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Abstract-The ht0r fraction of costus root oil is an intimate mixture of several alcohols. The 
prcscxe of “true” costol (I) has been proved by convction to crystalline costic acid (Ib), the methyl 
ester of which on reduction with LAH-AICI, gives pure cost01 of high rotation. The tertiary alcohol. 
clcmol (IV) has been idcntifiid as another constituent of the mixture. 

Cosrus oil from the roots of Suursurea lappa, Clarke, contains several sesquiterpene 
alcohols.’ Sorm er al. isolated an alcohol. costol, from this mixture and assigned to it 
the stercostructure I on the basis of spectral and chemical evidences 

We have re-examined the alcohol fraction of costus root oil and obtained material 
with comparable properties to Sorm’s costol and found it to be a mixture of at least 
three major components (two in equal proportion). In spite of rigorous purification 
(Experimental) we have been unable to separate this intimate mixture of alcohols 
(henceforth referred to as “costol”) into pure substances. 

‘Costol’ does not form any of the conventional solid derivatives. The aldehyde 
‘costal’ obtainable in good yield by oxidation of ‘costol’ shows two peaks in GLC. 
Its semicarbazone (m.p. 218”) on decompositiona under mild conditions also yields 
a product containing two components. 

The structure and stereochemistry of costic acid‘ (Ib), which we elucidated at the 
same time, suggested a structural relationship between ‘costol’ and this acid. 

A primary alcohol (GLC pure) which was true cost01 (I) was prepared from 
methyl costate (Ic) by reduction with LAH-AR& and compared with ‘costol’ by 
GLC analysis. It was found that ‘costol’ contains one component corresponding to 
this alcohol. The aldehyde, costal (Ia), derived from this alcohol gives a semicarbazone 
(m.p. 223”). A mixed m.p. with the semicarbazone of the aldehyde ‘costal’ (m.p. 218”) 
from ‘costol’ showed a slight depression (2150) suggesting that the aldehyde from 
‘costol’ may be a mixture of closely related compounds. 

The aldehydes and semicarbazones from both the series show a$-unsaturation 
(UV) and hence the present alcohols should be allylic. 

True costal (Ia) from methyl costate (Ic) furnishes selinane (II) due to hydrogen- 
olysis during hydrogenation. ‘Costol’ under similar conditions, however, gives a 
similar hydrocarbon but somewhat different from &inane in properties. 

These observations show that ‘costol’ is a mixture of alcohols, one of which (40x, 
GLC) is true costol (I). 
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This conclusion is confirmed by the fact that ‘costol’ on further oxidation with 
silver oxidP furnishes crystalline costic acid (Ib) together with another acid which is 
not yet identified. 

Further, during oxidation by Jones’ reagent a substantial quantity of ‘cost01 
remained unoxidized. This fraction, (3 components at least by GLC and TLC), on 
further processing has yielded elemol’ (IV) as one of the components. The other 
alcohols have not been identified. 
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EXPERIMENTAL 

AU m.ps and b.ps are uxor~~cd. Spa%c rotations m dctcmGncd in chfsoln unks othcrwi~ 
stated. uvspaxmwcrc ~inEtOH(9S~)solnwithaBcckman Model DK-2 ratio recording 
rpa.%rophotomcter. IR spectra were taken with the P&in-E&r (Model 137b). Infraaxd qxctro- 
photometer. GLC analyses were carried out using at least two stationary phases employing a Gri5n 
MK-II model and Perk&Elmer analyscr. NMR spectra were mtarured with a Varian A-60 wo- 
meter operating at 60 mc with TMS as internal refcrcncc. 

