), 1 02 (s, 3H, 19-H), 0.89 (m and 

s, 15H, 26-H, 27-H, and t-Bu-Si), 0.06 (s, 6H, Me-Si); mass spectrum 531 (M', 4), 516 (39, 513 (26), 474 

(51), 431 (loo), 416(28), 346 (99). Exact mass calcd for C,,H,,NO,Si: 531.4108. Found. 531.4107 

30-Hvdroxv-l7-azacholest-5-en-l6,23-dione terf-butvldimethvlsilvl ether (4) ( X  = 0 )  

Chromic anhydride (180 mg, 1.8 mmol) was dissolved in dichloromethane (5 ml) - pyridme (1.4 ml) mixture and 

stirred 0.5 h at room temperature. A solution of secondary alcohol (b) (R=H; 40 mg, 0.075 mmol) in 1 ml of 

dichloromethane was added and stirring was continued for 2 h. The product was punfied by filtration through 

silica gel (elution with 10% ethyl acetate-benzene). Yield of ketone (Q) (X=O). 32 mg (SO%), mp 128-131°C 

(from hexane); ir (CHCI,) 1707, 1670, 1100, 842 cm-1; lH-nmr 6 5.31 (m, lH, 6-H), 3.77 (m, IH, 20-H), 3.47 

(m, lH, 3a-H), 3.36(dd, J,,= 17.9Hz, JVi,= 8.9Hz, IH, 22-H), 2.73 (dd, J,,= 17.9Hz, JVi,= 3.8Hz, IH, 

22-H), 1.29 (d, J = 6.7 Hz, 3H, 21-H), 1.02 (s, 6H, 18-H and 19-H), 0.90 (m) and 0.89 (s) - overlaped (15H, 
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26H, 27H, and t-Bu-Si), 0.06 (s, 6H, Me-Si); I3C-nmr 6 209.5 (C), 175.5 (C), 141.8 (C), 120.2 (CH), 72.3 

(CH), 63.5 (C), 52 5 (CH,), 5 1.9 (CH), 50.0 (CH), 47 8 (CH,), 43.5 (CH), 42.6 (CY), 37.0 (CHJ, 36.7 (C), 

35.5 (CHZ), 33.6 (CH,), 31.9 (CH,), 31.0 (CHJ, 30.5 (CH), 25 9 (3 x CH,), 24.6 (CH), 22.51 (CH,), 22.46 

(CH,), 21.1 (CH,), 20.3 (CH,), 19.2 (CH,), 18.2 (C), 16 7 (CH,), - 4.6 (2 x CH,); mass spectrum 529 (Mi, 13), 

514 (23), 472 (loo), 444 (29), 430 (13), 346 (31). Anal Calcd for C,,H,,NO,SI: C, 72.54, H, 10.46; N, 2.64. 

Found: C, 72.39, H, 10.36; N, 2.68. 

A similar oxidation of alcohol (a) (R=H) afforded 20s epimer of ketone ( a )  (X = 0), mp 135-138°C (from 

pentane); ir (CHCI,) 1708, 1669, 1100, 842 cm-'; IH-nmr 6 5 31 ( m, IH, 649 ,  3 72 (m, IH, 20-H), 3.47 (m, 

IH, 3u-H), 320  (dd, J,,= 17.3 Hz, JV,,=6.8Hz, IH, 22-H), 2.82 (dd, J,,= 17.3 Hz, J,,,=6.8 Hz, IH, 

22-H), 1.36 (d, J = 6 7Hz, 3H, 21-H), 1.10 (s, 3H, 18-H), 1.02 (s, 3H, 19-H), 0.89 (d and s, 15H, 25-H, 27-H, 

and 1-Bu-Si), 0.06 (s, 6H, Me-Si); mass spectrum 529 (Mi, 7), 514 (Il), 472 (33), 444 (lo), 346 (100). Anal 

Calcd for C,,H,,NO,Si: C, 72.54; H, 10.46; N, 2.64. Found: C, 72.29; H, 10.29; N, 2.67. 

