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Abrtrrt-Thnz lectoa*, have been isolated from the roots of InJo cocc1))0#1 and identified u 
alantolauonc (I). isoahtolactone (II) and dihydroisoalantolactonc (III) rqcctivdy. III WIU aho 
pnpued by partial duction of If with NaBH,, while on compkte catalytic reduction, it formal 
tetmhydroalantolaczonc (IV). Amine adducts and mcthoxy dcrin were prcpamd frum II. Tba 
lactol VII and tha dial VIII obtained from IV by controlkd LAH raduction. wbcn subjected to 
HuangMinloo reduction, furnished chc new crystalline mono], 8/?-hydroxy u&sman(IX)andtha 
diol VIII. The sdinanonc X, which is a cooveaient compound for tha synthesis of 9-ketocudesmm 
(XX), was obtained from IX by oxidation with Jones’ reagent. On Na/n-propanol raiuction, X 
furnithd thn 8a-hydroxycudesman (XIII) as a crystalline material. Lead tecrarroetlrta oxidation of 
X yieldad tlu rcanan@ kcto acetate XXII. PKctocudesman (XX) was prepad from X via its 
furfurylidens daiv XXIII, followed by Wolff-Kishncr raiuaion and ozooolysis. Tctrahydroco& 
rid (XVIa) was obtained from the diol Vm by its oxidatioo to the kcto-acid XV, fouowed by 
Wollf-Kiihmraiuction. Thcsan%squaKcofrcactionlwcrctioutluingIIIuthe~ 
material to procure both the B- and a-unsaturated new aystallinc monols (XXVII and XXIX) and 
the kuoae XXVIII. A new interesting crystalline alcohol, 14hydroxyturahydroalantolactom (XXX) 
was prcparui by hydroboratioo of III, oxidation of which with Jones’ rcqnt yielded the lacto~a 
acidXXXI. 

A~LACTONB (I), isoalantolaclone (II) and dihydroisoalantolactone (III) occurring 
in a number of natural products, l-’ have been examined by many eminent workcrs.610 
The correct structures have been recently cstablishcdll-lo and have been further con- 
firmed by the syntheses of ala.ntolactonti7 and isoalantolactone.18 

l Communication No. 978 from the National chamicll Laboratory, Poona-8, India. 

1 J. Spring, Ar&. Phunn. 239,201 (1901). 
’ C Ukita, R Matsuda and S. Ntiwa, 1. Pkarm. SIC. Jqan 72,7% (19S2). 
’ Cccilla Collin-Asstlincau and Sonia Bory, C.R Acad. Sci., Purfs us, 1874 (19S8). 
’ K. Tanabe., C&m. Pti w/. To&p 6,218 (1958). 
’ Gurmit Sin& Vishwa Paul and K. L Handa, 1. scl. Ind. Res. MB, 3Sl (1959). 
@ V. Bencsorcr and V. Haout, Coil. Czech. C&em. Conuum. 26,2916 (1961). 
’ I. Yashioka and Y. Yamada, r4k+44 zasshl83,801(1%3). 
’ K. W. F. Hamen, Ber. Dtsch. Wm. lb. 64,67,943, 1904 (1931). 
@ L Ruzicka and J. A. Van Mdson, Hcht. Chbn. Acra 14,397 (1931). 

I’ L Ruzicka, P. Pi&, T. Reichstein and L Ehmann. He/u. Chim. Acru 16.268 (1933). 
‘I c). Kovks, V. Herout. M. Hoti and F. ?~rm, Co/l. Czech. Chem. Commtm. 21, 225 (1956); 

V. Bardova, V. Sikora, V. Hcrout and F. brm, Gem. & Ind. 363 (19S8). 
I’ K. Tsuda. K. Tanabe. 1. Iwai and K. Funakashi. /. Am. Gem. Gc. 79.5721 (1957). 
ID W. Cocker. L. 0. Hopkins, T. B. H. McMurry and M. A. Nisbet, 1. C&m. &e. 4721 (1961); 

W. Cocka and M. A. Nhbct. Ibid. 534 (1963). 
I’ Mmc. C. Assclineau. Mme. S. Bory and E. Ledaer. &II. .Gc. Chim. Fr. 1524 (1955). 
I’ T. Ukita and S. Nakazawa, 1. Am. Gem. Sot. U2.2224 (1960); S. Nakazawa, Ibid. 82.2229 (1960). 
*@ J. A. Marshall and Noal Cohen. J. Org. Gem. 29.3727 (1964). 
IT J. A. Marshall and Noal Cohn. J. Am. Ckm. Sot. 87,2773 (l%S). 
I@ H. Minato and 1. Haribc. Chem. Comm. 531 (1965). 
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However, the correlation of the alantolides with the santanolides* has not been 
done and this is of importance, as one would support the stereochemistry of the other. 

Interest in the alantolactones, and specially conversion into canarone (XIX) and 
dihydrocanarone, lo has resulted in the present report on the chemistry of alanto- 
lactones, correlation of alantolidcs, santanolides and cudesmol; conversion of iso- 
alantolactone to amine adductP and methoxy derivatives” and also its transformation 
into products related to canarone. 

One obvious source of alantolactones in India is the roots of Inulu rucemosut 
obtainable from Kashmir. The essential oil from the roots, as well as the concrete 
obtained from the same by solvent extraction, has been found to contain substantial 
proportions of isoalantolactone and alantolactoae.6 The isolation of the concrete 
from the roots by a modified, low-temperature solvent extraction procedure, followed 
by careful chromatography on silica gel, shows that the lactonic portion of the con- 
crete contains isoalantolactone (II), dihydroisoalantolactone (III) and alantolactone 
(I), in which II predominates. The lactones thus obtained, possess the physico- 
chemical properties described in the literature*6 and show the expected IR, UV and 
NMR spectral characteristics. 

MarshalP has prepared III by partial reduction of II. Since both the double bonds 
in II are methylenic, preferential reduction of one is beset with practical difficulties. 
When II was reduced with sodium borohydrid@.n only the methylenic group con- 
jugated with the lactone function was reduced stereospecifically to give III with all 
the expected properties. 

