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Abstract-Chemical investigation of Vernonia nitidula resulted in isolation of 11 guaianolides, eight of them new, as 

well as other common plant constituents. 

INTRODUCTION 

In continuation of our work on Argentine Vernonia 
species [14] we have studied the aerial parts of Vernonia 
nitidula Less. Isolated were 11 closely related guaianolides 
la-f, 2a-d and 4 as well as apigenin, luteolin, isorhamne- 
tin, hydroquinone and various commonly encountered 
triterpenes and sterols. 

RESULTS AND DISCUSSION 

Guaianolide lc was the major sesquiterpene lactone 
constituent; the other lactones were obtained in very 
small quantities only. Compounds la (desacylcyanopi- 
crin) [S], lb (aguerin B) [6] and 2a (8cc-acetoxyzaluzanin 
D) [7] are known, while lc-f, 2&d and 4 have not been 
described previously. Structures of lc-f and 2I~d were 
obvious when their ‘H NMR spectra (Table 1, all 
connections and coupling constants established by spin 
decoupling) were compared with those of analogues such 
as cynaropicrin (lb) in our files and in the literature, e.g. 
[S, 91. Additional chemical evidence was provided by 
acetylation of lc to naturally occurring 2c and its oxi- 
dation with pyridinium chlorochromate to an c$- 
unsaturated ketone 3. i3C NMR spectra of lc and 2c are 
listed in Table 2 and confirm the tentative assignments 
reported recently [lo] for li. The absolute stereochemis- 
try of these compounds is that represented in the for- 
mulas [ 111. 

Structure and stereochemistry of the C-14 oxygenated 
guaianolide 4 were deduced from the MS and the ‘H 
NMR spectrum listed in Table 1. An alternative C-15 
oxygenated structure was excluded by sequential 
decoupling involving H-5 through H-9. 

Guaianolides of type 1 or derivatives thereof are typi- 
cally found in Cardueae and to a lesser degree in Lactu- 
ceae, while glaucolides and related sesquiterpene lactones 
containing a 7, (1 1)-double bond and an acyl group on C- 
13 are characteristic constituents of the large genus 
Vernonia and its relatives. In a limited number of instan- 
ces, however, guaianolides similar to or derived from 
compounds of type 1 have been isolated from Vernonia 

species, but generally only from the roots [12-213. 
Whether this possesses any significance will require fur- 
ther study. 

EXPERIMENTAL 

General. For separation of mixtures Waters HPLC equipment 

(M45 pump, U6K injector with 2 ml loop and R-401 differential 

refractometer) was used. The column employed was an ALTEX 

Ultrasphere ODS column (5 pm, 10 mm inner diameter 

x 25 cm). R,s were measured from the injection point. 

Plant material. Aerial parts of Vernonia nitidula Less. were 

collected at the flowering stage in October 1986 in Parana, Entre 

Rios Province, Argentina by Mr J. M. Retamal (IPNAYS, 

Facultad de Ingeneria Quimica, Universidad National de1 Li- 

toral) (voucher CANC No. 25, Instituto Miguel Lillo, 
Tucuman. 

Extraction of V. nitidula. Flowers and leaves (450 g) were 

extracted with CHCl, (2 x 6 1) at room temp. for 7 days to give 

27 g of crude extract (yield 6.0%) which was suspended in 230 ml 

of EtOH at 50_55”C, diluted with 172 ml of H,O and extracted 

successively with n-hexane (3 x 500 ml) and CHCI, (3 x 500 ml). 

Evapn of the hexane extract gave 14.4 g of residue, a portion of 

which (6.Og) was chromatographed over silica gel with n- 
hexane-Et,0 mixtures (2CrSO% Et,O) as eluent. This afforded 

900 mg of pentacyclic triterpenes, 50 mg of sterols and 600 mg of 

a fraction with R, lower than the sterols. Reversed-phase HPLC 

of the triterpene mixture (MeOH, flow rate 2.7 ml/min) gave 

three peaks which were identified as lupeol, /?-amyrin and a 

mixture of a-amyrin and ‘I’-taraxasterol (GC, OV-17, 3%, 270”) 

by coinjection with authentic material in HPLC and CC-MS. 

The ratio lupeol: P-amyrin; cc-amyrin: Y-taraxasterol was 
4:3:5:2. The sterol fraction was saponified with dil. KOH in 

MeOH; the unsaponifiable material was separated by HPLC 

(MeOH, flow rate 2.4 ml/min) to give an equimolecular mixture 

of stigmasterol and sitosterol. The last fraction from the chro- 

matogram (600 mg) furnished 490 mg of lc. 

