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AssrRacT.-l,lOa-Eposy-8a-hydrosyachillin (I) ,  anhydrogrossmisin (2), canin 
(3),  artecanin (4), ridentin ( 5 )  and 8a-hydrosyachillin ( 6 )  were isolated from A . f r z g z d a .  
l,lOa-Eposy-8a-hydrosyachillin (1) was obtained for the first time as a natural product. 
The stereochemistry of l,lOa-epo~y-&-hydroxyachillin (1) and anhydrogrossmisin (2) 
is discussed on the basis of spectroscopic data .  Tha t  canin (3) is the same as 
chrysartemin-A was further confirmed and 13C-nmr and pmr data  are described. 

Leaves of Artemisia j r i g i d a  Willd. (Compositae) are not eaten by the grass- 
hopper Hypochlora alba, while the leaves of A .  ludoziciaita var. ludoz ic iana  Kutt .  
provide the primary food source for this insect. Since both plant species appear 
to  have similar mats of pubescence and glandular trichomes, these feeding prefer- 
ences may result from chemical differences. Thus, in connection with establishing 
the nature of the feeding deterrence of A .  f r i g i d a  to H .  alba (a joint project with 
Professors H. Knutson and T. Hopkins, Kansas State University) we now report 
six sesquiterpene lactones from A .  j r i g i d a .  Their effects on insects will now be 
determined. We previously described fourteen flavonoids from this same species 
D l  21. 

RESULTS A S D  DISCUSSIOS 
Ground air-dried leaves of Artemisia jrigida were extracted with aqueous 

methanol. After removal of the methanol, the resulting aqueous layer was 
stored in a refrigerator; a precipitate which appeared n-as filtered off. The aqueous 
layer was partitioned betn-een hexane, chloroform, and ethyl acetate. Chroma- 
tographic separation of the chloroform extract and treatment of the precipitate 
afforded six sesquiterpene lactones (1-6). 

Lactone 1 (mp 252-255', [ a ] ? * ~  = +98" (lZeOH,C =0.46) was isolated as 
colorless needles. I t  was soluble in dimethylsulfoxide, hot methanol and ethanol, 
but only slightly soluble in chloroform, benzene, ethyl acetate, acetone and 
pyridine. Lactone 1 appeared as a dark purple spot on a silica gel GF 254 plate 
in uv light; the spot turned blue fluorescent in long wave-length uv light after 
spraying with 20% H&O? and heating a t  105". The ma55 spectrum of 1 showed 
a molecular ion peak at  m z 278 (48%) corresponding to formula CI5HIBO5 and 
base peak a t  m'z  151. Lactone 
1 showed uv absorption maxima a t  234 (~=12,800)  and 206 nm (~=18,300) .  
The bands a t  3430, 1754, 1715 and 1620 cm-' in the ir spectrum indicated the 
presence, respectively, of a hydroxyl group, y-lactone ring. a, p-unsaturated 
cyclopentenone and a double bond. The pmr spectrum of 1 exhibited a doublet 
a t  6 1.13 (3H, J = 8  Hz), nhich n-as assigned to the C-11 methyl group of the 
lactone ring; two signals a t  6 1.64 (3Hj and 2.27 (3H) were attributed to the C-10 
and C-4 methyl groups, respectively; a signal a t  6 6 . 2 i  (1H, J = 1 Hz) was assigned 
to  an olefinic proton a t  C-3; and a doublet a t  6 3.41 ( l H ,  J5,6=10.5 Hz) cor- 
responded to an a-proton a t  C-5. A triplet at  64.22 ( l H ,  J5,6=10.5, Ja,i=10.5 
Hzj is characteristic for the C-6 proton in guaianolide-type sesquiterpene lactones. 
A double-quartet appearing a t  62.61 ( l H ,  Ji,l1=8, 1 1 1  1 3 = 8  Hz) was assigned to  
the proton a t  C-11. A multiplet appeared centered a t  63.57 (1H) for the proton 
a t  C-8, and the C-8 hydroxyl proton gave a doublet a t  64.92. The coupling 
constants J5,6= 10.5 Hz and Jg = 10.5 Hz suggest a Iram-axial arrangement for 
the protons a t  C-5, 6 and i .  Therefore, if the C6-H configuration is p, as is 
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likely, the proton configurations are then H-Sa, H-6P and H-7a. Such configura- 
tions have been confirmed for all guaianolides so far isolated from Artemisia 
except one, sieversin, whose configurations a t  these positions are not settled. If 
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the fusion of the lactone is trans, the observed Ji,11 of 7.5 Hz requires the CI1- 
methyl group to be p-oriented [3]. Biogenetically, a p-oriented Clo-methyl group 
(and thus an (Y CI-Clo epoxy group) is favored for 1 since this same stereochemistry 
has been established for all known guaianolides so far isolated from Artemisia 
including those with a C1-Clo epoxy group. These deductions lead to  the stereo- 
chemistry as shonn in 1. JIoreover, the 13C-nmr data (see table 2 )  support 
structure 1. The signals for C-1 and C-10 of 1 overlapped a t  65.2 ppm, indicating 
the equivalence of these two carbons as a result of the presence of the 1,lO-epoxy 
group. 

