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Abstract-Comparattve phytochemical analyses on polyacetylenes wtthm Artemzsra uulgaris and closely related 
species (‘Vulgares’ group) resulted m a comprehensive survey of typical derivattves. Apart from already known 
structures several hitherto unknown compounds were charactertzed. The stereochemtstrtes of two rather common 
polyacetylemc hydrocarbons have been re-examined and the structures of five further dertvattves have been eluctdated 
by spectroscoptc methods 

INTRODUCTION 

The accumulation of polyacetylenes represents a typical 
biogenetic trend within the Asteraceae (Compositae). 
Especially rich m these compounds are the tribes Heh- 
antheae, Cynareae and Anthemtdeae [l] The polyacetyl- 
ene pattern of the tribe Anthemideae clearly deviates from 
the others, especially by the formation of btcyclic sptroa- 
cetal ethers and open chain derivatives of the dehydroma- 
tricarta ester and artemtsta ketone type In order to 
determine the btogenettc trends within the genus Artem- 
rsia, a great number of different species has been analysed. 
It has been shown that the distrtbutton of different types 
of polyacetylenes is of special chemotaxonomic stgmfi- 
cance [Z]. Based on the available data tt became apparent 
that especially Artemtsra uulgarrs L. and its closely related 
East Asiattc and North Amertcan species (‘Vulgares’ 
group) [3] represents a rich source of many different 
polyacetylenes, sometimes accumulated m considerable 
amounts. Because of then phenotyptcal plasticity many 
members of the ‘Vulgares’ exhibit a broad morphological 
diversity. Hence, all attempts to segregate the different 
species sttll remains a taxonomtc problem. A more recent 
comparative investtgatton on charactertsttc polyacetyl- 
enes of a representative set of the ‘Vulgares’ group has 
been carried out in order to demonstrate to what extent 
different acetylene patterns may contrtbute to a more 
natural groupmg [4]. 

As a result of that screening, five httherto unknown 
polyacetylemc derivatives have been Isolated. Then struc- 
ture elucidation 1s described m the present paper. In 
addition, the isomers of ‘centaur X3’ (1) and the ‘triene- 
trtyne’ (2), both widely distributed wtthin the ‘Vulgares’ 
[2], were re-examined and unambiguously identified 

RESULTS AND DISCUSSION 

The petrol/diethylether extracts of 17 East Asiatic and 
11 North American species of the ‘Vulgares’ group were 
analysed for charactertsttc polyacetylenes. Altogether 23 
different polyacetylenes were isolated [4] from which 18 
structures have already been described previously 
[ 1, 5,6]. In the followmg, these already known structures 

are listed together with original references, as the newly 
characterized compounds lb, 2b and 3-7 should be seen 
within the entire systematic framework of related co- 
occurring constituents (for details concerning the dn- 
trtbutton patterns see ref. [4)). 

The already known polyacetylenes found in ‘Vulgares’ 
consisted of eight very characteristic open cham deriva- 
tives of the methyltrtyne type [l] with variable chain 
lengths. C,; (E,E)-1,7,9-heptadecatriene-11,13,15-triyne 
=centaur X, (la) [7,8]; C,, (E,E)-4,6_tetradecadiene- 
8,10,12-triyn-l-01 [9], tts acetate [lo], and (E)-6- 
tetradecene-8,10,12-trtyn-3-one = ‘artemisia ketone’ [7]; 
Ci3: (E,E)-1,3,5-trtdecatriene-7,9,11-trtyne (2a) [11] and 
tts 3,4-epoxide =‘ponttca epoxide’ [lo]; C,,: (E)- and 
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(Z)-2-decene-4,6,8-trrynotc acrd methylester = ‘dehydro- 
matrrcarta ester’ [7. 12, 131 Three cychc dertvattves, 
the C,O lactone (Z)-S-(hexa-2,4-dtynyhdene)-2,5-drhydro- 
furan-2-one [14], related to ‘dehydromatncarta 
ester’, and the rather rare cychc C,, dertvattves tcht- 
hyothertol and lchthyothertol acetate [IS] were Isolated 
as well 

