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Abstract - The source, smrclure, and biological activities of the many known 

6.9-epoxycyclodeca[b]f natural products sre compiled herein for m d y  reference. 

DIlring the past twenty years, many compounds containing the ktemfricyclic framework depicted in A have been isolated 

from natural product sources. Two characteristic srmctural featurcs include oxygenation at C-8 and the presence of an 

alkyl substituent at C-10. Throughout this review, the natural product numbering shown in A is used rather than that 

associated with the systematic index name employed by Chemical Abstracts. To be inclusive, the eremantholides have 

been incorpmted into the surrey, as this class of compounds has the skeleton shown in 6. Beyond the sMpe of ow 

consideration, however, is the multitude of sesquiterpenes that are chemically equivalent to the products from either 

hydrolysis or elimination at C(3)-0 and C(10)-0, respectively, leading to ring-opened compounds of the typc illusuated 

in C and D. 

The aim of this survey is to collate the numemus references to natural products in this area and to depict, where possible, 

the correct srmctural features including stemhemisuy. Relevantly, the srmctlues shown in this review are not always 

the same as those found in the original papen because of subsequent comctions. Others have been modified because the 

original assignments were based on the stereochemisuy of previously isolated products whose formulations have since 

been revised. 

The source, biological activity, and relevant synthetic work are also incluQd 
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In 1970, de Vivar and co-workers isolated the f ~ s t  natural 6.9-epoxycyclodeca[b]furan and called this compound 

zexbrevin Although this team derived the comct  gmss smcture, they incomctly assigned two of the 

stereochemical centers.%' One of these, the ester side chain, was soon revised to the now accepted 8B-configurationp.5 

but it was not until 1983 before some doubt was expressed about the 4-methyl stemhemisuy.6 Subsequent X-ray 

single crystal smcnnc analysis on zexbrevin derivatives, including t e w h y d r ~ - ~  and phototewhydrozexbnvin,8.9 clearly 

showed a 4@methyl m u p  to be present. Dismayingly, however, the authors of these dimanion papers confinued to 

depict zexbrevin and related m p o u n d s  with a 4a-methyl substituent lh is  confusion s m n d i " g  rcxbrevin and several 

allied smchues was eventually clarified by H m  and c*wakers.'0 

Additionally, then were some doubts concerning the s o w  of zexbnvin. Aft= careful morphological recxamination of 

the original plant material, it was found to be Viguiera greggiil' and not Zumenia brorifolia as prenwsly repmtebz 

(1) Zexbrevin from: 

Cdea marechichi W 3  

Viguiera greggii 2.11.14 

Two related compounds (23) were. isolated more recently and these are simply different ester derivatives of the parent 

system.'2.1*.'6 In fact, such ester variations are a common feature in this scries of natural products as reflected in the 

sequel.' Although there have been no biological studies on zexbrevin (1) or its ester analogues 2 and 3, it has been 

reported that 1 la,l32',3'-tewhydrorexbrevin is responsible for potentiation of the immune response in cenain tesu.17 

(2) R = Ang, Ladibranolide fmm: 

Trichogoniopsis m o d  '6J8 
Viguiera ladibracm '5 0 

(3) R = Tig H 

Cdea zocorechichi '2 

*)The smchlres of the ester side chains are as follows: 



HETEROCYCLES. V o l  34, No. 4. 1992 809 

Several 9-hydroxylated (4.11). 5.9-bishydroxylated (12,13), and 15-hydroxylated (14) derivatives of zexb~vin have 

been isolated from various sources. Although some errors were initially made in the 4-methyl ste-hemistry, 

subsequent X-ray analysis of two of these compounds (5.6) has helped to clarify the ~ituation.~J9 Some of these 

smchlns have still been incomctly assigned a4a-methyl gmup by comparison to zexbrevin. However, they all likely 

possess a 4pmethyl substituent as indicated by the nmr data. 

(4) R = MeAcr from: 

Calea remTolia '9 

(5) R = Ang horn: 

C h  lepmephola " 
Calea rernTolia '9 

(6) R = MeAcr, 9a-Acetoxyzexbrevin y fR 

fmm: 
Calea tern~olia 21 

(7) R = Ang from: 

Calea lepmephala " I 

(8) R = MeAcr from: 

Trichogonio pramii " 
(9) R = Ang from: 

Trichogonia villosa z3 

(10) R = Tig from: 

B e j m  lullamae " 

(11) from: 

Trichogoniapmncii " 

(12) from: 

Calea hispida * 
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A Sp-myrtenyl derivative of zexbrevin (15) is also hown. along with a 9a-hydroxy (16) and an lla,l3-epoxy 

analogue (17). Several similar a-epaxides have k e n  isolated although they contain a 4,5doubk bond (see below). 

