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Aylwt- Stnwturcs are assigned to five new sapogcnitw of steroid ty-pe isolated from Imp&x& mptrum : 
(I), Isopkxigcnin A (IIg), B (IV@, C @a) and D (nk) have been shown by chemical and 

spsctroacopic me&xl8 to lx clofscly related to eactt o&r. 

INTRODUCTION 

FOUR species of the genus Zsoprexi (Scrophulariaceae) have been described; three 
of them are endemic to the Canary islands and tbe fourth to Madeira They am of 
interest because of their relationship to the European Di@uZis rich in cardenolides, 
substances isolated’-’ from Isoplexis c 4anaGnsis Lindl. and Isoplexis lsabelliana 
W.B. 

The hydrolysate of the extract from twigs and leaves of the wild form of ~~p~ex~ 
sceptrwm &inn.) Steudel, collected on the mountains of Madeira, did not yield any 
cardenolides but instead a series of spirostane sapogeninss*g together with other 
compounds such as triterpenes, anthraquinones, etc. This result indicates a sign&ant 
differen= between 1. seep- and the other species investigated. Four of the twelve 
spirostanc sapogenins isolated were identified as tigogenin, diosgenin (IVe), gitogenin 
(IId), and A25(27f-gitogenin. Another three am being investigated and this paper reports 
the structun: elucidation of the remaining five whick have not been described as 
naturally occurring products in the literature. They are closely related to each other 
and, considering their origin, we propose to name them scepmungenin, and isopZexi- 
genin A, B, C, and D. 

RESULTS AND DISCUSSION 

Scephumgenin (I), eluted together with tigogenin and diosgenin @enxene-CHCls, 
1 :l), was separatal from them, as acetates by c~o~to~phy on silica gel-AgNO,. 
The monoacetate, obtained by mild acetylation with acetic anbydride in pyridine, 
has the empirical formula C2gH120*, m.p. 191-193”. [a&, - 119”. Its IR spectrum 
indicates the presence of a methylene group (3080,1660,880 cm-i) and a trisubsti- 
tuted doubk bond (3030,2830,840 cm-‘), ass@ations which are conllrmed by the 
NMR spectrum:* two multiple& at 5.27 (2H) and 465 (lH), respectively. Tbe NMR 
signals for the 13-Me and IO-Me suggest position 5-6 for the doubk lx&(922 and 

* All chemical shifts are reported in ppn on the mcdc See Tabk 1. 
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8.96 ; calculated by the method of Ztlrcher :I0 922 and 8.96). The 2OMe is observed 
at the same field (9.03) as the corresponding one in Azs(27$itogenin acetate (999) 
and diosgenin acetate (9*03l l’), from which we may conclude that the substitution of 
the 25-Me by a methylene group does not affect the position of the signal for the 2GMe. 
On the other hand, the NMR spectrum of sceptrumgenin acetate lacks the peak for 
the 25Me. This requires as the only possibility, that Czs bears a methylene group 
and is in accord with the fact that the two protons at C26 form an AB system and that 
the region 85&1ooO cm-’ of the IR spectrum of our acetate is analogous to that 
given by Takeda et al. ‘lb for A2s(27$itogenin acetate obtained by us. We therefore 
conclude that sceptrumgenin must be spirost-5,25(27)diena3B_ol (I) The data 
coincide with those published by Minato and Shimaokar2 who obtained this sub- 
stance as a secondary product in the course of the structure determination of nartho- 
genin. 

lsoplexigenin C (IIa), by chromagraphy of the hydrolysate eluted with CHCl,-3% 
MeOH, had mp. 2725-273*5”, [a]n - 62”. The elemental and mass spectral 
analyses indicated the empirical formula C2,HUOs (Mel wt. by MS: 448), its IR 
spectrum showing bands at 3610 and 3580 cm-’ (OH) Mild acetylation gave a 
triacetate (IIb) which in the IR does not possess any OH absorptions The NMR 
spectrum of IIb exhibits a multiplet at 6.57 (2H) whose shape and lQ2 (12 c/s) are 
characteristic for protons at Clb in a spirostane sapogenin if C2s has the configura- 
tion R 11’ The Spiro&me skeleton would also explain the presence of the two non- 
hydroxylic 0 atoms Between 4.8 and 575 (4I-I) there appears a broad set of lines 
assignable to the three protons situated at the same carbon as the ace@ groups and 
to the lone proton at Clb. The spectrum lacks the signal at 840 which in sapogenins 
with no substituents in the spiroketal side-chain is attributed to the protons at C2s. 
In the region 850-1000 cm -l of the IR spectrum no absorptions appear which are 
characteristic of spirostane sapogenins without substituents in ring E or F’3-‘s 
According to Takeda et ~1.‘~ substitution in these ring has a pronounced effect on 
the region mentioned. The mass spectrum of IIa shows the base peak at m/e 289 
(Fig 1, fragment lc), constituted by the androstane skeleton with two OH groups, 
analogous to what is observed in 23-Brdesoxytigogenin, but contrary to what occurs 
in spirostane sapogenins unsubstituted in the spiroketal side-chain, in whose mass 
spectrum the base peak is formed by this side-chain.” From all this we conclude that 
one of the OH groups might be located on Czj or C,, while the remaining two are 
found in the androstane skeleton. 

The attempted degradation of isoplexigenin C to the pregnane derivative V, 
following the method used by Minato and Shimaoka,12 only yielded the starting 
material because the first reaction step (i.e. isomerization to a A20(22)-furostene) did 
not take place, probably because the OH group in ring F impedes the reaction.‘a 
On the other hand, degradation of gitogenin (IId) by the same method gave com- 
pound V. 

