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Abstract--Chemical investigation of the aerial parts of Arnica acaulis resulted in isolation of 12 known helenanolides, 
one new melampolide baileyin acetate and the trans-fused guaianolides florilenalin acetate and 
1 lcrH,13dihydroflorilenalin acetate as well as other relatively common plant constituents. The implications for the 
biogenesis of helenanolides and the chemotaxonomic situation in Arnica are discussed. 

INTRODUCTION 

Aranica (Compositae) is a circumboreal predominantly 
montane genus of about 32 species most of which are 
confined to western North America [l]. Its tribal position, 
traditionally within the Senecioneae, has been the subject 
of considerable discussion [24]. On morphological, 
serological and chemical grounds it has been argued that 
its affinities are with the Heliantheae rather than with the 
Senecioneae; thus the most recent treatment of 
Heliantheae [5] includes Arnica and its close relatives in 
subtribe Chaenactidinae which in turn appears to be 
closely related to subtribe Gaillardiinae. 

The chemical evidence which has been adduced in 
support of this relationship [5] includes inter aliu the 
discovery [68] in A.foliosa Nutt. [A. chumissonis Less. 
ssp. Jbliosa (Nutt.) Maguire] and A. montana L. of 
sesquiterpene lactones of the helenanolide type which are 
characteristic constituents of Gaillardiinae. Because ofthe 
role which Arnica montana, the only member of the genus 
found in Europe, plays in European popular medicine its 
chemistry and that of a few other Arnicu taxa has been 
studied more thoroughly in recent years [9922]. This has 
resulted in the isolation of an additional number of 
helenanolides with the biological effects of the drug being 
attributed primarily to helenalin (la) and some of its 
derivatives. 

The only Arnicu species found in North America east of 
the Mississippi and south of the Adirondacks is A. acaulis 
(Walt.) B.S.P. According to Maguire [l] it has no near 
relative in North America while its general habitat and 
character of pubescence strongly suggest it to be an 
offshoot of European A. montana. It was therefore of 
interest to compare the chemistry of the two species. In the 
present report we describe isolation from A. acaulis of the 
sesquiterpene lactones la-e, 2a-e, 3,4,5b,6b and 7b, the 

*Table 1, column 1 of ref. [24] which lists the ‘HNMR 

spectrum of baileyin contains an erroneous assignment and 

several misprints. For this reason the correct NMR spectrum of 

Sa is reproduced in Table 1. 

thymol derivative 9a and the flavones pilloin (IOa) and 
salvigenin (11). 

RESULTS AND DISCUSSION 

Extraction of the aerial parts of A. ucaulis furnished a 
complex mixture of the known helenanolides la-e, 2a-e, 
3 and 4 which were identified by comparison with 
authentic samples or by comparison with ‘HNMR 
spectra of esters of helenalin (la) and llaH,13- 
dihydrohelenalin(2a) recorded in the literature. Lactones 
3 (mexicanin I) and 4 (1 lnH,13-dihydromexicanin I) have 
not been reported previously from Amica. 

A new crystalline lactone was the acetate 5b of a C-8 
lactonized melampolide baileyin (5a) from Baileya pleni- 
radiutu and B. multirudiutu [23, 241, as shown by the ‘H 
and 13C NMR spectra (Tables l* and 2) extensive 
clecoupling and the observation of a significant NOE 
between H-l and H-14 (Table 3). The H-2/3, H-BP- 
stereochemistry originally suggested [24] for baileyin was 
speculative due to uncertainty about the conformations 
adopted by C-8 cis- and C-8 truns-lactonized melampo- 
lides. Since then it has been shown in the case of 
schkuhriolide and its derivatives [25-271 that the confor- 
mation of such C-8 cis-lactonized melampolides is similar 
to C-6 tram-lactonized members of this class, i.e. rDr4, 
I’D5 [28], and gives rise to values of J7,r3 < 3 Hz, 
whereas C-8 truns-lactonized melampolides exemplified 
by frutescin [29, 301 assume the rDr4, i5D5 confor- 
mation. Associated with this conformation of C-8 trans- 
lactonized melampolides are values of 5,,i3 > 3Hz, an 
upfield shift of H-8 to 63.8-4.O.F and relatively large values 
of 5,.s[29-311. All this is clearly the case for 5a,b which 
are therefore C-8 truns-lactonized. Inspection of the 
model constructed in accordance with Fig. 1 of ref [30] 
then reouires B-orientation of the 2-hydroxy or acetoxy 
group to accommodate the values of j,,2,J2:3, and J2 sb; 
moreover the model and the H-2a,H-84 stereochemisirv 
deduced from it for 5a,b are in highly satisfactory 
agreement with the NOE dilference spectrum of 5b 
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tA muhiplet appearing at ~i3.75 in the ‘H NMR spectrum 01 