Another type of polyacetylemc dertvatrves frequently 
found m the ‘Vulgares’ group 1s represented by sptroace- 
tal enol ethers wtth an oxolene five-rmg m Jprro con- 
nectton to an oxane stx-rmg (dtoxasptro [4, Sldecene- 
system) In addmon to the newly isolated compounds 
5-7, five further closely related and already described 
derivatives have been detected, namely the (Z)- and (E)- 
parent compound of type 5 wtthout an OAc group at C-4 
[ 16,173, the precursor of the sptroacetal enol ether sun- 
epoxtdes 6, 7 with R’ =RZ = H [S], and two analogous 
arm-epoxtdes with the 6,7-epoxtde nng directed towards 
C-4 (antr to the oxane oxygen) with R’ = R2 = H and R’ 
= OAc, R2 = H [ 18, 191 Fmally, two thtophene denva- 
ttves have also been isolated, the widespread 
thlenylmethylene-dtoxasptro[4,5]decene [6,20] and tts 
less common dtmer which was reported recently [6] 

The followmg dtscussron of the new compounds is 
divided mto three secttons The first deals with the 
rsomers of hydrocarbons 1 and 2, the second mcludes the 
structure eluctdatton of the two open chain C,, derlva- 
ttves 3 and 4 closely related to ‘artemrsta ketone’, and the 
thud presents the sptroacetal enol ether dertvattves 5-7 

Trzene-trrpnes 1 (a, b) and 2 (a, b) 

The hydrocarbons 1 and 2 are usually obtamed as 
hardly separable tsomerrc mtxtures The dominant and 
clearly assigned all-truns (E,E)-tsomer 1s in most cases 
contammated wtth a second mono-czs [8] isomer, which 
was presumed to be the (7Z,9E)-isomer for 1 [1,8,21] 
and the (3Z,SE)-isomer for 2 [l] Later. the (7E,9Z)- 
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isomer for 1 was mentioned together with the (7E,9E)- 
Isomer, however, no further comments were given [22]. 
In all the other numerous papers where the rsoiatton of 
the tnene-trtyne hydrocarbons 1s reported, structure pres- 
entattons with undefined (Z)- or (E)-stereochemrstrres of 
the double bonds are used This uncertainty m the 
literature IS the reason that these simple and often 
isolated compounds wtll be drscussed m some detail 

A close mspectton of the 250 MHz ‘H NMR spectra of 
the tsomertc mtxtures 1 and 2 showed that the corre- 
sponding tsomers are dtstmgutshed by a (Z) or (E) 
configuratton of the double bond next to the trtyne 
grouping This results m a mixture of (7E,9E) and (7E,9Z) 
for 1, and m a mixture of (3E,SE) and (3EJZ) for 2 The 
most strlkmg evidence IS furnished by the doublets of the 
olefimc protons next to the trtyne unrt For compound 1, 
thts characterrsttc Li 1s found at 6 5 50 with J = 15 5 Hz 
[la,(E,E)]and at 6 5 32 with J = 10 5 Hz [lb, (7E,9Z)] ma 
ratto of 75 25 m favour of the dommant (E,E)-isomer. 
The correspondmg figures for compound 2 are 6 5 63, J 
= 15 5 Hz [2a, (E,E)] and 6 5 45, J= 10.5 Hz [2b, (3E,5Z)] 
m a ratto of 3 2 m favour of the (E.E)-isomer 

Based on previous observattons from polyacetylemc 
alkamtdes, a double bond near the centre of the molecule 
and m direct conJugation to at least two conjugated triple 
bonds tends to tsomertze easily (compare the compounds 
reported m ref [23]) This spontaneous photo-tsomertz- 
atron, which also seems to be the case for compounds 1 
and 2, may be the reason for the often described co- 
occurrence of correspondmg Isomers Using the expert- 
ence from similar couplmg systems [23], all resonances 
m the spectra of mixtures la+ b and 2a + b could be 
assigned. 