Shortly after the isolation of zexbrevin (1). two unsaturated analogues were discovered and called calaxin (18) and 

ciliarin (l9).3" By correlation with zexbrevin, these new compounds were assigned 8 a  stereochemisq, but this e m  

was also subsequently c ~ m c t e d . ~ S . ~ l  Several ester analogues (20-24) and the free alcohol (25, known as 

atriplici~lide~~) have now becn isolated 
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(18) R = MeAcr, Calaxin from: 

Cdea pilosa " 
Cdea new s p c c i e ~ ~ ~  
Hel iamh ciliarir " 
Isocqha afriplicifolia a 

(19) R = 'Buty, Ciliarin from: 
Cdea n(picol0 is 

HeliMthopsis sagasreguii" 

Heliahpsis urc!&mnbensis 3J 

Hel iamh ciliarir 

Isonvpha aniplicifolia 

Viguiera adfol ia " 
Viguiera pazensis 36 

(20) R = Ang from: 
Calea angusra 37 

Cdea dkricam 3 

Calea hymenolepis 9 
Cdea lamanoides" 

Calm pilosa B 

Calea te11~rifolia 3 

C a h  villosa 41 

Cdea new species 3 

Disyqhia Mirnifolia 

Helianrlropsis bishopii 35 

Helionrlropsu sagasteguii " 
H e l ~ p s i s  sruebelii " 
Helianthur d l i i  " 
Trichogoniopsir m r i i  l6 

Viguiera acurifolia " 
Viguiera linearis n 
Viguiera oblongifolia 4 

Viguiera syhtica * 

(21) R = Tig han: 

Bejarancu semis& 6 

Calea angum 9 

Calea m n i i  s 
Caleapilosa " 
Chmra sphaerocepholn 41 

Helianrhopsis sfuebelii " 
Isocarpha afriplicifolh 3 

Viguiera acunfolia " 
(22) R = MeBu from: 

Calea angrata 9 

Cak-a nrpida " 
Helianrhopsis bislropii 35 

HeliMthopsis sagrcguii 34 

Hel*mrhopsis sfuebelii" 

Hclianrhopsis urclrbombensis 3J 

Helianrh IehmMnii* 

Viguiera acmfolia" 

Viguiera oblongifolia 

(23) R = 'Val from: 
Cdca ~upicob 28 

Iscarpha aniplicifolia " 
(24) R = AcSar from: 

Bejarancu semis& 6 

(25) R = H, Atripliciolide from: 
Eremaduu glomerui(11us 

There arc many known suucnual variations of the calaxin I dliarin system. These include an 1 lb.13-dihydro (26) and 

some lla.l3-epoxy derivatives (27-30). as well as two chlomhydrins (31.32) and s e v d  4.15-dchydro congeners 

(33-36). Another unusual compound (37) is formally the product of a Diels-Alder reaction with a monoterpne residue. 

Note that epoxidcs (27-30) were initially assigned with ~-s~creochemistry.~~~~~~.~~ A subsequent X-ray analysis of a 

9-hydroxy derivative21 suggests that they arc indeed all I l a 1 3 - e p o ~ i d e s . ~ ~ ~ ~ ~  This in Nm raises questions concerning 

the saochemical assignment to the chlomhydrins (31) and (32). 



HETEROCYCLES. Vol. 34, No. 4. 1992 

(26) fmm: 
Viguiera syhatica " 

(27) R r MeAcr hm: 
caleo piloso " 
Cdea remiYoIia l9 
Colen new species 33 

(28) R = Ang hm: 
Cdea diy~'cara " 
Colen monii " 
Cdea pilosa " 
Calea remiYoIia l9 

Calea villoso 41 

Calea new sped= " 

(31) R r Ang hm: 
Cdea monii " 
Cdeapilosa " 

(32) R = Tig hm: 
Colmmnii" 

(33) R = M e A a  hm: 
Helianthus tuberosus 49 

(34) R = 'Buty fmm: 
Helhthus tuberosus 49 

(35) R = Ang hm: 
Helianrhus tuberosus 49 

(29) R = Tig hm: 
Colen monii " 
Cdeapilosa " 