the C-8 rrans-lactonized melampolide soulangianolide B has been detailed in Table 3 T’hc CD CUF\C~ 01 5a and 5h exhibit 

ascribed to H-7[32]. The chemical shift of the H-X signal was not positive maxima 10r the n,x+ ~rransition 01‘ the r,/l- 

reported. In the light of the preceding discussion it appear to us unsuturatcd lactonc chrc~mophorc. hence the formulas 

that the 63.75 signal of soulangianolide B is associated with H-8 also represent theahsnlut~coilti~uratl~~,ns r?k!.4R. 5K. 7R. 

and that the H-7 signal is found at higher field as usual. 8s) ol’ Ihcse zonIp4w:ld~ 



Hydrogen 5a* 

Sesquiterpene lactones and other constituents of Arnica acaulis 

Table 1. ‘H NMR data for compounds 5a, 5b, 6a and 7b (270 MHz, CDQ) 

5b 6b 7bS 

157 

1 5.33 br d (10) 
2 4.69 m (10, 10, 6) 
3a 2.62 dd (12, 6) 

3P 1.27 dd (12, 10) 
5 2.37 br d (12) 
6a 2.33 br d (15) 

6P 1.4 m 
7 2.85 m 
8 4.05 dd (12, 9) 

9a 2.47 t (12) 

9P 2.79 br d (12) 

13a 6.37 d (3.5) 

13b 5.67 d (2.7) 
14 1.85 br (1)t 

19 1.18 
Act _ 

5.28 br d (10) 1.93 br d (15) 

5.60 dt (6, 10) 5.29 br dd (6, 2.5) 
2.58 dd (11, 6) 2.20 dd (16, 6) 

1.33 t (11) -2.06 
2.73 dd (10, 1) -2.18 

2.39 br d (15) i -2.10 
1.46 dt (15, IO) 1.53 In 

2.95 m (10, 6.5, 3.3, 2.9) 3.24 m 

4.06 ddd (10.5, 6.5, 1.5) 4.62 br ddd (11, 8, 4)l 

2.46 dd (13, 10.5) 2.72 br dd (13, 4)f 
2.79 br d (13)§ 2.32 tt (13, 11) 

6.35 d (3.3) 6.30 d (2.9) 

5.67 d (2.9) 5.69 d (2) 

1.95 br d (1)t 5.07 br 
4.89 br 

1.20 br 1.22 s 

2.03 s 2.06s 

1.90 br d (15) 

5.16 br t (5.5) 

3.06 m 
4.55 ddd (11, 8, 3.5) 

2.50 m (H-l 1) 

1.19 d (7)t 

5.1 lbr 
5.01 br 
1.19 s 

2.08 s 

“Taken from ref. [24] with corrections. 

tlntensity three protons. 
$Taken from mixture with 6b. 

#Long range coupled to H-14. 

II&, 2Hz, Je6, = 12Hz. 

BAlso coupled to H-14a at 65.07. 

Table 2. 13CNMR data for com- Table 3. NOE difference spectrum of com- 
pounds 5b and 6b (67.89 MHz, CDC13) pound 5b 

Carbon 5b 6a Saturation Observed NOE ( y!) 

1 

2 
3 
4 
5 
6 

7 
8 

9 

10 

11 
12 

13 

14 

15 

AC 

127.87 d 53.34 dt 
68.67 d* 73.89 d 
46.93 t* 49.19 t 
59.93 s 78.50 s 
66.10 d* 51.69t 

43.23 t 29.64 t* 

46.23 d 39.66 d 
83.61 d* 80.33 d* 

30.98 r* 29.87 t* 
138.94 s 139.94 s$ 

133.03 s 139.27 s$ 
168.63 s 169.68 s 

121.81 t 122.54 t 

18.18 q* 115.58 t 
17.14 q* 25.32 q 

170.16 s 170.55 s 
20.99q 21.28 q 

*Assignment confirmed by single 

frequency decouping. 

t,$Assignments may be 
interchangeable. 