The structure determination of isoplexigenin C by chemical methods was performed 
as follows. Partial acetylation of IIa afforded the diacetate IIc whose IR spectrum 
shows the typical absorptions of an associated OH (3580 cm-‘). By oxidation of 
this alcohol with CrOJ we obtained the monoketone 111~ in whose IR spectrum the 
CO band coincides with that of the acetate groups (1740 cm-‘), therefore suggesting 
position C&. ig The keto group was reduced by the method of Huang-Minion 



TABM 1. CHBMKXL smi’m IN CDCI, (t-ec~) 

Compound H-C6 H-+ Hw-G, H--‘&j H2-42, H2-C2, 1OMc M-Me 13-Me 25-M ===CH, OAC 

Sceptrumgenin (I) aawe 

Isoplexigcnia A (IIg) 
I8opltigcain A dialxtate (Irh) 
Iaoplcxigeain B diaccatc (If%) 

rsophig8nin C tlhcetatc (IIb) 

465m 560,5.8@ 
~10,430 896s 9@3d(Q 922s 527m IGOE 

665m 665m 
505.8m 5i%rn 665m[12] 

9.19s 9ad(7) 9.19s 919d(7) 
9.18s 9Q9d(7) 9.22s 917 800s 

468m 5G5-5.8m 5W-S.Em 6*65m [12] 8.97s 9+05d(7) 917s 917d(7) 7.98s 

4%-575m 4%-5+75m 657m [12] 907s 9.0747) 9205 9.18 798$8H) 
8aM6RI 

53DitKxtyl-isoplcxiganin c (UC) 

Isopluig~& D triuxtatc (Ilm) 

Z3Diacc!yl-isopls3tissnin D (Ml) 
Gito@a (IId) d&&ate 

A’““)_~~~ wk 

23-Hydroiy-tigogawnc (IX) 
23-K&-tigogenooe (IIId) 
53Dhcctyl-~ct~togulin (MC) 

23-Acetyl-spiroa-2-cne (VI) 

4%--58m 6.65m 

5*1an 

515m 6Mm 
513m 8~42~ 

515m 

665m 

4.85-6m 

442m 507, !ClS’ 
5.25,!+34 

4%-58m 

5*5&l 

Sam 
5-63m 

5.55m 
5.45m 

4*8--5&n 

5.5Sm 

665m [12] 

65Om [12] 

665m 
6+6Om 112) 
560,5*8[P 
6146.30 
6*65m 
6*4Om [12] 
6Mm 

662m 2123 

9.078 f++W7) 9.206 

910s &98d(6) 925s 

9#s 89ldo 925s 
908s 9Q5d(6) 92% 

9Q9s 9.09 9228 

poos 9+8d(7) 917s 
896s 9Qw7) Pl!k? 

743rn 909s 9Q8dv.l 9.2% 

919s 9@d(7) 9.23s 

949d(6) 8Qls 

92W63 79WH) 
8W6W 

9-W 8tKki 
9+23d(6) 8Qlr 

525m 8m 

+18d(7) 
917q7) 

803s 

7.988 

tiuplins constants I in parentheses, IV,,, ia brackets (both in c/s) 
“ABeystcm;J=12c/s 
b not rmolwd multiplct 
’ Xpartofan ABXsystem 
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yielding gitogenin (IId). Hence, IIa is a 25R-spirostane sapogenin with two OH 
groups in positions 24x and 38. 

The position of tlx third OH group was de&mined by the following reactions. 
Selective Saponification of isoplexigenin C triacemte (IIb) gave the monoacetate IIe. 
Comparing its behaviour in TLC with that of gitogenin (IId), we assumed that the 
two free OH groups are those in position 2u and 38. IIe was converted to the dimesyl- 
ate IIf, which was then treated with Na120 affording the A2derivative VL This com- 
pound was transformed into the epoxide VII, which by comparison with analogous 
samples is supposed to have the configuration 2a, 3a Reduction of VII with LAH 
gave the 3a-axial 21 dialcohol VIII, which selectively oxidized with NBS forms the 
3-keto derivative IX (IR: 1715 cm-‘). IX was then reduced with NaBH, yielding 
mainly the dihydroxy derivative IIg, with equatorial OH at Ca. 

0 
, , r-F , 

-. OH 

I 0 , rx : 
l . , 

dH 

& 
0 

+ 0 : 
I; lx 

a e 0 

HO” : 
A 

‘Ihis reduction product IIg proved to he identical with j.ro&c@utfn A, m.p. 227”, 
[a]u - al’, which by chromatography of the hydroltsate was eluted with benzene- 
CHCl, (1: 1) and by analysis and mass qectrum has the em@rical formula C2,HU04 
(mol. wt. by MS: 432). The m/e values of the prominent peaks of its mass spectrum 
(F~l,fragmentslaaod4a)~16unitslowathpnthecorrerpondingoMsofiso- 
plexigenin C, pertaining therefore to the androsta~ skeleton with only o~lc OH 
group. In the IR it shows two absorption fraluencies at 3620 and 3580 cm-’ (OH). 
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upon dilution, the intensity of the former increases 8diSthtXC!fOfCtUSigIlCdtOlUl 

OH group associated intermolecularly, whereas the latter does not &an@ and is 
attributed to an intramolecularly associated OH with a H-bond of approximately 
24 AZ2 This is only possible if the OH group at C23 has the configuration 23R or US, 
depending on whether H-bonding occurs with the furan or pyran oxygen The fact 
that the IR region 850-loo0 an -r of IIg prepared from isoplexigenin C (IIa) as 
described above, is completely identical to that of Ha indicates that during the course 
of the reactions no chanp has occurred in the configuration of the spiroketal side 
chain. 

