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Abstract-Chemical examination of Verbesina sublobutu, I/: gigantea, I! myriocephala and I/: uirginicu yielded mainly 
aromatic aldehydes and acids along with 2,6-dimethoxybenzoquinone and euparin as colouring matters. k! cirginicu 
also gave the p-coumarate ester of a new sesquiterpenediol, verbesindiol. related to the verbesinols whose structure and 
stereochemistry were elucidated. 

INTRODUCTION 

Relatively few members of the large genus k’erbesina 
(Heliantheae, Compositae) have been studied chemically; 
the results present a somewhat confusing picture. While 
two Mexican species have yielded sesquiterpene lactones 
of the elemanolide group [l-3], cinnamate esters of 
various types, including cinnamates of eudesmane 
alcohols, seem to be characteristic constituents of some 
other species, especially their roots [4-S]. Other 
constituents seem not particularly distinctive [9911]. We 
now report the results of a chemical investigation of four 
VdmYntr species which fit in with the earlier work. 

RESULTS AND DISCUSSION 

The herbaceous parts of Verbrsirza sublohatu Benth. 
contained in addition to 2,6-dimethoxybenzoquinone (1) 
syringaldehyde (2a), syringic acid (2b) and eudesmic acid 
(2~). V gigarltea Jacq. gave the same quinone, but different 
acids, namely 3,4-dimethoxycinnamic acid (3b) and 
ferulic acid (3a). K m~riocephala Sch. Bip. whose polar 
constituents had been reported previou,sly [ 111 contained 
sitosterol, 2b, 2c and 3a, whereas euparin (4), 1, p- 
coumaric acid and the p-coumaryl ester 5a of a new 
eudesmanediol 5b, which we have named verbesindiol, 
were found in the herbaceous parts of 1/: uirginicu L.“r 
Details of the structure elucidation of 5a are presented 
below. 

The new substance, C24H3404 (high resolution MS), 
was a non-crystallizable gum and had spectral properties 
appropriate for the p-coumarate ester of a sesquiterpene 
diol (MS base peak C9H,0,, IR bands at 3350, 1690, 
1605,1592and840cm~1,‘HNMRsignalsinTable1,’3C 
NMR signals in Table 2). Alkaline hydrolysis gave p- 
coumaric acid and verbesindiol5b, C, sH, h02, in whose 

* Supported in part by a United States Public Health Service 
grant (CA-13121) through the National Cancer Institutes. 

t The roots of this species were studied earlier [4,5]. 

NMR spectrum the H-6 signal (numbering as in finally- 
deduced structure) had experienced the expected upfield 
shift from 5.86 to 4.20ppm. The corresponding carbon 
doublet had also shifted upfield, from 69.28 to 66.32 ppm, 
whereas a singlet near 73ppm (C-4) indicating the 
location of a tertiary hydroxyl group, had remained 
unaffected during the hydrolysis. Other characteristic ’ H 
NMR signals included those of an isopropyl group (two 
methyl doublets at 0.96 and 0.93 ppm which collapsed on 
irradiation in the methylene and methinyl envelope, see 
Table I), and methyl singlets at 1.16 and 1.50ppm. The 
chemical shift of the latter indicated that it was attached to 
carbon carrying the tertiary hydroxyi group; the 
significance of its paramagnetic shift in the hydrolysis of 
5a to 5b will be commented upon subsequently in 
connection with the stereochemical discussion. 

Oxidation of the diol furnished a ketol 6a whose 
spectral properties (new IR band at 1692 cm ‘, carbonyl 
singlet at 213 ppm) indicated that the new ketone group 
was not that of a cyclopentanone. This and the 
demonstration by spin decoupling of the presence of 
partial structure A where J,,, = 2.5, J6,, < 2 Hz strongly 
suggested that the new substance was a hydrated form 5a 
oftwo verbesinol esters from the roots of I/: rirgirric’o [4] to 
which the relative stereochemistry shown in formulae 7a 
and 7b rather than the one originally assigned [4] was 
ascribed while our work was in progress because of the 
smallvaluesofJs,handJ,,, [5]. Howeverthereported data 
do not necessarily exclude other stereochemical 
possibilities and the absolute configuration is unknown. 