In the spectrum of la + b the most downfield resonance 
IS the dd for H-9 of the (E,E)-isomer (la), the most 
downfield signal for 2a $ b IS the drl for H-5 of the (C,E)- 
isomer (2a). Due to the amsotropy of the netghbourmg 
triple bond thts IS expected for the protons of an (E)- 
configurated double bond m a /I posttton relative to this 
triple bond (camp [23]) In the case of two (or more) 
double bonds next to triple bonds wtth a(Z) configurated 
double bond dtrectly conjugated to the triple bonds, the 7 
protons are expected to be shifted to relatively low-field 
(camp [23]) The resonance for H-8 of lb IS found at 
6 6 55 (drl) and for H-4 of 2b at 6 75 ppm A further 
mformatrve signal belongs to the P-proton of the (E,Z)- 
isomers lb and 2b, because the dri with J = IO 5 and 
10 5 Hz degenerates to a charactertsttc pseudo triplet 
found at 6 6.60 for H-9 of lb and also at fi 6 60 for H-5 of 
2b Fmally, the proposed (7E,9E)- and (7E.9Z) configur- 
attons m the isomers of 1 are supported by the comci- 
dence of resonance signals for the two isomers la and lb 
for all protons along the carbon cham from C-l to C-7 
(Table 1) This 1s by no means compattble with different 
configuratrons of the C-7, C-8 double bond On the other 
hand, tt IS mterestmg to note that the terminal methyl 
groups of the a and b tsomers of 1 and 2 show slightly 
different chemical shifts (Ad,., = 0 01 ppm) and are well 
suited to estimate the lsomertc ratios simply by the signal 
heights 

To complete the dtscusston on these wide-spread and 
often isolated hrghly unsaturated hydrocarbons tt should 
be mentioned that due to the eastly occurring (E)-{Z)- 
phototsomerizatton, It IS dlfftcult to arrtve at any conclu- 
sions concernmg the original dtstrtbutton of isomers m 
the hvmg plants 



Polyacetylenes from Artemisla 

Table 1 ~HNMR data for compounds 1 (a b = 3 1), 2 (a b = 3 2), and 3-7 (250 MHz, CDCIa) 
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1 2 

H a b a b 3 4 5 6 7 

1 cts:495brd 520 -540m 0 8 9 t  4.34t ax 4.03ddd 39811 ax. 3.69dd* 
trans 501 brd eq. 388 dm 40311 eq" 3.97 dd 

2 580ddt 625-6.45m 157dq 2.73t ~ 1 5 2 m  eq 4 9 1 m  ¶ ax 4.91dddd 
3 200-2 15 m 625-645 m 4 82 tt'l" - -  ~ 2 0 0 m  ~2.0  m (1H) ~ 2  10m(1H) 
4 1 42 m 6 48 dd 6 75 dd 1 64 dt~ 2 56 t eq" 4.79 dd* 1.3-1 6 m (3H) 1.8-1.9 m (3H) 
5 142m 679dd  6 60 dd* 2 17dt~ 245 dt~ - -  - -  - -  
6 200-2 15 m 563d  545d  6.36 dt 634d t  6 28 dd§ 3.88d 3 8 7 d  
7 590dr  - -  552d  554d  672d  4 3 4 d  4 3 2 d  
8 611dd  655dd  . . . . . .  
9 673dd 6 60 dd* - -  - -  - -  504brs 516brs 519brs 
10 550d  532d  . . . .  
13 - -  201 s 2 0 2 s  . . . . .  
14 - -  - -  200s  2 0 0 s  2 0 0 s  2.00s 2.00s 
17 2 0 0 s  2 0 1 s  . . . . .  
2' - -  - -  2,05 s 2.17 d 2 13 s 2 13 s 2.18 d 
3' - -  - -  - -  206m - -  - -  210m 
4' - -  - -  - -  0 9 5 d  - -  - -  0 9 6 d  