8 m/en3 

b m/e271 
c m/e289 

1 m/c302 8 m/r281 

b m/e300 b m/e285 
c m/e318 c m/eM3 

a IsoplexigcninA 
b Isoplcx&ninB 
c IsoplcxigcninC 

Ro. 1 

8 m/c341 

b m/e345 
c m/e 343 

Treatment of isoplexigenin A (I@ with CrOj afforded the diketone IIId whose IR 
spectrum has two absorptions at 1715 and 1740 cm-‘. The latter, compared with the 
value observed for the compound IIIc, is compatible with a CO group at CIJ.i9 

By oxidation of tigogenin acetate Callow et aLI obtained 23-ket*tigogenin (IIIa) 
in poor yield This same substance was also prepared from isoplexigenin A by 
acetylating the OH group at Cj, thus giving Iii, followed by oxidation. Callow et aLI 

reduced IIIa with NaBH, obtaining an alcohol which, although it may be one 
impure stereoisomer at Czo contaminated by a small quantity of the other, has 
physical constants which coincide with those of isoplexigenin A, the IR spectra being 
completely superposable. 

Zsoplexigenin B (IVa), C2,Ha204 (mol wt by MS : 430), m.p. 2OWO7”, [ajo - 96”, 
eluted together with isoplexigenin A, could be separated from it as its acetate by 
chromatography on silica gel with 200/, AgNO,. Its IR spectrum, similar to that of 
isoplexigenin A, exhibits two OH absorptions (3610 and 3580 cm-‘) whose intensities 
upon dilution behave as discussed above. Moreover, the region 850-1000 cm-’ is 
identical for the three acetates IIb, IIh and JVb, indicating that the substitution in the 
spiroketal sidechain must be the same The IR spectrum of isoplexigenin B diacetate 
(IVb) shows clear evidence of unsaturation (3030,2830,840 cm- ‘). Its NMR spectrum 
confii this by a multiplet at 468 (H-I, JQ2 = 8 c/s) characteristic of a vinyl proton. 
It has also a signal at 6.65 (2I-I. en = 12 c/s) whose position and shape arc the ex- 
pected ones for a spirostane sapogenin of the series 2X” 

TbechemicalshiftaftheMegroupsatCl,andClomtheNMRspectrumafIYb 
suggests the position of the doubk bond. The signal of the 13-l& is found at 917 
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and that of the l@Me at 897, the values for A’-isoplexigenin A calculated by the 
method of Ztlrcherlo being 919 and 896, respectively.* 

In the mass spe&um of IVa, whose fragmentation is similar to that ofisoplexigenin 
A and other spirostane sapogenins with substituents on ring E or F, the androstane 
fragments (Fig 1: lb, 4b) appear 2 units lower than those of isoplexigenin A. 

The supposed structure of As-isoplexigenin A (IVa) for isoplexigenin B was 
confirmed by chemical methods. Catalytic hydrogenation of IVa gave isoplexigenin 
A (IIg); hence, the OH groups in IVa are situated at C, and Cz3. On the other hand, 
partial acetylation of IVa yielded IVc, which treated with 00, was transformed into 
IVE Reduction of this compound by the method of Huang-Minlon afforded diosgenin 
(IVe), thus proving position 5-6 for the double bond in IVa. 

So far, the stereochemistry of the spirostane sapogenins isoplexigenin A (IIg), B 
(IVa) and C (IIa) has been determined except for tbe configuration of the OH group 
at C2s which, nevertheless, must be the same in the three compounds cited. 

ZsopZex@& D (Hk), eluted with CHCl,-3% MeOH alter isoplexigenin C, 
clari81 the configuration of the OH at Cz3. It has the empirical formula C2,Hla05, 
m.p. 280-2814 [a]n - 743 and mild acetylation forms a triacetate (IIm) whose IR 
spectrum in the region 850-loo0 cm-’ differs from those of the acetates of the other 
three isoplexigenins as well as of sapogenins without substituents on the spiroketal 
side-chain. The signals at 650 (2H, Whiz = 12 c/s) and 550 in the NMR spectrum of 
IIm, which ate assigned to the protons at C,, and Ci6, respectively, confii that the 
compound is a spirostane sapogenin of the series 25R. The peak for the lO-Me 
appears at 910, in accord with that of the corresponding Me group in gitogenin 
acetate (998) and in isoplexigenin C triacetate (9-07). For the 13-Me the chemical 
shift is identical to that of gitogenin acetate (9*25), but a little displaced with respect 
to that of isoplexigenin C triacetate Hb (9.20). However, the 20-Me of IIm (8.98) is 
deshielded in comparison with the corresponding ones in gitogenin acetate (905) 
and IIb (997). This seems to indicate a different type of substitution in the ring F, 
possibly a stereoisomer at CzJ. 

In order to prove this hypothesis, 2JdiacetyL23-keto-gitogenin (111~) obtained by 
oxidation of 2,3diacetyl-isoplexigenin C (IIc), was reduced with Na in n-BuOH, 
chiefly yielding the 22hydroxy derivative with S equatorial OH which was identified 
as isoplexigenin C (IIa). Hence, the OH group at C,, of the isoplexigenins A, B and C 
is S equatorial To obtain the C,,-stereoisomer of isoplexigenin C, 111~ was catalyti- 
cally reduced in acid medium, resulting in 2.3-diacetyL23-hydroxygitogenin (111) as 
principal component which was different from 11~. Saponification of IIl and subse- 
quent acetylation gave a trihydroxy sapogenin and its triacetate which were identilied 
as isoplexigenin D and its triacetate (physical constants, TIC; IR and NMR spectra 
superposable). Isoplexigenin D (IIk) is therefore a Cz,-epimer of isoplexigenin C, 
its OH group at CzJ being R axial. 

