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Abstmct4iogralacton, CIIHuOI was isolated from Chlonographk/aponka MAXIM. (Lilti). 
This compound. assumed to have structure I on the basis of the physical data and chemical degrada- 
tion is identical with 3/?,16&dihydroxy-6-oxo-%l-nor-5rcholan-23-oic acid lactonc (I) synth&& 
from diosgcnin. 

IN TIW previous paper,’ chiogralactone isolated from Chionographi~ju~onico MAXIM. 

was assumed to have structure I on the basis of the physical data and chemical 
degradation to 3~,6/?dihydroxy-5r-prcgn-l6-en-2O-one (IV) through the dihydroxy 

Chart 1 

l Studies on the Steroidal Compnents of Domatic Plants L. Compounds of Chioqrapirls 
japonica MAXIM. (3). 

’ Part XLIX: K. Takcda. M. Iwasaki. A. Shimaoka and H. Minato, Tetrahedron, Suppl. 8. Part I, 
123 (1966). 
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compound (II) and the y-lactone (III). Although Marker ef a1.s obtained 3/?,6,9- 
dihydroxy&-pregn-16-en-2O-one of m.p. 2142 16” by degradation of &&lorogenin 
(V), the compound IV derived from chiogralactone showed m.p. 255-257’: 

It was decided, therefore, to synthesize chiogralactone for the confirmation of the 
suggested structure (I). Although a y-lactone corresponding to III was obtained from 
3/3,6adihydroxyJz-androstan-17sne by Sondheimer’s method,8 this attempq 
failed in conversion of the y-lactone function into the blactone. Therefore, diosgenin 
acetate (VI) was taken as the starting material, the double bond of which could be 
utilized for the introduction of an oxygen function into the 6 position. Hydro- 
boration of VI with diborane followed by oxidation with an alkaline hydrogen 
peroxide and acetylation gave chlorogenin diacetate’ (VII), m.p. 153-155”, in 83% 
yield. 

Chlorogenin diacetate (VII) was subjected to hydrogenation in glacial acetic acid 
containing a small amount of 60% perchloric acid with Adams’ catalyst followed by 
acetylation to afford dihydrochlorogenin triacetate (VIII), of which chromium tri- 
oxide oxidation in glacial acetic acid at 90-95” gave 6r-hydroxydihydrokryptogenin 
triaatate (IX), m.p. 149-150”. in 49% yield. 

Chart 2 

Ring-closure of IX with potassium hydroxide in methanol gave a 1 : 1 mixture of 
two glassy ketonic products (X and XI), which were separated by alumina chromatog- 
raphy. 6z-Hydroxydihydrofesogenin (X) had frequencies at 3630, 3460, 1690 and 
1649 cm-l in the IR spectrum, and a max at 247 rnp (E 9800) in the UV spectrum. 
Another product was assumed to have the structure XI, since (i) it showed absorption 

l As the structure of chiograta~one (I) has now been confirmad. the m.p. of IV should correctly 
be 2s2sP. 

t This attempt will be described in the following paper of this sc.rk. 

’ R E. Marker, D. L Turner and E. L. Wittbccker, 1. Am. Gem. Sot. 64,809 (1942). 
’ Y. Mazur, N. Da&i and F. !Sondbe&ner, 1. Am. Gem. SM. 82, S889 (1960). 
’ P. Liang and C. R. Nolkr. J. Am. Chem. Sot. 57,525 (1935). 
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bands at 3640, 3480 and 1743 cm-i and no absorption max corresponding to the 
a&unsaturated ketone in UV region, (ii) its less polarity on a TLC in comparison 
with X suggested a dihydroxy compound and (iii) it afforded a 1 : 1 mixture of X and XI 
when refluxed in a solution of potassium hydroxide in methanol. 