Couphng constants (Hz) 1 lc, lt  <2,  lc,2 = 10, lt,2 = 17, 2,3 = 7; 6,7 = 7.5; 7,8 = 15 5, 8,9 = 10.5, la. 9,10 = 15 5, lb 9,10 
= 1_0- 5 2_ 3A = ~5 5~ 4,5 = tO_ L ~ -  5~6 = t5 5~ 2h 5~6 = 1_0.5 3' L2 = 5,6 = 7z Z3 = 374 = 4,5 = 6.5, 6,7 = 16. 4' 1,2 = 2,3 = 6; 
4,5 = 7 5, 5,6 = 2',3' = 3',4' = 7; 6,7 = 16 5 lax, leq = lax,2ax = 11, lax,2eq = 3ax,4eq = 3eq,4eq = 2, 6,7 = 6 6. lax, leq = 12, 
6,7 = 3 7 lax, leq = lax,2ax = 2ax,3ax = 10.5, leq,2ax = 2ax,3eq = 5 2, 6,7 = 3, 2',3' = 3',4' = 7 

*Pseudo t 
Pseudo q 

t Pseudo quintet 
§Addmonal long range coupling of 2 Hz 
II Essentially a close and broad AB system J(A,B) = 12 Hz, J(lax,2eq) ~ J(leq,2eq) < 3 Hz 
¶One  broad resonance W1/2 = 6 Hz (all 4 wcinal couphng constants < 3 Hz) 

Open chain C14-dertvatives 3 and 4 

The  C14 me thy l t r i yne  c o m p o u n d s  3 a n d  4 are  b o t h  
closely re la ted  to  the  w idesp read  ' a r temls ia  ke tone ' .  C o m -  
p o u n d  3 is the  ace ta te  o f  the  c o r r e s p o n d i n g  'artem~sia 
a lcohol '  which  was isola ted  f rom several  species  o f  the  
t r ibus  A n t h e m i d e a e  [1, 9]. T h e  b i func t iona l  3-oxo-1-  
l sovalera te  4 m a y  be f o r m e d  in the  course  of  the  b io-  
syn the t ic  p a t h w a y  leading  f rom 4 ,6- te t radecadiene-  
8 ,10,12- t r iyn- l -o l  ( 'Cx4-alcohol ' )  to  ' a r temis ia  ke tone ' .  
The  1,3-diol c o r r e s p o n d i n g  to  4 (with an  add i t iona l  
c o n j u g a t e d  C-4, C-5 d o u b l e  bond ;  te t radeca-4 ,6-d iene-  
8,10,12-trlyne-1,3-dlol) was  pos tu l a t ed  to be an  i m p o r t a n t  
b iogenet ic  l ink be tw een  the  'C14-a lcohol '  a n d  ' a r temis ia  
ke tone '  [1, 24] In  the  'Vuigares '  g r o u p  b o t h  the  'C14- 
a lcoho l '  a n d  ' a r temls ia  ke tone '  were  p resen t  in cons ider -  
able a m o u n t s ,  the  c o m p o u n d s  3 and  4, however ,  were  
found  only  as m i n o r  cons t i t uen t s  (cf. Exper imenta l ) .  