Isohfion of ‘costor 

Partially delactonizzd acid-free costus root oil (355 g) was fractionated under roduad press using 
an 8’ Vigrcaux column. Fraction. b.p. loO_130”/@2 mm (130 g) was aaaponifled by rclluxing with 
alcoholic KOH (200 ml; 10%) for 8 hr. The neutral (95 g) and lactonic constituents were k&tad 
in the usual way. The neutral product (3% g) from several expcrimcnt.s was chromatographed on 
neutral alumina (grade II; 5.0 kg) and bulk fractions were colkctul. using difTercnt elucnts: pet. ether 
(185 g); benzene (20 g); ether (115 g) and MeOH (20 g). Ether and McOH elu~cd fractions were 
combined (135 g) and frsctionated: Fraction 1. b.p. SS-110”/0.3 mm (17 g) and Faction 2, b.p. 
1 l&U”/@3 mm (80 g). The higher boiling residue (33 g) was preserved. Fraction 2 (U g) was 
chromatographcd on neutral alumina (grade II; SO0 g) and elutcd with pet. ether, pet. ether-be-, 
benzenqethcr and MeOH. Thefractions cluted with ether and McOH werecomposed only of alcohols 
(IR). Alcohol-rich fractions (22 g)wcre rcchromatographcd on neutral alumina (grade II; 2.2 kg) and 
elutcd with pcr.ethcr, pct.ethcr-bc~e (1: 1),bcnzzne,bcnzertbether(l: l),cther,cthcr-McOH (1: 1) 
andMeOH. Fif~yfractionsofS0mleachwcrecolkctcd. Fractiom1,8,15,24,38andSOwerccxamined 
by GLC and each fraction had a similar pattern, showing two prominent peaks and two minor onea. 
Fractions, 24-SO were mixed together and distilled under reduced press, b.p. 140°/(bath)/05mm 
(l@S s); nz lsS132; [ZJD +6.7” (c, 4.2). IR bands a1 33SO. 1020. 1640 and 887~~I. (Found: 
C, 81.8; H, 11.4. C,,H,,O requires: C, 81.76; H. 11*98~W) This product corresponded to Sonn’s 
'COStOl'. 

Oxldotiun of ‘costor 

(a) Wirh ucrfwred MnO,. A mixture of ‘costol’ (2 g) dissolved in chf (200 ml) and freshly pm- 
pared, activated MnO, (20 g) was m&anically shaken at the room temp for 24 hr. MnO, was 
filtered off and the filtrate evaporated, when an oil (1.9 g) was obtained, b.p. 1800 @ath)/S mm; 
ng l-4990. 

b J. Pudks, A. Diara and E. Lederer. Bull. Sot. Chim. rt. 693 (19S9). 
‘ S. K. Paknikar and S. C. Bhattacharyya. Terrohedion 18,1SO!J (1962); T. 0. HalsaIl, D. W. TbcoUd 

and K. B. Walshaw. 1. Chem. .Qc. 1029 (1964). 
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(b) Wfth Jonu’ chromic odd reqent. ‘Costol’ (2 g), dissolved in acetone (15 ml) was oxidized 
with the requisite quantity of Jones’ chromic acid rcaet at 0”. The nacrion mixture was diluted 
with water and extracted with ether. The ether extract was proaJsad to ranoyc any organic acid 
formed during oxidation. The ether soln was dried and evaporated to give ‘costal’ (1.7 g). b.p. 185’ 
(bath)/5 mm n: 1.4989. Tho NaHCOs soln, on acidification. gave an acid (02 g). ‘Costal’ obtained 
by the two methods (a) and (b) above. were found to bc identical, with IR hands at 2703. 1686.1633. 
890 an-i; L 218 rnp; , 10.43O. GLC analysis mvcakd two peaks of almost equal intensity and 
a small hump accounting for about 10% of the product (Found: C. 81.83; H, 9.9. C,,Hs,O 
requires: C. 82.51; H. 10.16%) 

semihwn of ‘CoSId 

To Wstal (1O g) in alcohol (10 ml) was added an aqueous soln of sanicarberide hydrochloride 
(O5 g) aml AcGNa (O8 g). The mnc formed was crystallizd 3 tinw from EtOH, m.p. 
218’; [ah, +35.3P (AcGH; c. OS); &.. 263 rnp; l 25.680. (Found: C, 7O.W; H. 9.19: N, 15.31. 
C,,H,&G requires: C, 69.78; H, 9.15; N, 15.26X) 

Rgewratbn of ‘costar fern tk semiuu~onc 

(a) Wfth oxuk odd. A mixture of the sunicarbuonc (1.0 g), alcohol (15 ml), oxalic acid (20 s>. 
dissohvd in water (5O ml), aqueous formaldehyde (40%; 8 ml) and pet. ether (4WU; 100 ml) 
was rctiuxed for 6 hr. The organic layer was separated and washed with water and dried. Evapora- 
tion of solvent gave ‘costal’ (04 g); b.p. 17Y (bath)/4 mm; nz 1.4990. It yielded a sanicarbazotk 
which was identical with the starting compound. 