$/$=5ti - 
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Chart 3 

The elimination of the CO group of X, by either Huang-Minlon reduction or 
thio-ketalization followed by reduction with lithium-liquid ammonia was unsuccessful. 
Moreover, sodium borohydridc reduction of the triacetate of X caused hydrogenation 
of the double bond. Finally, the triacetate of X was treated with LAH to alford the 
unsaturated tctraol (XII), m.p. 204-206“, the tetraacetate of which was subjected to 
hydrogenolysis with Adams’ catalyst in a 1 : 1 mixture of glacial aoeticacid and ethanol. 
The resultant reaction mixture consisting of the unsaturated triacetate (XIII) and the 
saturated by-products was treated with osmium tetroxide, and the chromatography on 
alumina gave the diol XIV. The overall yield from XII was 17 %. 

The diol XIV was oxidized with sodium periodate, affording the diketone XV, 
m.p. 248+249”, and the dikctone XV was subjected to ringclosure with potassium 
hydroxide in methanol to give the a&unsaturated ketone XVI, which had frequencies 
at 3620, 3430 and 1645 cm-l in the IR spectrum, and a max at 253 rnp (e 12,ooO) in 
the UV spectrum. No formation of a saturated ketone such as the XI was observed, 
and the a&unsaturated ketone XVI was obtained in more than 81% yield. The 
triacetate of XVI was subjected to oxonolysis followed by treatment with hydrogen 
peroxide in aqueous sodium carbonate solution to afford the triketone XVII, m.p. 
110-l 1 lo, which was further oxidized with hydrogen peroxide in methanolic potassium 
hydroxide solution to give the kcto-carboxylic acid XVIII, m.p. 24&241’. Oxidation 
of XVIII with Jones’ reagent gave the triketo-carboxylic acid XIX, m.p. 226-228”. 
ymu 1742 and 1710 cm-‘, in 82% yield, being identical with 3,6,16-trioxo-24-nor-% 
cholan-23sic acid’ derived from chiogralactone. 

Since fesogenin which can be produced from kryptogenin by the same procedure 
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as 6a-hydroxydihydrofesogcnin (X) has the 20-normal configurations and the isom- 
erization at the 20 position can not take place during the conversion from X to 
XIX, the triketocarboxylic acid (XIX) should belong to the 20-normal series, that is, 
the &Me group of I has the z-configuration. 

Subsequently, the trikcto-carboxylic acid XIX was esterified with diazomethane 
and the ester formed was reduced with sodium borohydride to give the dial-lactone 
XX, m.p. 280-283”. The two OH groups at the 3 and 6 positions and the lactonic 
oxygen at the 16 position should each have the /&configuration.a*o The compound XX 

’ C. W. Shoppee. Chemistry of the S~eroldr (2nd Edition) p. 408. Butterworth, London (1964). 
’ C. W. Shop and G. H. R Stmmm, 1. Ckm. Sot. 3361 (1952). 
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is identical with 3/?,6/?, 16B_trihydroxy-24-nor-Sacholan-23-oic acid lactonel derived 
from chiogralactone. 

,.‘P3 

Xi% -/?- 
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Chart 5 

Partial acctylation of the equatorial OH group at the 3 position of XX was 
achieved with abouf one molar equivalent of acetic anhydride in pyridine to give the 
monoacetate XXI. Oxidation of XXI with Jones’ reagent gave 3/l-acetoxy&oxo-16P_ 
hydroxy-24-nor-Sa-cholan-23-oic acid lactone (XXII), m.p. 228-230”. which had 
frequencies at 1734, 1725 and 1716 cm-l in the IR spectrum. The compound XXII 
was saponified with a solution of potassium carbonate in methanol to give 38,16/?- 
dihydroxy-6-oxo-24-nor-5rcholan-23-oic acid lactonc (l), m.p. 238-240”, [a]n 
- 112”, *max 3730, 3540, 1733 and 1712 cm-l, being identical with chiogralactone by 
mixed m.p. and comparisons of the IR spectra and [aID values. 

EXPERIMENTAL 

All m.ps were taken on a Kofkr hot stage apparatus and corrected. UV swra were taken in 
95 % EtOH and IR spaztra in chf. 