T h e  s t ruc tures  of  3 a n d  4 fo l lowed f rom the  ~H N M R  
spec t ra  a n d  were  con f i rmed  by mass  d e t e r m i n a t i o n  a n d  
o the r  spec t roscop ic  d a t a  (see Exper imenta l ) .  The  N M R  
s p e c t r u m  of  3 (see Table  1) is very s imilar  to  the  s p e c t r u m  
o f ' a r t e m i s i a  ke tone '  a n d  especial ly to  its l i th ium a lumin-  
ium hydr ide  r educ t ion  p r o d u c t  ( ' a r temls ia  alcohol ' ) .  T h e  
es ter  IS ind ica ted  by the  C O O M e  singlet  at  6 2 05 a n d  the  
p r o t o n  at  C-3 whzch appea r s  as a s h a r p  qu in t e t  (tt with  J 
=6 .5  a n d  6 .SHz)  In  the  t H N M R  spec t rum of  4 the  
i sovalera te  es ter  is ind ica ted  by the  charac te r i s t ic  2' 
p r o t o n s  (d for 2H at  6 2  17), the  H-3 '  (m) a n d  the  two  4'- 

M e  g r o u p s  (d for 6H at  6 0 95). Because  o f  the  s h a r p  t r ip le t  
for  2H at 64.34 ind ica t ing  a - C H 2 - C _ H 2 - O - C O -  ar-  
r angemen t ,  the  es ter  m u s t  be der ived  f rom a p r i m a r y  
a lcohol .  The  me thy l ene  g r o u p s  next  to  the  ca rbony l  
g r o u p  at  C-3 s h o w  up  as t r iple ts  at 6 2.73 (H-2) a n d  2.56 
(H-4). The  a s s ignmen t s  a n d  the  b o n d  sequence  of  b o t h  
cha ins  (a lcohol  and  acid  c o m p o n e n t )  were  con f i rmed  by  
decoup l ing  exper iments .  

Splroacetal enol ethers 5--7 

C o m p o u n d  5 is an  ace ty loxy der iva t ive  of  the  well 
k n o w n  (E)-conf igura ted  ' s ix-r ing '  sp i roace ta l  enol  e the r  
[17].  H o w e v e r ,  the  ox ida t i on  at  C-4  of  the  o x a n e  r ing  is 
unusua l  (in m o s t  cases  fu r ther  i n c o r p o r a t i o n  of  oxygen  
takes  place at  C-2, c o m p a r e  c o m p o u n d s  6, 7 a n d  refs [17, 
19]). The  1H N M R  s p e c t r u m  of  5 is very s imilar  to  t ha t  o f  
the  a l ready  desc r ibed  axial  C-2-ace ta te  [17],  excep t  for 
the  s t r ik ing difference o f  the  coup l i ng  p a t t e r n  o f  the  
- O C H  2 -  (C- l )  p ro t ons .  The  axial  C-2-ace ta tes  are  
cha rac te r i zed  by an  A B X  p a t t e r n  for the  me thy lene  
p r o t o n s  next  to  oxygen  wi th  large gemina l  a n d  smal l  
victual  coup l ing  c o n s t a n t s  (e.g. ace ta te  6). Howeve r ,  the  
ace ta te  5 shows  an  A B X Y  p a t t e r n  typical  for 
O--CH2-CH 2 in a six r ing cha i r  (cf. Table  1). The  p r o t o n  
at  64.79 (gemlnal  to  the  - O C O M e  group)  appea r s  as a 
n a r r o w  pseudo- t r ip l e t  s h o w i n g  only  two  small  vicinal  
coupl ings  o f  the  eq-ax,  eq -eq  type;  this  is only  c o m p a t i b l e  
wi th  an  axial  - O C O M e  g r o u p  at  C-4. 
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In a recent publication, we have reported on the 
isolation, structure determination and absolute configur- 
ation of a new polyacetylemc splroacetal enol ether with 
an additIona epoxlde rmg in syn arrangement relative to 
the oxane ring of the Spiro system [5]. Now we have 
found two further substituted compounds belonging to 
this series, the axial C-2-acetate 6 and the equatorial C-2- 
isovalerate 7 

