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Abstract-A new &terpene, 7-a-hydroxy-4epltrachylobamc acid, has been Isolated from Hehanthus crlrarrs 
DC No sesqmterpene lactones were found m this plant 

INTRODUCTION 

FURTHER study of plants of the tribe Hehantheae (Composltae) has been extended to a 
Helranthus species m a search for sesqulterpenold lactones. None of these was obtained, 
but a compound, cdlartc acid, was isolated which proved to be a new pentacychc dlterpene 
of the trachylobane class. 

RESULTS AND DISCUSSION 

Clhanc acid (I) was obtained m yields of 0 01 and 0 02 % from two collectlons of H. 
czharrs $ The compound, CzOHSOOJ, had m p. 304-305”. Its IR spectrum showed the 
presence of a carboxyl group (1690 cm-‘) and hydroxyl groups (3600 and 3400 (broad) 
cm-‘) The mass spectrum showed the molecular Ion at m/e 318, a promment ion at m/e 
285 (M-CH,-H,O) and the base peak at m/e 300 (M-H,O). There was no slgmficant 
absorption m the UV. 

The NMR spectrum of I showed three 3-proton singlets at 6 1 34,1*22 and 1 16, mdlcat- 
mg the presence of three tertiary methyl groups A one-proton multlplet at 6 3 64 shifted 
to S 4 85 m the monoacetate (II), it consisted of a pair of doublets (J = 10,6 Hz) m II, and 
1s assigned to the proton of CHOAc at C-7 The coupling pattern indicates that the C-7 
hydroxyl group 1s a and equatorial The presence of the cyclopropyl groupmg m I and all 
of Its derlvatlves was disclosed by broad multlplets between 6 0 5 and 0 8 m then NMR 
spectra A similar signal 1s observed for the cyclopropyl protons of trachylobamc acid, as 

12 

R”= Ii. R’=OH. R =H 
R”= Ii, R’ = OAC, R = H 
R”= CH3, R’ = OH, R = H 

R”= CH3. R, R’=O 

Y. R”=H. R,R’=O 
VIII. R”=H. R. R’= HZ 
Ix. R’=CH3,R,R’=Hz 
X, (4-CH3 a) R”‘=CH,.R,R’=Ht 

* Contrlbutlon No 2755 from the Department of Chemistry, U C L A 
t Abstracted from the Ph D Thesis of L F B , October, 1970 
$The plants were provided by Mr R J Barr They were collected m NavaJo County, Arizona and bear 

the voucher numbers RJB-68361 and RJB-69322 
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a broad multiplet between S O-4 and 0 8,’ and the correspondmg cyclopropyl protons of 
lshwarone (XI) appear as a broad multlplet centered at S 05 2 

Cihanc acid (I) was not hydrogenated with platmum m acettc acid and was recovered 
unchanged after treatment with m-chloroperbenzoic acid for 24 hr. Further, the methyl 
ester (III) of I showed no color with tetramtromethane and decolorlzed neither cold, dilute 
potassium permanganate nor bromme m carbon tetrachloride These observations, coupled 
with the fact that no proton signals were present m the vinyl regton of the NMR spectrum, 
Indicate that cthartc acid contams no carbon-carbon double bond and IS pentacychc. 

Oxidation of the methyl ester (III) with Jones’ reagent yielded the correspondmg ketone 
(IV). The 60 MHz and 100 MHz NMR spectra of this compound are m complete accord with 
the assigned structure and further Indicate the location of the carbonyl group at C-7. The 
AB portion of an ABX pattern can be clearly discerned, the C-6 a proton appearmg as a 
pan of doublets (J = 16, 14 Hz) centered at S 2 93. 

Addttronal mformatlon could be gamed from exammatton of the NMR spectra of IV. 
The lOO-MHz spectrum shows a one-proton doublet centered at S 2.32 (J = 12 Hz, gemmal). 
This signal, also drscermble m the 60-MHz spectrum, can be assrgned to one of the C-15 
protons An exammatlon of models shows that this proton is m sufficiently close proxnmty 
to the carbonyl group at C-7 to suffer proximity deshieldmg and to separate Its signal from 
the bulk of the skeletal protons at htgher fields There is ample precedent for this mterpreta- 
tlon. The C-l /I proton of 5 a-androstan-1 l-one is deshlelded by the C-l 1 carbonyl group, 
and its signal IS seen at S 2 45. Slmdarly, the signal for the C-15 a proton m 5 a-androstan- 
7-one appears at S 2 26.3 