Chlorqp-& a’iucerure (VII). Diboranc was generated by dropwise addition of a soln of NaBH, 
(1.5 g) in dry diglyme (SO ml) lo a stirred soln of freshly distilled BF.-cthcratc (10 g) in dry diglyme 
(1Oml). ThegaswaJ~intoasolnofM(8g)indryTHF(80ml)withaslightflowofdryN 
at 2&U* over a period of 1 hr. After stirring the mixture at the same kmp for 2 hr. water (5 ml), 
2N NaOH (6 ml) and 30% H,O, (6 ml) were suazssk$ added and the mixture stirred for an addi- 
tional hr. A large vol of watch was added and the mixture extracted with chf. The extract was washed 
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well with water, dried over Na,!SO,, and evapomcd, Leaving a cxyscdh residue, which was acetyktui 
with Ac,C&pyridinc at room temp. The product was razrystallizd from McOH to give VII VS g, 
83 % yield) as colourksa prisms, m.p. lS3-155“. *=a= 1727,980,917,89S and 863 cm-l, identical with 
an authentic sample of chlorogcnin diacetate (mixed m.p. and IR spectra). 

3~,~,27-~toxy_kzholes~~-16,2Mioru (aa-hrtox)cS.6dihydrokryproRnin friacefatc, IX). 
A ~oln of VII (7.5 g) in glacial A&H (SO ml) containing a drop of Ml:/. pcrchloric acid was shaken 

with H over a prc-reduczd Adams’ catalyst (7%) mg) at 23”. After 18 hr. I.07 molar equin of H 
had been absorbuS and uptake stopped. The catalyst was ~UIIOVCA and the filtrate WAS c~n~~~trated 

m&r ~~ press. The residue was poured into water and extractul with ether. The extract was 
washod with S% NaHCO,aq and water, dried over Na,SO,. and evaporated. The residue was 
aaty&d with Ac,O-pyridine at room temp, affording VIII (8 g),agIasrysubstana. ThtIRspbctrurn 
showed no absorption band attributable to the spiroketal group. TO a soln of VII (8 g) in gW 
A&H (130 ml) a soln of 00, (5 g) in 80% AcOH (SO ml) was added dropwise during 1.S hr with 
srirr& at 94-97”. The mixture was stirred at the same tanp for 2.5 hr and the txctn 00, WBS 

~voy~ by addition of McOH (35 ml). After concentration to l/3 vol under rcducad press, water 
was added and the mixture extracted with ether. The extract was washed with 5 % NaHCOfiq and 
water, drkd over Na,SO,. and evaporated. Rcmystalliition from McOH gayc D( (4.1 g. 49 % yicH) 
aa col~urks~ prisms, m.p. 149-1W, v-.x 1731 cm-i (supcrimposcd three esters and two ketones1. 
(Found: C, 69.05; H, 8.9s. C&.,0, requires: C, 68.9s; H, 8*7S%.) 

3~,6327-~~~x~s~-fe~16(23>m_zZ-(m: (6=-h+.+Wi+k$e~& X). A mixture 
of IX (4.1 g), KOH (20 g). McOH (100 ml) and water (100 ml) was rcfluxcd for 3 hr in N atm. After 
anccntration to l/2 vol under reduad pm, water was added and the mixture extracted with chf. 
the atract was washed with water, dried over Na,SO,, and evaporated. The resulted residue was 
chromatographcd on alumina (Wodm II, 1SO s>. 

c&v ti? 