In the ‘H NMR spectra of 6 and 7 the splroketal enol 
ether part of the molecule 1s partially very slmllar to the 
spectrum of the parent compound (R’ = RZ =H, camp. 
[S]), however, the couplmg patterns of the protons gem]- 
nal to -0COR are conclusive for substltutlon at C-2 
The >CH(OCOR) proton of 6 appears as a rather 
narrow multlplet (or very broad pseudo-singlet with W,j, 
= 6 Hz, therefore eq H and ax-OCOR), the C-l protons 
(-OCH,) appear as the close AB part of a ABX system 
with a large gemmal and several very small vlcmal 
couplmgs In the spectrum of compound 7, the proton 
> CH(OCOR) shows up as a very broad group of seven 

lines orgmating from a dddd with J = 10.5, 10 5, 5 2, 
5 2 Hz (therefore ax H and eq-OCOR group). The C-l 
methylene protons of 7 are well separated and show a 
ABX pattern with a dd for the equatorial C-l proton at 
63 97 (Jgem = 10 5 Hz and J,,, ax _eq = 5.2 Hz) and a dd 
(pseudo t) for the axial C-l proton at 83 69 (Jgem 
= 105HzandJ ,I‘ ax-ax = 10 5 Hz) These data indicate a 
sequence -0-CH,-CH(OCOR)-CH,- m the oxane 
six-rings of both compounds 6 and 7 The lsovalerate 
moiety of 7 1s also clear from the correspondmg 2’-4’ 
proton resonances (cf Table 1). The mass spectra (high 
resolution MS and several characteristic fragments, camp 
Experimental and ref. [25]) confirmed the derived struc- 
tures Almost identical chiroptical data ([r&, and CD 
spectra) of 6 and 7 compared to the parent compound (R’ 
= R2 = H [S]) proved identical absolute configurations 
for the \ptro and epoxtde carbon positions C-5, C-6, and 
C-7 within the syn epoxlde series of the splroacetal enol 
ethers. 

EXPERIMENTAL 

Plans materuzl. The new compounds were Isolated from four 

different species A carruthu Wood ex Carruth (AR-926) cult, 

U S A, Utah, HB Provo, achenes orlgmally from Utah, U S A 
Clear Creek Canyon, Sevler County, 1800 m, leg E D McAr- 

thur, A cf opulentu Pamp (AR-873/B) cult, UdSSR, HB Wladl- 

wostok. A ,selengensrs Turcz (AR-l 185) cult, North Corea, HB 

Kim 11 Sungis (Pyongyang), A vu/guru L (AR-l 182) transpl, 

Italy, South ‘Tyrol, Vmschgau, Prod am Stilfseqoch, 900 m, leg 

B Wallnofer All species were cultivated under field condltlons m 

the Botamcal Garden of the Umverslty of Vienna Numbers m 

parentheses refer to the experimental cultlvatlons Voucher 

specimens are deposited at the herbarium of the Institute of 
Botany, Umverslty of Vienna (WU) 

Fresh air-dned underground parts were cut mto small pieces 

and extracted with Et,O-petrol(6@-80”) (1 2) for 48 hr at room 

temp The resultmg extract was separated first by CC silica gel, 
mcreasmg polarrty of eluents startmg with petrol and changmg 

gradually to pure Et,0 and further by TLC (Merck Kleselgel 60 
F 254, petrol-EtZO) 

The amounts of compounds given below refer to 100 g air 

dried underground parts (camp ref [43) AR-926 contamed 
35 mg of compound 3 (‘artemisla alcohol acetate’), the mam 

polyacetylemc constituent m this plant was ‘artemlsla ketone’ 