(30) R = MeBu hm: 
Calm mgusra n 

(36) R = Tig fmm: 
Helianthus schwininii 50 

Helianrhus tuberosus 49 
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Other derivatives include the numerous 9-hydroxy, 15-hydmxy, and 9.15-dihydroxy analogues (3859) along with Uleir 

I la.l3upoxidcs and chlomhydrins (60-69). Many of these mmpounds, such as the cytotoxic substance budlei" A 

(40h51 have been found in a large variety of species. Note that, as for the previous epoxides (27-30). the epoxides 

h m  (6067) wm initially assigned with ~-ste1cochcmisq.~~33~37~~ Onceagain, however, a later X-ray 

(38) R = M e A a  from: 

colro malechichi '2 

Helionthur ruberosus 49 

Viguiero eriophoro 

Viguiera linenris n 
ViguierapidIobara 54 

(39) R = 'Buty, Viguiepinin from: 
Helionrhopsis microphyllo 35 

HelionIhopsis sogmvguii 3 

Heli&psis smebelii 3 

Helimbpsis UfcutuMbenris 35 

Helianrhur ruberosur 49 

Viguiero ocwiflio 3 

Viguierapenris 3s 
Viguiempimtibbrun 54.55 

(40) R = Ang, Budlein A from: 

A y a p ~ ~ l  e l m  5 

Cole0 Ilimn'crun 3 

Cdeo hirpida 
Caleo hymenolepis 39 

Colca villosn 41 

Helionrhopsir sagmvguii 3 

Heli&psis sfuebelii 31 
Helionrhus ongustifolius 57 

Hel ianrh hirsunrr 58 

Helianrhurpetiolnris 58 

Helianrhur schweinitzii 50 

Helianrhus ruberosur 49 

Viguiero ocurifolio " 
Viguiero augustifrorio 59 

Viguiero buddlehfomj 

Rguiera cordam 

Viguiera urclsa 61 

Viguiera hypochloro 53 

Viguiero / i ~ a r k  n 
Viguiro qr,i-& 62 

Viguiera schultzii 

Viguiera sylwtica 45 

(41) R = Tig from: 

Cole0 malechichi '2 

Helionthopsis sogmfeguii 3 

Heliamhur ruberosus 49 
Vigm'ero linearis 23 

(42) R = MeBu from: 

Cdea rqAcoh " 
Helionthopsis microphylo 35 

Helhthopsis sogmreguii 34 

Helimbpsis urcu6Mlbemis 35 

Helimhus debilis 

Helionthus smmsus 9 

Helianrhus ruberosus 49 

Viguiera ac@oIia ?4 

Viguiero hemleym 53 

Viguiera procwnbenr 27 

(43) R = 'Val from: 

Helimhur grosseserram fl 



814 HETEROCYCLES. Vol. 34, No. 4, 1992 

analysis of the 9-hydroxy derivative (62)21 suggests that they arc all 1 la,l3-cpoxi&s.'9.21.)8 As befm, this raises 

doubts about the stereochemical assignment to the chlmhydrins (31.32.68 and 69). 

Finally, three isoatripiciolkles (70-72) have been isolated. The initially assigncd 5a-hydroxy stcrrochmisny39~2 was 

(44) R = M e A a  from: 
Cdeapiha " 
Cdea ternfolio 21 
Cdea m'cifoiia 

(45) R = IButy, Lobatin-B from: 
Calea w i c d a  " 
N e w o l e  lobata * 

(46) R = Ang horn: 

Calea wuua " 
Calea hispida" 
Caleapilosa " 

(48) R = M e A a  from: 
Trichogonia pramii 22.73 

(49) R = Ang h m :  
Trichogonia villosa 22.73 

(50) R = Tig from: 
Comliniopsispraciifolia a 

(51) R = Sar, Couopr~iol ide from: 
Conocliniopsispmiifolia 66." 