Evaporation of the CHCI, extract gave a residue (7.0 g) which 

showed a major spot on TLC. A 5 g portion of the residue was 

chromatographed (silica gel CHCI,-Et,Q with @50% Et,O, 51 
fractions). Rechromatography of frs 5 and 6, which showed a 
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HO 

la R = H 2a R = AC 

lb R = MeAcr 2b R = MeAcr 

lc R = Ang 2C R = Ang 

Id R = Tig 2d R = Tig 

le R = OH 

* 
0 

If R = 
OAc 

lg R = AC 

Ih R = OH 

+ 
0 

0 
li R = 

?iG 
0 

HO 

major spot on TLC, combined wt. 42 mg, over Florisil yielded 

31 mg of 2c as a gum. Frs 7-10 (20 mg) afforded after separation 

by RP-HPLC (MeOH-H,O, 2.5: 1, flow rate 1.5 ml/min) the 

following compounds: 8a-acetoxyzaluzanin D (2a, 1.7 mg, gum 

identified by IR, MS, PC1 and ‘H NMR in the literature 173, 2b 
(R, 25 min, gum, 1.7 mg), 2d (R, 35 min. gum. 1.3 mg) and an 
additional 6.2 mg of 2c. 

Frs 1 l-22 (1.93 g) which showed a major spot on TLC were 
combined. Rechromatography (silica gel, CHCl,-Et,0 2: 1) 

yielded 1.58 g of pure lc. Frs 23-31 (combined wt 0.54 g) after 

CC (silica gel, C6H,-Et,0 1: 1) gave 100 mg of hydroquinone 

identified by comparison with an authentic sample and then 

306 mg of lc. Frs 32-34 (30 mg) on RP-HPLC (MeOH-H,O, 1: 1, 

flow rate 1.5 ml/min) gave 1 mg of aguerin B(lb, R, 25 min) which 
was identified by direct comparison of IR, MS, MS PC1 and 

‘H NMR spectra with authentic material 1221. 0.8 mg of de- 

sacylcynaropicrin (la, R, 28 min) identified by comparison (IR, MS, 

MS PCI, ‘HNMR with the literature [S], I mg of Id (R, 33 mitt) 

and an additional 22 mg of lc (R, 36 mitt). 

AcO 

2e R = OAc 

+ 
0 

Fr 3541 which showed a major spot on TLC were combined 

to give 4 mg of apigenin, mp 346-348’ (MeOH) identified by 

mmp, UV and ‘H NMR. Frs 42 and 43 were combined; purifi- 

cation by HPLC (MeOH-H,O 2: I, flow rate 1.5 mllmin) gave 

0.6 mg of If (R, 22 mink 1 mg of aguerin B (lb). R, 26 mitt), 

0.6 mg of la (R, 30 min). 0.5 g of Id (R, 38 min) and 6.6 mg of lc 
(R, 42 min). Intermediate fractions were mixtures. Frs 44 and 45 
were combined and purified by HPLC to give 3 mg of a 2: 1 
mixture of luteolin and isorhamnetin (R, 10 min) identified by 

paper chromatography and comparison of the eluted material 

with authentic material, I mg of If (R, 17 min) and 5 mg of lc 
(R, mm). 

Purification of frs 4648 by HPLC (MeOH-H,O 4:3, flow 

rate 1.5 mlimin yielded 4 mg of luteolin. mp 327’ (K, 13 min). 
Fractions 49.-51 were combined; separation by RP-HPLC 

(MeOH-H,O 4:3) gave 8.5 mg of le (R, 9-10 mitt) and 10 mg of 

4. 

(IS, 3S, 5R, 6R. 7R. 8S)-8-An~~41yloxy-3-~~~r~.~~~uai-3 (15) 10 

(14). 11(13)-trien-6,12-elide (lc). Mp 98.5599’ (EtZO). IR vKRr 



Constituents of Yemonia nitidula 

Table 1. ‘H NMR spectra of compounds lc-f, 2bd and 4 (CDCI,, 270 MHz) 

2693 

H lc Id le If 2b 2c 2d 4* 4 

1 

2a 

2b 

3 
5 
6 
I 
8 
9a 

9b 

13a 

13b 

14a 

14b 

15a 

15b 

-0ACt 
3 

4’t 

5 

2.98ddd 2.97 3.00 
2.24ddd 2.25 2.25 
1.74ddd 1.75 1.75 

4.57brdd 4.58 4.58 

2.85brdd 2.85 2.87 

4.25dd 4.25 4.25 
3.17dddd 3.19 3.21 
5.lOddd 5.11 5.14 

2.72dd 2.70 2.74 

2.41dd 2.39 2.41 
6.23d 6.2 1 6.24 
5.62d 5.61 5.62 
513br 5.14 5.15 
4.96br 4.95 4.96 

5.51brs 5.5 1 5.51 

5.37brs 5.38 5.39 

6.19qq 6.97qq 4.70brq 
(7.5, 1.5) (6) 
2.04dq 1.86dq 1.44d 

(7, 1.5) (6) 
1.94t.t 1.89qt 6.30br 

(1.5) (1) 5.96br 

*In C,D,. 