&H-ChH-CH-R 

c dH d 

A 

Oxidation of 5b to 6a was accompanied by an upfield 
shift of one of the methyl singlets (AtS = 0.29 ppm) which 
suggested that the C-6 hydroxyl and the C-l 0 methyl of5a 
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Table I. ‘H-NMR spectra* 

5at 5b Sb; 5b$ 6a W 6ap x 

H-5 I .43rlhr 
(2.5) 

H-6 5.86hr 
(W4=8) 

H-7 I 

H-l I I .4.r 

H-l? 0.9011 
(7, 

H-13 0.9011 
17) 

H-14 1.16 

H-15 I.19 

l.lOdh, 

4.2OhJ 

0.96tl 

0.93tl 

I.16 

I.50 

2.07tlhr 

1 .OOt/ 

1.54 1.52 

2.30 I .92 

I .46dhr 2.30hJ 

4.9Oht 

I .60’ 

1.5P 

I .OOtl 

0.96 

2.19hl 2.5X 

0.83(/ 0.84tl 0.8X1/ I .06t/ 

0.87 0.62 0.x1 0.95 

I .47 I.55 1.71 I .70 

* Run at 270 MHz in CDCI, unless specified otherwise. Unmarked signals are singlets. Coupling constants in parentheses m hertz. 
*Other sgnals 6.29d (16. H-2’), 6.X7tl (X.5. H-5’. 9’), 7.43tl (X.5. H-6’. H-X’), 7.65d (16. H-3’). 
: In CDCI, + 0.25 mol cquiv. Eu(fod),. 
i In C,D,N. 
II In CP,,. 
* Overlapping or obscured signal. 

Table 2. “C NMR spectra* 

Carbon Sa 5b 6a 

2 

4 
5 
6 
7 
8 
9 

I 0 
II 
I2 
I? 
I4 
I5 
I’ 
2’ 
3’ 
4’ 
S’, 9’ 
6’. X’ 
7’ 

45.1Xtt 
19.93/ 
43.68/i 
72.X3 
56.X411 
69.3Xti 
50.OOtl 
2 I.401 
43. I i/i 
34.X6 
2X.73 
21.23q 
2 I.2311 
20.6%/ 
24.45y 

169.22 
I 14.56~1 
146. I 3~1 
125.94 
130.2111 
1 16. I oti 
159.28 

45.32rt 
20.301 
43.901 
72.95 
57.68~1 
66.32tl 
50.X5(/ 
2l.lOr 
45.32f 
34.89 
28.84tl 
20.84q 
20.79y 
21.65y 
25.1 Ii/ 

43.OXrt 
19.6Rr 
40.59tt 
71.00 
66.66ri 

213.2X 
55.96J 
22.291 
4I.03tt 
39.75 
‘5.6x 
‘0.70<] 
70.70[{ 
20.3Xq 
23.09y 

* Run in CDCI, at 67.9 MHz. Unmarked signals are singlets 
t Assignments may be intcrchangcd. 

were cis and axial. Analogously the downfield shift of the 
second methyl singlet accompanying the conversion ofSa 
to Sb (A& = 0.34 ppm 1 and failure of the latter to form an 
acetonidc indicated that the C-4 methyl group WIS also 
axial. These conclusions were supported by the Eu(fod),- 
induced shifts of the two methyl groups in Sb reported in 
Table 1 and the demonstration of an appreciable NOE 
(15 “,,I between the two methyl groups of6a. Additionally, 
the downfield appearance of H-l 1 of(ia, not cisihle in the 
NMR spectra of5a and Sb. at 2.97 ppm indicated that the 

(I-7. C- 1 I bond *as parallel or mu-ly so to the plane of the 
C-6‘carbonyl and hence equatorial; in fact. the chemical 
shifts of 6a closely resemble those reported for ketol 6b 
from pygmol [13j. Hence the relative sterochemistry is 
that shown in formulae 5. Sb did 6a; thia is further 
supported by (I) the benrcne-induced shifts in the NMR 
spectrum of 6a which demand that the C-IO methyl lit: 
behind the plane of the benzene ketol collision complex. 
the C-4 methyl and H-l 1 icry Ned the plume but on the 
front. toward oxqgcn. and H-5 between the C-IO methyl 
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2a R’ = CHO R” = H 3a R =Me 4 
2b R’ = CO$, R” = H 3b R=H 
2c R’ = COZH, R” = OMe 

56 R=H 
OH 

7a 3,4-db 
7b 4.15-db 

and the plane, and (2) the pyridine-induced shifts in the 
NMR spectra of 5b and 6a*. 

