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Almwnct-. In an carher pap& of this scrics, uc assigned the position of the double bond in anhydro- 

kogagcnin. a dehydration product of kogagcnin. al C-S and 6 tcnlativcly. This has now bwnconfirmcd 

to bc located at C-4 and S from the results of the cpoxidc formation, manganese dioxide oxidation 

and the glycol fission rcactmn. It has been found that the reaction of anhydrokogagcnin with acetone 

contaming a small amount ofptolucncsulphonic acid give? an allylic rearrangement product togcthcr 

uith the normal awonidc. 

KWAMNIS is a tetrahydroxysapogenin isolated from the cpigcous part of Dioscorea 
Tokoro, Makino and its structure was established as 25r>-spirostanc-l;1,2fl,3z5fi- 

tctrol (la).‘vz 
During the course of investigation of this structure. anhydrokogagenin triacctatc 

(Ilb), m.p. I71 173’. which was obtained by dehydration of kogagenin triacctatc 
with thionyl chloride in pyridine, played an important role in the structural elucidation 

of kogagcnin. 
In the earlier papc’r,? the double bond in anhydrokogagcnin triacctatc (Ilb) was 

assigned tcntativcly to the C-5 position merely from the fact that anhydrokogagcnin 
(Ila) gave a negative Roscnheim test. Little attention was paid as to whether its 
double bond was located at C-4 or at C-5. because this was unncccssary for the 

elucidation of the structure of kogagenin. 
The results of cpoxidation of Ilb, as described below, . showed the possibility of 

the double bond being at C-4 and prompted investigation to clarify the position of 
this double bond in anhydrokogagcnin (Ila). 

Treatment of anhydrokogagcnin triacetatc (Ilb) with pcrbcnzoic acid afforded an 
epoxidc, m.p. l5l-l53’, which was reduced with lithium aluminium hydride and 

yielded kogagcnin. having the Sfi-hydroxyl group as established in the prcccding 
paper,’ as a sole product. 

From t hesc findings it was assumed that the parent triacetatc-cpoxide must be the 
/I-cpoxidc. Moreover. in view of the fact that the reduction of steroidal Sfi,6$- 
cpoxides with lithium aluminium hydride affords a quantity of 5/i-alcohols in addition 
to 6fi-alcohols3 while 4/j,5$-epoxides give only 5$-alcohols.* the above resultssuggested 
that the double bond in anhydrokogagcnin triacetate (Ilb) may be located at C-4. 

’ Part XX: ‘1‘. Kubota. Chrm. Pharm. Bull. 7, 89X (1959). 
* K. Takeda. T. Kubo~a and A. Shtmaoka. Trrrahcrfrun 7. 62 (1959). 
a PI. A. I’lallncr. II. Ilcusscr and M. Fcurcr. f/r/r. C’htm. Arm 32, 587 (1949). A S. Hallsworth and 

II. B. Ilcnbcs~. J. (‘hem. Ser. 4604 (1957). 
’ PI. A. i’lattncr. ii. Hcusrr and A. B. Kulkarm. I/r/v. Chim. Arra 31, 1885 (1948): C. W. Shoppee, 

M. F. II. liowdcn. R. W. Kllllck and G. Ii. R. Summers. 1. Chrm. Sot. 630 (1959). 
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On the other hand, Henbest and Wilson6 reported that the epoxidc formation of 
cyclic allylic alcohols occurs from the same side of this hydroxyl group. On the 
basis of this fact, pcrbcnzoic acid oxidation of free anhydrokogagenin (Ila) was 
carried out in order to obtain the anticipated x-epoxide, contrary to the case of Ilb. 
Although there was obtained a single cpoxidc melting at 274 276., this product was 
identical in all respects with the fi-cpoxidc (IIIa) which was obtained on saponification 
of the triacctate-/I-epoxidc (IIIb) prepared from IIb. Therefore, cpoxidation of 
anhydrokogagcnin (IIa) gave no support to the possibility of this compound possessing 
the allylic hydroxyl function. 
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In order to determine the prcscncc of an allylic hydroxyl group in IIa, this was 
subjcctcd to manganese dioxide oxidation. When progress of the oxidation was 
checked by ultra-violet spectra, in the early stage (30 min) of this experiment, it 
showed a maximum of F 7ooO at 244 m/d indicating the formation of the expected 
A’-3-ketone system. The intensity of this absorption did not increase with the lapse 
of oxidizing time and a new absorption at 282 rnp of low intensity appeared. After 
the oxidation was allowed to proceed for a longer time (6 hr), the absorption at 
244 rnp disappeared and that at 282 m/r rose to E 5600. This observation suggested 
that the primary product considered to bc a A’-3-one derivative must be further 

attacked by manganese dioxide. 
When manganese dioxide oxidation of anhydrokogagenin (IIa) was stopped after 

45 min at O”, a product expected to be the A’-3-ketone (IV), m.p. 202-204”, showing 

A,., 244 m/r (log F 4.10) could be isolated with purification by chromatography on 
silica gel. This product was identical with the dihydroxy-A’-3-ketone (IV) which 
was obtained from the previously reported compound (V1)2 by acid hydrolysis. 