(6Omg) From AR-873,‘B the hydrocarbons 1 and 2, together 

with the spiroether acetate 5 could be Isolated m amounts of ca 

5-10 mg, the dommant polyacetylene was the parent compound 

of 5 (without acetyloxy group) AR-l 185 contained 4 mg 1.6 mg 

2, 7 mg sqn-epoxysplroether acetate 6, 48 mg syn-epoxysplr- 

oether lsovalerate 7, and 63 mg of (E)-sJ)n-epoxysplroether (par- 

ent compound of 6 and 7) ‘Artemlsla ketone Isovalerate’ (4) was 

Isolated from AR-l 182 as a minor constituent (ca 2 mg) together 

with large amounts of centaur X, (1) and ‘artemlsla ketone’ (m 

the order of 50 mg) 
(E)-6-Terradecenr-8,10,12-trr)‘n-3-)1 ethanoate (‘artemrsla acet- 

ate’) (3) Colourless 011, [a];* = + 17’, [xl:!, = +43’ (CHCI,, c 

=04), IR v~~:4crn-’ 2962 s, 2921 s, 2873 m, 2851 m, 2223 m, 

2199 ~1, 1734 L 5, 1616 H, 1459 m, 1442 m, 1373 s, 1235 IY, 1187 m. 
1134m, 1113m, 1084m. 1017s. 949s. 606rr, CVEE$nm (c) 

329(14400),307(20400),288(156M)).272(9600).257(6ooO),242 

(120000), 230 (75000), CD i,“‘z” nm (As) 328 (+0 18), 308 

(+022), 290 (+020), 273 (+012). 243 (+07), 231 (+05), 

MS (70eV, 100‘) m z 242 [M]’ (h%), 183 [M-HOAc]’ (15), 

182(97). 167(33), 166(29), 165(46), 154(18), 153(61), 152(78), 149 

(20), 141 (29), 140 (84), 139 (60), 127 (39), 115 (32), 101 (18), 43 
(lOO), HR MS observed 242 131, CL6H1s02 reqtures 242 1307 

(E)-3-Oxo-6-te~rrrdecene-8,10,12-tr~~nyl-3-merhylbutanou~e 
(‘artemwa ketone IsoLalerate’) (4) Colourless 011, IR YZ::~ cm-’ 

2951 s, 2920 5, 2866 m, 2325 w, 2222 m. 1734 s. 1720 strong 

shoulder, 1458m, 1366~~1, 1292m, 1181 m, 1165m, 1095m, 

952m, UV 1::: nm (c) 329 (14500), 307 (20500), 288 (16000), 

272 (10 500), 257 (7500), 242 (120000). 231 (77000), MS (70eV, 

loo”) m/z 298 [M]’ (5%). 196 (ll), 168 (18), 167 (27), 166 (34), 

153 (52). 152 (48), 141 (38). 140 (5X), 139 (51), 115 (43). 89 (21), 63 
(18), 43 (loo), HR MS observed 298 157. C,,H,,OJ requires 

298 1569 

trans-(E)- lO-Acery/oxy-2-(2,4-heuadlynyllde,le)-l,6-dloxa- 
sprro [4 51 dec-3-enr (5) Colourless 011, [G(];’ = - 1X’, [a].& = 

- 36” (CHCl,, c 0 l), IR vs:> cm- ’ 2951 m, 2924 m, 2883 w, 

2849 w, 2139 w, 1743 s, 1628 m, 1574 M’, 1465 M, 1438 w, 1380 w, 

1368 m, 1282 m, 1268 m, 1232 s. 1189 s, 1155 K‘, 1147 )v, 1095 m, 
1085 s, 1068 w. 1050m, IOlZm, 990m, 949 w, 916 w, 899 m, 
628 w, 605 IV, UV i.$Fnrn (c) 316 (19600), 265 (6000), 236 

(13400), 222 (15500), CD iE’>onm (At) 352 (+020), 310 

(-0 45), 285 (-0 50). 243 (- 1 7). 234 ( - 1 4), MS (70 eV, 90’) m/z 
272 [M]’ (15%),212 [M-MeCOOH]+ (ll), 159(20), 71 (lOO), 