Two additional non-crystalline lactones, the second 
obtained only in admixture with the first, were 6b and its 
11,13-dihydro-derivative 7b. That these substances were 
C-8 lactonized guaianolides with a tertiary hydroxyl 
group on C-4 or C-10 and an exocyclic methylene group 
on C-10 or C-4 was evident from the ‘H NMR spectra 
(Table l), the “CNMR spectrum of 6b (Table 2) and 

H-l 

H-2 and H-13b 

H-8 

H-14 

H-15 

3P (8.3) 
14 (8.3) 

15 (7) 
AC (8.3) 
3a (I 1.4) 

5 (11.4) 
6a (11.3) 

9a (11.3) 

6P (8.2) 

9B (8) 
14 (12.3) 

15 (8.2) 
1 (6.7) 

8 (13) 
8 (8.9) 

extensive decoupling in the usual way, beginning with 
irradiation at the frequencies of H-13a,b, which es- 
tablished the location of the H-7 signal and eventually led 
to formulation of the entire sequence C-3, C-2, C-l, C-6, 
C-7, C-8, C-9. As H-8 under the lactone oxygen and one of 
the two C-9 protons were both coupled to one of the two 
non-conjugated vinylic protons, the exocyclic methylene 
group was attached to C-10. The trans-fusion of the 
bicyclo(5,3,0) system followed from the very large 
coupling constants involving H-l and H-5, with the 
remaining features of the stereochemistry also being 
deduced from the coupling constants. Thus 6b was a 
double bond isomer of pleniradin acetate (8b), a derivative 
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o i  plen i rad in  18a) f r o m  Bailey pleniradiata [33.1 a n d  
mult iradiata  [ 34],  w h o s e  s i r uc t u r e  has  been d e d u c e d  by X- 
ray ana lys i s  [24]  IFor  the  I H N M R  s p e c t r u m  o f  8b. scc 
Tab le  1. c o l u m n  2 o f  ref. [24].  A search  o f  the  l i te ra lurc  
t h e n  re~ealed tha t  6b a n d  7b, a l t h o u g h  n e a  as na tu ra l  
p roduc t s ,  had  been  p repa red  earl ier  I rom f loi i lenal in  (6a l ,  
resp. d ih )d ro f lo r f l ena l i n  (7a). t ~ o  m i n o r  c o n s t i t u e n t s  o t a  
t teh 'n ium autumna/e c o l l e c t i o n  I i o m  n o r t h  } lorida u ho,~c 

s t r u c t u r e  had  also bccn e s t a b l m h e d  crys la l tograph ica l l  3 
[ > ,  3 q ,  

O u r  d i scovery  e l  6b a n d  7b in ,4. a~uu/i,~ is lhe  second  
in s t ance  in which  r ep resen ta t ives  o f  lhc taI~ l a c l o u c  t3,pes 
p o s t u l a t e d  to lie on  the  b iogene t i c  p a t h w a y  to h e l e n a n o -  
lidos [37]  ha~c been isola ted f rom the  satnc col lect ion as 
the  p r e s u m e d  end  p roduc i s ,  the  first being lhc  isolatiori  ol 
6a and  8a f rom Baileya species  [24].  Indeed the  ~l) "~ 
~SD 5 c o n l o r m a t i o n  d e d u c e d  lor 5a  arid 5b [> cxacl ly t h a i  