Since it has now been proved that the primary oxidation product is the dihydroxy- 
A’-3-kctonc (IV), the further oxidation product showing absorption at 282 rnp was 
studied. Rosenkranz er al.3 reported that, when A’-3-ketones or .!v6-3,+ols were 
treated with manganese dioxide for a long time, each compound afforded A’s8-dicne- 
3-ones having the maximum at 284 m,u. The oxidation product of IIa showed 

‘ H. H. Hcnbcr~ and R. A. L. Wi1son.I. Ciirm. SUC. 1958 (1957). 
’ F. Sondhenncr. C. Amendolla and G. Roscnknnz. /. Amrr. C-hem. Sot. 7% 5932 (1953). 
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CHART 2 

constants differing from those of the expected 64.6dicne-3-onccompound, asdcscribed 
Mow. The analytical values agreed with an empirical formula C,,HX80, and suggest 
the loss of CH,O from the primary product (IV). Its ultra-violet spectrum showed 
absorption maxima at 230 and 282 rnp (log E 360 and 3.75. respectively) and the 
infra-red spectrum exhibited strong bands at 5.69, 580 and 6.22 p but no hydroxyl 
band. From the basis of these data, the structure of this compound was presumed 
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to be the five-mcmkrcd cne-dionc (VII). This was supported by the following 
chemical behaviour: (a) acetylation with retluxing acetic anhydridc-pyridine gave an 

cnol acctatc (VIII) showing the ultra-violet absorption at 299 rnp (log F 3.97); (b) 
reaction with o-phenylencdiaminc afforded a quinoxalincderivativc (IX), C,,H&21\;a; 

(c) reduction with zinc and acetic acid gave an unsaturated kctol (X) which showed 

ultra-violet absorption maximum at 237 m/l (log c‘ 4.16). the infra-red bands at 
2.86 11 (hydroxyl) and at 5.85 and 6.17 ,I’ (fivemembcrcd unsaturated kctonc), and a 

positive triphcnyltctrazolium test. The formation of’ the five-mcmbercd ring in VII 
perhaps resulted from hydration of a trikctonc. which would be probably produced 
by oxidation of the ketol function in the dihydroxy-A’-3-ketone (IV) with mangancsc 

dioxide, followed by the benitilic acid rearrangcmcnt as shobvn in Chart 2. Howcvcr 

such compounds wcrc hitherto unknown and the elucidation of the above-mentioned 
ultra-violet absorption remained doubtful. 

From thr above results it bccamc certain that Ila posscsscs the double bond at 

C-4. In order to obtain more convincible ctidcncc for the structure IIa of anhydro- 

kogagcnin. cleavage reaction of the double bond was carried out. Anhydrokogagcnin 
triacetate (Ilb) was cir-hydroxylatcd IO a pentol triacrtatc (XI) with osmium tctroxide 

as dcscribcd previously.? The newly introduced glycol function in XI has been 

assigned the $-configuration by analogy to the results on the abovc-mcntioncd 
epoxide formation and catalytic reduction.’ When the pcntol triacctatc (Xl) was 

treated with lcad tetracctatc, one cquil-alent of the rcagcnt was consumed IO yield 

the 4.5~sccoaldchydc-ketone (XIII). m.p. I87 190”.: Hy oxidation with chromium 

trioxide, this aldchydc-kctonc (XIII) led to an amorphous triacstoxy-kcto-acid (XVb). 

When XVb was treated with a I per cent methanolic potassium hydroxide solution, 

besides an amorphous product assumed to be a trihydroxy-kcto-acid (XVa). a small 

amount of a neutral product. m.p. 156 158“. having an empirical formula C,H,,O, 
was obtained. The infra-red spectrum of this neutral product showed, except for 311 

absorption at 5.84 ,U corresponding IO a six-membcrcd ketone, ncithcr another 

carbonyl band nor a hydroxyl band. Also. treatment of this compound with hydroxyl- 

amine gave an oximc. CSH,,O,N, m.p. 217”. Hascd on the above results the structure 

of this ketone has been assigned to be a des-A-5-kctonc (XVI) which may bc produced 
via rctro-aldol reaction” of the trihydroxy-4,5-sccokcto-acid (XVa) derived from the 

A’compound. When the triacctoxy-keto-acid (XVb) was trcatcd with alkali under 
more vigorous conditions, it gave the same XVI In good yield. as would be expected. 
The methyl group at C-10 in XVI has been assigned to the more stable z-configuration 

(i.e. equatorial) by the analogous example.’ 
Furthermore, the pentol (XII) prepared from saponification of X1 underwent 

glycol fission with lcad tctracctatc and yicldcd the expected trisnor-l,5-secoaldchyde- 
kctonc (XIV). CuI1,,O,, m.p. 222 ,225’ (dccomp). Since it is well-known that such 

formyl kctoncs arc sensitive IO alkali or acid, I0 b trcatmcnt with alcoholic potassium y 
hydroxide solution, XIV was easily converted to the above-mentioned dcs-A-5- 

ketone (XVI). 
Thcsc results have now confirmed that the double bond in anhydrokogagcnin is 

“IIII~ compound MS amorphous m rhc prc\lous cxpcrtmcnt.’ 
’ C. DJeracsi and H. G. Monsimmcr, 1. Antrr. Chrm. .%A-. 79. 2901 (1957). 
*J. Ccrstclls. C. R. E. Jones. <i. D. Mcakms and R. W. J. Wdhmr. J. Chrm. Sot. IIS (IY59). 