When II, III or I or the total lactonic mixture obtained from the roots of I&u 
rucemosu was reduced in the presence of Rt-catalyst, pure IV was obtained, more or 
less, as the exclusive product of hydrogenation. This is in agreement with earlier 
finding.” 

An alcoholic solution of II on mixing with an adequate quantity of NH,OH and 
keeping at 0” for 2 days, yielded crystalline Va.“am Its IR spectrum shows the absence 
of the exomethylene group conjugated to the lactone moiety (no IR band at 826 cm-l), 
while it still exhibits the presence of the unconjugated txomtthylene group (1660 
and 895 cm-l). In a similar fashion II also forms a crystalline methylamine adduct Vb. 

Isoalantolactone also furnishes a crystalline 13-methoxydihydroisoalantolactone 
derivative (VI) on dissolving in methanol in the presence of a little base. Compound 
VI reveals the absence of the 826 cm-’ band due to the conjugated methylenc group 

l Santanolide ‘c’ is -ted by the structure IVa 
t WC arc very grateful to Dr. K. Ganapathi. Director, Regional Rcsearch Laboratory, Jammu. 

India, and Mr. K. L. Handa of the same Laboratory for gcnao~~ help in prowriq authentic plant 
material for us. 

I@ V. K. Hinge, A. D. Wagh. S. K. Pakniknr and S. C. Bhattxhqya, Terralvdron 21,3197 (1965) 
and earlier Rcfm mentioned thcreih 

y, G. H. Kulkami, G. R. Kelkar and S. C. BhatU&aryya. TemheuYon 20,1301 (1964). 
*I G. H. Kulkami, A. Paul, A. S. Rae, G. R. Kelkar and S. C. Bhattxhqya, Tefrakdron 12, 178 

(1961). 
‘9 H. Hikino, K. Mquro, G. Kusano and T. Takanoto, Own. Plvvm Buff. /qun 12, 5,632 (1964). 
- S. B. Mathur, S. V. Hiranath. G. H. Kulkami, G. R. Kclkar and S. C. Bhattacharyya, Terrahdow 

21,357s (1965). 
a’ L. Ruzidca and P. Pieth, Heft. Chim. Acta 14, 1090 (1931). 
I@ J. W. Steele. J. B. Stcnlake and W. D. Williamr. /. Glum. &c. 2627 (1959). 
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and shows the presence of the 1660 and 895 cm-l bands due to the unconjugated 
mcthylene group. This is also fully supported by the NMR spectra. 

Tetrahydroalantolactonc (IV) on controlled reductionism with LAH, furnished a 
mixture of the hydroxy aldehyde VII and the dial VIII, Huang-Minlon reduction of 
which furnished in good yield the pure (GLC/TLC) crystalline monol, 8B_hydroxy- 
eudesman (IX), together with the diol VIII. This diol can also be prepared independ- 
ently by reduction of IV with excess of LAH.‘b 

The mono1 IX, is crystalline and its stereochemistry at all centres follows from 
that of the starting material IV. 

On oxidation with Jones’ reagent, it yielded the pure selinanone, 8-ketocudesman 
(X). Its IR and NMR spectra are identical with those of an authentic sample, pre- 
viously obtained. a7 The identity of the selinanones obtained by the two routes was 
further confirmed by taking the mixed m.p. of the semicarbazones. 

On reduction with LAH and NaBH, the ketone X regenerated the parent alcohol 
IX. However, on reduction with Na-n propanol” it gave the corresponding epimeric, 
pure (GLC/TLC) crystalline 8a-hydroxyeudesman (XIII). The alcohol XIII was 
previously obtained” but its stereochemistry which could not be decided at that time, 
was now established by its formation by the stereospecific reduction of the ketone X 
and further supported bythe NMR spectra of the two alcohols. These interconversions 
further establish the structure-stereochemical relationship of the alantolides with 
eudesmol and ois-u-vl with the santanolides.2s 

The diol VIII on heating in toluene solution in the presence ofptolucnesulphonic 
acid was converted to the oxide XIV which regenerates the parent lactone IV by 
treatment with chromic acid. 

The diol VIII on oxidation with Jones’ reagent yielded the keto-carboxylic acid XV, 
m.p. 153-155”, [z]n -LO%’ which was previously obtained.U The acid XV on 
Wolff-Kishner reduction furnished a liquid acid, identical in all respects with tetra- 
hydrocostic acid ,U obtained by hydrogenation of crystalline costic acid. 

Tetrahydrocostic acid (XVIa) was converted into dihydroeudcsmol.m Therefore, 
the stereochemistry at all its centres excepting the Me and Co groups attached at Cl 1 
have been decided. This point deserves careful examination, as an acid of identical 
structure was obtained by dehydration of the hydroxy acid XVIIa to XVIII, followed 
by hydrogenation. 8o The acid is a crystalline solid, m.p. 70-72”. Possibly the two 
products, the liquid product obtained by simple hydrogenation of the crystalline 
costic acid or Wolff-Kishner reduction product of the keto acid XV and the crystalline 
saturated acid obtained by hydrogenation of XVIII, are isomers.* Their relationship 
is now receiving our attention. 