3B-Hvdroxv-17-azacholest-5-en-16-one (51 

A solution of compound (Q) (X = 0; 43 mg, 0.081 mmol) and ptoluenesulfonylhydrazide (25 mg, 0.134 

mmol) in ethanol (1 ml) was refluxed 2 h. Ethanol was removed in vacuo and the crude tosylhydrazone (@ 

(X = NNHTs) was dissolved in DMF (0.5 ml) and sulfolane (0.5 ml), then p-TsOH (50 mg, 0.263 nmol) and 

sodium cyanoborohydride (40 mg, 0.635 mmol) were added. The reactlon mixture was heated 24 h at 105T 

under a layer of refluxing cyclohexane (0.5 ml) The reaction mixture was poured into water containing a few 

drops of hydrochloric acid and extracted with chloroform. The extract was dried over MgSO,, evaporated and 

the residue was chromatographed on a silica gel column Elution with 60% ethyl acetate-benzene yielded 10 

mg (31%) of compound (a) (R = H); ir (CHCI,) 3610, 1669, 1179, 1100 cm-1, 'H-nmr 6 5.36 ( m, IH, 6-H), 

3 3-3.7 (2 x m, 2 x lH, 3a-H and 2049, 1.30 (d, J = 6.8 Hz, 3H, 21-H), 1 12 (s, 3H, 18-H), 1.03 (s, 3H, 

19-H), 0.86 (d, J = 6.5 Hz, 6H, 26-H and 27-H), i3C-nmr 6 175.1 (C), 141.0 (C), 120.8 (CH), 71.5 (CH), 63.6 

(C), 52.0 (CH), 49.9 (CH), 48.9 (CH), 42 I (CH,), 38.8 (CH,), 36.9 (CH,), 36.6 (C), 36.0 (CH,), 35.0 (CH,), 

33.6 (CH,), 31.4 (CHJ, 331.0 (C-), 30.5 (CH), 27.8 (CH), 25 3 ((2%). 22 6 (CH,), 22.5 (CH,), 21.2 (CH,), 

19.6 (CH,), 19.2 (CH,), 17.7 (CH,). 

A similar reaction was also carried out wlth 20s epimer of ketone ( a )  (X = 0). The crude product (3) (R = H) 

was subjected to tert-butyldimethylsilyl chlonde/imidazole/DMF and the TBDMS derivative obtained was 

proved identical in all respects with the previously described compound (s) (R = TBDMS).I 
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17-Azacholest-5-en-3!3-ol(17-azacholesterol: 6al 

A stirred solution of compound (a) (R = H, 20 mg, 0.05 mmol) in anhydrous THF (5 ml) was heated with 

lithium aluminum hydride (100 mg, 2.7 mmol) at reflux 4 h. The reaction was quenched with a few drops of 

water, dried over MgSO,, and all inorgan~c material was filtered OK The ctude product was purified on a silica 

gel column Elution with chloroform-methanol (9:l) afforded 17-azacholesterol &), (7 mg; 41%), mp 152-155T 

(from benzene); ir (CHCI,) 3610, 3400, 1061 cm-l; 1H-nmr 6 5.33 (m, lH, 6-H), 3.94 (m, 2H, 16-H and 

OH),3 54(m, IH, 3a-H), 3.03 (m, 1H,20-H),2.96(m, lH, 16-H), 1.50(d, J=6 .3  Hz, 3H, 2149, l .I8(s,3H, 

18-H);0.99 (s, 3H, 19-H), 0.86 and 0.87 (2 x d, 2 x J = 6.5 Hz, 6H, 26-H and 27-H); "C-nmr 6 140.7 (C), 

120.5 (CH), 71.3 (CH), 62.7 (C), 59.8 (CH), 5 1 7 (CH), 5 1.1 (CH,), 48.1 (CH), 41.9 (Ch) ,  38.4 (CH,), 36.9 

(CH,), 36.2 (C), 35.8 (CH,), 32.8 (CH,), 32.7 (CH), 3 1.4 (CHJ, 30.6 (CH,), 27.8 (CH), 24.3 (CH,), 23.3 

(CH,), 22.6 (CH,), 22.3 (CH,), 21.8 (CHJ, 19.3 (CH,), 17.4 (CH,), 11 9 (CH,); mass spectrum 387 (Mi, 2), 

372 (44), 370 (9), 302 (loo), 260 (10). Exact mass calcd for C25H42N0 (M+ - CH,): 372.3266. Found: 

372 3261. Anal Calcd for C,,H4,NO: C, 80.56; H, 1 1.70, N, 3.61. Found: C, 80.39; H, 1 1.69; N, 3.65. 
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