Chf elutcd XI (I -4 g. 46 % yield) as a glaaay subatana. R, - 0.47.5 vm.= 3640.3480 aad 1743 cm-*. 
Chf-MeOH (9S:S) elutul X (1.6 g. S2% yicki) aa a glassy subnanoc, R, - O-33.5 v,,.= 3630, 

3460.1690 aod 1649 cm-‘, 1 - 247 rnlc ((I 9800). Trcatmcnt with Brady’s reagent gave II f.$dhitr~- 
phmyhydraLona as red !k prisms, np. 256257” (dcc) ha+dlid from A&Et-EtOH). (Found : 
C, 64.7; H, 7.7; N, 8.9. C,.bO,N, requires: C, 64.9; H. 7.6; N, 9.150/,) 

WhcoXIwutratadwithKOHprabove,al:lmbrtursofXPndXIwuo~. 
scr-Fu-la(u~3B,6rerr~f: (XII). Compound X (2.1 g) was aatyktcd with AC& 

pyridino at room tcxnp, a!Tording the triaccwe (2.6 g) M a @asay substance. A solo of the criraip~ 
(2.6g)indry~(uml)wPsaddaddtopwisetoaootbcr~olaofLAH(~sg)indryethcr(25ml) 
during 30 mio with stirring and iawoohng. The mixtum was stirred at room tanp for 2.5 hr, and 
kompoacd by addition of water (25 ml). The rcauhul mixture was acidifkd with 2N H,SO,, and 
urtrrctad with A&Et. The extract was washed with water, dried over Na$O,, and cvaporatui. 
Rwysmkation from &-McOH gave XII (1.5 g. 71% yield) as colourkss 5~ prisns. m.p. 206 
206’. The IR apo%um showed no absorption band in the CO region. (Found: C, 75.1; H, l&U. 
C,,H,,O, requires: C, 74.95; H. l@lS~W) 

3~.6af7-~lticrceroxy-Sz-~~-1YU)mc-l~~~l: (XIV). 
with Ac,O-pyridine at room temp affording the tetraaa%a 

‘I%e tetraol XII (1-S g) was aatykted 
Cc (2.1 g) as a glassy substance. A soln of 

the tttmacctatc (2.1 g) in glacial AcOH (20 ml) and !W% EtOH (20 ml) was shaken with H over a 
pro-nduccd Adams’ catalyst (100 mg) at 23”. After 12-S hr. 1.2 moIar cquivs of H had been absorbed 
and uptake stopped. The catalyst was rcmovcd and the Bltrate was concentrated under rcdu& pm. 
Tberaiducwupourcdintowatcrandextractodwithechcr. Tbccxtract~wa&d~thSO/, 

: Nomenclatures arc based 00 the hypothetical substana+ fcsan (A) and isofcuan (B) according 
to Djcrak’s proposal, G. Diaz, A. Zatfaroni, G. Roscnkranz, and C. D&as& 1. 0~. Clvm 17, 
747 (19S2). 

5 TLC was carried out with “Merck”, Kiscl~l G and benzene-acetone (1: 3). 
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NaHCO,aq and water, dried over Na,SO,, and evaporated. To a soln of tho residue in dry dioxan 
(20 ml), another soln of OsO, (500 mg) in dry dioxan (10 ml), was added and the mixture kft for 60 hr 
at room temp. Dioxan (50 ml) was added, and the mixture was saturated with Ha. The black ppt 
was filtered off, and washed with dioxin The Wrate and washiqs were evqxmted. and the tiduc 
(1.9 g) was chromatograpbcd on alumina (Woclm II, SO g), to give XIV (340 mg, 17% yidd), as a 

gby sub-. %a, 3530 and 1731 cm-‘. Hydrotysis of XIV with 10% K&O,-McOH gave the 
pcntaol, as colourkss nccdks, m.p. lS2-lUO(rcuystalli& from &OH). (Found: C. 68-8s; H, 10-3 
C,,H,O,-H,O requires: C. 69.15; H, 10.37’w) 

3~,6q27-Tr&ceroxy-Sz~ho&srar-l6,2klionr (XV). A soln of sodium pcriodatc (24Omg) in 
water (8 ml) was added to aoothcr soln of XlV (320 mg) in McOH (19 ml). The mixture was kft for 
6 days at room tcmp and evaporated. Water was added IO the residue and extracted with ether. 
The extract was washed with water. dried over NasSO,, and evaporated. Rccrystahixation from 
McOH gave XV (290 mg, 91% yield) as colourkss prisms, m.p. 148+149’, vIbx 1732 cm-i (supcr- 
EEYy esters and two ketones). (Found: C. 68-8; H, 9% C&,.0, requires: C, 68.9s; 