The relative posttions of the carboxyl (C-4) and hydroxyl (C-7) groups are supported 
by chemical as well as spectral evidence. Clharic acid (I) could not be lactomzed by treat- 
ment with p-toluenesulfomc acid The keto acid (V) correspondmg to I melted at 209-210” 
without decarboxylation This IS m contrast to the correspondmg 3-hydroxy acid, which 
loses carbon dloxtde readily upon oxtdatton to the /3-keto acid 1 

The position and orientation of the carboxyl group can be mferred from spectral data. 
Bory and Fetizon have exammed a serves of dl- and triterpene methyl esters and observed 
that compounds with the partial structure VI show strong IR absorption at 1155 
& 4 cm-‘, while those having the partial structure VII show an absorptton band at 1244 
f 4 cm-1.4 The IR spectra of the ciharlc acid methyl ester (III), the ‘I-keto ester (IV) and 
the 7-deoxy ester (IX) all show promment absorption bands at 1150 cm-‘, and thus corres- 
pond with structure VI (but of opposite configuratton to that shown). 

1 G HUGEL, L LODS, J M MELLOR, D W THEOBALD and G. OURISSON, Bull Sot Chrm Fr 2882 (1965) 
’ T R GOVINLIACHARI, K NAGARAJAN and P C PARASARATHY, Chem Commun 823 (1969) 
3 N S BHACCA and D. H. WILLIAMS, Appbcatrons of NMR Spectroscopy m Organrc Chemtstry, Chap 4, 

Holden-Day, San Francisco (1964) 
4 S BORY and M F~TIZ~N, Bull Sot Chum Fr 570 (1964) 
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Narayanan and Venkatasubramaman 5 have described the effects of position and 
stereochermstry of carboxyhc acids and the correspondmg esters upon the chemtcal shifts of 
tertiary methyl groups m a series of dlterpenes. They observed that a methyl group m a 
1,3-dlaxlal relationship to a methoxycarbonyl group is desmelded by about O-28 ppm when 
-COOMe 1s changed to -COOH (spectra in pyndme). The correspondmg spectra of C-4 
equatorial acids show only a slight (0 07 ppm) alteration of the chermcal shift of the C-10 
methyl group when this change 1s made Moreover, it was found that when the NMR 
spectra of the C-4 acid and its ester are taken m pyrldme solution, the C-4 methyl group 1s 
desmelded about 0.17 ppm m the acid, relative to the ester. It was further noted that the 
signal for the C-10 methyl group m dlterpene 4-carboxyhc esters 1s found at O-22 ppm higher 
field m chloroform (and at 0 10 ppm higher field m pyndme) when -COOMe is axial than 
when -COOMe is equatorial. 

TABLE 1 CHEMICAL SHIFTS (S) 

c-4/c-7 

C-4 COOH (a) 

III Pyndlne-& m Chloroform-d 
C4 Me G16Me GlOMe G4Me G16Me C-10Me 

0 
C-7 OH (e) 

C-4 COOMe (a) 
0 

G7 OH (e) 

C-4 COOH (a) _ 
ml 

G7 OAc (e) 

C-4 COOMe (a) 
0 

G7C===O 

C-4 COOH (a) 

G7 CH2 

C-4 COOMe (a) 
0 

C-7 CH1 

C-4 COOMe (e) 
WI 

C-7 CHI 

1.34 1 16 122 - - - 

l-21 1 16 090 1 15 1 1.5 079 

1 29 1 13 1 13 123 1 13 0 93 

- - - 1 19 1 15 0 95 

1 34 1.16 1 15 120 1 14 0 88 

1 17 1 17 0 84 1 12 1 12 077 

1 21 1 15 o-91 1 12 1 12 0 95 

The chemical shifts observed for clharic acid and its denvatlves are m complete accord 
with these observations if the -COOH group is axially (u) disposed. The relevant data are 
given m Table 1. It is seen that the signal of the C-10 methyl group IS shifted 0.32 ppm 
from its position (1 22) m the acid (I) to that (O-90) m the spectrum of the ester (III). Further- 
more, the signals of C-4 Me and C-10 Me are shifted by 0 17 and 0 31 ppm, respectively, 
s C. R NARAYANAN and N K. VENKATASUBRAMANIAN, Tetrahedron Letters 3639 (1965). 
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from their posltlons m the spectra of VIII (C-4 Me, 1.34; C-10 Me, 1 15) to 1.17 (C-4 Me) 
and 0 84 (C-10 Me) m the spectrum of IX. The predIcted values of these differences are 
0.17 and 0 28 ppm for the shleldmg effects of axial C-4 COOH upon C-4 Me and C-10 Me, 
respectively. 