(53) R = M e A a  from: 
Trichogoniapmncii 

(54) R = A c h r  from: 
C~mliniopsispm~ifoIia a 

(55) R = MeAcr from: 
Trichogoniapmncii 

(56) R n A c P r  from: 
Lnurteigia bollotaefoiia " 

(47) R = Tig from: 
Calea quua 

Colco pilosa " 

(52) R = AeSar from: 
ComIiniopsisprasiifoIia 6667 

Lnurteigia bollota@lia " 
Trichogonia scomnorii 23 
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(5'1) R = Ang from: 
Calea mumcifOlia u 

(58) R = 'Val h m :  
Cdea m'cifolia" 

(59) R = Sen from: 
Cdea m'cifolia 

(60) R = MeAcr fmm: 
Cdea vmYolia 19 

(61) R = Ang from: 
Cdea divariafa " 
Cdea remifolia 19 
C d m  villosa 

(63) R = Ang from: 
Caleapiha 29 

Cdea remfdia 

(66) R = H fium: 
Trichogonia p r m i i  Z.23 

(67) R = Ac from: 
Trichogonia pmncii n 

(64) R = Tig from: 
Coleapilosa W 

(65) R = Menu from: 
Calea mguua 3 
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(69) from: 
Colcapilosa " 

(72) R = 'Val hum: 
Helioahus grosseserrmUr 52 

Smn afm the stumchcmistq of the e s m  side chain in zexbrcvin and relaad compounds was uarstede it was real id 

that thcrc was a companion 8a-series of sesquiterpcnes (73-99).72 However, at the time of their discovuy, this second 

p u p  of compounds was assigned with a 60.-ester sidechain and lactone ring closure to the 8a-position.m This cmn 

was corrected after an X-ray crystal structure determination was carried out on goyazcnsolide (92).n Note that this 

meant that the structure of anmatherin, supposedly an 8a-lactone.74 was in fact the same as that determined X-ray 

aystallographicallyl~ for lychnophmlide A (93).n 

(73) R = M e A a  fmm: 
E r e  bicolor 76 

(74) R = Ang hum: 

Alcowom ebmnwo 
Lychnophora crispom 
Piprolepis ericoidcs" 

(75) R = Tig from 
Errmnntlurr bicolor 76 

Lychnophoro crispa '8 
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Othcr structural assignment enon include the configuration of th methyl p u p  at C-4 in molecules with a saturated C4- 

C5 bond The initially isolated compounds of this type (73 and 7976 w e n  wrongly depicted with a 4a-methyl 

substimnt although this was subsequently ~ o m c t e d . ' ~ . ~ ~  However, the 4Bmethyl isomeric compounds an also known 

(76-79).10 

E r e m h u s  g o p e m u  10 

Ermuuuhus seidelii 10 

(77) R = EpMA from: 
Eremanha goyazemis 10 

Eremanthus sei&!ii 1" 
(79) R = AeDHIBu from: 

(78) R = DH~Bu from: E r e m h u s  seidelii 10 

Eremanrhru goyazemis 10 

E r e m h u s  seidelii 10 

(80) R = MeAcr from: 
Eremnrhu cromnoides 

(81) R = lButy from: 
Eremanha crommides 47 

(82) R = EpAng from: 
Eremanthus glomnrlmus 47 
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(84) R = MeAcr, 
15-Deoxygoyazellsolide horn: 

A l ~ a ~ n  0 

E r m a n h s  bicolor 16 

Eremnnrhur crotoMides 
Lychnophora bahiensic 

Lychnophora blanchem' 81 

Vanillosmopsir efyrhropappa lo." 

(85) R = 'Bnty from: 

E r e m ~ ~ h m  croromides 

(86) R = Ang, Lychnopholide from: 

Alcantara ebwmiana TI 

Eremamhus croronoides 47 
Lychnophora bahiensb 78 

(87) R = Tig from: 
Eremamhus bkolor l6 
Erenmnthrrs croromides 47 

Lychnophora crispa 78 

(88) R = MeBn from: 
Piprolepir leptospemtoides " 

Lychnophora blancheni 81 
(89) R I EpAng h 

Lychnophora CO~~UMM'S a 
A l c w a  ebmmkma 

Lychnophora crispa 78 
Eremnnrhur glomenrlMls 47 

Lychnophora W a e f o l i a  " 
Proteopsir argenrea m 

Lychnophora sellowii 78 

Lphnophora unifora 85 
(90) R = Sar from: 

Piptolepis Icptospermoides " 
Ermmnrhm g l o m r u l m  47 

Proreapsir argenrea m 
VMillosmopsiS efyrhropappa '0 

(91) R = HMB fmm: 
Eremamhus glomerulanu 47 

(91) R = MeAcr, Goyazensolide from: 

C e n f m f h e m p u n c m "  
Eremnrhus goyareasis 10." 