The stereochemistry of the OH at Cza in the isoplexigenins was conIirmed by 
applying the method of Horeau” to 2Jdiacetylisoplexigenin C (11~). We obtained 
levoratatory a-phenylbutyric acid which indicates that the OH group at C,, of 
isoplexigenin C (IIa) must be S equatorial. 
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A further proof of the conIiguration of the OH at C&s is given by the NMR spectrum 
of compound VI obtained from isoplexigenin C. The shape of the signal attributed 
to the proton at the same C atom as the acetyl group, is the expected one for the X 
part of an ABX system if the proton is axial: four small peaks in the region 5437 to 
5.34 (W,,, = 16 c/s). 

From all these results we conclude that isoplexigenin A (I@ must be (23S, 25R)- 
5a-spirostane-3g,23diol, isoplexigenin B (IVa) (23&25R)-spirost-5cne-3~,23diol, 
isoplexigenin C (IIa) (23S,25R)-Sa-spirostane-2a,3lJ23-triol, and isoplexigenin D 
(II@ (23R,25R)-Sa-spirostane-2a,3g,23-triol. 

EXPERIMENTAL 

Tbs m.ps, dctuminal on a Kolla block, arc uncorrcctcd. Optical rotations were mcasural in CHCl, 
soln if not stated otbarwisc, and with a Pcrkin-Elmer modd 141 polarimetcr. IR spectra wcrc rccordal on 
a Parkin-Elmer modd 237 spcctrophotometer in CSs soln unless othcnvisc spa&cd. Tba maas spectra 
wcm dctarmincd on a Pcrkin-Elmcr modd RMU-7 mass spcctromctcr. GLC was pcrformcd with a Pye 
Argon chromatograpb witb Sr’” dctcctor. For TLC silica gd G (Merck) was used, which for tbc aspuation 
of oldins was imprcgnatcd with 2Wk AgNO,. The spray rcagcnts wcm 4% HsSO. + 16% H,O in AcOH, 
and 1% Ce(SO& in la% H,SO,aq. Column chromatography was carriad out on silica gd e2-05 mm and 
dry column chromatography on silica gd 005-02 mm (Mcrckj If not otherwise indicated, the acctatcs 
were prcparcd with Ac,O in pyridinc, leaving the mixture at room tcmp overnight Solvent used for rccrystal- 
liring compounds was I&OH unless otherwise spccitiod. Lit petroleum r&m to the fraction of boiling 
ran@ 40-80”. 

Isolutfon 4 rhe supo~enfns. Air-dried twigs and leaves (16.8 kg) dlsopfexic scepman, collect4 in Madsira 
in July, wm finely cut and utracted with EtOH in a soxhlct tube. After fdtcring the cold alcoholic wtract, 
it was conccntratal in ocacuo, diluted with the same volume ofwater, and extracted with bcnmnc in a liquid- 
liquid extractor. The bcnxcnc soln is actually being investigated 

After adding the same volum of 2N HISO, to the aqueous soln, it was rdluxcd for 6 hr and then poured 
into water. neutralixed with NaHCO,, and filtcrcd. Tbc ppt was dissolval in CHCl, and wasbcd 3 timas 
with la? NaOHaq. Evaporation d tbe solvent yielded the crude mixture ofsapogznins (180 g; 1.1%) which 
in TLC (CHCls-75% a&one) gave 6 spots with R, values 044.040,030,0@, 005, and 003. It was 
scparatcd by column chromatography, using bcnxcn&HCl,, CHCls, and CHC&-McOH as elucnts. 

Product w&h R, 044. GLC (column QF-1, tcmp 2823 Ar 55 ml/min) ehowul this product to consist of 
Bsitosterd (82x), stigmasterol(16o/,j and cholcstcrol(2%j 

Prod~a with R, 040. TLC d the acctylatal product on silica gd with Zoo/, AgNO, revs&d it to be a 
mixtun d three compounds Thy wcrc separated on a dry column with 20% AgNO, and idcntificd as 
follows : 

Tigogcnin, m.p. 199-201°, [alo -71” (c, 1.13). Forms an acctatc, mp. 2OO-202”, [a&, -70” (c, l-79). 
(Found: C, 7585; H, 1@27. Calc for &,H,,O.: C, 7594; II, lOll%j IR spectra dboth substances supar- 
imposabk with those of authentic material. 

Diosgcnin (We), m.p. 2%208”, [ab - 120” (c, 1.18). (Found: C, 7821; H, 1021. Calc for C,,H,,O, : 
C, 78%; II, 1027%). Forms an acetate, map. 193-195’. [ah - 119” (c, l*lOj (Found: 76.26; H, 991. Calc 
for Cs9HUOd: C, 76.27; H, 9.71%). lit spcctm dboth compounds supcrimposabk with those of authentic 
samples. 

Scepfnmgenin (I), obtained in small quantity (20 mgj m.p. 182-W’. [ah - 122” (c, 051); v, 362O(OH), 
880 (CH,=j 3034 2830,840 (A’j 980,96Q 920,895 cm-’ (spirostans ringj Sccptrumgcnin acetate, mp. 
191-193”. [a]o - 119”(c, 1.75); v, 3080,8%0(CH,=j 3030,283q 84O(Asj 1740,1240(0Ac), 984 960,920, 
895 cm-’ (spirostanc ring); vz 1660 cm-’ (CH,=j (Found: C, 7697; H, 968. Calc for Cs,H,IO,: 
C, 7661; H. 931y<j NMR: see Tabk 1. 

Produa with R, @30. This product was a mixture d isoplexigenin A (IIg) and isoplexigcnin B (IVaj They 
wcrc scparatcd as acetates on a dry column witb200/. AgNOs using benzene as elucnt. 