, ahose  c )c l iza t ion  w o u l d  bc expected  io  b a d  l o a  

l f i t t .5:H-t- tran>fuscd gua i no l i de  in tcrmcci ia tc  a n d  thence  
to a ( ' -8  t rans- lac tonlzcd  he tenano lk l c  cl U p e  3 or 4 
Howexcr ,  ex t ens ion  o i  the  p roposa l  to b iogenes is  ol ( '-X 
c /s - lac tonized  he l enano l i de s  n m v  p rc sen l s  di l l icuhic~ 
since, i f , x h a t  ho lds  l i u e  lo~ the  c o n f o r m a t l o n  o! ~,chkuh- 
riolide a n d  its relat ives can bc cx l cndcd  lo ( - 8  <l.v 
lac tonizcd  4.5 e p o x } m e l a m p o l i d c s ,  c3cil~,ation o~ their, 
lo*~ cne rgy  ~D~<,. ~ D ~  coilli~rmei.,  would  lead to 
I,~H,5~H c / s - | u s ed  gua iano l ides ,  no t  to c o m p o u n d s  o~ 
t )pc  6 or  8. T h e  d i f l i cu l b  cou ld  bc o~e rcome  b3' invokln~ 
the in tc r~cn t ion ,  u n d e r  c n z y m a t i c  comro l ,  ol h igher  
energy  ( ' -8  c / s - lac tonizcd  ~l) ~ ;. ~ [ )>  4 .5 - epoxym¢t am-  
pol idc  o i  1 [)~¢. ~ SD 5 4 . 5 - c p o x y g e r m a c r - l ( l t t ) - c l l o h d c  
c o n f o r m e r s *  o r  b y  a s s u m i n g  ttiat l ac tone  l ing  l \~rmalion 
does  not  necessar i ly  precede  cycl iza l ion ,  in which casc the  
c o n f o r m a t i o n a l  r e s t r i c t ions  i m p o s e d  on  the  lo -men~bered  
r ing p r e c u r s o r  migh t  be less rigid. 

I h c  chemis t ry  o t  A. acau/is is ui line wiih ihat  oi e l l ' i ; *  

A rtficu l a x a  ( / l .  D~ollltltltl, .'t. W]lODllXsOt175 :~ti bspcc ics  a i l d  ,4 
long(/ol ia) whose  l ac ione  chemi .q ry  has been In~ es t iga tcd  
[6 18, 20. 2 t ]  m that  ihc  t~pe> el h c l e n a n o h d c  isolated 
l r o m  it seem lypical o i  the  genus .  M i n o r  d i l l ) r ences  exist 
chiet a m o n g  which  is the  p resence  in fl~c ~ar ious  .~ub- 
species o f  A, chamissonis o f  2,4-dih$ drox,, hclenanol ides  and  
thei r  a p p a r e n t  ab sencc  in A. ,~c.l&~. 4. A,Iwi/o/ia and  4 
montana.  Also t lo l ewor lh}  is the  a p p a r c m  absence  m 4 
acaulis, a l t h o u g h  looked  \or. el I f  and  2 f  which arc 
p resen t  in a ln los t  all o t he r  .4rnicu taxa in;  c : ,ngated ,~  lat 
tile presence ,  so lar u n i q u e  in ,,trnl~d. ~:~ (-,~ trmls- 
l ac tonized  h c l e n a n o h d e s ,  a n d  the  dc tec t ion  ol m c l a m p o -  
lides and  n'an.~-iused g u a i a n o l i d e s  p r e s u m e d  l o l i c  on thc 
b iogene t ic  p a t h ~ a ~  to the  he l enano l idcs  l ound  in m c  
genus.  H o w c x e r .  i n f o r m a t i o n  o n  d ie  chcm>, tCr  o~ the 

g e n u s  ava i lab le  so lar s eems  to pro~,ide little ev idence  to 
or  aga ins t  the  p ropos a l  that .  wilhJn 4rm~ a. .4 .  m<mnma ~s 
t he  species  m o s t  c t o s c h  related to A. a~ .m/iv 

EXPERIME%'I AI. 

E.xtraction o/Arnica acaulis Abo~c ground paH,~ ol .4 at auu,~ 
( W a l t . ) B . S f ' . . v , t  1.5kg, coll¢ctcdb3 John B Nelson on 2 Ma; 

* For molecular mechanics calculations on corllormalions of 
C-6 and C-8 tran.s-lacionized trans, trans-germacradmnolides see 
ref. [38].  C-8 c is - lac ionized germacradienol ides  seem io be 
u n k n o w n  as the result of  a revision m the .qereochemmtr} of  
several laclones preqousl.~ Ihoughl to belong u" rhN clas~ [39] 