Eremnthrrs mollis 89 

Lychnophora p s e r i ~  85 

Oliganrks discolor 90 

Vm'llosmopsir brasiliensis '19 

Vanilosmpsis eryfhropqpa lo 

Vanillosmopsis pohlii 'F) 

(93) R = Ang, Centratherin 
(Lychnophomlide A) horn: 

Cemrarhem punccnnun 74.80.88 

Erananrk  m l l h  @ 

Lychnophora &nis 1s 

Lychnophora bahiensis 78 
Lychnophora sellowii 78 

Oliganrhes discolor 90 

(94) R = Tig, Lychnophomlide B 
froni: 

Eremnnrhur glomrrulanu 47 

Lychnophora afinis 75 

Otigamhes &color 

(95) R = EpMa from: 

cemrmhempuncronun " 



HETEROCYCLES. V o l  34. No. 4. 1992 

(97) R = M e A a  from: 
Vanillosmopru bradiemis '19 
Vanillosnwpsis pohlii '19 

(98) R = Ang horn: 
Lychnophora sellowii 78 

(99) lsoeenlrntherin h m :  
C e m a r h e m  p ~ t a f w n  KW.91.92 

Lychnophora sellowii 78 

Related to the 8U-series are the mmantholides (100-118). These compounds arc formally the result of an 

inwmolecular cyclization fmm thc 1 1-position to the ester carbonyl in an 11.13-dihydm derivative (eg., 96). ksultingin 

formation of the h e m h a  unit. The stereochemistry in three of thcse molecules (101,104,114) has been determined 

unambiguously by X-ray nys ta l lography . '~S  However, a commonplace e m  occumd in the assignment of the 4. 

methyl gmup in molecules with a saturated C4C5 bond Again, the initially isolated compounds of this type (115- 

118)7478 woe  wrongly depicted with a 4a-methyl substituent This situation was subsequently rectified.'O.ga The 48- 

methyl isomeric compounds (112114) w o e  isolated at a later date.10 

Note that several kctal derivatives, viz. the 160-methyl ethers and the 160cthyl  ethers of 102 and 108, have also been 

found, but these are probably artifacts of the isolation prondwe.75.95 

Some synthetic methcdology for the preparation of 25-disubsti~tcd 3(W>furawncs has h n  published?W~ This 

work was aimed mainly at the synthesis of eremantholides and includes the synthesis of eremantholide A (101)?7 

although it is perhaps applicable to all of the 6,9~poxycyclodeca[b]furans. 

It has k e n  proposed that some of these eremantholides may have possible uses in anti-cancer thmpy.93 In addition, 

epoxide (105) has been shorn to be an allergic sensitizing agent.99 
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(100) Eremanlhdide C (MeAcr) from: 
E r d  bicobr 76 

E r e d  cro to~ ides  

Eremanth elncagnur 9334 

Errmnnrhur glonvnJM1S * 
Eremanthus goyazemis lo 

Lychnophora @nis 75 

Lychnophora wrifora 85 

Piptolepis lepmpermoides 86 

(101) Eremantholide A CButy) han: 
Cemnuhenanpunckuum 81 

Eremandnu bicolor 76 

E r e d  cro to~ ides  

Eremanrlurs clncagnur g3..9, 

Eremanth  incanus 76Jw 

(102) ( h g )  from: 
Eremanrlurs glomnrlanrr 4735 

Lychnophora @nis 75 

Lychnophora bahiemis l8 

Lychnophora crispa " 
Lychnophora wipora * 
Proteopsiv argenuo 
Piptolepis Iepmspemwmw&s " 

(103) (Tig) from: 

EremanIlurs bicolor 76 

Erernonrhus c ro to~ ides  47 

(108) ( h g )  from: 
Errmnnrhur g b m u u l w  a 
Lychnophora @nis 75 

Lychnophora bahiemis " 
Lychnophora crispa 78 

(109) (Tig) from: 

Eremandnu glow& 41 

(104) Elemanlholide B (McBu) from: 
E r e m a h u  elaeaggnrrs 9J 

EremanIlurs incanus 100 

(105) (EpAng) from: 

EmMnrhusglonvnJM1S47 

Proteopsis argenrca m 

(106) (EpTig) fran: 
E r d  glome& 47 
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(110) Wig) from: 
VernoniaposkeW lo' 