Isoplexigenin A (IIgj mp. 227”. [a]o - 61” (c, 161); v, 362~3580(0H),995,%5,945,915,905,895cm-’ 
(spirostanc ring). Mass spectrum: m/e (“4 432 (2). 347 (40). 329 (10). 273 (1OOj 255 (15). (Found: C 75.21; 
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H, 1018; Mel wt 432 Calc for Cl,HuOI: C, 7496; H, 1025%; Md wt 432). NMR: see Tabk 1. Diac+!tate 
(IIb),mq. lQ4-l%q[ab -6o”(c, 1-81);v,1749124o(OAc),9%4%5,9599~929885~m~’(spir0staae 
tiagj (Found: C, 72.37; H, 932. Calc for C,,H,,Oe: c, 72G6; Ii, 936%) NMR: se Tabk 1. 

Purtiol ucetylotfm G$ isop&x@Gn A (Ha). To a soIo of IIg (749 mg) iu pyridioe (18 ml) cold Ac,O (92 ml) 
was added at 0” and tin! mixture kft at this temp for 1) hr. Work-up as usual gaw 8 mixture fw ttlg) 
ca&sting of startiog materhi (Jig). d-ate (I(h), and the two posaibk monoacetates (Iii and llj). It was 
separated by column cbromatograpby. 

3-Acetyl-isopkxigeoin A(IIihm.p. 212-2149 [ah, -JY~~(c, 1.55): Y,, 358O(OH), 1740,1240cm-’ (OAc). 
(Found : C 7324; H, 9.90. Calc for CIPH,(IO, : C, 73.38; Y 9.77%). 

23-Acetyl-isopkxigenin A (IIj), mq. 19S-1975° (from EtOAc-light petrokumX [aID - 54” (G 1.42); V, 
3620 (OH). 174Q 1240 cm-’ @AC). (Found: C, 73.16; H, 994. Calc for C19H,605: C 73.38; H. 9-7?%. 

U-Kcto-t&pgcnh acerate (IIIb) fknu Iii A sob of Coos (Xl m@ in glacial AcOH (11 mI) was added, at 
room temp and with stirring, to a soln of Hi (109 mg) in glacial A&H (a0 ml). St&r&g was continued for 
f br at room temp and tbc ketone -vend in the usual way, purifying it by dry column chromatography, 
m.p. 232~233.5’. [a&, -58” (c, la); v, 174O(OAc, O=C& 1240 (OAc), 970,92f& QOO, 860 an-’ (s@o- 
stanc ring). (Found: c 73.67; y Q.20. cak for c,,Iiuo,: c, 73.69; 9 938%). 

Sapotication of IHb witb YA KOH io c&J MeOH for 12 br 8ave 23-keto-tigogeoin @Ha), m.p 230-233’, 
[ah, -44.4” (G Q81); v,, 3620 (OH), 1735 cm-’ (O==C,,). 

Our data of IIIa and IIIb coincide perfectly with those published by Callow et 01.l’ 
23-Keto&gagmon @Id) fram isopIex@nti A (II& IIg (160 mg) was oxidimd with an excess of CrO, 

ia glacial AcOH as described above, yielding the diketone 1114 m.p. 248-250” (from EtOAc-light petroleum), 
[a&, -3lY (c, 1.90); v, 1740 (O==C&, 1715 (O==C& 979 Q4O,925.910,890,870 cm-’ (spirostane riagh 
NMR: see Tabk 1. 

Isoplexigenin B (IVa), m.p 205-207” (from acetone-l@ petrokum), [ah, -96” (c, P38); v,, 3610,358O 
{OH), 30% 2830, 840 (A’), 990, %S, 945,925, 910,900 cm-’ (spirostane ring), mass spectrum: m/e (“/,) 
430(2X 345 (80), 327 (4S), 271(100~ 253 (55) (Found: C, 75.31; H, 992; Md wt 430. Cak for C,,H,,O,: 
C, 75.31; H, 983%; Md wt 430). 

~8&i?&(IVb), m.p. 187-IQO’, [a& -9’7”(c, 165); v,, 30% 2830,840 (Ash 1740,124O (OAc), 98a, 965, 
9% 930,920, QOO, 885 cm-’ (spirostane ring). (Found: C, 72.58; H, P2& Calc. for C3,HleOb: C, 72.34; 
H, 901x), NMR: 9& Tabk 1. 

Partial merylatiun 4 i.wp&xfgenh B (IVa) CoId Ac10 (75 ml) WBS added to a solo of IVa (06 g) in 
pyridinc (15 ml) 8t 0” and the mixture allowed to stand at this temp for 2 hr. The product was recovered 
as usual 8eparation by chromatography on silica @ (0245 mm) showai it to consist of starting material 
(IVaX diicetate (IVb), and the two possibk monoaa&tes (IVc and IVd). 

3-Acctyl-isoplexigcnin B (IVc), rap. 178-180’ (from EtOAc-light petroleum), [a&, -108” (q 145); 
v,358O(OH), 3030,2830,840(As), 1740,1240cm- (OAc).(Fouod: c, 73.75; H, 939. Calc forC,,H,Os : 
C, 73.69; H, 9.38%). 

U-Aatyl-isopkxigeni B (IVd), m.p. 207-209’. [aIn -93” (c, Q20); v_ 3610 (OH& 3030, 2830,840 
(A’), 1745,124O cm-’ (OAc). (Found: C, 7368; II, 953. Calc. for Cz9HU0,: C, 7369; H, 938%) 

U-Keto-d~sgenin acetate (IVf) from IVc. ‘I’be oxidation of IVc (120 mg) with CrOo (70 mg) in glacial 
A@H was amied out as mentioned above for the preparation of IlIb, yielding IVf (114 mg), m.p. 184-s 
18659 [ah, -96” (c, 1.38); v, 3030,2830,840 (A’1 1740 (OAc, O=&), 1240 (OAc), 960,920,900,89Q 
cm-’ (spirostane riug). (Found: C, 7419; H, 914. Calc for CfOH1lOs: 74(11; Ii, 8-9904). 