In order to prepare 9-ketoeudesmant (XX) from the selinanone (X), the latter 

l -t-he two compounds do not di& in SmmhamqatcI. 
f 9-kctoa&unan is likdy to be identical with dihydrounar one obtained by hydrogenation of 

camuone. Isolation of eanarone from the rssin Ca~riutn srricnun. and con0rmation of its structure 
is being pursuuJ in our laboratory (sac Ref. 19 and otbcr Refs nwntioned therein). 

y A. M. Shaligmm. A. S. Rae and S. C. Bhtta&qya, Tefrohdron 18,969 (1962). 
” G. D. Joshi, S. K. Paknikar, S. N. Kulkami and S. C. Bhatta&qya, Tetruhedrun 22,1651(1966). 
” H. L. Ha-q. M. A. Jevnik and E. B. Hashberg. 1. Am. Chem. Sot. 75,269 (1953). 
” G. D. Joshi, M. V. Kadival, S. N. Kulkami and S. C. Bbatm Terruhdon 23,198s (1967). 
” K. Tanabee, Chrtn. Pharm. Bull. Tokyo 6,214 (1958). 
St A. S. Bawdckar and G. R. Kdkar. Terruhcdron 21, 1521 (1965). 
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was subjected to lead tetraacetate oxidatioa,s*B but instead of the expected inter- 
mediate &keto-P-acetoxy cudesman (XXI), the product was the 8-acetoxy-Pketo 
eudesman (XXII), presumably via rearrangement. Such rearrangemenV are 
quite common and have been observed in the carbohydrate field= and in several 
other ca!Es.y 

The attempt to reduce the 8-acctoxy-Pketo eudesman (XXII) to P-ketoeudesman 
(XX) with calcium/liquid ammonia a7 failed to give satisfactory results. The synthesis 
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n H. 8. Henbest, D. N. Jones and G. P. Slate, J. Gem. Z&c. 4472 (1961). 
D S. N. f&a&bag. C. K. Mata, M. L. Mahaslwnri and S. C. Bbnttadwyp, Temhefron ?I,3591 

(1965). 
- J, Ii. Chapman, J. E&I and L. 3. Wyman, C-km. d I& 603 (1955). 
m H. 0. Fisha. C. Taube and E. Bae, Be. Dtsclr. Chfm. bb. 60,480 (1927). 
n S. N. Sbanbbag. M. L. Mabuhwari and S. C. Bhattxharyya, Tetrahedron 23, 1235 (1967). 
tl J. H. Chqman, J. Elks, G. H. Phillips taod L. 1. Wyman, A Ckm. Sot 4344 (1956). 
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of the ketone XX was then attempted by a different route. The selinanone (X) formed 
a crystalline keto-furfurylidene derivative (XXIII~~~ which on Huang-Minlon reduc- 
tion was converted to the furfurylidene derivative (XXIV), ozonization of which 
yielded 9-ketocudesman (XX). 

In another series of experiments, it was found that the controlled LAH reduction 
of dihydroisoalantolactone (III) gave a mixture of the hydroxy aldehyde XXV and 
the diol XXVI, Huang-Minlon reduction of which furnished a mixture of the mono1 
8@hydroxy eudesm4(14)-ene (XXVII) and the diol XXVI which were separated by 
chromatography. The diol which can also be prepared independently by reduction 
of III with excess of LAH, is a crystalline material, m.p. 13&131”. 

The unsaturated mono1 (XXVII) is a beautifully crystalline material, and the 
stereochemistry at ail centres follows from that of the pure starting material III. 

On oxidation with Jones’ reagent, it yielded the pure 8-keto eudesm_4(14)cne 
(XXVIII), [a], +2257”, which on reduction with Na/n-propanol, furnished the 
corresponding cpimeric, pure (GLCjTLC) crystalline alcohol, 8z-hydroxy eudesm- 
4(14)+ne (XXIX), m.p. 78-80”. [ali, +65*6”. 

a W. S. Jo&won, B. Ban&a, R. Pappo aml J. E. Pike, J. Am. Chem. Sue. 78,6X4 (19%). 
a R. Hanna, C. Sandrio and Guy Our&on, Buff. Sot. Chin. R. 1454 (1959). 
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Dihydroisoalantolactone (III) on hydroborationcO*u furnished a crystalline 
alcohol, 14-hydroxy tctrahydroalantolactone (XXX), m.p. 193-194”, [a], +15.45”, 
which on oxidation with Jones’ reagent, yielded the pure lactonc-acid (XXXI), m.p. 
217-218”. [aID +42”. 

EXPERIMENTAL 

Allm.psmdb.psarcuacorractbd Rotatiom were detcrminod in chf soln. The IR spectra weet 
taken as liquid f&n for liquidr and in nujol for solids on a Pakin-Elmer Model 137B, Infmd 
specnophotomc&r by Miss Parkhi aad Miss Shirolc. The NMR spectra wcro taken in CCl, or 
CDU, soln using TMS as internal standard on a Varian A-60 specvomcta by Mr. Mulla. GLC 
analyscswcrocarrialoutonaGt%nGcorgeirrstrumen t (MK IIA model) on a polyatar column 
using H, under p’css BS the carrier gas by Mr. Bapat and Mr. Snnkpnl. Microanalyses were carried 
out by Mr. Pansare and collcaguu. Anhydrotm Na,SO, was used for all drying purposu. 

Extract&n of the roots of Inula racanoaa. Finely-powdered roots of In& roumosa (40 kg) were 
stirred mechanically with pet. ether (4&60“. 65 1.) at the room tanp for 2 hr in a narrow-mouthed 
stainkss steel tank of adequate sire and fitted with a false bottom, a tap for drawing off the extras 
and a powerful spark-proof vertical motor stirrer, eu employed in the case of at-ion of oodtlls 
root oil.*’ The extract was allowed to settle for about 4 hr and then drawn through the tap and 
initially 6ltercd through cloth. The residual plant pulp was then extradad similarly twice with 50 I. 
pet. ctkr each time_ The combined extracts (140 I.) were then filtered and the Altrate concentrated 
in a double jacketed stainkss steel distillation vessel under vacuum at a bath tanp not acceding 
40 f 2’. The conantrata was then taken out and tho last traces of solvent wuu ranovcd in glass 
v& using higher vacuum at 40 f 2” to yield the extract as the tiduc, 2-S kg (6.26’4. 

Sepration of the corutltuents of Inula racemosa extruct. The oil (2-S kg) was mixed with pet. 
ether (4(Mo”; l-5 1.) and the soln kept at 0’ in a cold room for 8 days. The crystals which separated 
out ww 6ltaal off (A) and washed with a little ice cold pet. ether. The combined 5ltrato was then 
kept at -18” in a deep freeze for 1 WC&, when a mnd crop of crysti (B) separated. In this 
communication, we have recerdcd some of the ruults of our axamifUon of only UKJ Frxtion A. 
Results of examinn tion of the other fractions will be communicated separately. 