* * 
3~.6o1~7-f~~ox~S~-Lro/cs-l6(t4~~23~~~ (XVI). A mixture of XV (28Omg), KOH 

(4 g), McOH (20 ml) and water (20 ml) was rcfluxcd for 3 hr in N atm. After conccntratioo IO l/2 vol 
under reduced press, water was added and extracted with AcOEt. The extract was washed with water, 
dried over Na$O,. and evaporated. The residue (210 mg) was chromatographcd on ahrmina (Woclm 
II, 6 g) to give XVI (170 mg, 81% yield) as a gkssy substance, *,,u 3620. 3430 and 1645 an-i. 1,. 
253 rnp (a 12@l). 

3~,&lf7-~~roxy-k-chole~r~-16,23,24-rrionc (XVII). Compound XM (170 mg) was 
acctyktcd with Ac&pyridinc at room temp. atTording tho trkcctatc (220 mg) as a glassy substance. 
A soln of the triacctato (220 mg) in AcOEt (20 ml) was treated at - 75” with 3 % 0,. After 1.S molar 
cquivs of 0, was absorbed. the soln cokurcd blue was kft at -75” for 30 min. The sotvent was 
removed in high vacuum at room temp to afford an oily residue. To this residue wcrc added 2N 
Na,CO, (IO ml) and 30% H.0, (6 ml), and the mixture was stirred for 4 hr at room temp. The 
mixture was poured into water, made negative to colour-test with ZnI,-starch pager by addition of 
NaHSO,, and cxtractcd with ether. The extract was washed with waler, dried over Nam, and cva- 
pomtcd. Rccry&&mtion from McOH gave XVII (150 mg. 63 ‘/. yield) as colourkcs needles, m.p. 
ll&lllO. v,,.= 1732cm-* (superimposed 3 cstem and 3 ketones). (Found: C. 65.7; H, 8-l. C,, 
H,,O,.H,O requires: C, 65.3; H. 8.3%) 

38,61-D~~xy-l~xo-2Lenor-Sl-chol-~~ic add (XVIII). To a soln of XVII (140 mg) in 
@SN mcthaoolk KOH (24 ml) was added dropwisc 30% H.0, (1.S ml) with stirring aod kc-cooling, 
and the mixture was stirred for 1 hr at room temp. The mixture was conantratcd umkr rcdu& 
pm poured into water and extracted with AcOEt. The aqueous layer was made negative IO cokur- 
tat with Z&-starch paper by addition of NaHSO,. aciditkd to Congo Red with 2N H,SO,, and 
extracted with A&Et The extract was washed with water, dried over Na&O,, and evaporated. 
Rccrystalhzatioo from acetone gave XVIII (78 mg. 86% yield) as colourkss prisms, m.p. 24&241”, 
vP.= 1739 and 172Ocm-*. (Found: C. 7@2S; H, 9.25. C&HwOI requires: C, 70-35; H, 9-U’/,) 

3.6,1b~&xcr-24-nor-Sz-cholon-2Eoic acid (XD(). To a soln of XVIII (76 mg) in acetone (S ml) 
and dimcthylfomtami de (@S ml) was added Jones’ reagent (O-3 ml), and the mixture was stirred 
vigorously for S min with iacooling. The mixture was poured into icawatcr and extracted with 
AcOEt. The extract was washed with water, dried over Na,SO,, and evaporated. RuzrystallitPtion 
from acetone gave XIX (62 mg, 82% yield) as colourkss prisms, m.p. 226-228’. vlux 1742 and 1710 
an-i. (Found: C. 70.85; H. 8.2. C,,H,,O, rcquircs: C, 71.1; H, 8.3%) The product (XDO was 
identical with 3,6,16-triox~~nor-5a~o~-~~k acid derived from the natural chiogralactonc 
(mixed m.p. and infrared spectra). 