Ia A. 1.. H’ddr and <‘. Djcmcsl. J. Amer. Chm. SOC-. 68. 1715 (19461. 
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located at C-4. Therefore. the formulae described in the previous paper for anhydro- 
kogagcnin and its derivatives should now bc corrected to A’-25n-spirostcnc- I fi,2/j,3n- 

trio1 (Ila) and its derivatives. Assuming that ionic elimination readily occurs bctwccn 

rrutrs-diaxial function, it stems to be reasonable that dehydration of kogagcnin 
triacctatc (lb) with thionyl chloride-pyridinc furnished exclusively the 14-compound 
(Ilb). because the Sfi-hydroxyl group is axial to ring A but equatorial to ring B. 
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CHART 3 

At present. with the constitution of anhydrokogagcnin having been established, 
it is more difficult to understand why the so-called anhydrokogagenin acetonide, 
which was obtained on treatment of 1Ia with acetone and p-tolucncsulphonic acid, 
was unaffected with chromium trioxide pyridine, chromium trioxidc-acetone- 
sulphuric acid or by the Oppenaucr oxidation, as dcscribcd earlier.* Thus, in order 
to clarify this question, the reaction of acetonide formation was reinvestigated. 

Anhydrokogagenin (Ila) was rcfluxcd in acetone containing a small amount of 
p-tolucnesulphonic acid. Chromatography of the product over alumina afforded, as 
described in the previous cxpcrimcnt,2 a small amount of the acctonidc dicnc 
(XVII) and a main product (A), m.p. 208-210“. previously assigned to be anhydro- 
kogagcnin acctonidc (XVIIIa) on the basis of its analytical values and infra-red 
spectrum. Further clution of the above chromatography gave another isomer (B) 
having a melting point of 227.-230”. The analytical values for the isomer (B) arc in 
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good agreement with the formula CmHI,O, corresponding to XVllla. Its infra-red 
spectrum showed the bands at 2.83 p (hydroxyl), 6.00 !L (double bond) and at 7.98. 
8.12 and 8.23 /l (acctonide) and satistied the structure XVllla. The ultra-violet 
spectra of the two isomers, (A) and (B), were examined. The intensity ofthe absorption 

maximum at 206 rnp due to the double bond, for the isomer (A) was merely F 880, 
in contrast with the F 6050 and E 5100 for anhydrokogagcnin (Ila) and the isomer 
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CHART 4 

(B), respectively. This observation suggested that the double bond in the isomer (A) 
may be a disubstituted one. li When the infra-red spectrum of each isomer was 
minutely dctermincd with KBr prism, the above assumption was supported by the 
facts that the isomer (B) showed the absorption band at 12.18 p corresponding to a 
trisubstituted double bond while the isomer (A) exhibited the band at 14.41 14 due 
to a cis-disubstituted double bond. According to these facts it is deduced that the 
isomer (A) previously presumed to be XVllla has the structure XIX in which allylic 
rearrangement and acetonide formation occurred simultaneously by refluxing of IIa 
and p-tolucnesulphonic acid in acetone. The newly isolated isomer (B) is concluded 

to have the structure XVIlla expected for the normal acctonide of IIa. This has been 
proved by the identification with a sample prepared by the following route, i.e. 
acctylation of kogagcnin acctonide (Va) followed by dehydration of the C,-hydroxyl 

I1 P. Bladon, H. B. Hentxst and G. W. Wood, J. Chcm. Sot. 2737 (1952). 
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group with thionyl chloride-pyridinc and saponification. This compound was also 
oxidized smoothly with manganese dioxide to the acctonide-A’-3-ketone (VI). 
Yvlorcover, the isomer (A) was resistant to manganese dioxide oxidation or acetylation 
by rcfluxing acetic anhydride-pyridine and the starting material was recovered almost 
quantitative, as would be cxpcctcd. 

Although there are very few examples on the allylic rcarrangcmcnt in the steroid 
ficld,r* it is well-known that acidic treatment of A’-sterols readily causes h3B5-dienc 
formation.t3 It is interesting that the above-mentioned reaction of Ila resulted 
chiefly in allylic rearrangement than in dehydration. 

EXPERIMESTAI. 

All melting pomts are uncorrcctcd. Ultra-violet absorpIion spectra wcrc taken wIIh a Beckman 
Model DU SpectrophoIomcter. lnfra-red spectra were measured using a Kokcn Infra-red Spcu-tro- 
photometer Model DS 301. RoIaIions wcrc dcIcrmined with a Roudolf Photockcrric Polarimclcr 

Model 200. 

QxrJorion of anhydrokogqenin rriucerare (Ilb) 

To a solution of Ilb* (I.658 g) in chloroform (3 ml) was ad&d a 0.46 M solulion (I2 ml) of 
pcrbcnzoic acid in chloroform. After standing at room temp (IS-21 ‘) for 48 hr. the mixture MS 
diluIcd with ether, washed with SaOH solution and water, and dried. The solvent was removed 
under rrduccui pressure leaving an oil (I.7 g) which was chromatographcd on alumina (30 g). The 
fractions (I.294 g), elutcd with a mixturc of petroleum ether and benzene (I : I). were crystallized 
from aqueous mcIhanol to prisms (I.00 g) of 1~~.2~,3z-rriaceroxy-4~,S~-rpxy-25~s~irosfane (Illb). 

m.p. l4Y-I52 , lx]I, ~3’(cO60. chloroform). (Found: C, 67.18: H. 8.22. C,,H,.O, rquucs: C, 
67.32; Ii. 8,229:). 

The furIhcr clution of the above ChromaIography with benzene and with chloroform gave an oil 
(390 mg) showing a hydroxyl band in the infra-red spectrum. Saponification with rcfluxing mcthanohc 
KOll soluuon gave Ip,2B.3z-rrihy~frox-4B.5~~~.~~25~~~iro~~a~e (Illa, described below) in 
cryslallinc form. 

