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Abstract -Dihydrosclincnc (VII), obtained by the pyrolysis of dihydrocudcsmol benzoate (VI) on 
hydroboration-oxidation yields tctrahydrocostol (VIII. R - CH,OH). The lead teuaacctate oxida- 
tion of VIII gives an oxide (IX) which on purifmtion and oxidation with chromic acid in aatic acid 
affords santanolidc ‘C. By a similar series of reactions I-/Lhydroxycudcsmol (XIV) prepared by 
LAH reduction of cudcsman-l-one (XIII) gives tctrahydroalantalactonc (IV) and the tactone of 
8-/I-hydroxycudcsman-IS-oic acid (V), in which the lactone V predominates. The dihydrojunenonc 
mixture (XVI), obtained in our earlier work.iO on equilibration with alkali followed by cxtensivt 
chromatography, affords pure dihydrojuncnonc (XVII). The stereochemistry of the various products 
has been discussed. 

OXIDATION of aliphatic alcohols with lead tetraacetatc has been investigated’ and its 
use in the bicyclic system* as well as in the steroid seriess investigated. The application 
of this oxidation to terpene and nonterpene alcohols; has led to the conversion of 
elcmol to tetrahydrosaussurea lactone r6 I-r-5_adihydroguaiol(l) to la-5z-hexahydro- 
dehydrocostus lactonc” (II) and to some novel longifolane derivatives.’ In the present 
paper, the method is used for the synthesis of santanolide ‘C’ (III), tetrahydroalanta- 
lactone (IV) and the unusual lactone of S-p-hydroxyeudesman-15oic acid (V), starting 
from eudesmol. 
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Dihydrocudesmol bcnzoate (VI) on pyrolysis furnishes dihydroselinene (VII), 
which was found to be 98% pure by GLC analysis. On hydroboration-oxidatioa 
VII gives tetrahydrocostol (VIII, R = CH,OH) with identical IR spectrum and rota- 
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tion with that given in the literature. * The identity of this compound is further proved 
by converting it by Jones’ reagent to WrahydrocostaP (VIII, R = CHO) and tctra- 
hydrocostic acidW (VIII, R = COOH) respectively. This conversion further supports 
the structure and stereochemistry of costic acid (X), a natural product isolated from 
costus root oil.” Lead tetraacctate oxidation of VIII (R = CH,OH) gives a mixture 
of oxides in which IX predominates, as shown by TLC and GLC analysis. This oxide 
is obtained in the pure form by chromatography over grade I alumina and further 
purified by distillation. It has b.p. 110-120” (bath)/3 mm, [z]:.” +259”. On oxidation 
with chromic acid in acetic acid the oxide IX gives santanolide ‘C’ (III), identical in 
all respects with an authentic samp1e.O 

During the synthesis of selinane-8-one10 (I-keto eudesman) (XIII), we obtained 
in the hydroboration-oxidation reaction of the hydrocarbon XI an alcohol 8-a- 
hydroxyeudesman (XII), m.p. 107-108”. The NMR spectrum of this compound 
shows a proton on the carbon bearing the OH function at 6.4 7, thus suggesting the 
axial nature of this proton,” and consequently the a-equatorial nature of the secondary 
OH group. This is also in agreement with the mechanism of hydroboration-oxidation 
reaction of such a compound, where one should expect the introduction of the OH 
group from the less hindered a-side. However, when the ketone XIII, obtained either 
by the oxidation of the alcohol XII or through epoxidation etc. of the hydrocarbon 
X&lo is reduced with LAH, it gives the crystalline alcohol 8-B-hydroxycudesman 
(XIV), m.p. 57-58”. The NMR spectrum of this compound shows a proton on the 
Cs carbon bearing the OH at 5.9 7, thus showing the equatorial nature of the proton 
and consequently /?-axial nature of the OH group. The stereochemistry of XIV was 
confirmed chemically ia by synthesizing the same by an unambiguous method from 
tctrahydroalantalactone (IV) of known stereochemistryU as shown in Chart III. The 

b V. Benesova, V. Sykora. V. Herout and F. Sorm. Chem. & Ind. 363 (1958); Colt. Czeck. Chum. 
Comm. U, 2365 (19S9); * A. S. Bawd&r and G. R. Kclknr. Terruh&on 21,152l (1965); l K. R. 
Varma and S. C. Bhattacharyya. Ibid. 20.2927 (1964). 