1986 in Clarendon (_o.. S . (  t~oucher~ oil deposh m the herbaria 
ol ] h c  Univer~il 3 ol St;uth ( 'asolma and Florida Stale 
[Jm,,ersilyl ~,¢re extracted ~ith ('}1( '1.~ The u.~uat ~ork-up [40] 
all, rded 14 g ol crude gum which v~;.t> adsorbed on 40 got  S~ gel 
a l l d  chromatographcd ovc~ a ~,dumn conhiimna )fit)g ol lhc 
same adborbeF!t set iB ( ' l l  ( ].. ql)(} nil ,,! title;It haclion~ being 
~.~,llccited ~,~ lollot~ ) :  t .4 I( ' t t  ( i . , .  5 /~ tMc2(( )  Ctt2t-12 
t:24k ]4 {7 (Me~( ' ( )  ( 'H- ( ' l -  ~ 4-). I,s 2l i iMc2( ' ( )  t ' t t :( '12 
~:23L 2"~ 2~ I M c ; ( ( )  ( H,('I 1 '~  _t~ . ~ ( \ 1 c , ( t )  ( 'H , ( ' [ ,  

!?L ~b 35 M e : ( ( )  ( H:( i 1:4~ .~ ~7 I \1c~( t )  ( 'H:CI-  4 
3 : "b .~  41 MuX () ¢ ' 1 t . ( i : 2  :a.,42 45`lMc:( 'O ~, lij. 'I.: i i L  
46 49 MIc.('() ( 'H  t l .  5 21 ',,,i ~,; ~\1¢:((1 ( ] t - (  12 4, t~. 

monm>rcd b~ TL( a~al :H NMR ~pcctromcu) 

It, I S ,x.crC d~scardcd ] ~, '} I ~ ,~i ~ rag. contained mainly 

9a ;~hlch was pulxficd b\ ( ( ~5i ~.el - ~. cll4clH ('l{:(l 2 hexarlc 

4 ! ) a n d  radial cbhm~alobr,g~h ), 151 gel. i into pmlc. 11o~,, late 

3 nil iron. hexanc t l  O 4 l )1o  7i,,c S< 1137 t,t 9a a4 a 7cllo\~ o~]. 

l~i,~ ~ .'D m i f H (  i , _"c ~ft N M R  , ; - i !  M i t e .  t - I ) (  t,1(~ {;S br,~ 

/H-2). 734 J i t r' c t I Z| I l - - t j ,  " ~ : ~' 7~ '" , I I "1 -- -- 7 t I " .  } t --(~ ~, 2 } 2 /~' i  

{f l-- ') .  4 55,7 l,s ;,7 i l l  H , tak4 < ' , . , /  [-, ,tie. t!-gb). ; Ot) d 

(J 5 5 t l 7 .  H - I O a l  ] ' t x  , / 1 J - < "  t l / .  tt. t t ibk 2,<2 ~c[>l Id 

t l / . l l - I  71 .~op ~ - t l  1t-2 , t n d t l - ;  ._.6,s~<m d 

- HL H-I  Oaam.i , J,'<; :n  ,::ach. s i b  ttC: al ld t t -  

.~ I I h c  H ~ ] R  ;-i ' ict { [ t i l l ;  ~,i { l l l :~ L L - ! l l P O t l n d  \*,Lt~ I d C l l t l c a t  tn  d!J 

es~,ciltlal IOalLIFt.'S %t,~[t t h t i l  o: [fit" cccnl],- repe l led  [41 i .o- 

xealora lo  a n a l \  dut ,  ~)h [ I tHY  tHh<~i "nJlminth'>, bU{ tJl l l tTC4J t l  

SCtCFal [ c ' ; p c ~ ' [ \  l (  >, "IKtc 4[Cc I ' 1 { i / ' , rD t l I  t l C l l \ k l I l ~ c '  e l  

t l n ' , p c C l I i 0 d  l O I ~ l l l O n  tl, l)g_J \~,db, \OIdICt t  IIt~IIl Ht', ' i 'Dtlt#k t lk '~  

Ctll l l i t l l  I l l  lc;t~ ~ a n d  ,1%~-,l~llct[ M l ' c l c l u l ~ .  9a  i 4 2  ' ~c '  ar< u n a b l e  i o  

d L U O t l n [  ] t ) l  {li['.g d l~crc t -Ja l tc  ) t t ln]F~c!dI l iJ  I)II t~.<lb li~*~ ik [ '~OI lCt l  

l n t q c  fCk 'c [ l l  , IF t ' l l l l  h i "  l l,7:.'i , , , ' , . , . , ,  f 4 t  i b t i l  n'<t oh~,!qccl] 

p r o p ; r i l e ' ,  ;~c :C I i . ; leci  

t : ] -~  [1t2 l-~,;.l~ d l l ] I X [ U I C  o - , I I ~ H I I { I ~ { C I O  } . t I l t l  [k l  I " [ .~ ] 5  