Reducrion of lrY.2~.3z-rriaceroxy-4~.5,~-epx~~25~~-.~piros/ane (Illb) ti ith lithium aluminium hydride 

To a suspension of lithium alummium hydride (200 mg) in dry cIbcr (30 ml), a solulion of lllb 
(215 mg) in dry benzene (30 ml) was added dropwiu under slirring. The mixrurc was heated under 
rcflux (52 ) for 3 hr. After coolmg. a small portion of water was added carefully to dexompcwc the 

complex and then the mlxturc wds acldlficd wiIh dil llCl Io dissolve an amorphous metal hydroxide. 
The prccipiIated qstals wcrc collco~cd by tilIraIion. washed wcth waler and dried yicldmg scales 
(168 mg). mp. 298-303’ (dccomp). The organic layer of the filvatc gave only 4 mg of Ibe orgamc 
malcrial. The comb&d product (172 mg) was accIylaIcd by rcfluxing wiIh acetic anhydridc and 
pyrrdinc. The crude acetale was chromatographcd over alumina (7 g). Thhe fraclions (I5 mg) eluIcd 
with pctrolcum cthcr benzene (I : 3) wcrc cryslallirrd from methanol IO scales. m.p. 167 170’. which 
was idcnIical with anhydrokogagcnin triacctatc (Ilb). Tbc cluaIcs with bcnzcoc and with benzene. 
chloroform (19: I to 4: I) wcrc combined and rccrysIalli~Iion of the fraction (190 mg) from methanol 
furnished prisms (144 mg). m.p. 248-25 I”. which showed no depression on admixture with an authentic 
sample of kogagcnin IriacctaIc (lb).* Infra-red spectra of thcsc sampks wcrc identical. 

Further clution of the above chromatography with chloroform and chloroform-methanol (I : I) 
afTorded only an impure material f I3 mg). 

I~,2,J.3~-Tiihydro~y~~,5~~~~y-25~~~iro~~~e (llla) 

(a) By saponi~carion of lP.2/3.3z-rriaceroxy-4B,58-rpoxy-25r>-spirosronc (Illb). The aforc- 
mcntioncd lllb (IOOmg) prepared by cpoxidation of Ilb was rcfuxcd in 100,; mcthanolic KOH 

I* R. Pclc. Co/l. Czech. Chrm. Comm. 22, 1457 (1957): R. E. Ireland, T. I. Wrigley and W. G. Young. 
1. Antrr. Chrm. Ser. 00, 4604 (IY58). 

I8 II. %4cKennis. Jr. and G. W. GatTney.J. Blol. Chrm. 175.217 (1948); W. G. Donbcn and L. F. Eutham. 
1. Amrr. C‘hcm. .%a-. 73, 3260 (1951). 
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solution (IO ml) for 2 hr. The cooled reactton mtxture was diluted with water and the precipitate 

was filtered and recrystallirrd from chloroform-methanol giving small plates of Illa, m.p. 273 275 ‘, 

b1D 63’ (c 0.99. I : I chloroform methanol mixture). (Found: C. 70.31; H. 9.1 I. C,,H,,O, 

requires: C. 70.10; H. 9.151)6). 

(b) By epoxi&rion ofonhydrokogqeenin (Ila). To a 0.21 M solution (2.5 ml) of pcrbcnzotc acid 

in chloroform, Ila (200 mg) was added. When the solution was stored m a refrigerator for 48 hr. a 

precipitate appcarcd. Filtration and washmg with chloroform furnished needles (I 14 mg). m.p. 

266 270 , which was recrystallized from ethyl acetate methanol giving small platl! of Illa. m.p. 

272 -274 , (z],, 61 (c INI, I : I chloroform methanol mtxturc). The m.p. was not depressed on 

admtxture with a specimen prepared by the method (a) and the infra-red absorption spectra of the 

two samples wcrc idcntlcal. (Found: C. 70.18; II. 9.05. Cak. for C,:H,,O,: <‘. 70.10; II. 9 IS:,). 

From the filtrate the additional llla (67 mg) was obtained. 

TA~I.E I 
-- -- 

log t 
lclin 

--- .- -- 
IO 3.84 

20 3.84 

30 3.a2 

60 3.79 

120 3.76 

240 3.57 

360 3.45 

480 3.45 

.-. ._ 
2.73 

3.02 

3.15 

3.36 

3.50 

3.72 

3.74 

3.76 

Muqyuncsc drosick oxidorion of anh~drokqqgcnin (I la) 

A solution of Ila (IOOmg) in chloroform (IO ml) was shaken at room tcmp (30 : I ) with 

manganese dioxide (I,Og) prepared by Kosenkranr’s method. I’ Small quanfitic3 of the reaction 

mixture wcrc withdrawn at intcmals and frcyd from the manganese dioxide and solvent. These 

samples wcrc determined by ultra-violet spn-trum in a 9S”, cthanohc solution with the result as 

shown in Table 1. 

~‘-25r~Spirosrcne-l~~.2~~io/-3_onc (IV) 

(a) By nrayune.re dtoxrde oxidarton o/ unh,vdrokqqmin (Ila). A solution of Ila (I IO mg) in 

chloroform (I I ml) was shaken with mangamv dtoxtdc (1.1 g) for 45 mm under cooling in an ice-bath. 