e A. S. Rao. G. R. Kelkar and S. C. Bhattacharyya. Tetrahdron 9,275. (1960) 
I* G. D. Joshi. S. K. Paknikar, S. N. Kulkami and S. C. Bhattachatyya, Tetrahe&on 2% 1641(1966). 
1t N. S. Bhacca and D. H. Williams, Application of NMR S)ectroswpy in Organic Chmdrtry p. 77-84. 

Ho&n-Day, (1964). 
I9 M. M. Mchra. K. G. Dcshpandc. B. B. Ghatge and S. C. Bhattevzharyya, private communication. 
*’ J. A. Marshall and N. Cohen. J. Og. Char. 29.3727 (1964) 



XVI X/II 

(f) compound XII has also been described by 0gnjanov.l’ who prepared it by acid- 
catalyzed cyclization of germacrone. (XV), followed by hydrogenation and reduction 
with LAH. The m.p. of(&) XII showed no depression when mixed with the optically 
active compound prepared by the method described above. This proves the stere+ 
chemistry of OH as well as the ITUBS nature of the ring juncture of(&) XII of Ognjanov. 
The IR and the NMR spectra of the relevant products are also identical. 

The alcohol XIV has been converted to tetrahydroalantalactone (IV) and the 
lactone of 8-/Shydroxycudesman-lS-oic acid (V), as shown in Chart IV. 
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l We thank Dr. I. Ognjanov for a very gaurou supply of -ona. 
~1. Ognjamv, CR Ad. Scl.. Bulgr. U, 51 (1960). 
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The P-alcohol XIV on treatment with lead tetraacetate in benzene gives a mixture 
of two oxides XVIII and XIX in 30% yield. These on oxidation with chromic acid 
in acetic acid afford a mixture of two lactones IV and V, which were separated by 
chromatography. The major component was found to be the lactone of 8&hydroxy- 
eudesman-15oic acid (V), which is quite different in its IR and NMR spectrum when 
compared with the minor component tetrahydroalantalactone (IV). It has bp. 140”/ 
0.05 mm, [z]:: -69” (chf). Its IR spectrum (Fig. 1) shows a doublet at 136Ocm-’ 
and 1375 cm-i due to i-Pr grouping, and a lactonc at 1757 cm-l. 

The NMR spectrum (Fig. 2) shows a doublet at 5.41 7 due to the proton at C,, 
with J, 6.5 c/s. The C, proton shows a quartet at 7.79 T with JoI+,, 12 c/s, Jti+,, 
6.5 c/s. This is rather unexpted since the C8 proton forms the X-proton of the 
ABRX system in which the AB protons arc at Ce and the R proton is at C,. Accord- 
ingly one would expect the CA proton to consist of 8 lines and the AB portion also 
should show 8 lines. The NMR spectrum indicates that J,x (or J,& L= 0 and JI,x rr 
0. This indeed seems to be the case because the molecular models indicate that the CI 
proton makes an angle of approximately 80” with both C, a-proton and C, a-proton. 
Accordingly Jlh_oI and JH1._,. would be very small. 

The minor component has m.p. 144” and is found to be identical with tetrahydro- 
aIantaIactone as judged by mixed m.p. and identical IR spectrum (Fig. I). We have 
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been unable to isolate any epimer of tetrahydroisoalantalactone in which Cu Me 
group is a-oriented, though the formation of such a product may also bc anticipated. 