With the relative configuration established, the positive 
Cotton effect curve of ketol 6a pointed to the absolute 
configuration depicted in the formulae. This was 
confirmed as follows. Treatment of 5a with POCl,-Py 
afforded two isomeric dienes 8 and 9 in a 4:l ratio. The 
major diene had a positive rotation and exhibited the 
strongly positive Cotton effect of (+ )-b-selinene of 
established absolute configuration (C-10 methyl p) [14, 
15l.TheCDcurveoftheminordiene9,necessarilywiththe 
same C-10 stereochemistry, displayed the negative Cotton 
effect of ( - )-selina-3,5-diene, also of established absolute 
configuration [15]. Consequently, the new sesquiterpene 
ester is the 6-p-coumaryl ester of (4R,5&6R,7S,lOR) 4,6- 
eudesmanediol. We assume that the verbesinol esters 7a, b 
from the roots of our species [4, 51 possess the same 
absolute configuration, but it is interesting to note that the 
rupestrol esters from V. rLipestri.s are said to belong to the 
rntrntio-eudesmane series [6, 71. 

* In saturated cyclic systems, pyridine deshields protons and 
methyls which are 1,3-diaxial, vicinal or germinal to hydroxyl. 
Maximum deshielding of vicinal protons is produced for a 
dihedral angle of 60 [ 131. 

R s 
HO‘\\‘\ k o %, 

‘R 

6a R=H 
6b R=OH 

EXPERIMENTAL 

Esrructiort o/‘Verbesina sublobata. Above-ground parts of 1/: 
strblobutu Benth., collected by G. Cruz in 1975 near Tegucigalpa, 
Hondurus, wt 12 kg (voucher on deposit in herbarium of UNAH, 
accession no. P.R. 80869 of Medicinal Plant Resources 
Laboratory, USDA) were extracted with CHCl, and worked up 
in the usual way [16]. The crude gum, wt 23g, was 
chromatogrdphed over 300g of silicic acid (Mallinckrodt 100 
mesh), 200ml fractions being eluted in the following order: 
fractions l-5, toluene; 5510 tol-CHCl, (1 :l); 11-16 CHCl,; 
17-21 CHCl,-MeOH (99:l); 22226 CHCl,-MeOH (97:3); 
27-31 CHCI,-MeOH (19:l) and 32-38 CHCl,-MeOH (1O:l). 
Fraction 1 l-16 gave 0.1 g of yellow 2,6-dimethoxybenzoquinone 
(I), mp 248”. Fraction 17-21 contained syringaldehyde (2a) as 
major constituent which was purified by prep. TLC 
(CHCl,-MeOH, 9:l) and recrystallized from CHCl,-hexane, 
yield 0.1 g, mp 110-l 12”. Fractions 22-26 showed one major spot 
on TLC; recrystallization afforded 50mg of eudesmic acid (2~). 
mp 168”. The major constituent of fractions 32238 was purified 
by prep. TLC (CHCl,--MeOH, 17:3), recrystallized from 
CHCl,-hexane and identified as syringic acid (Zb), mp 200 , yield 
0.5 g. 

Extwcfion qf V. gigantea. Above-ground parts of K gigcrhtru 
Jacq., ccllected by G. Cruz near Tegucigalpa, Honduras in 1974, 
wt 6 kg and were extracted with CHCl,. ‘The crude gum, wt log, 
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\vas $hromatographed over IOOg of sdicic acid. lo0 ml fractions 

of eluate being collected as follous: fractions I 5 CHCI, to1 
(1 :I 1, fractions 6 IO CHCI,. fractions I I 16 CHI,, MeOH 
(9Y:l). 17 21 CHCI, McOH (97:3). ‘2 25 CHCI, MeOH 
(19:I) and 76 30 CHCI, MeOH (lO:l). I-r&Ions 11 I6 on 
crystallization from CHCI, hexanc furnished SOmg of I. 
Fractions 17 21. purified by prep. TL.C (CHCI, MeOH. 9:1 I 
and crystalhLation from CHCI, hexane ga\e SOm_e X4- 

dlmethoxyclnnamic acid (3a1, mp 177’. F-ractlons 12 25 wrc 

separated by prep. 7LC into additional 3a and 70 rns ferulic acid 
(jb, mp 167 169’. 

E<-trwctwrl (I/ V. myriocephala. .Abo\e-ground parts of k! 
,,f,.,ioc,c,pli~lltr Sch. Bip.. wt 5.8kg, collected by R. Lazor on 

December IX. 1971 near Cerro Campana. Procinse, Panama 
(\ouchet Laror No. S808 on deposit In herbarium of Florida 
State Univcrs~tq i were extracted wth C‘HC1 I and worked up as 

usual. The isolation of rhamnocitrin-3-glucuronide from the 
methanol extract of this collection has been described [I Ii. The 
crude sum from the CHCI, extract. ut 16.5 I_‘. v.ab absorbed on 

2Og ofsilicic acid and chromatographcd over ZOOg ofsilicicacid. 
ZOO ml frnctionh being collected in the following order: fractions 

1 5 C’HCI I’ 6 IO (CHCI, MeOH (99:l I~ I I I6 C’HCI, MeOH 
(97:3), 17 21 CHCI,?-MeOH (19:I)nnd Z? 35 C’HCI, McOH 
( IO: I ). Fractions h IO gahc 50 mg of sitosterol. fractions 1 I 16 
gave 20 mg of pure 2c. fractions 17 21 gave X mg of pure 2b and 
fraction\ 22 7 ga\e IOmf of pure 3b. 