After removal of the manganese dioxide and the solvent. fhc crystalline r&due (85 mg) was chromate 

graphed on stlia gel (2 g). Elution with bcnrene chloroform (9: I to 4: I) gave yellow crystals (8 mg) 

of the funhcr oxidtzed product (VII) dcscrtbed below. lhc next fracttom (50 mg) clutcd with chloro- 

form, on crystalhzation from aqueous acetone, furnished long. silky nrTdlcs. m.p. 202-204’. Lz:t 

244 mlr (log t 4 IO). So dcpr&on in m.p. was observed on admlxturc with an authentic sample of 

the dihydroxy-A’-3-kctonc (IV) prepared by the method (h) dc.scrihcd below and the infra-red spectra 

of thrsc two substances wcrc idcnttcal. 

The I: I chloroform-methanol cluatc (25 mg) of the above chromatography gave the starting 

material (Ila). m.p. 240-243 (decomp). 

(b) B,v ocidtc hydro!)sts of ~‘-2Srl-spiros/etle- I \I. Z;Lf~o/-3-onr ucefonide (VI). The acctonidc 

(VI. I35 mg). prepared by oxidation of kogagcnin acetonidc followed by dehydration as dcscribcd 

previously.’ was rcfluxcd for 30 min in methanol (IO ml) containing CON 110 (I drop). The mixture 

was dllutcd with ether, washed 3 times with water and dried. After removal of the solvent, the 

crystalline residue was chromatographcd on silica gel (3 g). The fractions (I5 mg) cluted with 

bcnzenc<hloroform (4: I) furnished. on recrystallizatton from acetone, I’.‘-25~spirostadicn-2-ol-3- 

one* as scales, m.p. 234 237’. The cluatc (I I I mg) with bcnrcne chloroform and with chloroform 

” 0. Manccra, G. Hoscnkranz and F. Sondhelmcr. 1. Chcm. Sm. 2189 (1953). 
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uas cry~~alhrcd from qxour acctonc to long nccdlfi of IV. m p 202 2Od For rnalyw. the 

substance ua\ rcct-yrt~lkcd once more from the umc wlvcnt and drtcd rn tutu for 5 hr it I IO’: 

I4l, 141’ (c 0 66. chloroform). 1:::” 244 m/c (log I 4 IO) (I ound C. 73 II Ii. YCM. C,.II,O, 
rcquirc\ C. 72 Y4: II. 9 07O.I 

(a) /W/U~IWI ,B/ thr prvdu~/ (VII) A mwurc of IIr 000 mg) and mangancsc dwxtdc (3-Ogl In 

chl<v,)form (30 mlt ~4s ~~t-nzd for 6 hr at rcn,m tcmp I hc dwxldc uas ftltcrcd and the filtrate *as 

cbaporatcd to dpnc\\ Jnd chrornat~~graphcd over wllcr gel (3 $1 I~luttw-t wtth bcwcnc and rccryrtal- 

II7Jtlcln of the clurtc I I88 mgr from chl~vokwn rncthanc4 mlxturc gave yellow ~IJI~ (I40 mgt of 

VII. m p 228 210 fdw,mpl. Ix],, I IR tc 0 75. chloroform). ncgatlvc ferric chlwdc rcJrtwn; i:::” 
230. 282 rnp (log t 160. .I 75); i*,‘:? 345 m/r (log r 3 70). j.2,‘; 5 60. 5 80. 6 22 ,I,. no hvdrnxvl 

abwrptwn. (I ound C. 75 71. 75 62; H. 8 81. 8 72 C,.Il,O, rcqulm. c‘. 75 6Y; Il. R XoO,) 

lb) .~rrr~/urwn o/ VII A mlrturr of the forcpng VII (I(w) mgt, JCCIIC‘ anhydrtdc (2 ml) and 

prldlnc (2 mlt ua\ heated under rcflu\ for 2 hr The prcduzt. catrxtcd utth cthcr tn the uwrl 

manner. UJI r&v-y\lrtlllXd frllrn ethyl acct~tc alcc,hol mlUurc pmg cokwrkw fvl<rn\ of the rno/ 

~CCIU,C IVIIIJ. m p 222 224 . [xl,, . 35 tc 101. chloroform). A’,‘:,! 29Ymp tI~,g, 3 Y7). i:L;” 5 62. 

8 37-R $3 ,, (Cnc,l JiCtJtC). 5 84. 5 97. 6 25 jr (tivc-mcmhcrcd con] dwtom) (I ound C. 73 77. It. 

8 40 (‘,.Il..O, rcqulrc\ (‘. 73 9X. )I. 8 4!“.) 

fc) Irror~nrnr n/ VI I I. rrh cyhrn, lrnrthuntrnr The atxwc VII IlOOrngt In .#kohc)l 120ml) UJI 

rcflurcd ulth o.phcnylcncdlammc II00 mg) hw ? hr and then corxcntratcd until c~\taI\ <tarted 

scprJtmg After codmg the cryst~I< (87 mg). m p 260 265 . ucrc culkctcd and ‘rtipxtallwd 

IYICC from chloroform-alcohol to gtvc plc ycllou nccdlc< of the ywwrulmr drrctorcw (IX). m p. 

272.274 (decomy). [xl,, IYI CC I 03. chlcwfnrm). I’,‘:,” 221. 260. 266. 338. 354 rnp flog t 4 30. 