In our earlier paperlo we prepared the epoxide of hydrocarbon XI and subjected 
it to BF,-ethereate treatment (chart III). From the reaction mixture we could separate 
selinana8-one (XIII) through semicarbazone formation. The nonsemicarbazone 
forming ketone XVI was structurally identical with dihydrojuoenone (XVII) but 
epimerically not homogeneous, as it gave four peaks on GLC analysis, the major one 
constituting about 40% of dihydrojunenone as shown by comparative GLC analysis. 
Now this mixture on equilibration with alkali followed by intensive chromatography” 
gives pure (+) dihydrojunenone (XVII), [a]: +5*85” (chf). Its purity is further 
tested by GLC and TLC analysis and its IR spectrum is identical with an authentic 
sample of the same. This, therefore, constitutes a simple synthesis of dihydrojunenone. 

EXPERIMENTAL 

h4.p.a are m. Rotations were determined in chf solo. tight petrokum mfcra to fraction 
b.p. 6080”. II2 spectra were mcaaumd with Perk&Elmer (Model 137-b) infracord spcctrophotomctcr. 
GLC was done on polymtcr column. 

Dihy&osclinme VII wm prepamd according to the method of Varma and Bhatta&atyya.ti 
Hydnhwation of dihydro-seiinetu to tctrahydrocostol (VII, R - CH,OH). Diboranc gas was 

prepared by adding slowly NaBH, (5 g) in pure dig+ (U ml) to freshly distilkd BF&heratc 
(30 ml) in diglymc (30 ml). N, was ILA BS the carrier gas. The diborane gas was bubbled through a 
soln of dihydrosclimnc (6 g) in dry THF (SO ml) at 0” for 1 hr and then 1 hr at room temp. The 
reaction mixtum was kept overnight. The cxa~ of dibonnc was decompoeed by adding amall pkcca 
of ia. To this mixture was added 3N KOH (25 ml) followed by a slow addition of H.0, (25 ml; 
3OyJ and the mixture kept at room tcmp for 6 hr. The upper layer was separated and the aqucoua 
layer extra&d with ether. The combined ethereal extract was washed thoroughly with water, dried 
and solvent removed. Theresidue was chromatographcd anddistilkd to obtain pure tctrahydrocostol 
(4.5 g), bp. 14&1S@ (bath)/@1 mm; $ 1.49800; [a]:: + 13.78” (c, 3.12). GLC and TLC analysis 
showed it to be a ingk component. IR spa%rum indicated the presence of 4H grouping. Thr! 
above values agree with the literature vah.t&. (Found: C, 8@04; H, 12.82: CIIHUO requirea: 
C, 8@29; H, 12.580/,) 

Oxtition of tctrahpirocostol by Jones’ reqpt. Tetrahydmxtol was oxidized with Jones’ 
reagent in the usual manner. The oxidation product was extracted with ether, and washed with 
Na,COgq and then with water till neutral. The neutral part after removing the ether gave VIII 
(R - CHO), which was purifkd through scmicarbazonc m.p. 2OF(EtOH). undeprcsacd with an 
authentic sampk.W The aldehyde rcgzncratcd from the semicarbazonc had b.p. IZS-130’ (bath)/ 
@l mm; II: l-4925; [a): -I-13*22” (c. l-65). The bicarbonate soln on acidification gave MII 
(R - COOH). which was converted to its mthyl cute? and purilkd by chromatography and 
distillation. b.p. 135-1400 (bath)/O*l mm; n g 1.4850; [xg +2254O (c, 2.5). GLC and TLC in- 
dicated it to be single component. (Found: C, 76.65: H, 11.61. C,,H,,O, required: C, 76.14; H, 
ll.l8%.) 

Lrod tctrollccrute ox&&n&n of rerrah~stol. To a soln of tetrahydrocostol (3 g) in benam 
(SO ml), freshly prepared lead-tctraacetate (6 g) was added and the mixture was mfluxcd on a water 
bath with mcchanii stirring for 2 hr in N, atm. T~K reaction Rash was cookd, contenta Altcmd and 
washed with benmoe. The filtrate was extracted with ether. The ethereal extract was washed with 
Na,CO,aq and Anally with water till neutral and then drkd. The solvent was removed and the 
residue was nponifkd with alcoholic KOH (10%. 25 ml). The product obtaitud was chromato- 
graphed on alumina (gr. J’I, 78 g). The light pctrokum cluate furnished the oxide (1 g). GLC analysb 
indicated two peaks in the ratio of 25:75. This mixture was rechromatographed on neutral alumina 
(gr. I, 50 g) and 25 x S ml fractions were collazted. On the basis of GLC and TIC analysis, similar 
fractions were mixed and distilkd to furnish a pure lX (0.6 g). b.p. 1 I&luP (bath)/3 m; nz 