DLosgcnin (IV@ fran IVf. IVf (80 mg) was reduced by the method of Huang-Minloo, rdluxing it for 2 br 
with ethylene glyco1 (5 ml) and hydra&c hydrate (1 ml), the temp of the vapors being 130”. Theo, NaOH 
pellets @315 g) were addul and boiling continued for 8 br, aftez which the refrigerator was taken off and the 
temp risen to 180”. At this temp rcffuxing was continued for 2$ hr. The solo was then poured into water and 
extracted as usual The product was percolated on 8 dry column, yielding IVe (35 mg), m.p. 201-202”. 
[ah, -1!7”(c, POO),(Fouad:C,7794;H, 1O21.CalcforC,,~sO~: C,78_21;H, 1O21~),fonnsanac&atc, 
m.p. 193-195°, [aL - lll*(c, o-91). Both compounds were id-t&d by dir& comparison with authentic 
samples of diosgenio and its aoetate (mixal m.p.; TI..C; IR spectn superimposable). 

fsopkn~ A (IIg) $un &o&?x&nia B (rV8). Isoplexigcnin B diacetate IVb (175 mg) was dissolved in 
ether (200 ml) containing glaciaI AcOH (@25 ml) and hydrogenatul at 3 atm and room tcmp OVQ PtOi 
for 14 br. AAa filtering the reduction product was percoIat& on a dry c&mm and cry&t&& from 
EtOAc-Iight petroleum, m.p. 192-194°, [a& - 59” (c, 136). (Found: C, 72.18; H, 939. Cak for CStH*sOs: 
C 72@4: H. *36X). Upon sapoaifkation it yieldad IIg. m.p. 226-227” (f’rom EtOAc-light petroleum), 



3242 R. FRBIIU, A. 0. GONZAIJZ and E. SULREZ 

[a& -60” (c, MO), whi& was identifkd by direct comparison with the previously obtained sample (TLC; 
IR spectra supcrimposabkj (Found: c, 7541; H, 10-03. Cak for C1,H,OI: C 74%; I-I, 1025%). 

Product wti R, 009. TLC on silica gel with WA AgNO, showed this product to be a mixtun of two 
compounds Thy were scparatal as acetates on a dry column with WA AgNO,, eluting with benzene, and 
identified as gitogcnin and A’s@7)-gitogenin. 

Gitogenin (IId), m.p. 268-270”. [ah -71” (c, 029). (Found: C, 74-78; H, 1@27. Calc for Cr7H,0e: 
C 74%; I+, l&250/,). Forms a diacctatc, m.p. 240-24M3 [a& -97” (c, 1.87). (Found: C, 72.17; H, ?37. 
Cak for C,,H.,Od: C 72%; H, 936%). NMR: see Tabk 1. IR spectra supcrimposabk with those of 
authentic samples. 

A’sc17)Gitogcnin, m.p. 252-2543 [a& -77” (c, 031X (Found: C, 7538; H, 983. Calc for C17H*zOI: 
C, 7531; H, 983x), forms a diacctatc, nip. 218-220”, [a],, - 103” (c, 212); v_ 3084 880 (CHp$, 1740, 
1250,12X) (OAcj 975,950,935,925,900 cm-’ (spirostanc ring); vz 1660 cm-’ (CH,=j (Found: CT, 
72.34: H, 909. Cak for C3,HlrOn: C 72-34: H. 96Pd). NMR: see Tabk 1. 

Pro&f w&h & 005 consistui only of isopltx&e&~ C (Ilax m.p. 272+273*5” (from acttone), [oh, -62” 
(~1~26);~M1~3580(0H),985,979969W5,92491~~870an-1(~ring);~~m: 
m/e (“A 448 (2j 363 (4Oj 345 (S), 327 (7j 289 (100X 271(10x 253 (8j (Found: C, 7292; Ii, 980; Mel wt 448. 
Qlc for C17&0,: C, 7228; H, P89”/,; Md wt 448). 

Triacetate (IIb), mp. 21&2133 [ub -83” (c, 1.38); v, 1740,124O (OAcj 98Q 96Q 945,939 92Q 905, 
lW5T.Mb; :“i”ostanc rh& (Found: C, 68W H, 8.85. Cakz fur CrrH,e,Oe: c, 68%; H, S*nOA), NMR: 

Attanptsd deQtWdaW 4 isQpleJdQ& c (IIa) to a prcgnw &rf0&eAsoh,dIIa(~5g)andpyridinc 
hydrochloride (OS g) in Ac,O (5 ml) wu rdluxed for 3 hr. cookd to room tanp, and diluted with AcOH 
(lml)andH,O(2ml).TbmGtO,(300mg),dirrsolvedinAcOH(3ml),wasadd#ilmdastiniqs~room 
tem~ and s&ring was amthmcd for 3 hr, whereupon formaIdchy& (1 mI) and NaOAc (CM e) wcm ad&d. 
~mixtunwrsh~~oaastauabathforlht,poursdontoauehsdiaaMitheptoduutnamnd 
usual. It showed to be identical to kopkxigenin C trkcctate (IIb) (phy8icai umatanq TLC; IR spsan 
supcrimposablej 

Gitogenin (IId), undcrgoiug the nanx reaction, ykIdal compound V, mp l&CM” (fran EJtOAc- 
iigbt petrokum); v, 3060 (A’%*“), 1744 1250,123O (OAc), 1670 cm-l (sW&aturated kdone); ~ 
243 nm (u 6157). 