Further exammatlon of the data of Table 1 reveals that the differences m chemical 
shifts of the C-10 methyl groups of IX and X are also m accord with the results of the model 
studies ’ Thus, the signals for C-10 Me of IX and X appear at 6 0 84 and 6 0 91 (difference, 
0 07) respectively m pyndme, and at 0.77 and 0 95 (difference, 0 18) m chloroform. These 
differences are m good agreement with the expected values of 0 10 m pyrldme and 0.22 m 
chloroform 

I- 

257- 

40 60 120 160 200 240 280 320 

316- 

L 301- 

FIG 1 MASS SPECTRUM OF 4-EPITRACHYLOBANIC ACID METHYL ESTER (IX) 

The methyl ester of the deoxy compound (IX) was different from trachylobamc acid 
methyl ester (X).* A mlxed m p. showed a marked depresslon, and although the IR spec- 
trum of IX and X are slmllar m most respects, that of the latter showed an absorption band 
at 1250 cm-‘, m accord with the observations described above 4 The most strtkmg evidence 
of the close slrmlarlty of IX and X was found m the mass spectra These are shown m Figs 
1 and 2, and It can be seen that they are nearly Identical m all details of the cracking pattern 
The near identity of the spectra mdlcate that mltlal fragmentations of the eplmers lead at 
once to Identical ions whch then follow ldentlcal courses of further fragmentation The 
appearance m both mass spectra of ions at m/e 301 (M-15) and 257 (M-59) suggest that an 

316. 

FIG 2 MASSSPECTRUMOFTRACHYLOBAMC ACID METHYLESTER 

* We are grateful to Professor G OurIsson for a specimen of trachylobamc acid methyl ester (X) 
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m/e 316 257 301 

(lx) cm CmI, 

early fragmentation leading to the loss of the C-4 methyl and methoxy carbonyl group 
occurs; this would lead to the same imtial ions (XII) and (XIII): 

The absolute configuration of ctharic acid can be inferred from the optical rotations of 
IX and X The specrfic rotation of the former IS [a]? -62” (c 13~4, CHC13), and of the latter 
[a]: -41” (c 20, CHCIJ). Since these values are of the same sign and comparable magm- 
tudes it is unlikely that the compounds differ at centers other than at C-4. The occurrence 
m nature of terpenoid components differmg only m the epimeric relationship of -CHJ 
and -COOH at C-4 is not unprecedented Two other such pairs are kaurenoic (4-a-COOH; 
[a]n -110”) and kauremc (4-p-COOH; [a]o -61”) acids; and vmhatrcorc (4-a-COOH; 
[u]b +73”) and voacapemc (4-BCOOH; [a]n + 108”) acids It is to be noted that the relative 
optical rotatory powers of deoxyciharic and trachylobamc acids are consistent with these. 

Note added m proof The occurrence of the alcohol (CH*OH for COOH) correspondmg to compound 
VIII m Helzanthus anmus has recently been reported (0 ACHMANTOWICZ, A EJCHART, J JURCZAIC, L Ko- 
ZERSKI and J ST PYREK, Chem Commun 98 (1971) 

EXPERIMENTAL 

Extractron ofplant materzal Dried and ground Hefzanthus czlzarzs DC (RJB-68361) (4 kg) was extracted 
with CHCll Removal of the solvent left 220 g of crude extract, which was partltloned between 1 5 I of 
hexane and 1 5 1 of MeOH-Hz0 (3 1) Each layer was reextracted with 500 ml of the opposite phase 
Exammatlon of the extracts by TLC showed that the hexane phase contamed none of the components of 
the alcoholic solution The latter was extracted with CHC13, from which was obtamed 55 g of a brown 011 
Chromatography of this matenal on 800 g of sdlca gel with CHCl, contammg mcreasmg proportlons of 
acetone (25 l-l fractions) was momtored by TLC Fractions 17-21 showed a smgle component, they were 
combmed and evaporated to a volume of about 25 ml From this solution 0 80 g of crharlc acid (r) separated 
as a white powdery sohd A second extractlon of 5 kg of another collection of plant (RJB-69322) yielded 
04OgofI 