Acetylation of 1 yielded the monoacetate la nhose pmr spectrum exhibited 
an acetyl signal a t  62.09 (table 1). The mass spectrum of la showed a molecular 
ion peak a t  m z 320 corresponding to formula CliH2006. Thus, the structure of 
1 was confirmed as 1,10a-expoxy-Sa-hydroxyachillin. Gonzalez and co-n orkers [4] 
isolated a mixture of tn-o compounds from Artemisia lunata which could be sepa- 
rated only as acetylation products. One of the acetates was described as 1,10- 
epoxy-Sa-acetoxyachillin on the basis of ms and pmr data. Honever, the stereo- 
chemical assignments were not discussed. 

The mass spectrum 
of 2 showed a molecular ion peak a t  mlz 244 (100%) corresponding to formula 
CljH1603. Compound 2 exhibited absorption maxima a t  243 (e = l5,800), 256 
(e=15,500) and 310 nm (e=S,200) in the uv spectrum and bands a t  1770, 1690, 
1625, 1605, 990 and S68 cm-I in the ir spectrum, indicating the presence of a 
y-lactone ring, a conjugated keto group in a five-membered ring and double 
bonds. The 13C-nmr spectrum of 2 exhibited two singlets a t  194.9 and 177.5 
ppm, ~5 hich could be assigned to the C--2 keto group and C-12 lactone carbonyls, 
respectively. In  the unsaturated carbon region, four singlets appeared a t  161.5, 
145.9, 140.3 and 127.5 ppm n hich could be assigned to C-1, C-5, C-4 and C-10, 
respectively; two doublets a t  132.1 and 118.8 pprn were assigned to C-3 and C-6. 
Three other doublets \\hich appeared a t  7 7 3 ,  50.3 and 41.5 ppm were assigned 
to  the saturated carbon atoms a t  positions 8, 7 and 11, respectively. In  addition 
to  a triplet a t  44.6 pprn for C-9, three methyl carbon quartets appeared a t  21.4, 
14.1 and 13.1 ppm for the C-13, C-15 and C-14 methyl carbons, respectively 
(table 2) [5-71. The pmr spectrum of 2 (table 1) exhibited signals which were 
in accord with the 13C-nmr data and supported the guaianolide structure 2. 
Examination of the pmr couplings of 2 ( J i , s=  8 Hz, J S  9 a = 4 Hz and J8,9b = 10 Hz) 
indicated a C-7,8 tram-fused lactone ring. A trans-fused lactone ring n-as further 
supported by the coupling constant betn-een H-7 and H-11 (J i , l l=13  Hz). On 
the basis of the benzene-induced shift of the C-11 methyl group ( A = ~ c D c I ~ -  
~ c ~ D ~ =  1.37-1.06 =0.31 ppm) this methyl group must be a-oriented [3]. 