2,3-D&cerykqkxigc& C (IIcj To a soIn d XIa (5 g) in pyridirm (125 mI) culd A+0 (62 mI) was added 
ato”lradthcsoh,anowcdto~atthis~for#)mip~miaunolpartiolacacotes(5~85g)wM 
recovered in the usual way and chromatographed on siIica @ 02-05 mm (375 a). obtah@ Ilc, mp. 
24>2479 [ab, -89” (c 1.82); v, 3580 (OH), 1745.1245.1230 an-’ (OAcj (Found: C, 6988; II, 934. 
CalcforC,,H,,O,:C,6PS9;H,~~j~:a&Tabkl. 

2,3-Diacetyl-23-&te@gen&1 (IIIcj IIc (261 mg) in gkckl ACOH (SO ml) was oxidized with CrOs 
(170 m@ in the BB~C man= aa for tIm preparation of IIIb, obtaining IIIc, m.p. 2715-272”. [a&, -73” 
(c. 1.26); v, 1740 (OAc, O=C,,), 1250,1235 (OAcA 985. WS, 945,925.905,895 cm-’ (rpiroatanc rias), 
NMR: se Table 1. 

Gtiogetda (IId) fian 111~ Ilk (110 ms) was rcduaxt by the method of Huang-Mh&m aa de&bed for 
IVe from IVf. The recovered product wan pcrceIatai on a dry column, ykIding IId (50 mgj mp. 26@-262q 
[a& -63”(c, 1*57),(Found: C 7455; H, 1032 CaIc forCz,H,,O,: C,74%; H, 1D2S~~fonnsad 
m.p 238-W” [ah -97” (c, 1*17j (Found: C, 7217; H, 96Q Calc for CIIH,,Os: C 72+X)6; H, 936y’ 
The compounds wcm compared with au-tic tampks of gitogenin and its diacctate and lown to be 
identical in all rerpectcl. 

23-Acezyt-k#exf@n C (IIej Isopkxigudn C trkcctatc IIh (45 g) was dissolved in MaOH (40 ml) s&d 
withNa~CO,andfeft~o”for~hz,~tbecodd~rerctioaby~Theproducfwhich 
contaimd a small quentity of IIa, was chromatogmphcd an cilia @!I (02-W mm), CHQ - 1*50/, MeOH 
elutal 11% mp 217-218” (frcm acctoncj [a&, -54” (c, 072); e 3610 (I). 3590 (OHj 1744 1250 an-’ 
(OAc). 

zs3gDimctvf-23-occryf-~~&~C~Toa~~~~(l~~~~p~(l6~~~~& 
(l-7ml)w~~d~ptOoilldtbtmirtun~~tbirtrmpfor16hr,Pftaw~itaupo~ontoausbtd 
ice and the product recovered aa usual. IIf crysMMd from acetone-I@ pctrokum mp 230-232”. 
(ah -60” (c 1.86); v, 17591240cm-1(OAcj~ound:C,57~37;H,7~87;S,a99.CnlcforCSIH~oOloS1: 
C, 5728; Ii, 7.70; S, 985%). 

23-Acetyl-@rau-2-8~ (VIj IIf (1.3 g) and NaI (6 a) were dkeolvai in a&~ (55 ml) and beatal to 
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1M-11O”forUhrinaprssrureractioll~~The~aaproduU~poursdinto~~ 
~withcHcI,.Ma~tbeatrrctnitbNa~S,O,~tbeproductnrr~~intbe~ 
way and pursai by column chromrtopnphy. obtain& VI, mp 176-178”, [a&, -25.8” (G 1.31); I, 
~#no(A’~17~12M)an-‘(OAc).(Found:~7628;H.~83.~~fa~,~O,:c,7621;~P71~~ 
NMR: KC Table 1. 

2q3a-Ej~xy-23-ucetyl-q&auune (VIIj To a ~ln ol VI (06 g) in CHCI, (20 ml) psrbsllEoic a&l (@425 g) 
inCHCI,(25mI)anrddsdmdthemimuskaptatnxnnOrmpfa14hr.~itwrssxtrrasdwith 
CHCl, mnx+sWy wan&l with solxm OlKI, Na&O,. ad NaHCO,. ad the product recovered aa un14 
m.p. 19&198°, [a]D -&2” (c, l-32); v, 1740, 1uO an-l (OAc) (Found: c, 7345; H, 9-53. Cak for 
‘&H.&s : C 7369; Y 938%) 

3_E~-~~~A(VIII).Aso~oiYIl(05g)indryctha(17ml)~lddedtoa~pcasioadLAH 
(@25 s) in tbc w wlvcnt (13 ml). ARa relluxiq for 2 hr. HI0 aml dil H,SO. wae added, tbc liltcral 
Jo~~~etha~thcprodudrscovcredasuBuaLVIII~Erom~olle-lightpetrokum. 
lap. 221-222°, [a]D -64” (c, MO); v, 3620,358O an-’ (OH). 

Acetylation of VIII yielded a diacctak. m.p. 170-172”. [u]~ -48“ (c. l-10); v, 1740, 1240 cm-’ (OAc). 
(Found: C, 71%; H, 939. Calc for C,,bOI: C, 72*; H, 936%). 

23-Hydrvxy@uga~~ (IX) VIII (3Ul ms) was dissolved in aatonc (45 ml) coutainiug H,O (2 ml), 
NBS(300mg)~AcOH(03ml)andthe~~mixturc~atroomtempfa40miaItwastbenpoursd 
into water, uwactal withetbsraadwrshed~~N~CO,solnaaddilHaD((n3me)~~om 
acetcme-light petroleum, mp. 210-2123 [a&, -44” (c, 125); v-3580 (OH), 1715 cm-’ (O=CJ. (Found: 
C, 7H)S; H, 9%. Cak for t&H,,O,: C, 75-31; II, 983x), NMR: KC Tabk 1. 

