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One of the UINISU~~ features of (+)-jaborol (L) is that it is phenolic. and its W spectrum 

shows a bathochromic shift in basic solution. Two IR carbonyl bands are in evidence, one at 

1700 cm 
-1 

due to the C-12 ketone, and the other at 1690 cm 
-1 

representing the d-lactone carbonyl. 

The 360 MHz CDC13 NMR spectrum of (+)-jaborol has been summarized around expression 1. 

Noteworthy are the three sets of dovnfield doublet of doublets at 6 6.71, 7.03 and 7.07, repre- 

senting the three contiguous aromatic protons of the phenolic ring. A three-proton singlet at 

6 2.17 accounted for the benaylic methyl group. Another telling feature of the spectrum was the 

downfield one-proton doublet of doublets at 6 4.97 due to H-6. The presence of a ketonic function 

at C-12 is in line with all of the other withanolides of J. magellanica. - The C-11 protons appear- 

ed as multiplets at 6 2.91 due to coupling with each other as well as with H-9 (6 4.54). 

The assignment of chemical shifts to the C-17 side chain is based on a number of relevant 

literature precedents.l'-l2 The 17-hydroxyl must be beta since the la-methyl absorption (6 1.08) 

underwent a distinct downfield shift to 6 1.28 when the spectrum was run in pyridine-ci5. 
12 

Other 

proton absorptions that suffered downfield shifts in pyridine-d5 are those for H-20 (from 6 2.63 

to 3.24). and for H-22 (from 6 4.54 to 5.27). so that all of these hydrogens must be syn and also 

proximate to the 17-hydroxyl group. 

The mass spectrum of (+)-jaborol (1) shoved small molecular ion m/z 468 (3%). and aignifi- -- 

cant peaks m/z 125 (44%) and 121 (34%) due to the cleavages indicated in expression 1. The base -- - 

peak, g/z 109. represents a C8H13 fragment originating from rings C and D of the molecule, as 

further confirmed by a high resolution mass spectral analysis. 

The CD curve of (+)-jaborol displayed a positive Cotton effect at 245 nm indicative of the 

22R configuration as indicated in expression 1. 12.13 

Acetylation of (+)-jaborol using acetic anhydride in pyridine afforded (+)-jaborol acetate 

(la), C30H3807, whose CDC13 NMR spectrum differed significantly from that of the parent withanol- 

ide only in the absorptions due to the protons related to ring A. In particular, the C-19 methyl 

singlet was located downfield at 6 2.33, while H-2, H-3 and H-4 were found at 6 7.44, 7.23 and 

6.94, respectively. 

The l3 C NMR spectrum of (+)-jaborol CL), supplemented by a GASPE analysis, 
15 

supplied useful 

structural data. Two carbonyl carbon absorptions were in evidence, one at 6 166.10 for C-26, 

and the other at 212.81 representing C-12. The 17-hydroxyl group must be beta since the C-21 

signal is located relatively downfield at 6 13.04. If the hydroxyl in question had been alpha, 

the C-21 signal would have been found further upfield around 6 9.55. 
16 

At this stage, we were interested in establishing the full stereochemistry of (+)-jaborol. 

particularly at C-6 and C-9. For this purpose, we had recourse to a complete NMR NOE analysis. 

Our initial point of reference was the 18-methyl group (6 1.08). which generally in steroids 

stands above. i.e. beta, to the mean plane of the molecule. Irradiation of H-20 (6 2.63) led -- 

to a 9.6% increase for the 18-methyl signal (6 1.08). as well as to a 6.3% increase of H-22 

(6 4.54). Alternatively, irradiation of H-9 (6 4.54) and H-118 (6 2.91). effected increases of 

the 18-methyl signal of 6.6% and 5.8X, respectively. Another absorption that was affected by 

irradiation of H-9 (6 4.54) was that for H-8 (6 2.58) which underwent a 6.1% increment, so that 

the B/C fusion must be cis. Finally, irradiation of H-6 (6 4.97) caused a 3.5% increase of H-9 

(6 4.54). The NOE results thus led to the stereochemistry for (+)-jaborol indicated in expres- 

sion A. 

As final confirmation of the structure assignment. an x-ray analysis of (+)-jaborol was 

carried out.17 The crystals are monoclinic. p21. a - 6.919(3). a= 17.042(3), 5 = 10.267(3) A'. 