Three compounds have been reported J\ ith the same skeletal structure, 
namely, ferulin, anhydrogrossmisin and anhydroaustrin; hou-ever, no information 
about their stereochemistry is available [8-91. Since the melting point of com- 
pound 2 isolated here coincides with that of anhydrogrossmisin we use the name 
anhydrogrossmisin for 2 and define its stereochemistry. Anhydrogrossmisin (2) 
n-as previously obtained as a product of chemical transformation [9]; this is the 
first report of its natural occurrence. 

Lactone 3 was identified as canin [lo-121 by direct comparison of ir, pmr, uv, 
ms and other physical constants with those of an authentic specimen. The 
W-nmr spectrum of 3 provided further confirmation of its structure (table 2 ) .  

The R f  values, ir and pmr spectra of both lactone 3 and authentic canin were 
also identical to those of an authentic specimen of chrysartemin-h [13-141, recon- 
firming the identity of the latter tu-o compounds (table 3 ) .  

Lactone 5 [mp 208-211', [ c x ] ~ ~ D =  -111' (JIeOH, C=0.42) ] was isolated as 
colorless needles. The uv, ir and nis of 5 nere identical to  those of ridentin 
(reported mp 215-218') which was reported as a constituent of other species of 
Artemisia [15-161. The pnir of the trimethylsilyl ether of 5 was also identical 

Lactone 2 (mp 193-194') was isolated as colorless crystals. 
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TABLE 2. 13C-nmr of sesquiterpene lactones 1-6 from A rtemisiafrigide.a 

8. . . . . . . . .  
9 . . . . . . . . . . . .  

10 . .  . . . . . . . . .  
11.. . . . . . . . . . . .  
1 2 . .  . . . . . . . . . .  

Carbon 
SOS.  ~ (DMSO-d6) 

6 2 . 4 d  
43.7 t 
65.2 s 
37.5 d 
178.5 s 

1 . . . . . . . . . . . . .  I 6 5 . 2 ~  

4 )  

2 1 201 1 s 
3 132 3 d 

4 ~ 

177 7 s 
5 56 4 d 

0 59 0 59 0 59 
0 45 0 45 0 45 
0 67 0 67 0 67 
0 30 0 36 0 36 

6 77 O d  
7 ~ 4 7 4 d  

13 
14 
15 

161.5s 1 79.Gs 7 7 . 7 s  

118.8 d 
50.3 d 
77.8 d 
44.6 t 
127.5 s 
41.5 d 
177.5 s 
21.4 q 
13.1 q b  
14.1 q b  

194 9 s 
132 1 d 
140 3 s 
145 9 s 

57 7 d 
72 6 s  
42 5 d  
57 4 d 
4 9 . 5 d  1 42.5 d 
235t 2 2 2 t  
33 0 t 36 9 t 
71 5 s  70 2 s  
140 9 s 139 6 s 
lG9.3 s ' 169.6 s 
118.9 t 1 118.7 t 
19.2 q 19.5 q 
2i.O q 26.9 q 

aRun on a 22.6 RIHz instrument in deuterium solvents with 'I 
Signals were assigned by means of off-resonance decoupled spectra. 

bAssignments may be interchanged. 