Exwdmatlon of /m&n A. The crystals (A, 144 g) were dblved in hot MeOH (600 ml), tiltcrai 
immediatdy and cooled at 0” for 1 day and hltcral. The mother liquor war -ted at 40 f 2” 
and the same crystallization procedure was adoptad svual times to give the following crops. 

No. wthlg “P 
I 52 110-11’ 

LI 20 lOl-103. 
III 14 8692. 
N 26 
V 17 SW 

Isdorbn of ahtofactone (I). Alantokmne was isoWed from crop IV 6rst by chrolnrtography 
on silica @ (30 folds) and then by ay&lli&g mcral titnrs from pet. other to yield bomogeaaws 
material (TLC), m.p. 79-80”; [U]D +165.7’ (c, 1.77); 1-x 211 m/l, (U 9470). 

IR bands at: 1754 (+ztone); 1645,893,885 and 813 (>c-_cH3 and 862 an-’ (--CH-C<). 
NMR signals at: 3-88 (H-13; d; J - 2 c/s); 441, 4.45 (H-13’; d: J - 1.8 c/s); 4.77, 4.83 (H-6; 
d; J = 4*2c/s); 520-5-33 (H-8 m); 6~376.61 (H-7 m); 8.75 (Cl0 Me) and 8.91 (C-4 MO. d; 
J = 7 C/Z&. (Found: C. 78.12; H, 994. Calc. for C&~O,: C, 77.5s; H, 8.68Y*) 

Isolation of isouhUo&ctonc (Qanddihy&oi.tdant0~oct0ne (III). The CTOp I(25 g) was chromate- 
graphed on silica gel (40 folds) and duted wy with pet. Cuba, pet. ether-benzlcna (1: 1). 
bcnzenc and cthcx. The bcnz.ze duato consisted mainly of isoalantolactonc (18 g) whik the ether 

0 H. C. Brown and P. A. TiaDey, J. Am. C&m. Z&c. 80.1552 (1958); H C. Brown and 0. Zweifd, 
Ibid. 81,247 (1959). 

l 1 A. D. Wagh, S. K. Paknikar and S. C. Bhattacharyya. Tetrahdon 20,2647 (1964). 
0 A. Paul, A. S. Bawckkar, R. S. Jo&i, G. H. Kulkami, A. S. Rao, G. R. Kdkar and S. C. 

Bhattacharyya, Perf. & Eu. ON Rec. 51, I15 (1960). 
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&ate consisted only dihydroisoalantol (6 g). Tbc~ woe furtl~ purifkd by cays-q 
scvual timea from MeOH to yidd pum mataiaI (TLC). 

l&rol~ro~ (II'), mp. 11 l-112”; [aIn + 173.6” (c. 5% 1-x 211 w (8 8780). IR bands at: 
1770 (y-ladone); 1645,890 (unconjugated >,c--Cli& and 826 cm-’ (conju@ed >C=CH& 

NMR signals at: 3.98 (H-13. d; J - 08 c/s), 445 (H-13’; d; J - @6 c/s); 5.25, S*SO (>w, 
at C-4); 5.55 (H-8) and 915 (C-10 CH&. (Found: C. 77.43; H, 890. talc. for CASH&: C. 
77.55; H, 868 %.) 

Dih~&obuhntolocfonc (Ill), m.p. 171-172’, (a]D -1-364’ (c, 5.16); &U 211 m# (8 258). 
IR bands at: 1770 (y_Iactonc); 1650,890 (unconjugated >c--cH3 and absence of 826cm-’ 

(due to conjugated >C-CH,). NMR signals at: 522. 5.49 (>C-Cl& at C-4); W&5-70 (H-8; 
m); 8.83 (Cl1 Me, d; J = 7c/s) and 9.18 (C-10 Me)r. (Found: C. 76.5s; H. 9.37. Caic. for 
C,,H,,O,: C, 7688; H. 946’/,) 

Pqururfon of III 6~ NaBH,-redwfion o/II. Compound II (20 g) diPsolved in MeCH (500 ml) 
was treated with NaBH, (6 g) gradually during 14 hr and the reaction mixture kept at the room temp 
for 24 hr. On removal of solvent, the aystaIIinc ppt was washed with water ~0nLainiog HCI. The 
sohd mater-W was crystalhxed from MeOH to afford pure (TLC), white nncdh~ of III; m.p. 171- 
172”. (& +429” (c, 50). (Found: C, 76.82; H, 9.41. Cake for C,,HIIO,: C, 76.88; H, 946%.) 
IR and NMR spectra am identical with those of natural III. 

Ter+vfr~rolocrone (IV). A mixture of the lactoncs I, II and III (50 gl in EtOH (1 1.) was 
hydrogenated with pt+zatalyst (@6 g) at the room temp. After filtration the solvent was removal 
under suction and the crude solid on raqstahization from MeOH yielded the pure (TLC) IV. 
m.p. 143-144”. [aIn i1@78” (c. 4.78). IR bands at: 1770 (y-Iactor@; 146s. 1385,1370,1345, IWK), 
12oq 1180, 1130.1095,1028,970 and 935 cm-‘. 

NMR s&nab at: 552-5.76 (H-8, m); 8.98 (GlO Me); 8.91 (GllMe); 912 (G4 Me)r. (Found: 
C. 7612; H. 10.33. Cakz for C,,H,,O,: C, 76.20; H, 1@2r(o/,) 

Axvrwnia &r of LFwlcrnrolocronr (II). The laaonc (032 g, d&solved in EtOH (20 ml) was 
mixed with NH,OH (10 ml) and kept at 0” for 2 days. Dilution with water and working up, yidded 
a solid (@3 g) which ayatallixcd from McOHChf to furnish Va as a pure (TLC), white, crystahina 
8aky material, mp. 248-249”; [a]n +81-12’ (c. 4+0). 

