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Abstract-From the extract of the fruits of Solanum xanthocarpum (Solanaceae), five new steroidal compounds 
were isolated and characterized: 4a-methyl-245-ethyl-5cc-cholest-7-en-3/?,22~-dioi (I), 3p,22<-dihydroxy-4a- 
methyl-245-ethyl-5a-cholest-7-en-6-one (2), 38-benzoxy-l48,225-dihydroxy-4cc-methyl-245-ethyl-Scc-cholest-7en- 
6-one (3) 3~-benzoxy-14c(.22~-dihydroxy-4~-methyl-24~-ethyl-5~-cholest-7-en-6-one (4) and 3b-(p-hydroxy)- 
benzoxy-22S-hydroxy-4r-methyl-24~-ethyl-5~-cholest-7-en-6-one (5). 

INTRODUCHON 

As a result of our continuing investigation of the 
constituents of Solanum xanthocarpum, from which 
carpesterol (7) [I, 21 and 4%-methyl-24-ethylcho- 
lest-7-en-3P-ol(6) [3] have been isolated and char- 
acterized, we would like to report the isolation of 
five additional new steroids (l-5) along with the 
proof of their structural assignments. 

A comparison of the spectroscopic data for l-5 
with the corresponding data for cat-pester01 (7) and 
4~-methyl-24-ethylcholest-7-en-3P-o1 (6) provided 
us initially with very strong indications as to the 
structural identity of the five most recently isolated 
compounds. However, since the structure and 
absolute stereochemistry of 7 have been firmly 
established [2], and since useful quantities of 7 
were on hand to serve as starting material, it was 
possible to identify more thoroughly compounds 
(l-5) by their synthesis. 

RESULTS AND DISCUSSION 

The MS of compounds 1-7 are presented in 
Table 1. It can be clearly seen that 1 gave the par- 
ent peak at m/e 444 (&Hs202) and that both 1 
and 6 give strong peaks in their MS at m/e 287 and 

245 that are characteristic of steroids with an iso- 
octyl side chain [4]. Moreover, 1 and 6 both pro- 
duced ions at m/e 285 and 243 indicative of A’- 
steroids [SJ. Also in the MS of 1 there was an ion 
at m/r 3 16 arising from a rearrangement on elec- 
tron impact which has been commonly observed 
[6] in the spectra of 22-hydroxysteroids. A doublet 
at 3.74 ppm in the NMR spectrum of 1 can be also 
recognized in the NMR spectrum of 7. Thus, it 
would seem that 1 and 7 probably .have an identi- 
cal side chain stereochemistry (i.e. 22R-OH and 
24R-ethyl). Carpesterol (7) was subjected to a 
modified Wolf-Kishner reduction [7], which pro- 
duced two products, 1 and 8. The product (1) was 
shown to be identical to the natural product (1) by 
comparison of melting point, [~]n, IR, NMR, and 
MS. The second product (8) was assumed to be the 
A8 (14)-isomer of 1 because no vinyl proton 
appeared in the NMR spectrum, and because it 
was known that the A’-double bond of carpesterol 
(7) readily isomerizes to the A* “4)-position under 
alkaline conditions. 

For the purpose of identifying compound 2 
(debenzoylcarpesterol), carpesterol (7) was hydro- 
lysed with 2”/ K&O3 to give the debenzoyl deri- 
vative which was identical to 2 in m.p. [u],,, IR, 

529 



G. Kr SAUO. ‘T. TAKI IOTO. J. A. BLISLI K and Y. SAIO 

NMR and MS. An isomer 9 of 2 was also isolated 
as wcli as 10 an isomer of cat-pester01 7. 

Compounds 3 and 4 showed weak parent peaks 
in the MS similar to the 14hydroxy substituted 
ccdysteroncs [Xl. Rclativc to the broadened singlet 
due to the carpestcrol C-7 proton, the protons of 
3 and -1 cxpcrienccd a down field shift in the NMR 
spectra accompanied by a resolution of the signal 
to a doublet (J 3 Hz) indicating the prcscnce of a 
l4-hydroxy group. Moreover. the observed down 
field shift (0.15 ppm for 3 and 0.09 ppm for 4) of the 
C-l 3 methyl group singlets of 3 and 4 relative to 
that of carpcstcrol (7) can be reasonably explained 
if a 13/i-hydrouyl group for 3 and 14/&hydroxyl 
group for 4 arc present 191. Carpestcrol (7) on 
SeO,oxidation afforded 4 along with small cluanti- 
tics of the isomeric l4[1-hydroxy derivative (3). 
Because 3 and 4 showed no change under SeO, 
trcatmenl for a longer time. the possibility was 
excluded that 3 was a 9-hydroxy dcrivativc. 