4 35. 4 14, 4 II. 4 I It. i>;;“6 17. 6 22. 6 30. 6 36. I) I2 ,r tl cwnd, C. 70 24. Il. X 30. N. 5 !I 

C,,H,.O,N, rcqulrc\ C’. 70 30. tl. R 32. N. 5 7M*,) 

(d J Trrurmmr of VII ~trh :tm uncf utrlrc ucrd A ytllou wlutwt of VII ( lo0 mg) In XCIIS asld 

(20 ml) UJI dccol~wrlrcd ac uwn as llnc dutt (I 0 g) ~a\ added After rcfluxlng for 3 hr. 7mc 

UJ\ rcmcwcd hv d~.tntat~on and cthcr and u.ttcr wrc rddcd I<) the wlutwn The cthcr I+cr ua~ 

uJ\hcd. drlcd and CrJfWrJlCd 1~) dr>ncw I” tucw The rwduc ~a\ rti~\talkcd IUKC from methanol 

vwldtng nccdl~~ 130 mg) of the uncururutrcf hrtol ISI. m p 233, 235 . [xl,, IO4 (r 0 Y6 chlowform); 
,pM ‘37 m 

m.. - ,C tlot: r 4 Iht. i>i:’ 2 86 14 10111. 5 AS. 6 I7 18 (tibc-mcmhcrcd con) utwat hctcrnc). 

(I twnd C. :( 67: Il. 0 4: C’,,lI,.O, rcquw\ C. 75 32. H. Y 24O.,t 

Trrurmm~ of ?51~-rprro~/u~tr-l~.2,1.~r.l~.!;l-~~fo/ l/l._, . ‘9 3%.rrrarrtulr (XI I hrth Irud trtruretutr 

The pcntc>l trtxctatc (XI). m r 252 254 . ua prcparcd on trcatmcnt of Ilh wth o\mn.tm tctrortdc 

a\dcuzrtbcd prcbwu& ’ To a solutwn of Xl (430 mgtm JCCIIC PCIJ (IO ml) ~4s Jddcd lead tctracctatc- 

acct~c‘ wd 120 68 mg:mlt \olutwn (?I mlt After xtJndlng wcrnlght at room temp. wdomctric 

dctermlnatlon of the rca&twn mlxturc \ht)ucd that cwc cquwalcnt <)I the reagent UJ\ zonwmcd 

The rcJctl~w mtxturc wax dllutcd utth uatcr and cxtr.tctcd ulth cthcr The cx~racl U‘JI u.l\hcd ulth 

wdwm carbonate solutwn and uatcr. drwd and cvaprw.ttcd Crystalll/rtt~~n of the glas\y rcwduc 

(420 rng) from ether-n-pcntanc mlxturc gave the 4.!-lrcnolJrh,~~.~rtonr fXll1) a\ nccdlc~ (MY mgt. 

mp 1X4-IX7 The pure umplc \hwcd the follou-mg wn\trtnt\ m p I87 IW . (xl,, w (c 0 98. 
chlnrof~wm). i’,,‘;” 5 6X. 5 73 II (JCCIJIC Jnd Jldchydc). 5 87 14 (hclmc). no hydroayl hrnd (I ound. 

<‘. 65 R8. II. 8 I? C,,H,.O,, rcqwrcs’ C‘. 65 54. II. 8 00”~ 

Otrckucrm o/ rhr 4.5-~rc~~lclrh,rlr~hr~~nr (XIII) 

To J v~lutton of XIII t.UlO mgt 11~ 90”. JWIIC acid (IO ml). a wlutwt (I 94 ml) of chromtum 

trwrldc In YO’, acct~c acid (20 m&ml) u’as added After \tandtng for I hr 31 rcwm temp. the rcoctton 

mlxturc uas dllutcd utth water and cxtractcd ulth chloroform cthcr (4 I) mtxturc The \olvcnt 

layer UJI washed utth uatcr and the acldlc wbstanccr cxtracicd wth wdtum carbonate solutwn 

Ihc alt~ltnc wjlutlc,n ~‘a\ xldtficd utth dll HCl and cxtrac~d uith cthcr The ether wlutton UJI 

*a&cd. drtcd and cvaporatcd Icavmg an 011 (297 mg, of the rrrucrfoxv-krfo-actd (XVb) uhwh was 

not ubtJlncd on cr~~tall~r~ form 



Alholrnr frratmrni of rhr trtacrrux~.krr,J-arrrl (XV b) 

(a) H’rrh loo mrrhonolrr prjtaslrum h,dw.rrdr xdutron When the fnrcgwng X\‘b (297 mg) uas 

J~uolvcd m a I O1 mcthanohc KOH tolutmn (20 ml). the solution turned to ycllou After rcfluxmg 

I hr. the mlxturc UJ\ dllulcd ulth uatcr and lhc mclhJncrl ~a) rcmobcd rn tacuo The rlkahnc 

wlullun uu cxlrAclcd ulth cthcr and the cxlrdcl uas uJ\hcd ulth waler. Jrlcd ulth \udlum sulphale 

and cvaporrtrcd IO dryne\< Cn\trlllullon of the oily ro~duc (72 mg) from mcihan~~l gave nccdlm 

(27 mg). m p I45 14X . uhtch ua) purlhcd by Lhromatographcd o\cr rlumlna foll~~ucd by rccry\tal- 

Iiulwn from mcth.tnol )Icldmg rcala of dI,.A.?co-~pprr~Jian-Sunr (XVI). m p I!6 1% . [xl,, - 84’ 

(c 0 VO.c.hluruform); i‘,l;:“’ 5 X4 9 (C‘ 0). no hydroayl Jtnorptlon tI.ounJ C. 76 82. It. IO 08. 