7-a-Hydroxy4epttrachylobanrc aczd (czlzarzc aczd) (I) The crude materral from the chromatographlc 
separation was recrystallized from ethanol to ave colorless spears, m p 304-305” (Found C, 75 52, H, 
9 53 C20H3003 reqmred C, 75 43, H, 9 50%) The spectral properties are descrrbed m the DIscussion 

7-a-Acetoxy4epztrachybbarzzc aczd (II) Acetylatlon of I wth Ac,O-pyndme yielded the acetate Re- 
crystalhzed from aqueous ethanol, It formed colorless pnsms, m p 228-230” The mass spectrum showed a 
molecular ion peak at m/e 360, a base peak at m/e 300 (M-HOAc), and a promment peak at m/e 285 (M- 
HOAc-CH3) The NMR spectrum (pyrldme-d5) showed three singlets at 1 13 (6H, Cl0 CH3, C-16 CHs), 
129 (3H, C-4 CHI) and 2 02 (3H, OAc), and a broadened pan of doublets (1I-I) at 8 4 85 (J= 10, 6 Hz) 
(Found C, 73 56, H, 8 86 Cz2HS204 reqmred C, 73 30, H, 8 95 %) 

7-wHydroxy4epztrachylobanzc aczd methyl ester (III) Estenficatlon of clhanc acid with CH2N2 (in 
ether) afforded the methyl ester, colorless prisms from hgrom, m p 136-137” The mass spectrum showed 
no molecular ion, but a prmclpal peak at m/e 299 (M-HIO-CHS) The IR spectrum showed peaks at 
3600 (OH) and 1720 (COOMe) cm-’ There was no absorption m the UV reDon The NMR spectrum 
(CDCIS) showed signals at 8 3 60 (3H, OCHI) ana a quartet at 8 3 32 (lH, J = 11, 4 Hz, C-7 H), besides 
the signals for the three methyl groups (Found C, 75 83, H, 9 70 CflHjZ03 reqmred C, 75 86, H, 9 7O”h 

7-Oxo4epztrachylobanrc aczd methyl ester (IV) A solution of 70 mg of the methyl ester (III) of clharic 
acid was treated at 0” with 1 ml of Jones’ reagent The product, Isolated by CHC& extractlon, crystalhzed 
from hgrom as colorless platelets, m p 94-96” Its IR spectrum showed a strong band at 1720 cm-’ (COOMe 
and C-7 C=O) The NMR spectrum showed the OCH3 slgnal at 8 3 65, m ad&tlon to the features described 
m the DiscussIon Mass determmatlon Found 330 2194 i 0 002 Calc for Cz1HS003 330 21948 
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7-Oxo4epztruchylobanrc uczd (V) In a first attempt to reduce the C-7 carbonyl group of IV wtth 
hydrazme hydrate and KOH, the product proved to be the acid derived by sunple sapomficatlon of the ester 
The acrd N) crv~talhzed from ethanol as colorless spears, m D 209-210”. It showed JR absorutlon at 
3400 (COOH), i720 (C===O) and 1690 (COOH) cm-l-The.mass spectrum showed the molecular I& peak 
at m/e 316. along wth a prominent Ion at m/e 301 (M-CHJ It IS slgmficant that there was no m&cation 
that the loss of CO, was more facile than m the fragmentation patterns of those derlvatrves lackmg the 
carbonyl group Mass determmatlon* Found 316 2038 f 0 003, Calc for CZOHZ803 316 20383 

4-Eprtruchylobumc oczd (VIII) Repetition of the Wolff-fishner reduction of (IV) under more vigorous 
con&tlons yleldea the ‘I-deoxy acid, m p 126129” Its IR spectrum showed absorption at 3400 and 1690 
cm-’ (COOS), and the mass spectrum showed the molecular Ion at m/e 302 and a promment peak at m/e 
287 (M-CH,) The compouna was not further characterized,, except for the NMR spectrum (Table l), but 
was converted mto the methyl ester 

4-Ep~truchylobcm~c uczd methyl ester (IX) Esterlficatlon of VJII with CHzNz m ether afforded the methyl 
ester It crystalhzed from petroleum as wtite leaflets, m p 114-l 16” It showed IR absorption at 1720 cm-’ 
The NMR spectrum IS aven (m part) m Table 1, the mass spectrum of IX m Fig 1, and that of X m Fig 2. 
Mass determmatlon Found 316 24038 f 0 0003, Cab for CtlH3202 316 240217 

An authentic specimen of trachylobamc acid methyl ester (X)’ had m p 110-l 12”. and a mixture of IX 
and X melted at about 96-100 
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