In order to verify the structure of 5 by synthesis 
a circuitous route ivas necessary because of the 
stnall atnount of 5 at our disposal. Thus. carpes- 
terol (7) was converted to the acctatc which was 
sclectivcly hydrolqzcd with 2”,, KIC‘O, to liberate 
the 3/i-hydroxcl function. The resulting debcnxoyl 
compound (11) ~/as separated from its AH “‘t 
isomer (12) via SD, chromatography and treated 
with I)-acctoxybcnzoyl chloride in pyridine to give 
the p-acetoxybenzoyl derivative (5). which was 
identical to the acetate (5a) of the naturally occur- 
ring compound [lo]. 

From the comparison of the spectral properties 
of the isolated sterols (l--S) with those of 6 and 7, 
and the synthesis of compounds (l-~-5) from carpes- 

terol (7). it follows that the five new steroids from 
S. .\-u~tr/tocur~pn~~~ have structures 1 5. However Ihe 
stereochemistry of some asymmetric centers. cspc- 
cially at C-22 and C-34 is still somewhat in doubt 
because the methods so far employed (mp. [x],~. 
IR, NMR and MS) in our study arc not completeI) 
adequate for unambiguous sitercochcmical dcsignn- 
tions at C-22 and C-23. 
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first band was pure carpesterol (7, 2.4 g), the second was a mix- 
ture (0.46 g) of carpesterol and 4-desmethylcarpesterol (unpub- 
lished results). the third was 3 (27 mg). the fourth was 4 (8 mg) 
and the slowest was 5 (39 mg). 

4r-mc~th~~l-24~-rtl~~l-5cc-ch~lrst- 7-rn-3fi.22<-diul. (1). Recrys- 
tallization from Me,CO, needles, m.p. 18~1XI”. [u];” + 19.5’. 
(Found: C, X0.99; H. 11.72. C,,H,,O, requires: C, 81.02; H. 
I 1.79”,). IR (CHCI,) cm- ’ : 3600. 3450 (OH). NMR (CDCI,) 6: 
3.18 ppm (IH. ~1, C-3%). 5.18 (IH. hd, J 6 Hz. C-7). 3.73 ClH. d. 
J 12Hz). 0.57 (3H, s, C-18). 0:83 (3H, s, C-19). ’ 

Modi$ed Wo(fLKishwr reductiorl ofcurprsterol(7). Capesterol 
(481 mg) was heated with hydrazine (I.9 g) and hydrazine 
dihydrochloride (681 mg) in triethylene glycol (10 ml) for 4 hr 
at 180”. The condenser was removed, pellets of KOH (2 g) 
added and the temp. was increased to 210’. for 2 hr. After cool- 
ing. Hz0 was added and the mixture was extracted with 
AcOEt. The AcOEt layer was washed with HZ0 and dried over 
NaZSO,. The residue was separated on preparative TLC 
(C,H,-AcOEt (10 : 1 v/v). develbped 3 times): The fastest run- 
ning band was 173 me. of I. m.n. 181 . Talk’ + 19.5’. The IR _ _., 
andNMR spectra were superimposable with the corresponding 
spectra of the isolated. naturally occurring sterol (1). The 

remaining band yielded 92 mg of 8, m.p. 171~ 172 ‘, [r]? + 
26.8”. (Found: C. X1.00; H. 11.66. C,,,H,LOz requires: C, 81.02; 
H. 11,797<). IR (CHCl,) cm-‘: 3600. 3450 (OH). NMR 
(C’DCI,)ii: 3.17 ppm (IH, m, C-3x), 3.73 (IH, d. .I 12 Hz). @63 
(3H, s. C-18), 0.79 (3H, s. C-19). 

3~,22~-Di1z~dro.~y-4a-meth~~l-24~-eth~l-5r-cholest-7-c~n-6-0~~~ 
(2). .Recrystailized from aq. -Me,CO, m.p. 188P190”, [a]&” + 
14.3”. (Found: C. 78.52; H, 10.90. C,,,H,,,O, requires: C, 78.55: 

H, 10.99’;<). IR (CHCI,) cm- ’ : 3600, 35 10 (OH), 1668 (?&unsa- 
turated carbonyl). 1625 (double bond). NMR (CDCI,) 6: 5.68 
ppm(lH, hsC-7). 3.74(1H, d, J 12 Hz. C-22). 3.18 (IH. tn. C-3@). 
-I:16(3H. d J 6 Hz, C-30). 0.86(3H. s, C-19). 0.61 ‘(3H. s, C-IXj. 
MS: tnic~ (relative intensity). 458 (22,2), 440 (51.1). 330 (100.0). 
275 (95.6). 257 (52.2). 297 (27.8). 