Isoplc~A(I~g)~~~C(I~~A~~ofM(156mg)~N~~(30~g)inEtOH(lSml) 
waakeptrtroomtsmpfa2hr.Theu~olrsduciqgagentwaercmovedby~Ac09rodtheprodua 
recovered in the usual manucr. II8 cry&llizul from EtOAc-ligbt pstrokum, mp. 225-W. [ah -59” 
(c. la7), (Found: C, 7464; H, 1034. Cak for C1,H,,O,: C, 74%: H, 1@25%b forms a diacetatc (IIh), 
m.p. 194-195” (from EtOAc-pet ether), [u]~ - 57” (c. 190). (Found: C, 72.17; H, 996. Cak for C,, HleOb : 
C, 72%; H, 9-36%j Both compounds wcm ihtilkd by comparison with the previou@ obtained samples 
of iwpkxi8cnin A and ita diacetatc (mixed m.p, TLC; IR qcctra supsrimposabk). 

Pruduc~ w&h R, 003. TLC in the @an CHCl,-1 5% acetone rhowed thk product to be a compkx mixture 
ofsubetances with vay similar R, valuea Upon acetylation, two qots wae oboered @enzcnalOD/, EtOAc), 
one consistin of IIm aud the other. more polar 0% of tbroc compounds vhich arc beiq invcatiptcd. 
chromatography on a dry column, eluting with bcnz.xmeY/, EtOAc, yielded pure isoplexigcnin D triac&te 
Wm). 

Isoplcxrem6 D (IIkb m.p 280-281’. [ah -74” (c. 012); e 362Q 3580 (OH), 99Q 97q 96q925.910, 
895,870 cm-’ (qirostane ring). (Found: C, 7204; II, 1012 Calc for C,,H,O,: C, 7228; H, 989%). 

Triacctate (IImh u~p. 198-2003 [a],, -91” (c, CW); v, 1740,124O (OAch 989 96Q 940,925,905,885, 
865 cm-’ (spiro&ane ring). (Found: C, 68.82; H, 8.75. Cak for C,,H,,OI: C 68%; H, 8-77%X NMR: 
= Tabk 1. 

Isoplex@&~~ D (IIk) from &~pkxigenin C (IIa) 2$Diacetyl-23-kcto-8it-gitogsnin IIIc (144 m8h prqmrcd 
earlier from IIc, in glacial AcOH (20 ml) was hydrogenatsd owx PtOz (50 me) at room tcmp unda atm 
press, obtaining mainly IR (with axial OH). Dry column d~omatoBrapby d the product sfforded pure 
IIl(20 mgX mp. 229-231°, [ah -97” (c, 0122); v, 3580 (OH), 1740,1250,1230 cm-’ (OAc). (Found: C, 
6972; II, 914. Calc for Ca,H.aO,: C, 69%; H, 9G8%h NMR: ace Table 1. 

Total acetylation ot Ill ykldsd the hiac&atc IIm, m.p. 197-KW’, [a&, - 88” (c, 0094) (Found : C, 6942; 
H, 8.88. Cdc for Cs,H,oO, : C 6896; H, &770/,). Saponilication of IIm &ax IIk, m.p 2W-281’. [ah -66” 
(c, 00823. Both compounds wzm compared with previously obtained sample of iaopkxi8cnin D and ita 
triacetatcandahowntobcidcnticalinaIlrqccts. 

Reduction d23-diacetyI-23-keto-girogmin (111~) with Na in n-BuOH. To II sob of IIIc (10 mg) in n-BuOH 
(5ml)Nawosaddeduntiltbercllaioaspu~plcte~~The~wythsanubedStimcswithanta 
~~~~~fnwcuo.Thc~~prodUct~d~~I4~formain~~proportion. 
Theywcrcsp8ratc4laDdidlmtifkda4acctatl!s(TL~IR). 

MerhodaH~AsolndIIc(55.1mg)~Msmic a-pbanylbutyrk anbydridc (135.3 me) k pyrid& 
(3ml)wulcft~rroomtcmpfor16hr.‘Ibca~anhydride~datroysdby~H,O(lml)~ 
a~lcavingtbesolrrfor6hr.It~~~wlthethcI~tbs~ru~~with 
H,O. mt NaHCO,eq, and HIO. The annbiwd 4uaoun extra&m mrhcd with CHUh a&l&l with 
dil HCl, and extractal with CHCl,. After dryin OVCT Na$O, anhyb tk ~lvcnt wu evaporatal h MCW, 
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affording ar-phenylbutyrk acid (879 mg) with [ab -096” @cnzcnc; c, 1.758). For a 1oOk optial yield 
the acid obtainal ought to have [ab - 13.29 Hence+ the optical yield in our CAMC is 72%. 

Adaunubdgamt--The authors are indebtal to Dr. Callow for tbe gift da mmpk d23-hydroxy-tiBogcnin, 
~10DT.RuiVierP.MPdeirrThyolro~Dr.J.LBretdaforruIIIl~thtNMR~~Dr. 
Calderdn of the Ccntro National & Qubnica Or&ira, Madrid for arryiq out the ekmentary analyze 

Thie study was performed with the firuncial supports “Manuel A@lar” d Aguilu .%A de Ediciones 
(A.G.G.X and “Fomcnto a la Inwtigpciba Q la Univc&dad” d the Ministg d J?ducation and Science 
(RF.). 
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