8 = 93.39(3)'. V m 1208.5 Ao3, Z - 2, D = 1.288 g cr~-~. The diffraction data led to expression 

&, shown below, for (+)-jaborol, which was in full agreement with structure 1 previously 

reached. 
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The importance of (+)-jaborol (1) resides in the fact that it gives us an insight into the 

catabolism of the withanolides. Since these steroids usually bear a ketonic function at C-l, it 

is conceivable that the biogenetic precursor to 1 could be a species such as 2. In viva oxida- 

tion of 2 at C-9 could lead to alcohol 3. - - Cleavage of the C-9 to C-10 bond, followed by the 

appropriate oxidation-reduction and dehydration would then lead to (+)-jaborol. 

(+)JABOROL 
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Interestingly enough, it was reported more than 25 years ago that incubation of 4-androstme- 

3.17-dione (4) with Pseudomonas or Arthrobacter species yielded 3-hydroxy-9.10-seco-1,3,5(10~- 

androstatriene-9,17-dime (>).l* Evidently, these microorganisms 8s well as the plant 2. magel- 

lanica possess related enzymes capable of achieving the oxidative cleavage of the C-9,10 bond 

of steroidal species, leading to B-seco compounds. 

EXPERIMENTAL 

The dried leaves and roots of 2. msgellanica (13.0 kg) were milled and extracted at room 

temperature with 95% ethanol. The extracts were concentrated under reduced pressure to afford 

a crude, oily mess (1.5 kg). This material was diluted with water and extracted with CHC13. 

Evaporation of the organic solvent provided a residue (30 g) of crude withanolides which were 

placed on a chromstographic column of Silica Gel 60 (70-230 mesh) (1 kg). Elution was with 

CHC13 containing increasing amounts of MeOH-EtOAc. Repeated TLC over silica gel using the 

system CHC13-MeOH (95:5) provided (+)-jaborol (110 mg), m.p. 135O C (MeOH). Under W light, 

the TLC spot presented a blue coloration. When the developed TLC plate was sprayed with cont. 

H2SO4 and then heated over a hot surface for 2-3 ruin, a reddish-purple coloration appeared which 

wss characteristic of this phenolic withanolide. 

(+)-Jaborol (A):- V max (NBr) 3400, 1700. 1690 cm-'; X msx (MeOH) 224, 281, 292 nm (log E 4.29, 

3.51, 3.34); h =X (&OH + OH-) 224, 282. 301 nm (log E: 4.30. 3.51, 3.41); [aID +77.2' (c 0.40, 

MeOH); CD YeOH nm (As) 300 (-1.3). 279 (0). 245 (+5.2). 'H NMR in CD3CN at 360 MHZ: 60.62 (3H, 

d. J = 7.0 Hz, 21-Me). 0.99 (3H, s. 18-Me), 1.34 (1~. m, H-7a), 1.55 (1H. m, H-15a), 1.61 (2H, 

m, H-158 and H-16a). 1.79 (3H, s. 27-Me), 1.89 (3H. s, 28-Me). 2.05 (lH, m, H-168). 2.11 (3H, 8, 

19-Me), 2.17 (1~. m, ~-14). 2.23 (lo, m, ~-236). 2.44 (1H. br d, H-23a). 2.53 (3H. m, H-7a, H-8 

and H-20). 2.73 (lH, dd. J 
gem 

- 16.3 Hz, Jg,llg- 5.9 Hz, H-118), 2.89 (lH, dd, J 
gem 

= 16.3 Hz, 

J9,11a 
= 9.0 HZ, H-lla), 4.59 (1H. m, H-9). 4.65 (1H. dm, H-221, 4.94 (1H. dd, J6 7a = 10.4 Hz. 

J6,7B 
= 4.5 Hz. ~-6). 6.68 (1H. dd, J - 7.4 Hz, J 

m 
H-3). 7.03 (lH, dd, Jo = 7.6 Hz, J ~~1.3 Hz, H-2). 

- 1.3 Hz, H-41, 6.99 (1H. dd,'Jo _ 7.6 Hz, 

' H NMR in pyridine-cl5 at 360 MHz: 6 1.65 

(3H. s.27-Na). 1.82 (3~. s,28-Me),m2.27 (2H, m, H-14 and H-23a). 2.43 (1H. br d. H-8). 2.51 (3K 
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s. 194z.), 2.56 (lo, m, H-7 ), 3.06 (IH, dd, J9 lls = 5.4 Hz, Jgem = 16.1 Ha. H-l1!-3), 3*24 (3H. 

m, H_Ila, H-20 and H-23B), 4.57 (lH, m, H-9), 5:12 (lH, dd, J6,7a = 10.2 Hz* J6,7f3= 5-o Ha,H-6)* 

5.27 (lH, dm, H-22). 7.15 (lH, dd, Jo - 7.6 Hz. Jm = 1.3 Ha, H-4), 7.26 (lH, dd, Jo - 7.6 H=, 

H-3). 7.44 (lH, dd, Jo - 7.6 Hz. Jm = 1.3 H=. H-2). 