3~.6~.16P_~ihydroxy-24-nor-~a~r-cholan-Usic add lacrone (XX). Compound XD( (59 mg) 
was treated with diazomcthaoc atToiding the MO ester (60 mg). A soln of NaRH, (300 mg) in McOH 
(4ml)wasaddodtoanothcrsolnofthcMcater(60mg)inMeOH(6ml).andthemixturc~kR 
for 3 hr at room temp. The mixture was poured into water, acid&d to Congo Red with 2N H,SO,, 
and extracted with A&Et The extract was washed with water. dried over Na,SO,, and evaporated. 
Tho residue was dizoolvcd in a soln of K,CO, (SO0 mg) in McOH (3 ml) and water (2 ml), aod rcfluxcd 
for 1 hr. After removal of the solvent. water was added and cxtractcd with AcOEt. The aqueous 
layer was aciditicd to Congo Red and cxtractcd with AcOEt. The extract was washed with 5% 
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NaHCQaq and water, dried over Na,SO,, and evaporated. Recrystallization from chf-MeOH gavt 
XX (33 mg, 58% yield) as colourkss prisms, m.p. 280-283’. (Found: C, 73-t; H. 9.6. C,,H,,O, 
requires: C. 73.35; H. 9.65%) The m.p. was not depressed on admixture with 3B.6/?,16/?-trihydroxy- 
24-nor-5ucholan-23-oic acid lactose derived from the natural chiogralactonc. 

3,~-A~rox)‘-~x~16P_h~roxy-24-nor-5z-drolon-U-oic acid lactone (XXII). Compound XX 
(32 mg) was dissolved in a soln of Ac,O (IO mg) in dry pyridinc (I.5 ml) and the mixture was left for 
17 hr at room temp. Working up in the usual way, the resulted mixrurc was purified by preparative 
TLC (“Merck” Kicsclgcl G) to give XXI (1 I mg. 317’. yield) as a glassy substance. ~~,x 3620. 3510. 
1738 and 1729 cm-*. 

To a soln of XXI (15 mg) in acztonc (3 ml) was added Jones’ reagent (@9 ml). and the mixture 
was stirred vigorously for 5 min with icecooling. The mixrurc was poured into ice-watcrandcxtractcd 
with MEI. The extract was washed with 5% NaHCO,aq and watcc. dried over Na$O,, and eva- 
porated. Rccrystalhzation from acctonchcxanc gave XXII (12 mg, 80% yield) as colourkss plates, 
m.p. 228-230”. Y-.= 1734, 1725 and 1716cm-1. (Found: C. 72.3; H. 8.85. CUH,,OI requires: 
C. 72-l : H. 8.7%) The product (XXII) was identical with 3/?-aostoxy&oxo-l6,‘Fhydroxy-2Lenor- 
Sr-cholan-234c acid lactonc derived from the natural chiogralactone (mixed m.p. and IR spectra). 

3/1,16/L Dihy&oxy-6-oxo-2L1-nor-5~-~&~~~ic acid iactone (I). Compound XXII (I 0 mg) 
was dissolved in a soln of K&O, (300 mg) in McOH (2.5 ml) and water (0.5 ml). and the mixture was 
rcfluxcd for 1 hr in N atm. After removal of the solvent. water was added, acidified to Congo Red 
with 2N H,SO,. and extracted with AcOEI. The cxlract was washed with 5 ‘A NaHCQaq and water, 
dried over Na,SO,, and evaporarcd. Rccrystalliration from acetone-hcxanc gave I (7 mg. 78% yield) 
as colourkss prisms, m.p. 238~24O’, [a]: - 111.6” (L2.6”) (c, 0.155 in chf), vrnaz 3730,3540,1733 and 
1712 cm-i. (Found: C, 73.5; H, 9.1. C,,H,O, rcquim: C, 73.75; H, 9.15%) This product was 
identical with the natural chiogralactone (mixed m.p., IR spoztra and optical rotations). 
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