Hydrolysis qfcarprscerol(7). 7 (104 mg) was dissolved in 2’>,; 
(w/v) K2C0, in aq. MeOH and stirred for one day. H,O was 
added, and the ppt. was filtered and dried. The three products 
of the reaction were separated using preparative TLC. Com- 
pound 2, m.p. 188-190’. [XI;’ + 14.4”, the IR and NMR spectra 
were superimposable with those of the isolated natural product 
(2). Compound 9 m.p. 164-165’. [XI:: + 22.5‘. (Found: C. 
78.52; H. 10.72. CX0H5”03 requires: C, 78.55; H, 10.99:;). IR 
(CHCI,): 3600, 3510 (OH). 1710 (Keto group). Compound 10. 
m.p. 191-192’. [XI;: + 46.6’. (Found: C. 78.85; H, 9.49. 
C3,Hs404 requires: C. 78.96; H, 9.677:). 

3~-Brn,-0.~g-14/~.?2~-dihydro~y-4x-r)~~rh~~-24~-~r~~y~-5~-cho- 
ksr-7-rr~-h-or7e (3). Recrystallized from AcOEt, m.p. 277-278 ‘, 
[XI;: + x2.2 (Found: C, 76.79; H, 9.31. C3,Hs405 requires: 
C, 76.77; H, 9.40”/,). IR (CHCl,) cm-‘: 3600, 3500 (OH), 1710 
(ester), 1670 (r&unsaturated carbonyl). 1625 (aromatic). NMR 
(CDCI,) 6: 8.06 ppm (2H. q. J, 7. J, 1.5 Hz). 7.56 (IH. q. JI, 7. 
J, 1.5). 7.41 (2H. t, J, 7 J, 7), 5.91 (IH, d, J 3 Hz, C-7), 4.70 
(I-H, nz, C-3x), 3.75 (Iti, d,j I2 Hz. C-22), I.16 (3H, d, J 6 Hz, 
C-30). @93 (3H. s. C-19). 0.77 (3H. s. C-18). MS: m/r (relative 
intensity). 558 (0.j). 560 iO.5) 542 (66.7), 43$ (30.0), 450 (100). 

3P-Ber1zoxy-14a,22~-dihydro.~y-4cc-mrthy/-24~-~thyl-5~-cho- 
lest-7-en-6-0~ (4). Recrystallized from AcOEt, m.p. 26&270’, 
[r];” + 100.7’. (Found: C, 76.55; H, 9.21. C3,Hs405 requires: 
C, 76.77; H, 9.40”/,). IR (CHCI,) cm ’ : 3600, 3450 (OH). I7 I2 
(ester), 1680 (a&I-unsaturated keto group). 1631 (aromatic). 
NMR (CDCI,) S: 8.06 ppm (ZH, q, J, 7. J, 1.5), 7.56 (IH, q, 
J, 7. JZ 1,5), 7.41 (2H, t,J, 7. J, 7). 5.91 (IH, d. .I = 3, C-7). 4.70 
(IH, nt, C-3,2). 3.74 (IH, d, J 12, C-22), 1.16 (3H, d. J 6, C-30), 
093 (3H, s. C-19). 0.71 (3H. s, C-18). 

(22R,24R)-3~-Brn~o\-~~-14~.2,7-dih~dro.~}~-#c(-,,wthy(-34-~t~~~1- 

5r-cholest-7-en-h-onr (3) and (ZZR.24R)-38-Brnzo.~y-!4r.22- 
dihydro\-y-4,~-~~~,tl~yl-24-et~~~~l-S~-~hoi~~st- 7-ur-6-01~ (4).fkotrr car- 

prstrrol (7). 7 (I 56 mg) was dissolved in dixoane (IO ml). SeOZ 
(57 mg) added to the soln. and the mixture heated on the steam 
bath under N2 for I hr. The inorganic ppt. was removed by 
filtration and the clear solution diluted with HLO (20 ml) and 
allowed to stand overnight. The ppt. was filtered, washed with 
Hz0 and dried. Because TLC showed two products (ratio, 9: I). 
separation was undertaken by preparative TLC [C,H,-AcOEt 
(10: 1 v/v)]. The fastest running band gave 3 (I 7 mg, m.p. 277- 
278’, [r]::’ + 82.0”) and the slower band was 4 (I 14 mg. m.p. 
268-270 [a]~,’ + 100.9.). IR and NMR spectra were superim- 
posable with those of the isolated compounds (3 and 4). 