(111) ( ~ n g )  from: 
Ly~hnophoro bohiemis " 

(112) (McAa) from: 
Eremnrhus goyorensir lo 

Errma& seidelii lo 

(113) ('Buty) from: 
Eremanthus seidelii lo 

(115) (McAcr) from: 
E r e m h u s  bicolor 76 

(116) ('Buty) from: 
EremMfhus bicolor 76 

(118) ('fig) from: 
Eremonthus bicolor 76 
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Of the 6.9-epoxycyclodeca[blfurans that have now been isolated. there are many that do not possess the unsaturated 

3(2H>furanone nucleus (119-172). However, nearly all of these substanas contain some alternative furan oxygenation 

such as the 3-hydroxy mmpound called tirotundin (119) and the corresponding 3-ethoxy derivative (lZO).'m Errors 

originally committed in the stereochemical assignment to the atu sidechains were subsequently Mmncd after X-ray 

analysis of the ethyl ether (120).103 Note that 120 and all other similar ketals (122,128,132,138,157) could k 

ar!ifacIs of either thc isolation a the purification p r o c C a m s . l ~ l ~ . 1 ~  

Several of these compounds have b a n  shown to have interesting biological activities. In one study. niveusin B (130), 

its 3-Ozthyl derivative (132), and niveusin C (146) exhibited cytotoxic, antibacterial, antifungal, and DNA/RNA 

replication inhibitory Faopmies.los Another compound, liauin (1371, shows significant nunor inhibitory activity against 

P-388 lymphocytic leukemia in m e  relaled am analogue tagitinin F (134)10P has also shown antileukemic 

activity. but tagitinin A (140). tagitinin B (165). and tirotondin (119. also called tagitinin Dllo) were inactive in the 

same smxn."l 

(119) R = H. Tirotundin h m :  ?'BUN 

Tifhonia ronutdifolia 

(120) R = EL from: 
B l m a  &miflora "7 

Tifhonia ronutdifolia lm 

(121) R = H, Tithonin 
Tifhonia ronutdifolia 118 

(122) R = Me h m :  
Tirhonia ronuulfolia 118 

(123) Tanargymlide fmm: 
Tanacem argyrop~llwn 119 
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(124) R = IButy, Diversiloline from: 
Greenmanielln resima l a  

Syncretocorpus sericeus '20 

Tirhonia diversiflin 12' 

viguiem &mm lzz no 

(125) R r Ang from: 
Viguiern syIwn'cn 4J 

(126) R = Tig from: 
Viguiera gi&sii In 

(129) R = 'Buty, from: 

HeliMIhopsis sngascguii" 

(131) R = MeBu from: 
Viguiera deltoiden 1" 

Viguiera gilliesii 

Viguiera procwnbem n 

(127) R = MeBu from: 
Viguiera gilliesii 1" 

(132) from: 
Helionthur a m  1% 
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(133) R = MeAcr, 
1J.Dehydrozexbrevin B h m :  

Viguiera greggii ZlL.l4 0 

(134) R = IButy, Tagitinin F from: nd 
I 

G r e e ~ ' e l l a  resinma 
'j-i,bnia diversifolio 5.111.113.115.Ll6.129.130 

(136) R = E p h g  from: 
Viguiera microphyla 131 

(135) R = Mebu from: 

G r e e ~ e U a  ruinosa 1" 
(137) R = AcSar, Liatrin h m :  

Liatru chqpmanii 'M.1" 

(138) from: 
GreewnanieUa rcs i~sa  

(139) from: 
Helianrhus a ~ u r r  132 

Several 2.4-bishyhxylated furan derivatives have bccn found and again umrs were made in the initial suucfural 

assignment. Thus, tagitinin A (140),133 zcxbrevin B (144)'" and -in (145)'" were assigned 8a s tenoch i s i ry  

by comlatioo with zcxbrevin (I), but suitable changes were n ~ a d e ~ . ~  and later confirmed for tagitinin A by X-ray 

analysis.l35 The fact that zcxbrevin B and orizabin can be convened into calaxin (18) and ciliarin (19) by chromium 

trioxide oxidation is further evidence that these molecules arc all stereochemically Note that tagitinin A 