[4 .~  ~< %kCFC II1 t [ . t l i ' t '~  ch t h  it ~t[l<.l 2 t i  t ' v, t i lc !  Cclt/h.I be  ~cpaHt [C t l  

om~ pari ial i3 l i t) I l l  ca; l l  o[11o! ~< 1 l ( ! f P [ t  t,~ l a t h a l  

c h r o r l l a t t t g r a p i t )  l hc  C O l l ] f ) t l n e l l { <  V, CIC c h u ! . l , ' ! c I I / c ' d  b \  N2Mp.  

,'-;pecWoI31Ctr} d b l l l a [ t  t~i <II];A[\ [ l lXIti!C~ 

}-rs 1( I* 767 nigl ~+crc ~:onib,ncd Radi<tl chromatography 
IS1 gC]. ~ I ] l n ]  {)[~l[t.. } l t \ { t l l C - [ ) l  i C l i l t l l C n {  i]tl~A Yilt,, ~; 111] [ n l n  

alh-~rcled 2"75, nig ot , .; ' IhiX[UF.J 2C ancl 5b and 25t) lnl2 tit a 

n]IXItlFc c t i ! l l t t l t l n l ~  2{ tilt] |{}a bc",,zr,il lccF;s|aHlz.l[ io[ i~ ~ [lie 

2C ~ b  l l~[XIUI'I ,  l i t ) n |  ~2~ ( ( )  ! lCkt l l tC l { l l  l / txttk' l . l  WI1 111L ~ t" i  D[IIX.' ~t ]  I. 

mp 16;>4 171"ldeC.L tR ~ n~ ~ftl f ~>~,. t"~t). I(w:< t l )  t i l l ; t "  
"( MCf TM 

( h r o m a t o g r a p h }  o~ the 2~ l i b  lp,!\[i.!re ~Scphadcx I l t - 2 0 ,  

( ' H ( l ,  } I o ( J H  t :  ~. ~hl~c ( nl 7 c,' I l ia. SlID 224 ! M c O l l  Ill 

2355 236,5 7441.2Y 241 [45j ,u :~j 14(,i.2>> 2.m [47 
t t X M R  27! M1lz t l ) ( ' i .  ~ i 2 f ;  ,, ;,-()ILL 7.t~ ,dd .d  ~. 

2Hz. }1-6 . ~upcrlnlpo.-.cd on 4)I{ " 11" ..; .l ? i b  11-2 
n . t _  a. - t i z . } {  5 LO2"~ 1{ , i  ( l : ' , t )  c a c n ~ / . o  ] } [ z  t { -O 

and }I-Sf 4 1 " .tpx ~', ~cach t! i I }~lt-'s [ hc ~,{lI'lOtl5 I11[ (~  
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Sesquiterpene lactones and other constituents of Arnica acaulis 159 

mother liquors (hexaneMeZCO 4: 1) afforded 115 mg of a 5: 1 

mixture of la and 3 and mixtures containing la, 2a, 3 and 4 in 
varying proportions. 

Rechromatography of frs 31-33 (375 mg) (20 ml fractions, Si 

gel, 30 g, eluent 100 ml each of Me2CO-CH2ClZ 1: 19, 1:9 and 
3: 17) gave in frs LO-18 mainly florilenalin acetate (6b, 150 mg) 

and in frs 19-21 a 1: 2 mixture of 6b and 7b. Rechromatography 

of crude 6b gave pure florilenalin acetate as a gum (100 mg), ‘H 

and13CNMRinTables1and2;PCIMSm/z(”~)307(Mt+1, 

loo), 289 (M+ + 1 -H20, 15.8), 229 (M+ + 1 - H,O 

- CZH402, 33.9). The mixture of 6b and 7b could not be 

separated satisfactorily; the structure of 7b was evident from the 

‘HNMR spectrum (Table 1) and the PCIMS which exhibited 

additional strong peaks at m/z 309 (M ’ + l), 291 and 231. 
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