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THE long sought-after C25 -isoprenoids - the sesterterpenes - were discovered' 

only in 1965. Though, a number of sesterterpenes are known at present, only three 

skeletal types have been met with so far. Ue now report on the structure of 

cheilanthatriol (I), which represent6 a new fundamental type in oeeterterpenes and 

provides a close analogy to the most common cyclisation encountered in triterpenes. 

tie propose the name cheilanthane for the parent perhydro system. 

The fern, Cheilanthes farinosa Kaulf. On extraction with pet. ether, yields, 

besides other eubstancee, a crystalline triO1, which we name Cheilanthatriol: m-p. 

182-183', [d]yC1 3 +30.4 (2, 1.2%) yield N 0.2% baaed on the whole plant. 

The compound analyses for C25H4403 (no M+ ion; N+ - H20, m/e = 374) and is 

clearly a trio1 [IR(KBr): OH 3450, 3360, 1125, 1075, 1055,1003 and 990 cm 
-1 

; no C=O 

absorption. Found: active 8, 0.77%; C25f141(OH)3 requires: active H, 0.76%]. On 

exposure to Ac2U-pyridine, it furnished a monoacetate (m.p. 123-124'. Mass: M+, m/e 

= 434; W+-H20, m/e = 416; M+-2 H20, m/e = 398; PI+-AcOH, m/e = 374; M*-H20-AcOH, m/e = 

356) at 0' after 5 min. or a diacetate [m.p. 83-84'. IR(KBr): OH 3530, 1031 cm -1; 

OAC 1755, 1740, 1280, 1250 cm-'] after 24 hr at room temp. (-25'1, suggesting the 

primary and secondary character respectively of the concerned hydroxyle. This is 

clearly supported by the PMR (CDCl 
3 
) spectra of these compounds, which further disclose 

that the third hydroxyl must be tertiary: trio1 (3H overlapping signals at63.5 - 4.3), 

monoacetate (Cl$S, 18 broad triplet centred at 4 3.97, J = 11 Ha; Cli2OAc, 28 unsymmetri- 

cal doublet further split by allylic coupling, centred at 4.65, J = 7 Hz). 

The trio1 shows in its PMH spectrum, one olefinic proton signal (la, triplet 

centred at 6 

On cetalytic 

as the major 

5.48, J = 7 Hz) indicating the presence of at least one ethylenic bond. 

hydrogenation iPt02/AcOH) it consumed ~2 mole equivalent of H2 to furnish 

product, a saturated dial, C25H4602 (k, m/e = 378), m.p.192-193'. in 
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rnich the primary OH had been lost (FMR in CDC13: CEOH, lH, triplet of doublets centred 

at64.05, Jl = 11 He and J2 = 3.5 Hz; no CK_OH or olefinic B signals). Thus, 

cheilanthatriol is mono-olefinic and being C 25H41LOh)3' must be tricarbocyclic. 

The P#R spectrum of cheilanthatriol also displays signals for five quaternary 

methyls (6H singlet at 6 0.86 and 3H singlets at 6 1.02, 1.12 and 1.16) and one 

vinylic Me (3H doublet at 6 1.80, J = 1.5 Hz). This clearly indicates that cheilantha- 

trio1 is an isoprenoid and possibly a sesterterpens. 

The trio1 on kin02 oxidation furnished an aldehyde, m.p.157-15&O, displaying in 

its PMR(CDC1 
3 
) spectrum k$=O signal as a 1H doublet centred at by.9 IJ = & Hz) and the 

olefinic H as a doublet of quartets at 6 5.66 lJ1 = 8 Hz, J2 = 1 Hz). This information 

coupled with the earlier PMR data and the results of catalytic hydrogenation clearly 

reveal the presence of unit II in cheilanthatriol. 

Ma 

_+ 
CH.CH20H 

2 II 

The etructural features revealed so far make it clear that cheilanthatriol 

must be a sesterterpene and not a degraded triterpene. Furthermore, its genesis from 

geranylfarneso12 (III; or its biological equivalent), the most plausible immediate 

precursor of sesterterpenes', must involve cyclieation onset at the isopropylidene end, 

so as to leave the part structure II (in geranylfarnesol) intact. Such a cyclisation 

can lead to the tricyclic species lV, singularly well-suited for structural require- 

ments of cheilanthatriol. That Y (in IV) must be H and not OH is clear from the PMR 

splitting pattern of C~OH (triplet of doublets) in the hydrogenolysis product (satd. 

diol; vide supra) and a number of other derivatives, especially the unsaturated aldehyde 

from kin02 reaction (CHOH, lH, triplet of doublets centred at 6 4.0, Jl = 11 Hz, J2 = 

4 hx), as this pattern can arise only from an ABCX system4 and not from an ABX system 

(which will be the case if Y in IV Mere UH). i'hus, IV can lead to V, which by bio- 

logical oxidation can incorporate a secondary hyaroxyl. Such a structure can meet all 

the structural requirements of cheilanthatriol, disclosed so far. 