TIntensity three protons. 

$Centre of AB system. 

J(Hz): Compounds Ic-f, 2b-d: 1, 2a=7.5; 1,2b= 10.5; 1, 5=6,7=7,8=9; 2a, 2b= 13; 2a, 3 =2b, 3=7; 3, 15=3, 5= 1.5; 5, 6 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
=9; 7, 8~9.5; 7, 13a=3.5; 7, 13b=3; 8, 9a=8, 9b=5. 

- 
2.99 

2.23 

1’.76 

4.56 

2.85 

4.25 

3.18 

5.12 

2.70 

2.40 

6.23 
5.61 

5.15 

4.96 

5.50 

5.36 

2.03 

5.70brq 

1.43d 

6.32br 
5.90br 

3.03 3.04 

2.32 2.38 

1.80 1.82 

5.58 5.57 

2.85 2.86 

4.19 4.19 

3.20 3.19 

5.07 5.09 

2.70 2.70 

2.40 2.42 

6.23 6.23 

5.62 5.64 

5.10 5.11 

4.93 4.97 

5.55 5.54 

5.37 5.36 

2.10 2.10 

6.19d(l) 6.2Oqq 
5.69dq(2) 
2.OObr 2.04dq 

1.94tt 

3.01 

2.38 

1.80 

5.51 

2.85 

4.19 

3.19 

5.11 

2.69 

2.38 

6.22 

5.62 
5.14 

4.97 

5.55 

5.37 

2.10 

6.96qq 

1.86dq 

1.89qt 

2.39dd 2.17dd 
2.24dd 2.07dd 
5.08brt 4.76brt 
2.95brd 2.788 
4.96dd 4.12dd 

3.39dddd 3.35dddd 
5.02ddd 5.07ddd 
2.87dd 2.71dd 
2.53dd 2.57dd 
6.12d 6.18d 
5.49d 5.61d 

5.711 5.961 

5.61 brd 5.44s 

5.03brd 5.09s 

4.71s(OH) 4.30s(OH) 

5.8Oqq 6.2Oqq 

1.96qd 2.02dq 

1.81t.t 1.93tt 

cm-’ 3444,1768,1710,1643,1456,1270,1133,1042 and 988; ‘H 

and 13C NMR spectra in Tables 1 and 2; MS m/z (rel. int. %) 344 

(M+, 0.35) 244 (5), 226 (4.2) 148 (6.7), 120 (5), 83 (lOO), 55 (18.6); 
MS PC1 m/z (rel. int. %) 345 (M+ + 1, lOO), 331 (5.9) 245 (46), 

227 (28.2) 83 (15.2). 

Acetylation of 0.2 g of lc (AczO-pyridine overnight at room 

temp.) and purification of the crude product by chromatography 

over silica gel gave 177 mg of a gum identical in all respects with 

naturally occurring 2c (uide in@). Oxidation by addition of 
0.35 g of lc in 2 ml CHCI, to 1.5 mmol pyridinium chloro- 

chromate in 2 ml CHCI, followed by stirring for 2 hr and the 

usual work-up 1231 furnished 110 mg of (lS, 5R, 6R, 7R, 8S)-8- 

angelyloxy-3-oxoguai-3 (15), 10 (14), 11 (13)-trien-6,12-elide (3) 

mp 104106”, UV I ,,,224nm (~20000); IR vKBr cm-’ 1770, 

1723, 1642, 1269, 1234 and 1146. The material decomposed 

before the ‘H NMR spectrum could be determined. 

(lS, 3S, SR, 6R, 7R, 8S)-3-Hydroxy-8-tiglyloxyguai-3(15), 
10(14),11(13)-rriene-6,12-&de (la). Gum; ‘H spectrum in Table 

1; MS m/z (rel. int. %) 344 (M+, 0.39) 326 (Ol), 244 (11.9), 226 
(7.7), 148 (5.9) 120 (4.7), 97 (11.3) 83 (lOO), 71 (15) 55 (44.5). MS 

PC1 m/z (rel. int. %) 345 (M+ + 1,85.0), 245 (lOO), 228 (15.4), 227 
(92.2), 217 (20.0), 199 (8.4), 131 (24.2) 101 (16.5) 83 (48.1). 