3~-(p-H~~d~ozy)hr,~~o.~~~-22~-/~~d~o.~~-4~-~~~~t/~!~~-24~-~t/t~/-S~- 

cholrst-7-erl-6-onr (5). Recrystallized. from AcOEt, m.p. 294 
296’. [xl:,” + 71.9’. IR (Nujol) cm-‘: 3480, 3250 (OH). 1671 
(ester + &unsaturated keto group). 1625 (aromatic). IR 
(CHCI,) cm- _ ’ ‘3600 (OH), l67l-(ester + Q-unsaturated keto 
group), 1625 (aromatic). (Found: C. 76.74; H. 9.28. C,,H,,O, 
requires: C, 76.77; H. 9.40:‘“). MS: m/r (relative intensity). 578 
(17.9). 440 (67.0). 450(7,1), 312 (66.1). 283 (22.3), 257 (100.0). 297 
(35.7). 

3/~-(p-Aceto.~~)hrrlzo.~~-22~-~~~t~~.~~-4~-/t~~t~7_~~-24~-~t~l~~l-~~- 

~hol~,st-7-~n-6-orlr, (5a). 5 (29 mg) was acetylated with AczO in 
pyridine. The product was purified through AIZO, chromat- 
ography. C,H, eluate gave the acetate (Sa). recrystallized from 
Me2C0. m.p. 277-278”. [r];” + 89.2‘. (Found: C, 74.1 I ; H, 
8.77. C,,H,,O, requires: C, 74.28; H. 8.82’>;,). IR (CHCI,) 
cm-‘: 1710 (acetate), 1671 (ester + r&unsaturated keto 
group). 1625 (aromatic). NMR (CDCl,) 6: 8.13 (2H. d, J 9 HZ), 
7.21 (2H.d. J9). 5.07tlH.d. J 12 Hz. C-221. 5.73 (IH. hs. C-7). 
4.91 (1 H, ,n, C-3x), 2.64 (3H. s, COCH,), 2.33 (3H: s. COCH, j. 
0.93 (3H, s, C- 19). 0.62 (3H, s. C- 18). 

Carprstwyl acetate (7). Carpesterol (189 mg) was acetyled 
with AczO (0.2 ml) in pyridine (3 ml) and recrystallized from 
MeXO. m.P. 26&267 , [XI:,” + 80.2 IR (CHCI,) cm- I : 1725~ 
17 IO (acetyl. benroyl ester), 1680 (r&unsaturated kcto group), 
NMR (CDCI,) 6: 8.08 (ZH, y, J, 2 Hz. JZ 7.5). 7.5 (3H, 111). 5.70 
(IH, hs. C-7). 5.07 (IH, d, J 1 I Hz, C-22), 4.70 (IH. ,n, C-3). 0.62 
(3H. s. C-18). 0.93 (3H. s, C-19). 

Hydrolysis ofcarpc~steryl acetutr (7a). The acetate (96.5 mg) 
was dissolved in ml aq. MeOH (MeOH:H20 9: I v/v) contain- 
ing K,CO, (100 mg), and the mixture was refluxed for I.5 hr. 
HZ0 was added and the mixture was warmed gently on a steam 
bath for 30 min. After cooling the ppt. was filtered, dried and 
chromatographed on SiOZ (20 g). The C,,H,-AcOEt (IO: I v/v) 
eluate gave the debenroyl derivative (11, 50 mg) of carpesteryl 
acetate and the isomer (12, 18 mg). Compound 11 was recrystal- 
lized from MeZCO, m.p. l92- 193”. IR (CHCl,) cm- I: 3595. 
3540 (OH), 1720~1710 (acetyl). NMR (CDCI,) (5: 5.06 (IH, d, J 
1 I Hz. C-22). 2.04 (3H. s. COCH,). 0.84 (3H. s, C-19). 0.63 (3H. 
s. C-l 8). 

(?ZR,24R)-3~-(p-ilceto.~~)het~~ox~-22-acetor~~-4r-n~ethpl-24- 
eth~~l-5x-ckolrst-7-e~1-6-one (5a). II (31 mg) was dissolved in 
pyiidine (3 ml) and p-acetoxyl benzoyl chloride (2 drops) 
was added to the soln. After standing at room temp. overnight. 
Hz0 was added and the ppt. was filtered, washed with Hz0 
dried and recrystallized from EtOH, m.p. 27X-279.. [z]F + 
87.4”. The IR and NMR specta were superimposable with 
those of the diacetate of the nautrally occurring compound 5. 
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