(b) Wfth kdinfc o&f. A mixturo of rmiarbPzoDe (1.0 g), kvuhnic acid (5O ml) and 1N HC’i 
(10 ml) was shaken ~IK&&XUY at the room temp for 24 hr. The clear sob thus obtained was 
diluted with water and neutral&d with Na,CG,. The soln. was cxtrsEtdd thoroughly with ether, 
washed with water and dried and solvent rtmovcd to ykld ‘costal’ (O7 g), b.p. 160-165’ (bath)/3 mm, 
I$! 1.4988. (Found: C, 82.32; H, 100. C,,H,,O requiru: C, 82.51; H. 1016YW) 

Hydrogenation of ‘Cosrot’ 

‘&stor (2.Og) in McGH (25 ml) was hy-ted in the prt&noc of Adams’ PtG, (0.05 g). 
It absort& 468 ml of Hs at NTP corrcaponding to 2.3 doubk bon& The reMjon product was 
hdatcd am usual (1.9 g>. 

Is&r&m of ‘sellnone’ and ‘tctrahydrocos fol’ 

The hydrogtnated product (1.9 g) was chromatographed on neutral alumina (grade II; 38g) 
and eluted with pet. ether and ether. 

The ptt. ether eluate (100 ml) atTordcd “selinauc” as a mobile liquid @5 g>. It was distilkd oytr 
Na; b.p. 13OO” (bath)/7 mm; n,P 1.4731; dt: O8654; [a)n $9.65” (c. 43). (Found: C, 86.4; H, 13.8. 
C,fi, requires: C, 86.45; H. 13.55%) 

The properties of this ‘sclinanc’ were somewhat diaemnt from those of a&lane (II) Obtainal 
from crystalline costic acid, as shown below: 

-Density 
R&active index 
Spccihc rotation 

From From 
untie acid ‘Costa1 

08871 0.8654 
1.4793 1.473 1 

+ 8.32’ +-9.6P 

Sonn’s 
products 

O8732 
1.4721 

411.v 

‘Sclinanc’, obtained above, was found to be a mixture of at kast two components (GLC). Ita 
IR spectrum showed bands at 1466, 1449, 1377, 1369, 1170, 1009, 1001, 982, 932, 916. 853 and 
790 cm-‘. 

The ether cluate yklded ‘tetrahydrocostol’ (1.1 g>, b.p. 145” (baWO.7 mm; nz 1.4923; [& 
+ 11.28’ (c, 2.3); IR bands at 3390.1467. 1381. 1037 cm-i. (Found: C, 7990; H, 1269. C&I,,0 
requires: C. 8029; H. 12.58%) It also consisted of at least two products (GLC). 
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Oxkiiztion of 'wstal' with silwr oxi& 

A mixture of freshly dislilkd ‘costal’ (5 g distilkd ‘costal’ dissolved in alcohol 2S ml) and 
AgNO, (8 g dissolved in distilkd water 20 ml) was cookd IO --IO”. A soln of KOH (8 g in water 
20 ml) was added under stirring at - 10”. The total mixture was stirred at the same tcmp for 30 min 
and then allowed IO come IO the room temp. Alcohol (SO ml) was added and the reaction mixture 
stirred at the room tcmp for 48 hr. It was filtered. the Ag,O slurry was washed thoroughly with 
alcohol and the combined filtrate was evaporated under reduced press. The residue was diluted with 
waler and extracted with ether. The aqueous alkaline solo was acidifkd and the liberated acid was 
isolated as usual (4.1 g). 

A small quantity of the acid was converted into its methyl ester. It was distilkd. b.p. 130” (bath)/ 
0.2 mm. It rcvcakd two peaks on GLC analysis. 