‘@ D. W. Theobald, Tetruhedion 20,293 (1964). 
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1.4940; [age’- 25.96” (c. 4.28). IR spectrum showed band at 1020 an-’ for an oxide. CFOUXI: 
C, 81.70; H, ll*%. C,,HWO requirea: C. 81.02; H. 11.79x.) 

Chromic acid oxidarion of the oxide DC. The ox& (045 g) in AcOH (15 ml) was treated with 
chromic acid (055 g) in water (3 ml) at 0” during 10 min with occasional shaking and kept at that 
tanp for 2 hr; then at the room tcmp for 48 hr. The reaction mixture was pound into cold water, 
exrractcd with ether. washed suuzssi vcly with water, 10% Na,CO,aq. again with water and dried. 
On removing the solvent the residue was saponifkd with alcoholic KOH (I2 ml). rcfluxcd for 1 hr. 
diluted with water and extracted with ether. The aqueous layer was aciditkd with HCkq. and 
heated on water bath for 10 min. cooled and extracted with ether. The ethereal layer was thoroughly 
washed with Na,CO,aq, water; dried and solvent evaporated. The santanolidc ‘C was obtained by 
preparative TLC and on crystallization gave the pure III m.p. 152-153”. mixed m.p. with an authentic 
sample was undeprcs&. II2 spectrum was supczimposabk with an authentic spectrum (Found: 
C, 76.63; H. 1054, C,,H,O,requirea: C. 76.22; H, l@24%.) 

Prepafion of sellnmw-l-one (E&esn~~-S-ot~) (XUI). This ketone was isoatcd as per OUT p’b 
vious paper.‘* 

LAH redrrction of e~&sma&-one to I-j?-hydroxyu&muln (XIV). To the stirring mixture of 
LAH (@75 g) in dry ether (100 ml) was added dropwise XIII (5 g) in dry ether (SO ml) at 0” during 
li hr. The mixture was rclluxcd for 5 hrs then decomposed carefully with moist ether and Wered. 
The filtrate was extracted with ether, washed thoroughly with Na,CO,aq, water and dried. Evaporp- 
tion of solvent gave a residue (4 g). This was chrotnatogmphed over alumina (6. III, 120 3. Light 
petrokum-bcnzcne (1: 2) eluatc gave XIV (3.2 g). Purity of the product was tested by TLC analysis. 
IR spcct~ indicated the presence of --OH grouping, m.p. 58-59”; [z]: f0”. (Found: C, 8@9S; 
H, 12.61. C,,H,O requires: C. 8@29; H, 12+8%.) 

8-a-h~~frox~~~fe~mu~1 (XII). This was prepared by the hydroboration+xidation of the hydro- 
carbon XI as given in our previous paper.‘@ 

Isomerizarbn of gcrmacrone with sulphurlc acid. 11 Gcrmacronc (5.5 g) was ad&d to a soln of 
cone H,SO, (2.5 ml, d. 1.84) in EtOH (10 ml) and the reaction mixture heated at W for 4 hr. Tho 
w8nn soln was poured into water (50 ml), the product extracted with ether. washed with Na,CO,aq 
and water till neutral, then the solvent was corxzntratcd and a residue (4.9 g. yellow liquid) was 
fractionated into 3 main fractions. The middle fraction (2.1 g) b.p. M-133*/3 mm; ng l-5275. was 
used. 

Hya+emtion of rhe mkfdfe frac:ion. A soln of the above fraction (2.1 g) in AcQH (15 ml) was 
hydrogenated with Adams catalyst (SO mg) for 17 hr when 500 ml H, gas was absorbed. The reaction 
mixture was filtered and the Altratc diluted with water and extracted with ether. After washing the 
ethereal layer with Na,CQaq and water, it was dried over Na,SO,. The residue (2 g) obtained on 
removal of solvent indicated by IR spectrum absorption bands due to OH and CO groups. GLC 
and TLC analysis indicated 2 compounds. 