5 
(DAISO-d6) 

73 6 d  
41 4 t  
74 O d  
140 3 s 
120 8 d 
79 7 d 
47 5 db 
31 I t  
25 9 tb  
147 8 s b  
150 O s b  
170 O s  
118 4 t 
11 G q  
110 0 t 

6 
(DMSO-d6) 

132 3 s 
195 1 s 
134 7 d 
170 6 s  
50 8 d  
80 8 d 
56 8 d 
63 7 d 
47 6 t  
146 3 s 
37 6 d  
178 2 s 

8 8 q  
20 9 q b  
19 2qb 

I S  as internal s tandard .  

to  the spectrum of the TAISi ether of ridentin [li].  That  5 differed from ridentin-B 
( 7 )  (an isomeric sesquiterpene lactone of ridentin [18]) was evident from the 
13C-nmr spectrum of 5 (table 2 ) .  One singlet a t  140.3 and a doublet a t  120.8 ppm 
indicated the olefinic character of C-4 and C-5 in 5 .  lloreover, a one-proton 
doublet a t  65.48 in the pmr spectrum suggested the presence of an olefinic proton 
at C-5 in 5 ;  7 does not have a C-5 olefinic proton. Therefore, 5 is identical with 
ridentin. 

Lactones 4 and 6 were identified as artecanin and 8a-hydroxyachillin, respec- 
tively, on the basis of pmr, I3C-nmr, ms, uv, ir and comparison with authentic 
samples. 

TABLE 3. Chromatographic data  of lactone 3 and 4." 

Solvent I 1 I Chrysarte. 
Systems Lactone 3 ,  Canin I min-A 

Benzene-ethyl acetate- 
methanol (4:G:l). . . . .  

Ethyl-acet ate.  . . . . . . . .  
Chloroform-acetone (1:l) 
Benzene-ethyl acetate (1: 
Toluene-ethanol (5:6)b. .  . 
Chloroform-met hanol 
(15:l). . . . . . . . . . . . .  

0.17 0.17 0.17 

0.48 ~ 0.48 ~ 0.48 

Lactone4 1 Artecanii 

0.53 
0 .74  
0.42 0 . 4 2  
0.20 ~ 0.20 

0.46 ! 0.46 
I 

Chrysarte- 
min-B 

0.67 
0.53 
0.74  
0 . 4 2  
0.20 

0.46 

'Developed on silica gel GF-254 plates; visualization was realized by spraying with 20% 
HqSOL. 

bTwice developed 

EXPERIJIEKTXL 
PLAKT ~ I A T E R I A L . - T ~ ~  aerial parts of A.frzgzde were collected by Dr.  Greg Mulkem, near 

Fargo, North Dakota, August 18, 1979. Voucher specimen G .  RI. R .  K.  S o .  1 is deposited in 
the Lundell Herbarium, The Unlversity of Texas at  Austin. 

GENERAL TECHKIQUES.->IPS were determined on a Fisher-Johns mp block and are uncor- 
rected. Si gel GO GF-251 
(E. Merck) was used for tlc. Visualization of the sesquiterpene lactones on tlc plates was 
realized by uv light (251 and 366 nm) before and after spraying with 20% HzSOa and heating 
a t  105'. 

(1.58 kg.) were extracted with 85Yc a q .  methanol (10 liters x 3) and 507c aq .  methanol (10 
liters x 2)  The extracts were combined and evaporated under reduced pressure until only 
water remained. The  precipitate (63.2 g)  obtained after the concentrate was allowed to  stand 

Column chromatography employed Polyclar AT (GAF Corp.). 

EXTRACTION A S D  P4RTITIONING O F  EXTRACT RESIDUE.-Ground, dried leaves and Stems 
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in the refrigerator for 2 da>s nas  filtered off The aqueous l a j e r  vas  partitioned n i t h  n-hexane 
(1 6 liters x 4), chloroform 11 2 liters 8) and e t h j l  acetate (1 2 liters 

I~OL+TIO\  OP SESQZITERPE\E  L ~ C T O \ E S  -The chloroform ektract concentrate (25  g) mas 
chromatographed over a Pol! clar column, which mas eluted n i t h  a miltiire of benzene-methanol 
n i t h  a gradual increase in the ratio of methanol Fractions of 500 ml each nere  collected 
Fractions 5-7 contained lactone 3 9 gave lactone 6 , lO  contained lactone 1 13 ) ielded lactone4 
and 21 gave lactone 5 