IR bands at: 1770 (y-lactone); 1660, 895 (unconjugated >C-CH,); 1470, 1375, 1340, 1000, 
980,973,780 and 730 cm-‘. 

NMR signals at: 520. S-49 (>c-cH, at c4), 54SS.65 (H-8, m); 742 (4, at C-13) and 
918 (GlO Me)r. (Found: C, 7457; H, 8.53; N, 3-W CaIc. for C,,l&O,N: C. 7481; H, 9-tXJ; 
N, 2.91%) 

Methylmine u&z&t of IL IsoalantoIactonc (0.61 g), dissolved in EtOH (U ml) was treated with 
a freshly prepared solo of MeNH, and the reactants were kept at 0” for 2 days. Dilution with water 
and working up, yidded a solid (@6 g). which was crystahizd from McOH-Chf to furnish the pura 
(TLC) white ayatalline adduct Vb, mp. 22&221”. [a]D +73.2” (c, 3.2). 

IR bands at: 1770 (y-lactone); 1660, 892 (tmcunjugated B-H,); 1470. 1375, 1340, 1310, 
1280, 117S, 1050, 103s. 1005.990.970,9SS. 912 and 730 an-‘. 

NMR signals at: S.18. 550 (>G--cH, at C-4); 54S5.62 (H-8, m); 7.1s (--CH, at C-13); 
7.65 (-N Me) and 9.18 (C-IO Me)r. (Found: C, 74.71; H, 884; N. 2.75. C,&O,N requires: 
C, 75.11; H. 9.1s; N. 2.83%) 

Prcpmofbx of 13-~rho~$&vfr0lrwlonr4locrone (VI). Isoalantolactone (@,Ug) dissolved in 
MaOH (10 ml) was treated with half a pdkt of KOH and was kept at 0” for 4 days. The mixture 
was aciditied with HCI (1: l), diluted with water and extracted with ether. The ether layer was 
washed with water till neutraI, dried and the solvent removed to yield &nethoxydihydroisoal~- 
toIactonc (O-55 g), which was crystallixed from pet. ether. mp. 9&91’; [ab +78.0” (c, 4-O). 

IR bands at: 1770 c/-Iactone); 1660, 895 (unconjugatcd >C-CH,); 1470. 1380, 1315, 122& 
1180, 1140, 1110, 1010, 990, 975, 960,905 and 73Qan-I. NMR signals at: 5.22. 552 (>C=CH, 
at C-4); 5-35-568 (H-8, m); 6.29-648 (-CH, of --C&OMe); 6.6s (--OMc) and 9.15 (C-IO Me)r. 
(Found: C. 73.02; H, 9.18. C&,.0, requires: C. 72.69; H, 9.lS%.) 

LAH r&don of ~chzhydroalantoklc~one (IV). A soln of the Iactonc (144 g) in dry #ha (250 ml) 
was added gradually to a solo of LAH (7.21 g) in dry ether (150 ml) at the room temp under stirring 
during I) hr. After additional stirring for 6 hr at the same tunp the reaction mixture was workal up 
to yield VIII (13.5 g), which was crystahizd from pet. ether, m.p. 11&111”, [a]n -384” (c, 485). 
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IR bands at: 3180.2900, 1470, 1385. 1335, 1220,1165, 1090, 1080.1050,902 and 875 an-‘. NMR 
signals at: 4.82 (2H; H of --OH and H of -OH); 5.986.18 (H-8, m); 642676 (W of 
-C&OH); 888, 902, 912 (c4 Me; C-10 MC aod C-11 Me)r. (Found: C, 75.01; H, 1168. 
Cak. for C,,H,,O,: C, 74.95; H, 11*740/,) 

Conrrollnl LAH reduction of IV and preparation of 8B_h~&oxy&sman (IX). The 1~ IV 
(lOg)dissolvadindryetha(300ml)~reducadbygodualadditi~of9n~rrolnofLAH 
(04 mole, 1 g of 60°n under cooling (- 10’) during 14 hr. The reaction mixture was stirred for 
3 hr at - 10” and for another 3 hr a1 the room temp. It was that worked up to give a solid (9 g). 
Its TLC showed it to be a mixture of the unructed IV, the lactol VII and the dial VIII. It was 
dissolved in freshly distilled dicthylcne giycol(90 ml); hydrazinc hydrate (22.5 ml) and KOH pellets 
(9 g) were introducsd. The contenta wan heated at lW150“ for 6 hr. After cooling, the prduct 
was diluted with WBICT and extracted with ether to yield a material (7 g) which was chromatographal 
over alumina (grade III; 150 3. The pet. ether &ate consisted of the pure (GLC/TLC) IX (3 g) 
atxl the ether duate yielded the pure (TLC). diol VIII (3 g). The unrcacted lactonc IV was recovered 
from the alkalian extract of the reacticn product. The mono1 IX was aystallimd from pet. ether, 
m.p. 6667”; [a]n f0”. 

IR bands at: 3440. 2900. 1480, 1395, 1245. 1220, 1175, 1165. 1125. 1045, 1032. 1005,988. 975. 
948.938. 902.865.845 and 725 cm-‘. 

NMR signals at: 5.88-602 (H-8, m). 8.95 (C-10 CH3,9.02,9.12 
( 

C 

C-4 Me and -H 

Y) 

T. 
MC 

(Found: C. 80.95; H, 1261. C,,H”O requires: C, 8029; H, 12.58%) 
Dfol VIII was crystalhxcd from pet. ether, mp. 110111’. [z)D -848” (c, 35). (Found: C, 

7508; H, 11.83. Calc for Ci,H”O,: C, 74.95; Ii, 11.74%) IR and NMR spcntra are identical 
with those of an authentic sampk. 

Preparation of the seOtwwne 84etoen&.man (X). The mono1 IX (2 g) was dissolved in acetooa 
(20 ml) and Jones’ reagent wazr added gradually till a pamancnt brown colour PaJistui. Tba mixture 
wsskcptattheroomtampfor2hrandworlredupto~vcaLiquid(1~9g),purifiedbypassirrgthrough 
gr. II alumina The pure (GLC/TLC) X, had b.p. 160” (bath)/O*8 mm, [a)D -21.33’ (c, 3.5). 