C,,H,,O, rcquira C‘. 76 62. H. IO 07” ,J rrCJtI7Wnl of thlr XVI (48 mg) ulih h)drox)ldmlnc by 

lhc usudl manner gave ncrdlcs (from akohol) of the attmr 134 mg). m p. 217 tl ound C. 73 87; 

H. 1003. N. 3 68. C,,H,:O,N rcqulrcs: C. 73 56. I1.Y 91. )*;. 3 73”~ 

The JlkJllnC wlulwn aflcr wparwon of the nculrdl fraclwn UJ) Jcdllicd ulth dll HCI and 

cxtracld ulth ether. The cthcr extract UJX uashcd ulth water. drlcd and c\aporatcd lcarmg a 

gummy rcwduc (I77 mg) prctumcd lo bc the rrtl?,-dIu1?-_krtn~~d(XVJ). 1 hb md wJs atcrthcd ulth 

ClhCrC.d dla,omcthanc to the oily mrrhyl rsfrr The mfra-red sptrum sat&cd ~hc glrcn struciurc 

as foIlour: ipi,*’ 2 W&2 96 14 (011). 5 75 14 (otcr). 5 85 16 tkclonc) Iloucvcr thlr trlhydroxy-kcte 

c%cr ua% rcco\crcJ unchanged after frcatmcni ulth CXLYS ICJ~ tctracctatc In acc‘c11c acld or ulth 

pcrwdlc acid In RSeY methanol for 20 hr a~ rwm tcmp 

tb) U’rrh 5’, alcoholrr poiaJwm htrlrortcfr ~olurrnn. The oily trlacctor!-kctuacld (XVb. I53 mg) 

dcrlvcd from XIII tl5tl mg) sax hcatcd on a \tcam bath for I hr with a 5’. alcohohc KOH %oluilon 

(20 ml) 1 he reaction mlaturc uas diluted ulth Mater and c\tractcd ulth cthcr. The ether Iaycr was 

trcalcd m the usurl manner and the crude wbs~ancc (77 mg, was rcqstalhLcd from methanol IO 

scaler (50 mg) of m p. 150 I58 Identity ulth a umrle of the do-A-ketone (XVI) was c\tabh&cd 

by the Infra-red and rnlacd m p. dctcrmmarlon 

?~t~-S~~rf~~Ia~-I;I.~~1.!x.4/I.S;I-~rrfo/ (XII) 

The pcntol trldc-clatc (Xl. 450 mg) *as Jtrrolvcd m mcthanol 00 ml) by Mamung When KOII 

(450 mg) In water (I ml) uas added to thlc solution. prcsqvaimn unrncd~a~cly occurred. The mlxturc 

wa< rcfluxcd for 4 hr with thl\ prcclpliaic rcmamq After coolmg ~hc crvstalr wrc filtered, uarhcd 

with methanol and uaicr. and rcqstallvcd from chloroform-methanol IO gwc the pcntol (XII) 

dacomposlng gradually ahove 330 . y~clJ 326 mg (Found C’. 67 77. H. Y 2X (‘,.tI,,O. rcqulm 

C. 67 47. H. Y 23’“) 

7irarmrn: of 251~sptro~anc- 1,~.2,~.3x,4~.~,~-~nrc,/ (XII) wrih Irad rrlrawtare 

To a solution of Iwd tctrJcctAtc (I 6 g). PCCIIC acid (40 ml) rnd chltvoform (40 ml,. XII (220 mg) 

UDS adJal After the %olutlon was alloucd to \tanJ at room icmp o\crnlght. uatcr and cthcr were 

added. The ether extract ua% *a&d ulth \odlurn carhonalc solutton Jnd water. drlcd and cvrponted 

under redurrd pra,urc. The crystrllmc rcslduc (IMY mg) *as rurys~rll~zcd from chloroform- 

methanol !Icldmg prisms (I I7 mg) of the A-rrcrnor-I.~-JrrrolJlh?-JI-krronr (XIV). m p. 22&224’ 

(kornp) After further rccrystallvatlon the pure umplc \houcd the followmg constants: m.p. 

222 225’ (dccomp). Ix],, W (c 0 97. chlomfonn). j.>:,” 5 78 14 taldchydc). 5 91 14 tkctonc). no 

hydrox)l abrorptlon. (I ound. C. 73 Y8. H. Y 35. C’,,11,.0, rcqulrrs. C. 74 IV: H. 9 34’,) 

Alkalrnr rrratmCnt of rh A-rrclnor-I.J-lrcwWrh?&-hrtonr (XIV) 

A rmxturc of XIV (JOmg) and KOH (IOOmg) In alcohol (5 ml) ULS rctluacd for 3Omm In an 

atmchphct? of nltrogcn. l’he solutmn *as Jllutcd ulth cthcr. ua%hcd ulth water and &led. After 

rtmoual of the solrcnl. the crystrll~r~ rcstduc (24 mg) ua% vstalltrcd from mcthonol to g~sc 

wlcs (20 mg) of the dcs-A-ketone (XVI). m.p. 1% I SX 

%ra:mrnr of onh~drokoxqernrn (I la) wrth acrlonr and p-rolurnrwlphomc acid 

A soluwn of IIa (I 3Y mg) and ptolucncsulphomc acid dlhydratc ( I5 mg) In acetone (30 ml) 

was rcfluxcd for S hr and then allowed IO UINI at room tcmp oremIght. The reactIon mlxturc wu 

ncutrahzed with sodium blcubonatc solution and concentrated to about one third of the meal 

volume under reduced pressure The concentrated roluilon *as d~lurcd ulth water and extracted 



Slud~cs on lhc steroidal componenIs of domcsuc planls XXI II 

uith cthcr. The CXIraCI was uashcd with waler and dried. After removal of Ihc solvent, Ihc crystalline 
miduc ( I56 mg) was chromatographcd on alumina (5 g). The fracnon (I4 mg) clutcd w IIh petroleum 
eIhcr bcnzcnc (9: I) gave, on crysralhration from methanol. Ihc acctonidc-A’.‘-dicne (XVII).’ m.p. 
162-165 . 