W H reduction of the abovepr&ct to (+) &a-hydoxyeudcrmrm (XIV’). TO the stirring mixture of 
LAH (03 g) in dry ether (100 ml) was added the above hydrogenated compound (2 g) in dry ether 
(50 ml) dropwise at 0” in 14 hr. The stirred mixture was rcfluxed for S hr and worked up in the usual 
manner. The crude product (1.S g) was cr+lizzd from EtOH to give XIV, m.p. 105-106°. The 
mixed m.p. with 8-a-hydroxycudaman (from eudcsmol) was undcpruscd. 

Lead tetraacetate oxtirion of 8-/?-hydroxyeudesman (XIV). A mixture of 8-&hydroxycu&zsman 
(2.5 g) and freshly prepared lead tetraacetatc (7 g) in anhydrous benzene (100 ml) was stirred and 
refluxcd on a water bath for 24 hr in the atm of N,. It was worked up as described for IX. The mix- 
ture of oxides (1.22 g) was passed oxr alumina (gr. I, SO g) and elutcd with light pctrokum to yield 
the mixture of oxides (@6 g). TLC and GLC analysis showed 2 compounds. IR spectrum showed a 
band at 1020 cm-’ for the oxide. 

Chromic acid oxiabtion of the ox&&s to lactones Iv and V. This oxide mixture (@67 g) was oxidized 
by chromic acid (0.66 g) diuolvcd in water (2 ml) and ACOH (20 ml). The mixture was stirred and 
heated on a water bath for 24 hr; cooled and MeOH (3 ml) ad&d. After dilution with water (100 ml) 
the mixture was extratied with ether and the ethereal extract was washed with Na,CO,aq and water. 
The residue obtained after removal of solvent was saponifkd by rcfluxing with alcoholic KOH 
(15 ml, 10%. 3 hr). The alcohol was removed and the residue diluted with water (20 ml) and extracted 
with ether. The aqueous solo on acidifkation gave a virous material (@5 g). TLC of the above mix- 
ture indicated 4 spots; two of which comsponded to the two oxides (kss polar) and two tiones IV 



1992 G. D. Josm, M. V. KADIVAL, S. N. KUIXARNI and S. C. BIIAITACHARYYA 

and V. One of the lactonc rpots corrapondcd to tctrahydroalantalactooc. The mixture waschroma- 
tographed over silica gel (I : 30)and elutcd first with light pctrokum to remove unrcactcd ox&a. Light 
pctrokum-benzene (I : 1) elution gave a pure lactonc V[a](d -69’(c.2@). (Found: C, 76.21. H. 
10.37; C,,H,,O, requires: C, 76.20; H, lQ24%.) Further elution with bcnzcnc-cthcr (2:l 
gave tctrahydroalantalactonc. m.p. 144” (MeOH); mixed m.p. with authentic sample showed no de- 
pression; IR spectrum is superimposable with that of the authentic sample. 

Pu+cntion of dihydrojwwwnc mixture ID (XVI). The ketone mixture (XVI) which did not form 
a oemicarbazone was purified by the procedure described by Theobald.” 
A solution of the ketone (2.7 g), KOH (I8 g) in EtOH (180 ml) and water (36 ml) was kept under N, 
in the dark at 20” for 48 hr. Dilution with water and extraction with ether gave the product (2 g) 
which was chromatographcd over alumina (gr. II. S5Og). Elution with light petroleum-benzene 
(2: 1; 250 ml) gave a nearly pure fraction. This was further purified by rcchromatography over 
alumina (gr. II. 80 g). Elution with light petroleum -benzene (6: 1.20 >: 2S ml) yielded a ketone, I I 
to 16 fractions of which were found to be pure by GLC and TLC analysis. The IR spectrum indicated 
bands at 1709 cm I for CO. [a]:” i- 5.85’ (c, 1.88). 