Support for the perhydropnenanthrene skeleton and the positions of the non-. 

angular methyls and the side-chain was forthcoming from the Se-dehydrogenation (310-340°, 

48 hr) of the triol, when 1,7-dimethylphenanthrene (minor) and 1,7,o-trimethylphenan- 

threne (major/ were obtained and identified by m.p., (m.p. of Thh complexes), uv 

absorption and mass spectra. 
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The disposition of the side-chain with 

depicted in V, received support from the results 
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respect to the tertiary hydroxyl, as 

of electron impact. Cheilanthatriol, 

its monoacetate and its diacetate, all fragment to the same ion at m/e = 258 (base 

peak in the case of mono- and diacetate and, 65% intensity in the caBe of triol). This 

is readily rationalised 
5. in terms of a structure based on V: 

;::Q --T- 
m/e=258 

, 
-HOR _= 

Y 

Sec. OR’ 

+’ 

1. 
I VIII 

In support of this both trio1 (17%) and mono-acetate (45%) show ions at 

(VIII, R'=H) and metastable ions at -241 (calcd. 241.1). 

m/e = 276 

The above fragmentation also clearly shows that the secondary hydroxyl must 

be located on a ring. As indicated earlier, this hydroxyl function must be flanked by 

three vicinal hydrogen8 and the splitting observed clearly indicates two diaxial (J = 

11 Hz) and one axial-equatorial (J = 4 Hz) couplings'. Thus, this secondary OR must 

be equatorial and can be located at either C6 or Cll. Evidence in favour of C6-OH was 

arrived at as follows. 

The saturated diol obtained by hydrogenolysis on Sarett oxidation? furnished 

a keto alcohol [m.p.l15-l16°. IR(Nujo1): OH 3435 cm-l; 
-1 

C=O 1700 cm I, which in 

view of the previous discussion can be IX or X. Since this keto alcohol was found to 

be stable in alkaline medium, possibility X can be eliminated. Structure IX is also 

clearly supported by its mass fragmentation. Thus, for example ion at m/e 5 151(1OC$$) 

is readily UnderstOod in terms of XI and, the m/e = 151 ion giving m/e = 125 ion(75%) 

by CO elimination. 

Thus, cheilanthatriol can reasonably be considered to have the gross structure 

I. Further work to correlate it with a compound of well-established absolute stereo- 

chemistry is underway. In another series of experiments, the hydrogenolysis diol was 

ultimately converted into XII (m.p. 168-172. M+, m/e = 362) which on treatment with 

rb(OAc)+-I2 (hti )' was quantitatively converted into a cyclic ether (m.p. 105-107O. 

Pi+ , m/e = 360), which in view of ite PMR spectral characteristics must be formulated 
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on 

& IX 

OH 
0 

& 
X 

GJF+ 
OH 

XII 

crc(;c-i 0 
XIII 

as XIII. This facile cyclization, coupled with the spin-spin coupling of the C6-proton 

(vide supra), besides confirming gross structure I would suggest trans-anti-trans 

backbone. 

Acknowledgement - The A.M.U. group wishes to acknowledge financial assistance from 

the Ministry of Health, Govt. of India. 

HEFhRENCES 

1 S. Nozoe, M.Morisaki, K. Tsuda, Y. Iitaka, N. Takahashi, S.Tamura, K.Ishibashi 
and M. Shirasaki, J. Am. Chem. Sot. &, 4968 (1965). 

2 Geranylfarnesol has recently been found to occur in nature: T. Rfos and 
S. Peres C., Chem. Comm. 214 (1969). 

3 L. Canonica, A. Fiecchi, M.G. Kienle, B.M. Ransi and A. Scala, Tetrahedron 
Letters 3035 (1966); S. Nosoe and N. Morisaki, Chem, Comm. 1319 (1~69). 

4 See e.g.: N.S. Bhacca and D.H. Williams, Applications of NMR Spectroscopy in 
Organic Chemistry pp. 82-83. Holden-Day, San Francisco (1964). 

5 See e.g.: C.R. Enzell and R. Ryhage, Arkiv Kemi 3, 378 (1965). 

6 See e.g.: L.H. Jackman and S. Sternhell, Applications of Nuclear Magnetic 
Hesonance Spectroscopy in Organic Chemistry, pp.286-289, Pergamon Press, 
London (1969). 

7 R.H. Cornforth, J.;J. Cornforth and G.Popjak, Tetranedron l8, 1351 (1962). 

8 A. Tahara, K. Hirao and Y. Hamaoaki, Tetrahedron 21, 2133 (1965) and 
references cited therein. 