(lS, 3S, 5R, 6R, 7R, 8S)-3-Hydroxy-8-[2-(1-hydroxyethyl) pro- 

penoyloxylguai-3 (15),10(14, 11 (13)-triene-6, 12-o&de (le). Gum; 
‘H NMR spectrum in Table 1; MS m/z (rel. int. %) 360 (M+, 

5.6), 342 (1.1). 262 (41), 244 (lOO), 226 (63), 216 (37.4), 197 (38.8), 

148 (49.2), 99 (41.5), 71 (10.2); MS PC1 m/z (rel. int. %) 361 (M+ 

+ 1, 72.7) 343 (39.7) 261 (21.3) 245 (100) 227 (90) 117 (39.9) 99 

(22.8). 
(lS, 3S, 5R, 6R, 7R, 8S)-8-[2-(l-Acetoxyethy[)-propenoyloxyk 

3-hydroxyguai-3(15),10(14),11(13)-trien-6,12-olide (If). Gum; 
‘H NMR spectrum in Table 1; MS m/z (rel. int. %) 402 (M+, 

0.7), 343 (0.4) 270 (13.3) 244 (34.2) 226 (21.8), 141 (78.2), 99 (40), 

81 (100); MS PC1 m/z (rel. int. %) 403 (M+ + 1, 21.6), 385 (3.8) 

345 (20.1) 343 (6.5), 285 (12), 271 (12.8), 257 (25.4) 245 (63.3), 227 

(81.8), 201 (23) 159 (69.7), 141 (30), 99 (100). 
(lS, 3S, 5R, 6R, 7R, 8S)-3-Acetoxy-8-methacrylyloxyguai-4- 

(15),10(14),11(13)-trien-6,12-elide (2b). Gum; ‘H NMR spectrum 

in Table 1; MS PC1 m/z (rel. int. X) 373 (M+l, 69), 313 (37.6), 

287 (2.5) 279 (10.7), 227 (lOO), 201 (7.6), 85 (11.8). 

(lS, 3S, 5R, 6R, 7R, 8S)-3-Acetoxy-8-angely[oxyguai-4(15),10 

(14),11(13)-trien-6,12-elide (tc). Gum; ‘H and i3C NMR spectra 

in Tables 1 and 2; MS m/z (relint. %) 386 (M+, 0.02), 326 (0.03), 

286 (0.17), 226 (4.2), 83 (100) 55 (16.2); MS PC1 m/z (rel. int. X) 
387 (M+ + 1, 93.3) 327 (34), 227 (lOO), 83 (21.1). 

(lS, 3S, 5R, 6R, 7R, 8S)-3-Acetoxy-8-tiglyloxyguai-4(15),10 

(14),11(13)-trien-6,12-elide (2d). Gum; ‘H NMR spectrum in 
Table 1; MS m/z (rel. int. %) 386 (M+, 0.14) 326(0.15), 226 (8.8), 

83 (100) 55 (46.7); MS PC1 m/z (rel. int. %) 387 (M+ + 1, S3), 327 

(34.3), 227 (100). 

(3S, 5R, 6R, 7R, 8S)-8-Angelyloxy-3,14-dihydroxyguai-l(lO), 4 
(15),11(13)-trien-6.12-elide (4). Gum; IR vCHC’3 cm-’ 3400, 1765, 
1715, 1640, 1430, 1225, 1065, 1040, 970; ‘H NMR spectrum in 

Table 1; MS m/z (rel. int. X) 360 (M+, 0.2), 342 (0.4), 277 (0.5) 
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Table 2. ‘% NMR spectra of lc and 2c REFERENCES 

C 

1 

2 

3 

4 

5 

6 
7 

8 
9 

10 
11 

12 

13 
14 

15 

I’ 

2 

3’ 

4 

5’ 

AC 

(CDCI,, 67.89 MHz) 

lc 

45.14d 

36.96t 

73.30d 

152.12s 

51.15d 

78.52d 

47.50d 

73.47d 

38.90r 

141.80s 
137.50s 

169.0% 

122.16t 

117.701 

113.19r 

166.70s 

126.99s 
139.67d 

15.7oq 

20.3Oq 

2c Iht 

45.67d 45.3 

36.36t* 38.3 

74.68d* 73.2 

147.23s 151.8 

51.73d* 51.5 

78.07d* 78.1 

47.75d* 46.9 

73.37d* 75.2 

37.37t* 35.6 

141.53s 141.6 

137.57s 136.8 

170.69s 169.5 

122.41 t 123.6 

118.28t* 118.1 

116.05r* 113.8 

166.X3.\ 174.8 

127.17s 76.0 

139.9311 68.1 

15.84y 21.6 

20.454 

170.69s 

21.2Oq 

*Assignments by single frequency 

decoupling. 

tTaken from ref. [lo] with assignments 

confirmed by comparison with Ic and 2c. 