IR bands at: 1704(>G--o); 1418 (-Cl&); 1460,1379,1361,1295,1279,1212,1163. 1064, 
990.980.952,926 and 855 cm-‘. 

NMR signaB at: 898, 8.95. 9.00 and 912 
( 

MO 
C-4, Me; C-10 Me and -H 

<) 

7. (Found: 
MO 

C, 8208; H, 1206. Cak. for C,,H,,O: C, 8162; Ii, 11*71’/,) 
II formed a semicarbazoae, crystalhA from EtOH, m.p. 207-208”. (Found: C, 6890; H, 1040; 

N, 1550. Cak. for Ci,H,,ON,: C. 68.77; H, 1046; N, 15040/,) 
LAH reductbn of X. The ketone (057 g) in dry et&r (25 ml) was added dropwise to a soln of 

LAH(~?g)indryctha(~O)withstirringatO”duringlhr. Thcreactioomixturewasthut 
brought to the mom tcmp and then rdluxed for 7 hr. On working up, it yielded the pum (GLC/ELC) 
monol D(, m.p. 66-67”. tutdepressed with an authentic sample. 

NaBH, reduction of X. The ketone (O+S g) d&Ned in MeOH (15 ml), was treatal with NaBI& 
(01 g) at tbc room tanp and wa.~ stirred for 3 hr at the same temp. Dilution with water and working 
up gave the pure (GLC/TLC) white crystalline mono1 1X(049 g). m.p. 6667”. undeprsssad with an 
authentic sample. 

Prepurutbn of (Ir-lryloxyeudesmun (XIII). To a soln of X (016 g) in o-propanol(20 ml), freshly 
cut Na piazes (0.2 g) were added rapidly so as to keep a vigorous reaction which was maintained 
afterwards by heating till all the Na d&appeared (-3 hr). The -ion mixture was cookd. diluted 
withwatcr(l5Oml)andc.xtractcdwithcthcr. ThecthcratractwaJwashcdneutmlwithbrinc,dricd 
and the solvent evaporated to afford a pure (GLCITLC) white solid, XIII. aystalihd from pet. c&r 
and sublimed, m.p. 105-106°. [u]D +4208” (c. 2.4). IR ban& at: 3200, 2900. 1475, 1395. 1050, 
930 and 730 cm-i. c 

NMR signals at: 6.326.65 (H-8 m); 902 (C-10 Me), 910.9.20 
( 

C-4 Me and -H 
Y) 

T. 
MC 

(Found: C, 8085; H, 1273. C,,HuO requires: C, W29; Ii, 1258x.) 
Prqmrution of the ox& 0. The diol VIII (044 g) in dry toluene (25 ml) and ptolucnmul- 

phonic acid (55 mg) was rctluxed at 140-145” for 2 hr. The product was cooled. washed with water 
till neutral and solvent removed under vacuum IO give a liquid (04 g) which was chromatograpbed 
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on ahunina (gr. III; 10 g). Tbe pet. ether duatc comistai of the pure (GE/TLC) oxide XIV (033 g), 
b.p. MO”/4 mm, [U]D - 16.82” (c. 16). 

IR ban& at: 2900. 1460. 1390 and 104Oct+. (Found: C, 81a; H, 11.94. C&L for 
CI,H-0:C. 81.02; Ii, 11.79%) 

civomlc acid oxidrrrion of rL oti XIV. The oxide (@lS @ in AcOH (15 ml) was treated with 
CtO, (02 g) at 1s” and kept at the room tanp for 36 hr. It was dilutal with wata and extracted with 
ether. The ether layer we washed with water, Na,CO,aq and finally with water till neutral. Removal 
ofsolventfurnishadamataial(01g)whichws,~tographadonrlumina(gr.H1; 3g)andtbc 
crude lactone (24 mg). mp. 134-137”. crystallizui from pet. ether to give the pure (TLC) IV. xup. 
141-143”. undcpruscd with an authentic sampk; [& +10.65” (c, l-3). (Found: C, 76.02; H, 
l&38. talc. for C,,H,,O,: C. 76.20; H, 1@24%.) IR and NMR spectra arc i&n&al with those d 
an authentic sample. 

Oxidorion of the &I WI1 with Jones’ reqent. The diol(S.28 g), dissolved in acetone (SO ml) way 
treated with Jones’ reagent till a pamancnt brown colour persisted. It was kept at the rmrn tanp 
for 1 hr and on working up gave a mixtum (4.2 g) of IV and the unrested VIII in the neutml port&t 
and XV (087 g) in the acidic part. The XV was crystallized from aqucocu MeOH, m.p. ID-lSY, 
[a]D iOW’ (c, 25). IR bands at: 3200 (broad), 2900, 1715, 1460. 1390. 1230. 1120. 1035 and 
970 cm-‘. 

Wol/-Ki.&er re&fion oft/se krfo acid (XV). The keto acid (071 g) dissolved in freshly distilkd 
diethykne glycol(8 ml), hydrazinc hydrate (2 ml) and KOH pellets (O-7 g) were rdluxal at 14&1W 
for3hrandthcnat1!&20Yfor3hruxxkzNs. It~coolcd.dilutsdwithwataamlutract~dwich 
ether. Tlz aqueous layer on acidScation and atraction with ether. fumisbed the acid (@12 g) which 
was converted into its Me ester by diazomcthanc and purifkd by passing through alumina (gr. II). 
The purr (GLCM XVIb had b.p. 140” (bath)/08 mm, [a]D t 19.86” (c, 2.78). 