HRMS observed 272 105, C,,H,,O, requires 272 1048 
(+)-(3S,4R,5S,8R)-(E)-8-Acetylory-3,4-rpoxy-2-(2,4-hexadl- 

ynybdene)-1,6-dmxaspwo[4 5Jdecnne (6) Colourless oil, [a]:’ = 

+12’, [x1:;,= 1-26’ (CHCI,, c 0 1). IR \“,I;:crn-’ 2948m, 

2920 m, 2848 m, 2148 IY, 1736 s, 1648 s, 1451 1~, 1438 w, 1384 m, 
1370m, 1358~, 1293~, 1279m, 1233.7, 1186s, 1169w, 1137m, 

1107 m, 1082 w, 1058 w. 1016 s. 965 w, 942 tt’922 u’, 893 m, 853 m, 
683 w, UV iE$nrn (E) 293 (15000), 279 (1800@), 266 (13000), 

253 (sh, 7400), 225 (31 000); CD /“lo nm (A(-:) 310 (- 1 00), 295 

( + 2 45), 279 ( + 4 55). 265 ( + 4 4), 253 ( + 2 7), 240 (sh, + 1 3), MS 

(70eV, 110’) m/z 288 [Ml’ (9”/0). 184 (7), 125 (14), 124 [(cyc 

C,H,O)=CH-CHO]+ (76), 123 (12), 111 (21), 109(16), 104 [Me- 

(C=C),-CH=CO]+ (13) (ref 1251). 102 (12). 99 (11), 97 (34). 95 
(41), 43 (loo), HRMS observed 288 100, C,,H,,O, reqmres 
288 0997 13CNMR (CDCI,, 250 MHz, 6) 1705(C=O), 163 5 

(C-8). 105.4 (C-5), 86 1 (C-9). 79 9 and 69.3 (-C=), 66 1 and 66 0 

(C-l, C-2), 58 8 (C-7), 52 3 (C-6), 25 5 (C-4), 22 1 (C-3). 21 2 (C-2’). 
4 6 (C-14) 

(+ )-(3S.4R,5S,8S)-(E)-3.4-Epox~-8-rsovalerL[c~x~-2-(2,4-hexu- 

d~ynyhdene)-1,6-drosaspro [4 5]de( une (7). Colourless OII, [a]:0 

= + lo’, [a]:& = + 24” (CHCI,, c 0 I), IR v$: cm-’ 2952 s, 

2920 s, 2866 m, 2847 m, 2147 1~, 1733 s, 1648 s, 1462 m, 1450 m, 

1432 nt, 141 I w. 1383 m, 1366 m, 1357 m. 1334 H’, 1320 w, 1308 w. 

1280.5, 126lm, 1239s. 12lOw, 1194s, 118ls, 1165m, 1139s. 
1118 w, 1093 5, 1020 5, 958 w‘, 934 m. ?04 m, 857 F, 688 w, LJV 
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A:$ nm (E) 293 (14500), 278 (17200), 266 (12200), 253 (sh, 
6 400), 243 (weak sh, 3 800), 224 (28 600); CD P”O nm (A&) 

310(-l 35) 295(+2.08), 278 (+435), 264(+4 15), 253 (+2.8), 

245 (sh, + 1.4); MS (70 eV, 120”) m/z 330 [M]’ (lo%), 124 [(cyc 

C,H,O)=CHCHO]+ [25] (100) 104 [Me-(C&),-CH=CO]+ 

[25] (14), 102 (20), 95 (27), HRMS observed 330 147, C,,H,,O, 
requires 330 1467. r3C NMR (CDCI,, 250 MHz, 6) 172 2 (C=O), 

163 1 (C-8), 104 7 (C-S), 86 2 (C-9), 79 9 and 69 2 (-C=), 66.3 (C- 

2), 65 1 (C-l), 58 4 (C-7), 52 3 (C-6), 43 4 (C-2’), 29.5 (C-4), 25.7 (C- 

3’!, 24 a (C-3), 22 3 (C-4’), 4 6 (C-14) 
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