The precipitate (63 2 g) noted above was treated with jCc aq S a 2 C 0 3  1150 ml) After 
filtering, the filtrate nas  acidified \ \ i th cone HC1 A !ellow-green precipitate ( 5  6 g) which 
formed was filtered and washed j \ i th deionized water and then separated over a Polhclar 
column Fractions of 100 ml each Mere 
collected The first two fractions contained lactone 2, which mas further purified on a column 
of silica gel 130 g R h e n  this la t ter  column was eluted a i t h  toluene-ethil acetate 15 51, the  
second .jO ml fraction gave pure lactone 2 

l , l( la-EPo.iI-gol-H.lDi~o.ii   CHILLI\ i i  ~ C T O \ E  1 i -Compound 1 mas crhstallized from 
methanol and recrjstalliLed from ethanol fi ield 77 mg) It exhibited the folloning spectral 
properties, i r  Y ma\ (SUJO~J 3130, 1751, 1715> 1620, 1450, 1353, and 845 em-' ms, z llT 278 
(49Cc), 262 (381, 244 131,  225 1 2 ) )  216 (11 201 (4) 189 1101, 171 ( lo) ,  159 191, 151 (1001, 147 113), 
136 (111,  122 (15) and 105 1-12) pmr and 13C-nnir see tables 1 and 2 1 (15 mgj nas  treated 
overnight n i t h  acetic anhjdride-p>ridine 13 2 ,  1 nili Folloning removal of excess reagents 
under high vacuum and crhstallization from ethanol, the acetilation prodnct (la, 11 mgj, mp 
268-271', exhibited the following spectral properties ir ,  Y ma\ (Sujolr 1775 i-plactonej, 1735 
facethl 1655 ~a,d-unsaturated carbonhl) arid 1605 em-' ms, V I  : hl- 320 (lGYoi, 304 (-I), 278 
(13), 266 (211, 244 (31, 232 ( lo) ,  217 (71 ,  204 i l l ) ,  185 (81, 176 191, 161 (101, 151 ( 7 2 ) ,  135 i l l ] ,  
122 I%,,  109 (45) and 43 1100) iiv, X ma\ IEtOH),  236 nni ft=14800) for pmr, see table 1 

;I\HIDROGRO~S\II>I\ ( L A C T O L E  2) -Compound 2 nas cristallized from methanol and 
recrjstallized from propanol-isoprophl ether ijield 71 mg an additional 28 mg was obtained 
from the mother liquor) It exhibited the following spectral properties ms nr z11-244 (lOOC;i, 
229 (31 ,  216 ii), 201 ( lo) ,  188 (21)) 173 f 341 ,  171 f31), 155 (42) ,  145 (U), 129 126) and 115 ( 3 5 )  
for pmr and IaC-nmr, see tables 1 and 2 

C A \ I \  ( L ~ C T O Y E  3) -Compound 3 n a s  cristallized from methanol and recr>stallized from 
ethanol Iiield 116 mgj as colorless prisms, mp 213-246" r (lit 
I t  e\hibited the folloning spectral properties uv 1EtOHi X ma\ 211 nm (c=8320). ir, Y ma\ 
fSii]oli 3180 (-OH), 1765 and 1660 em-' (?-lactone conjugated n i t h  an exociclic methj lene 
group), ms, V I  z 11+ 278 (171 ,  260 ( S i ,  231 (11, 217 (A),  203 141, 189 (-io), 175 (G), 161 (i,, 151 (18), 
135 (S) ,  123 ilOi and 111 1100) for pnir and 13C-nmr, see tables 1 and 2 