(140)"6 has been convencd4 into zcxbnvin (1) (which has a 4B-methyl group), but it is postulated that the initial 

oxidation step results in epimerimtion at the 4-position.10 

Interestingly, tagitinin A (140) has campillar feeding deterrent p r o p l t i ~ s . ~ ~ ~  whereas niveusin C (146) is thought to be 

a growth regulator in plants.l37 This propmy of niveusin C may partially explain why intense light induces an increase 

in the synthesis of this mpound."8J39 A further biological effect observed for niveusin C (146) and for both the 1.2- 

anhydro- and the I-0-methyl-4,5dihydm derivatives of niveusin A (I39 and 143, mspcctively) is their ability to induce 

allergic contact dermatitis.'" Some of the other relatives such as mxbrcvin B (144). orizabin (145). calaxin (18). and 

tagitinin F (134) exhibit cytotoxic propcrtiesl~.~4~ and the immune response to one of these, zcxbrcvin B, was tested in 

v i m  and also in vivo using mia.17 
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(140) R = 'Buty, Tagitinin A from: 
B l w a  denrifora "7 

Helinnrhur nivew "2 0 
djversifo~ia 5.111.113.116.129.133 

(141) R = MeBu, Viguilenin from: 
Viguiera linmrir 142 

(143) R = Me fium: 
Heliamhur anmu 132 

(144) R = MeAcr, Zexbrevin B from: OR 
# 

Vigyicm greggii 11.1*1Y.143 
no.,, 

0 
(145) R = IButy, Orimbin from: 

Heliamhur niveus 112 nd 

(150) from: 

Helianrhur maximilhi 
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(151) R = IButy, from: 

Helianrhopsis sagawguii 31 

(152) R = Ang, Niveusin A from: 
Helimthm gracilenrr '5' 

Helianthuc niveur In 

Viguiera sylwn'ca f i  

(153) R = MeBu, 
17,lEdihydroNiveusin A from: 

Helionrhopsis sagawguii " 
Viguiera delmidea 
Viguiera prmlvnbcm 

(154) R = 'Buty from: 
GreenmMiella rainosa " 

(155) R = Ang from: 

Viguiera cor&ua " 

no.,. @ 0 
3 -  

no 
no 

(156) R = MeBn from: 

Calea oxylepsis 1" 

(157) from: 

Greenmaniella resima lw 

(158) from: 
Viguiera syhtica 

(159) R = MeAcr, 
la-Acetoxyzacatechinolide from: 

Calea zaca~echichi n2 0 

(160) R = A I I ~  from: n 
Calea ncw spccics33 
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I-Oxozacatechinolide from: 

Colra zacatechichi 

(162) R = Ang from: 

Viguicm cordma 3 

Viguiera sylvatica $5 

(163) R I Tig from: 

Helianthur ~ e r o s u s  $9 

(164) R = MeBu from: 
Calea oxylepsis 'so 

Sene 2.3-bishydroxylated furan derivatives arc also Lnown. ' h e  initial stereochemical assignment of the e s a  sidechain 

in tagitinin B (165P3  and woodhousin (168)l" was comcted a f a  X-ray crystal analysis of the latter compoundul 

(165) R = IButy, Tagitinin B 
Tirhonia diversifolia 5.1119.116.129 

(167) R = Ang from: 

Viguicra sylwtica 45 

(168) R = IButy, Wwdhousin 
Bakia wwdhourci 1% 

Picradeniopsis wwdhousei 155 

(169) R n Tig han: 
Picradeniopsis wwdhousei '55 

(170) R = MeBu from:' 

Picradeniopsis wwdholrsci 1" 
Brasilia sicbi '56 

(171) from: 

Brasilia sickii 156 

from: 

0 

nd 

from: 

0 

n 

Finally, a compound lacking oxygenation at the C-8 position and containing a w n s  double bond has been 

This scsquiterpene (172) possesses swctural features related m the hirsutinolides."7 
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(172) fmm: 
Chresm qhaerocephalo In 

sL3wmux 
In wnclusion, them exists a wide variety of natural pmducm that f a t u x  the 6,9cpoxycycl~a[b]furan skeleton. 

Although these wmpounds exhibit a diveye degrec of functionality, they nevertheless share a wmmon pattern of 

substitution and sarmEhemisuy. 

The chemotaxonmy of these compounds and other sesquiapne lactones is presently being sumyed in adrr to help in 

the classification of the genus Coleol58 and the genus Helianrhur.W*.159 

Finally, stcrmcmrrollcd consmtion of the oxygen-bridged uicyclic fnunework of these systems has ~ c e n f l y  been 

accomplished'~ 
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