IR bands at: 2900, 1730. 1453. 1379, 13S3. 12S8. 1212, 1159, 1107 and 1017c~n-~. (Found: 
C, 76.17; H, 1@85. CI.bO, nquircs: C. 76.14; H, 11.18~~) 

Leud tclraocelatc oxidolion of the seIinanone 0. A soln of X (@S g, and kad tetraacuatc (@5) 
in AcOH (20 mI) was rdluxed for 4 hr under N, with stirring. It wu diluted with an cxcus of water 
and extractal with ether. The ether am was washai thoroughly with water, NaHC0.q and 
finally with water, dried and solvent removed to furnish a tiua liquid (@S g). It was plriabd by 
chromatography on silica gel (20 g) and duted successively with pet. ether, pet. etha-AcOEt (5.7.10 
and 2O.A mixture and ether. The pet. ctbcr (7%) AcOEt duate consistal of pum (TLC) XXII 
(015 g). b.p. 145’ (bath)/005 mm. 

IR bands at: 1740.1253 (sxtatc); 1480, 1470, 1370, 1290.1198, lOS8.1029 and 1015 an-l. 
e 

NMR si@ at: 7.9s (acetate); 8.95 (Cl0 Me); 9-18 
( 

C-4 Me and -H 

C, 72.31; H, 9.92. C,,H-0, require;: C.72.82; H. loOa’/,) 
0 

T. (Found: 
MC 

Furfuryllidrru dmimtltv of 8-kctoa&swmm (X). A sampk of rhe ketone (3.5 g) was dblvbd in 
McOH (300 ml), 33 % NaOHaq (60 ml) was added to the cuolcd aoln, followal by freshly d&ill& 
ftufural(l0 ml). After 24 hr at the room tanp under N,, the crystalline ppt was separated and washed 
with ~XCWS McOH (IS ‘4. A&H (So%) and fiaplly with water until the tiltrate was neutral to litmus. 
It was crystallizd from MeOH, m.p. 102-104°. & 325 w (a 14,660). 

IR bands at: 1680 (conjugated >C-O); 1660, 1592. 1538. 1449. 1370. 12S3. 1190. 1163, 1066, 
1015.970.926. 885,810 and 735 an-‘. (Found: C, 8034; H, 978. C&.,0, requires: C, 79.95; 

I-& 9.39 %) 
WolfiKishr reuiurlon of XXIII. The kcto-futfwylidenc daiv (2 g) disolval in freshly discilkd 

dicthylcnc glycol(20 ml). hydrazinc hydrate (5 ml) and KOH pellets (2 g) wae luatal at 14&1W 
for 3 hr under N, and then at 18G190” for another 3 hr. It was mkd, diluted with mta and 
cxtractcdwithcther. nKdhalayawaswathddfracof~i.driadaodcrharemovadtof~ 
XXIV, as a solid (1.6 s>, aystallizd from MeOH. m.p. 88-W I-. 325 v (6 1460). (Fouad: 
C. 8364; H. 1040. C&i,,0 requires: C, 83.86; H, 1056yw) 

Ozono~ysirofXXIV. AsoloofXXIV(1.2g)iachf(uml)wuozonizsdat0”for2hr. chfwas 
removed unda vacuum and the residual ozonidc wu heated with water (20 ml) for 2 hr and atract& 
with ether. The ether extract was separated into acidic and neutral portions by treatment with N&O,. 
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The nartral put was pur%al by chromatogmphy on grade II alumina. The pure (GLC/I-LC) XX 
had b.p. 140” (bath)/W mm, [a]n + 15.73” (c, 1.78). 

IR bands at: 1704 (>M), 1420 (-COCH,); 1379, and 137Ocm-I. NMR signala at 7.35, 
MC 

750 (2H of C-8); 8.73 (C-10; Me), 9a (C-4 Me) and 9.02,9*15 

( 

d due to -H 

Q 

T. (Found: 
C, 81.47; H, 1293. Calc for c&.0: C, 81.02; H, 11*790/) MC 

LAH dudon of dlhya’roisoalantok~onc (III). A sola of the lactow (l-34 g) in dry ether (SO ml) 
wasaddeddropwiretoasolnofLAH(~8Sg) indryether(SOml)atthcroomtanpunda&ring 
during 4S min. After additional stirring for 4 hr at the same temp. the reaction mixture wzu treated 
to yield the pure (TLC) XXVI (1+2g), crystallizal from pet. ether, m.p. 130-131”. [& +29.4” 
(c. 3.33). 

IR bands at: 3125,1088,1OSS and 1030 (--OH); 1660,890 and 880 (iC=CH,) an-l. 
NMR mignala at: 4.65 (ZH, d; H of -OH and H of -OH; after D,O exchange ti doubkt 

disappeara). 5.33, 5.55 (>C-CH,); 6.05 (H-8, m centred at); 6-S. 6-65 (2H, d of -CH,OH); 
99 and 9.10 (Cl0 Me and C-l 1 Me)r. (Found: C, 7S.58; H, 11.18. Cak. for C,,H,,O,: C, 755; 
Y ll.o%.) 

ControUui LAH reakrbn of III and rheprqmm/ion of 8S_hyaVoxye&sm4(14)-ene. The lactonc 
m(12g,dirsolvcdiadryether(400ml)wruraduadbygndualadditionofanahaealsolnofLAH 
(~4mok,154gofS43°~undcraAng(-10”)duringl~hr. Theructiontiturcwasstirrulfor 
2) hr at -10” and for another hr at tha room temp. It was then worked up to give a solid (113. 
ItsTU=showadittokamixturaofunnactbdm,lPctolXXVandIhadiolXXVI. Thiamixtura 
dissolved in freshly distilled dicthyleae glycol(ll0 ml), hydrazinc hydrate (27.5 ml) and KOH pdlcts 
(11 g) was heated at 14&1SOO” under N, for 4 hr. After cooling, it was diluted with water and cxtmc!od 
with othcs to yield a material (8 g), which was chrnmatographcd on alumina (gr. III; 2OOg). The 
~ecbadrrrteco~ofthepure(GLC~XXW~dthoctbaeluPte~dedthepurc~ 
diol XXVI. The unrested lactonc III was mvaed from the alkaline extract of the reaction product. 
Tbu mono1 XXVII was crystaUiz.cd from pet. et&r and further purified by sublimation, m.p. SO-Y’; 
[a)D +&92” (c, 4.13). IR banda at: 3820, 1060, 104s and 102S (AM), 166s. 8%. 868 and 846 

c( 

MO 

(>cIGHJ; 1398 and 1382 

( ) 
-H an-‘. 