260. (0.5), 242 (6). 83 (IOO), 55 (55.8), MS PC1 (rel. int. X) 361 

(M’ + 1,80.2), 343 (55.1) 260 (36.4), 243 (58.6) 225 (20). 85 (100). 

Acknowledgrments~~~Thanks are due to Mr J. M. Retamal for 

collecting plant material and to Professor G. D. Anderson. 

Marshall University, for running FT-IR spectra. Work in 
Tucumiin was supported by plants from Conscjo National de 

Investigaciones Cientificas y Ttcnicas. Argentina, and Consejo 

de Investigaciones de la Universidad National de Tucumrin. 

1 Catalan, C. A. N.. Legname, P.. Crist. B. V. and de Iglesias, 

2. 

3. 

4. 

5. 

9. 
10. 

1 I. 

12. 

13. 

14. 

15. 
16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

D. I. A. (1985) Phyrochemistr~ 24, 2 113. 

Catalan, C. A. N.. de Iglesias. D. I. A.. Kavka. J., Sosa, V. E. 

and Herz, W. (1986) d. Nor. Prod. 49, 351. 

Catalan, C. A. N.. de Iglesias. D. 1. A.. Kavka, .I.. Sosa. V. E. 

and Hex, W. (1988) Phyrochrmlstry 27. 197. 
Bardon, A., Catalan, C. A. N., Gutierrez. A. B. and Herz. W. 

(1988) Phytochemisiry 27 (in press). 

Samek, Z.. Holub. M., Drozdz. B.. Jommi, G.. Corbella, A. 

and Gariboldi, P. (1971) 7i~rru&/ron Lerlers 4775: (1972) 

Co//. C’zechoslorak Chem. Comm. 37, 361 1. 

Gonzalez, A. G.. Bermejo. J.. Cabrera, I., Massanet. G. M., 

Mansilla H. and Galindo. A. (19781 Ph~~tochemistr~ 17. 955. 

Asakawa. Y. and Takcmoto. T. I 197’)) Pkyrochrmisrrv 18. 

285. 

Rustaiyan, A., Niknejad, A., Zdero. C. and Bohlmann, F. 

(1981) Phytochmzistry 20, 2427. 

Rustaiyan, A. and Ardebili. S. (1984) Plmra Med. 51, 363. 

Fernandez, 1.. Garcia, B., Grancha, F. J. and Pedro, J. R. 

(1987) P/zyrochemistr,v 26, 2403. 

Corbella. A., Cariboldi, P., Jommi, G., Samek, 2.. Holub, 
M.. Drozdz. B. and Blosqk. E. (1972) /. Ckm. SW. 386. 

Mompon, B., Missiot. G. and Toubiana, R. (1974) C.R. 

H&d. Ser. C279. 907. 

Mompon, B. and Toubiana, R. (1977) Tctrahrdron 33, 2199. 

Kisiel, W. (1975) PO/. .I. Phurmucol. Pharm. 27. 461. 

Bohlmann. F. and Zdero, C. (1977) Phyrochemistry 16, 778. 

Bohlmann, F.. BrindBpke. G. and Rastogi, R. C. (1978) 

Phyfochemislry 17, 475. 

Bohlmann. F., hfahanta, P. K. and Dutta, L. N. (1979) 

Phytochrmistry 18, 289. 

Bohlmann, F.. Jakupovic. Gupta. R. K.. King, R. M. and 

Robinson, H. (1981) Pltpochrrnistr~ 20, 473. 

Bohlmann, F.. Miiller, L.. Gupta. R. K., King, R. M. and 

Robinson, H. (1981) Phyrochemis~rp 20, 2233. 

Bohlmann, F.. Singh. P., Borthakur. N. and Jakupovic. J. 

(198 1) Phytochemfstr_v 20, 3379. 

Jakupovic, J.. Zdero. C.. Boeker, R., Warning, V.. 

Bohlmann, F. and Jones. S. 8. (1987) Liehiy’s Arm. Chem. 

111. 

Das, S., Baruah, R. N., Sharma, R. P.. Baruah. J. N.. Kulan- 

thaivel, P. and Herz, W. (1983) Ph~tochrrnisrr~~ 22, 1989. 

Corey, E. J. and Suggs, W. (1975) Tetruhedum 2647. 