NOE in CDC13 at 360 MHz: H-66 to H-76 (11.6X), H-6B to H-4 (3.0%), H-6B to H-9 (3.5%). H-116 
to la-Me (5.8%). H-llf3 to H-9 (7.6%). H-9 to H-8 (6.1%). H-9 to 18-Me (6.6%). H-lla to H-7a 

(3.0%), H-7a to H-14 (2.0%). ~-8 to H-158 (8.3%). H-20 to 18-Me (9.6X), H-20 to H-22 (6.3%). 

H-23B to H-20 (8.1%). 
13 

C NMR in CDC13: V~IWS with identical superscripts are interchangeable, 6 11.01 (C-19). 

12.38 (C-27), 13.04 (c-21). 16.09 (C-18). 20.52 (C-28). 24.42 (c-15). 33.72 (C-23), 34.44 (C-16), 

39.57 (C-7). 40.85 (C-20), 43.50* (C-E), 45.59 (C-13), 46.96* (C-14), 58.90 (C-11), 76.23' (C-9), 

78.14# (C-6), 78.29" (C-22). 83.35 (C-17). 114.04' (C-2). 116.56' (C-4), i2i.O4* (C-10). 121.67' 

(C-25), 126.55 (C-3), 140.62 (C-5). 149.76 (C-l), 153.97 (C-24), 166.10 (C-26), 212.81 (C-12). 

Low res. MS m/z 468 (M+. 3), 453 (2). 450 (3). 424 (7). 319 (22). 315 (3). 241 (4). 153 -- 

(5). 152 (4), 151 (3). 150 (4). 147 (10). 136 (22), 135 (39), 125 (44). 121 (34), 109 (100)s 

107 (11). 

High res. MS m/z 468.2460 (C28H3606), 453.2275 (C27H3306). 450.2397 (C28H3405, M - H20). -- 

424.2593 (C27H3604. M - Cog), 319.1923 (C19H2704), 315.1635 (C19H2304), 153.0940 (C9H1302), 

147.0819 (CloHllO), 136.0885 (C9H120), 135.0592 (C8H702), 125.0617 (C7H902), 121.0297 (C8H90), 

109.1017 (C8H13), 107.0498 (C7H70). 

(+)-Jaborol Acetate (la):- m.p. 202" C (MeOH); v max (CHC13) 1740, 1710, 1700 cm -' (br bands); 

h max (MeOH) 214, 233 sh nm (log E 4.16, 3.84); [aID +164.7" (5 0.68, MeOH); CD MeOH nm (AE) 

300 (-0.04), 280 (0), 250 (+1.25). 1H NMR in CDC13 at 360 MHZ: 6 0.88 (311, d, J = 7.0 Hz, 

21-Me). 1.10 (3H, s, 18-Me), 1.42 (lH, m, H-7a), 1.94 (3H. S. 28-Ma), 2.11 (3~, S, CH3CO), 2.33 

(3H, s, 19-Me), 2.49 (lH, br d, H-23@, 2.58 (2H, m, H-78 and H-E), 2.64 (lH, m, H-20), 2.93 

(2H, m, H-113 and H-116), 4.51 (lH, m, H-22), 4.55 (1H. m. H-9), 4.98 (lH, dd, J6 7a= 9.8 HZ, 

H-6). 6.94 (lH, dd, Jo = 8.0 Hz, J = 1.5 Hz, H-4). 
m 7.23 (1H. dd. Jo= 7.8 Hz, H-3); 7.44 (lH, 

dd, Jo = 7.8 Hz, Jm = 1.5 Hz, H-2). 

LOW res. MS m/z 510 (H+,U, 492(3), 474 (4). 451 (1). 357 (7). 319 (20), 297 (6). 283 (6), 

241 (10). 177 (13). 165 (4). 163 (12), 153 (12). 149 (6). 147 (17). 137 (37), 136 (45). 135 (39). 

125 (loo), 121 (33), 109 (SO), 107 (14), 97 (30). 

High res. MS m/z 492.2467 (C30H3606, M - H20). 451.2520 (C28H3505, H - acetate),357.1720 -- 

(C21H2505), 319.1923 (C19H2704), 297.1494 (C19H2103). 197.1030 (CloH1304), 153.0886 (C,H1302). 

147.0886 (C9H1302), 147.0809 (CIOHllO), 136.0876 (C9H120), 135.0448 (C8H702), 125.0609 

(C7H902). 121.0658 (C8H90). 109.1014 (C8H13). 
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