MO 

NMR signals at: 5.29, 948 (2H, d; >w; 582-598 (H-8 m), 898, 9M (Cl0 Me, 
Me 

-H 

CU 

T. (Found: C, 8@34; H, 1153. C&i,,0 mquirec C, 81.02; H, 11*790/,) The 
MC 

dial XXVI wu w from pet. ether, m.p. 130-131”. w with that of ao l utbcntic 
sample, [ab +2&S” (c, 4.12). IR and NMR spectra am identical. 

PW/#ururw, o/&&ero&e~l4~ (XXVIU). The mono1 XXVII (021 g) disbolvcd in -one 
(Sml)andJom’ra@wnsaddedgmdurllytilla pcrmamnt brown cdour par&&l. The raction 
product was kept at the room tamp for i hr and workai up to givo a liquid (02 g), puritkd by passing 
through al& (gr. II). The pum (GLCJIZC) XXVIII, had b.p. 11s’ (bath)/004 mm, [c& i22.57” 
e, 266). IR bands at: 1704 (>M); 1660, 89s (>w; 1418 (ATOG&); 1470, 1450. 
1393, 1379, 12.22. 1202, 1070,885 and 870 an-‘. 

NMR tie at: S-18, 54s (>C=CH.); 7.8s (3H; H-7 and 2H of C9); 8.97, 990 (d), 9.08, 
MC 

9-1s (d) -HqM, 
( ) 

; 9.30 (Cl0 Me) T. (Found: C, 81.34; H, l&72 C,,H,O requires: C, 81.76; 

Y 1@98%.) 
It fd a mnc daiv, uystallizbd from MeOH, m.p. 219-220”. (Fmd: C. 68.69; 

H, 9.99; N, 1501. CJi,,ON, mquircs: C. 6927; H, 9.81; N, lS*IS%.) 
hpmwon of sr-h_jdmxjdesm-W4~ne WXQ9. T oasolnofXXVIII(D2Sg)inn-propnnol 

(25 ml), freshly cut Na plaza (@3 gI wre added mpidly eo as to keep a vigorous reaction which was 
maintained allawards by hating till all the Na disapparrod (-3 hr). The reaction mixture was 
work& up as before to afford pure (GLCWC) XXIX ti a white solid, crystallized from pet. ether 
and sublimed, m.p. 78-80”; [z]D +6S*6” (c. 2% 

IR bands at: 33S0, 1060.104S. 1020 (-OH); 1660,890.870 (>C=CH& 1480,146O. 1390. 
1265. 1220 and 99s cm-‘. 
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NMR signals at: 528, S.S2 (2H, d; >w; 582-598 (H-8, m); 9.09 (C-10 Me); c98.918. 

9.27 (6H,-H<rl) T. (Found: C. 80-67; H, 11.82. f&H,,0 rquiru: C, 81-02; H, U-79’/,) 

Hydrobvrarion of a2hydroisodanto&ctone (III’). Through P dn of the lactom (5 @ dissohd in 

dryTHF(l7Sml)diborancgac~~wsspasssdat0”forl)hrcmdthenforfurthalhrattbc 
rmrn tanp. The diboram gas was e separately by adding &wiy a soln of NaBH, (7 g) in 
pure freshly distilled diglm (7s ml) to a mixture of freshly distilled BF,. etbceate (SO ml). N was 
usedastlucWriu gas Excess of diboraoe in tbc &on tlask wan decomposed by adding smrll 
picccsofice. ThertectionnLxturcwaskcptinadccpfrccz.cfor24hr. Itwastha~cookdintbeicc 
bath, 5 % KOH (SO ml) was added followai by slow addition of I&O, (60 ml; 30.4. The reaction 
product was then kept overnight at the room temp. Since in the p’csmoe of alkali, the lactonc ring 
was hydrolyscd, it was acidified with HCI (1: 1) to rqcncrate the lactonc, diluted with water and 
atrecd with sufficient amount of ether. The ctha atmct was washed till neutral and drial. 
Removal of the solvent gave XXX (4 g), aystallizzd from McOH, m.p. 193-194’. [a]~ +1545” 
(c. 3.65). IR bands at: 3500, 1087, 1036, 1013 (4H); 1770 (y-tactone). 1471. 1379, 1282. 1266. 
1205, 1176. 1160. 1087, %S, 952.93Q892.870, 800.738 and 719an ‘. 

NMR sign& at: S-42-5.63 (H-8, m); 6.29, 640 (2H, d of --CH,OH); 7.08-7.30 (H-7 m); 
8.10 (1H of --CH,OH which vanishes aft= D.0 achange); 8.75, 8.88 (d, C-11 Me, J = 7c/s); 
9.12 (C-10 Me) T. (Found: C, 71.76; H. 9.73. C,,H,,O, rquirca: C. 71.39; H, 9*59%.) 

Oxiaizrion of rhe hydroxy-locrone XXX with Jones’ reqqent. To the hydroxy-lactose (054 g) 
dissolved in acetone (20 ml) was added dropwise a soln of Jones’ reagent (3 ml) during 10 min at the 
room temp. kept for further 1 hr at tbc same temp. Tbc product was diluted with water and atractcd 
with ether. The aha layer w(u separated into acidic and neutral parts by washing with Na,CO,aq. 
The alkaline atract was acidifiad with HCl(1: 1) and atrxtcd with ether to yickl XXXl as a white 
crystalline material. aystallizod from MeOH, m.p. 217-218”. [a]D $42” (c. 35). IR bands at: 3280, 
1690 (-COOH); 1770 (y-lactonc); 1449. 1408. 1374. 1282. 12S0, 1166, 1121. 1081, 1012,%S. 950. 
875. 865. 810, 7% and 753 cm-‘. (Found: C. 67.92; H, 8.38. CI,H,,O, requires: C, 6764; H, 
8.33 72.) 