EluIion with pcrroleum ether benzene (4: I) and with benzene and rccrysIallIraIion of the cluare 
(79 mg) from melhanoI furnished needles (66 mgl. m.p. 208 -210’. [zlu -- 58 (c 1.00. chloroform). 
corrcsy>ndmg IO a spczuncn reported to be anhydrokogagcntn acetonidc m the prcvmus papL’r.* 
Tbc struclure of this compound was assigned ~a-25r~-sprrosfmc-l,~,2,~.5,C-triol 1.2-uccrontde (XIX) 
based on Ihc followmg constants: L”,‘if 206 mrr (loge 2.94); A:&“.“’ 2.X4 14 (OH). 8.10,~ ( O- ). 
6.03, 14.41 jr (cIS <‘Il.- q Cll ). 

This accIonidc-1S-5-ol (XIX) was recovered uwhanged afIcr trcauncnt with mangancsc dioxide 
in chloroform for 6 hr and ir was nor acqhcd by rcfluxing for I hr with acetic anhydrrde in pryidmc. 

Further clution of the above chromatography with bcnccnc-chloroform and wuh chloroform 
gave Ihc crystalltnc cluatc (51 mg). Rccrystalliration from methanol gave needles (34 mg). m.p. 
202-213 . which was re~rysrallircd twice from the same solvcnr IO yield the pure sample. m.p. 226. 
230 . [LX]” 7” (c 0.88, chloroform); L”,‘:f 206 m/r (log F 3.73); i$Ix”’ 2.83 14 (OH). 7.98. X.12.8.23 11 
(- O- ). 6.00, 12.1X,r ( -C:=.CH ). (Found: C, 74.03; 11.9.81. C,,H,,O, requires: C, 74.03; 
H. 9.53 T.). No depression was obscrvcd on mixed m.p. wiIh a sample of S’-ZSI~spirosrc~-l~~,2~.3a- 
trio1 l.2-ore/o&e (XVllla). m.p. 227-230.‘. prepared by the following method. and (he mfra-red 
absorplion spccIra of the two specimens were identical. 

Prepararion of anh~drokup,qenin occronide (XVllla) /roni kogqgenin occronide (Va) 

A mixture of kogagcnin acclonidc (Va, * 230 mg). accric anhydride (2.5 ml) and pyridmc (5 ml) 
was allowed to stand aI room Icmp for 48 hr. The product, cxIracIed with ether in the usual way. 
was rccrystalliccd from methanol to give kqqenin oceronide 3-acerore (Vb) as prisms (225 mg). m.p. 
234 237.. [xl,, ‘. 13’ (c 0.98. chloroform). (Found: C, 7068; H. Y 40. C,,ll,.O, requires: C. 
70.30: H. 9.22”:). 

To a solurion of the foregoing Vb (200 mg) m pyridine (2 ml). thionyl chloride (0.3 g) In pyridirtc 
(3 ml) was added dropwir under cooling m an ice-baIh. After sIanding for 45 min aI 0’ the excess 
rcagcnl uas dcsrroycd wiIh ia and the producr was CXIraCICd wirh ether. The cxlract was washed 
with dIl HCI. sodium blcarbonatc solution and waler. dried and evaporated leaving (hc qsIallim 
residue (IY4 mg). m.p. 184-187,. which was rc~rysIallircd tvvicc from mcrhanol to needles of .L’- 
ZSI~-spirosfmc-I,~,2~~,3x-rrio/ 1.2-oceroniJc 3-ucerore (XVllIb). m.p. 212-214 . [X]D - 21 (c 104, 
chloroform). (Found: C, 72.89: H. 9.27. C,,ll,.O, requires: C, 72.69: t1, 9.15”;). 

This XVlllb (60 mg) was saponified wiIh I “; mcrhanohc KOlI solution (5 ml) under rcflux for 
1 hr. Rccrysralhwnon of the product from mcrhanol gave nozdlcs of XVllla. m.p. 227-230 (Found: 
C, 74.06: 11. Y.54. C,,H,,O, rcquirr!: 74.03; Il. Y 53”;). This was identical with the above-mcn- 
Iioned s;rmplc of XVllla in all respects. 

O.riclclrion of ~‘-25r,-.~pirosrme- I [~.2/~.3~-rrrol I ,2-aceronidr (XVllla) wirh matpnese dioxi& 

To a solulion of Ihc foregoing XVllla (37 mg) in chloroform (4 ml) was added manganese dioxide 
(0.3 g) and the slurry was stIrred for 2.5 hr at room Icmp AfIcr working up in Ihc usual manner it 
yicldcd ~‘-25~~-spirosIcne-lP,ZP-djol-3-onc accIonidc (VI)‘. as needles from methanol. m.p. 205-208 ‘. 