!,\-lwc~/i~w o/ V. \irginicn. Above-ground parts of L: tirgir~rtrr 

L.. wt 3 kg. collected bl Dr. B. H. Braun in the vicinity of Kansas 

City. MO. ,n summer IYSY. were extracted n,lth (‘HC‘I,. The usual 
work-up gave 5 b ofcrudc gum which \%a~ chroln;ltoFraphed over 
1 5Og of silicrc acid and elutcd in IO0 ml fwctions. Fractions I 5 

(CHCI.,) pave after crystalliration IOmg of I Fractions 6 IO 
(CHCI, MeOH. 9Y:l 1 after purification h) prep. TLC and 
recrystalliratlon from EtOH gabe SOmg of eupwin (4). mp 
170 122”. Fractions I I 14(CHC’I, MeOtf.47:i)containcd one 
maja>l- constituent \, hich \ZX, purified hq prep. 1 Lc and could 
not be induced to crystalliye. yield of Sa 0.5 e. [y],, 21 ’ (< 0.50. 
CHCI,), IR (KBrl 3350 (hr), 1690. 1635. 1605. 1597. 1270 and 
x40 cm ‘. (Calculated for C‘,,H,,O,: MW, 386.2457. Found: 
MWIMSJ. 386.1141)). Other prominent ion> in the MS Here 
found at 371. .36X. .:S?. ‘722. 204. 18Y. 164 (C,,H,O,. b;~sc peak) 
and 147. 

A wlutlon ofO.25 g Of 5 in 5 ml of EtOH and 0.2 g of KOH in 

2 ml of HZ0 w;19 refluxed for 3 hr, neutralized with HOAc. diluted 
with HLO and extracted with EtOAc. The ilashed and dried 

organic laqet- paie ;I gum \vhich \~a\ purllied h! prep. TLC 
Recr~~tallizatlon fl-om C’HCI i hrxanc alfordcd 0.14 g Sb. mp 

96 97”. LX-,, - 3S ((‘0.Z. CHCI,/. IR (KBr) 3420, 146.5. 1380. 
1370. 1030 and YIOcm ‘, The high reuolutlon MS did not sho\r 

the molecular ion but had sipmticant peaks at ,I! (’ (composition. 
“o) ??Z (Cl<Hz,,O. 74.1 I. ‘OX (C,,H,,O. 2X.31. X7 (C,,Hz,O. 
100).X4 (C,<H,,. 13). IYO (<‘,JHL2. 4), 1X9 ((‘,+HL,. 2X.41. IX0 
(C,LH.&. 5.7), 17Y (C,,H,.,O, 141. I64 (CizHzil, 6). 163 
(C,,H,,,. 4). 162(c‘,zH,,, 6.31, I61 (CIzH,-.35), l%(C,,,H,,O. 
11.2). 153 (C,,,H-0. X5.0). 139 ((‘, /H,.. ?S). 148 (c‘; / 1-I,,?. 4.7). 

147 iC,,H,,. 14.5). I39 (C,,H,<O, 7.3). 13X (C,,H,,O. 4.5). IiS 

(C,,,H,,, 5.11. 137 tC‘,,,H,:. 3X.6), 137 (C.,H,,O, 21.‘)). I36 

(C,,,H,,. X.S). 135 ((‘,,,H,,. 9.i). 134 (C‘,,,H,,, ht ~111ci I33 
(C,,,H,,. 19.4). A negative ion (‘I MS (CH,<‘I,) sho\sed two 

prominent ions at 27S :(M + Cl) 1 and 257 [(M -. IS + (‘II 1. 
A solution of 5Omg 5b in 5 ml ofcthcr \L;~x oxidi/cd with CrO I 

using procedure W of B~-cr\l II i’i (ii. : I 7 1. Wol-k-up ;md prep. TL<‘ 

garc45mg6a which could not bc induced tocr~stalli/c. IR (neat) 
3500 (broad). 1002. I390. 137i. I I W. I 130 and YoOcm ‘. CD 
c,,rve (M&H) :il]J,, + ~100. n1s 3s (21 1. 37:. 23~.X~i. 178. 
135 (h;i\o peak I. 109: 107 2nd 9.3. 
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