The acid (4.0 g) was converted into its cyclohcxylaminc salt, m.p. 182-184”. The cyclohcxylamim 
salt (4.5 g) was suspended in ether and treated with 5% h’aOH aq until ah the solid d&olvcd. The 
aqueous aikalioc layer was acid&d and the liberated acid (2.2 g) was isolated. It was then converted 
into its dkyclohcxyalminc salt, m.p. 9&91”. The acid, regenerated from the dkyclohcxylaminc salt. 
as described above. was obtained as a solid (1.2 g) and was crystallized from aqueous EtOH to yield 
pure Ib m.p. 87-88’; [x]n +21.2” (c. 1.8). Mixed m.p. with an authentic sample of natural costic 
acid was undcprmod; R,.x 210 m/c; a 5280; IR bands at 3077. 1681, 1634. 1613,88S an-i and was 
suptrimposabk on that ofcostk acid. (Found: C. 76.61; H, 9.70; F4. WI. 232.6. Ci,H,,O, requires: 
C. 7688; H. 946% and Eq. wt. 234.33.) 

Methyl wstate Ic 

The acid (m.p. 87-88”) was cOnverted into its methyl ester (d-methane), b.p. lW(bath)/@4 mm: 
nz 1305S; [zb h29.63’ (c. 2.2); Irp.,. 210mp; , 5700; IR bands at 1706. 1629. 1613. 1245. 885 
and 814 cm-*. GLC analysis rcvcakd the prcscncc of a siogk component. (Found: C. 77.10; 
H, 9.69. C,,H,,O, requires: C. 77.37; H, 9.74%) 

Pure costol (I) from rmthyl wsrare (Ic) 

Methyl costate (1.0 g) dissolved in dry ether (23 ml) was added dropwisc to a stirred slurry of 
AIH, (prepared from 0.42g anhydrous AK!, and 046g LAH), in dry cthcr at the room temp. 
Stirring was continued for 45 min. The product was isolated in the customary manner. The alcohol. 
pure costol (I; @8g) was distilled. b.p. 145’ (bath)/@Smm: n: 1.5177: [& +32*8” (c. 4.3); 
GLC analysis showed a siogk peak. IR bands at 33%. 1639, 889 cm-i. (Found: C. 81.62; H. 
11.51. C,,H,,O requires: C. 81.76; H. 11.98x.) 

Isolation of l ienwl (IV) 

The mother liquor, from the scmkarbazooc of ‘costal’ (prepared by Jones’ rcagcnt oxidation of 
10 g ‘costol’) was conocotratcd in wuw and the residue diluted with water and extracted with ether. 
The ether solo was waahcd with water and dried. Evaporation of ether gave a thick liquid (3.8 gj. 
This was dissolved in abs akohol(30 ml) and AcOH (5 ml) was added. To this, Guards reagent T 
(2.1 g) was ad&d and the solo rcfluxcd on a water bath for 4 hr. The reaction mixture was diluted 
with water containing NaHCO, (3.5 g) and thoroughly extractal with ether. The ether extract was 
washed with water and dried. On evaporation of ether the noo-carbooyl fraction was obtained as a 
thick liquid (3.1 g). It showed a strong OH band at 3309 cm-’ in the IR spectrum, b.p. 140” (bath)/ 
Q4 mm. GLC analysis rcvcakd the prcscncc of at 1~~1 3 components. 

The distilled akohol mixture (2.8 g) was chromatographcd on neutral alumina @adeII; 84g) 
and clutcd with pet. ether, pet. cthcr-bcnatoc (I : 1). bcomx and ether. The pet. ether-bcntcnc (I : I) 
cluatc, on conocotratioo, afforded a viscous liquid (l.Og). which was crystallized from pet. ether to 
yield ckmol. m.p. and mixed m.p. Sl-S2”: [z)D -4.13” (c. 2.8). IR bands at 3425. 1634, I 119. 1008. 
909. 889, 813 cm-‘; identical with that of an authentic sampk of ckmol. (Found: C. 8@91: H. 
1160. C,,H,,O requires: C. 81.02; H. 11.79x.) 

Other fractions of the chromatography were not examined. 