A R T E ~ ~ \ I \  ( L ~ C T O \ E  4) -Lactone 4 n a s  cr) stallized from methanol and recristallized 
from ethanol (> ield 6 2  nig, as colorless prisms, nip 215-261" 'lit (10) 244" i l l  I 244-246" (12) 
253-254' 113) 262-2133' (14) 234-237' I t  exhibited the folloning spectral properties uv, 
(EtOH X ma\ 209 nni (e=8270) ir Y ma\ ( S u ~ o l l  3400 (-OH), 1740 (*(-lactone) and 1156 cm-1. 
ms, wr z hlA 278 ( lT) ,  260 1 3 ) ,  245 12), 217 ( 2 ) >  203 ( 3 ) ,  189 (3) ,  175 (5), 161 f5), 161 (5)> 151 (12), 
137 i i J ,  123 1101 and 111 fl00) for pnir and W-nmr,  see tables 1 and 2 ,  for co-chromatographic 
data ,  see table 3 

RIDELTI\ J L I C T O \ E  5 )  -Lactone 5 n a s  crjstallized from methanol and recrystallized 
from ethanol (ield 56 mgl as colorless needles, nip 208-211" [lit 116) 215-218"] I t  exhibited 
the  folloning spectral properties ir, Y ma\ 1Sujol) 3300 (-OH), 1760, 1645 (-/-lactone conjugated 
n i t h  an e\oci clic nieth>lene grouping) and 1670 cniP idouble bond, iiv, (EtOHj  A ma\ 209 nm 
(t=12,5001 nis, V I  z 11- 264 1 3 $ i ,  216 151, 236 121, 228 (81, 219 il8), 217 (18). 213 16), 203 (14), 
189 1191, 185 (111> 175 (421, 157 (17), 149 fG61, 133 1271, 121 143), 105 (511, 91 (83) ,  79 164), 71 (W), 
53 (86)  and 13  (1001, for pmr and 13C-nmr, see tables 1 and 2 

Compound 5 112 mg) nas t r i m e t h ~ l s i l ~ l a t e d  n i t h  he\ameth>ldisilazane and t r imethl l -  
chlorosilane in p> ridine The trimethhlsilj lation product 5a, nhich nas  readilj 
soluble in chloroform and carbon tetrachloride,  as used for a decoupling ekperiment, for 
see pmr, table 1)  

&-HIDROXI  CHILLI\ I L ~ C T O \ E  6 ,  -Lactone 6 nas  cr!stallized from methanol and 
recri stallized from ethanol 1i ield 991 mgi as colorless prisms, mp 12%128', [cY]*~D= +104" 
(JleOH, C=O 64) It exhibited the following spectral properties ir, Y ma\ (Sujol) 3450 (-OH), 
1750 (-,-lactone), 1675 (ad-unsaturated carboni l j .  1645 and 1615 cm-1 (double bonds) uv, 
( E t O H  X ma\ 255 nni f=14,100) ms, 111 z 11- 262 (100$), 244 ( 5 ) )  229 18)) 216 120), 201 (19), 
185 i40), 183 191, 171 (-io), 159 127),  147 ( 3 i ) ,  136 1301, 115 112) and 105 (20) forpmr  and 13C-nmr, 
see tables 1 and 2 

The acethlation 
product 6a mas crhstallized from ethanol as colorless needles ( i ie ld  18 mg) mp 186-189" ms, 
nr z llA 304 1100c7), 262 tli), 244 163), 225 (19), 216 127), 201 129), 188 i3l) ,  171 (49), 159 (55 )  and 
151 130 ir, Y ma\ 1780 (-,-lactonel, 1735 iacet \ l i ,  1680 ia,d-unsaturated carbonj l ) ,  1635 and 
1616 cm-l (double bonds, for pmr, see table 1 

151 

The column mas eluted Kith benzene-methanol (9  1) 

(10) 244-246' (11) 245-246") ] 

ield 15 mg) 

Compound 6 120 mg) mas acet>lated with acetic anhidride-p>ridine 
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