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A b s t r a c t  - Some of the biomimetic transformations of sesquiterpene 

lactones practised in our laboratory are presented here and the 

biosenetic implications of the work are discussed. 

INTRODUCTIaN 

Whlle it is quite clear that the biosynthesis of the sessuiterpenes ~nvolves 

farnesyl pyrophosphate or its biological equivalents'.'. the later stages of the 

process are not so well-documented. and the pathways proposed3 are frequently 

speculative and mostly mechanistic being based on the stereo-electronic factors 

which control organic reactions. Some of these hypotheses have received 

indirect experimental support from biomimetic transformations and others have 

stemed from the results of biomimetic syntheses. Prerequisites for the 

transfornatlons are chemo-. regio-. and stereoselectivity. a stereochemical 

course on the lines of that followed by the natural product and co-occurrence in 

associated taxonomical species of products which it is possible to correlate 

with the hypothesis Proposed. 

RESULTS AND DISCUSSION 

Gallicin (11 is a sermacrolide isolated from Artemisia marltima sallica Willd 

and its structure and absolute configuration were determined definitively by 

acid cyclization to the eudesmane derivatives 2, 3 ,  4 and 5.. 



The complete stereoselectiv~ty of the cycllzation is due, most probably. to the 

fact that it takes place vla a preferred conformation determined in this casea 

by LIS studies. interpretation of the coupllns constant values J..=, J..,, Jb.7 

and H nmr taken at varying temperatures. Gallicin (I) was found in a CC 

conformation, 6, with the exocyclic methylene and the H-5 in the same 

d~sposition both at the beginning and at the end of the cyclization (Figure 11. 

Figure 1 

It has been suggested that the guaianolides are biosynthesized* by an electro- 

phylic anti-Markownikow attack on the system of double bonds of a 

sermacradienollde (Figure 2). However. there 1s only one isolated instance7 of 

this attack taking place on the A*'s' and generally the electrophyles act 

chemoselectively on the double bond A and generate --(108.5a)- 

eudesmanolidese. 

Cyclization of the 4a.58-epoxvgermacrenes 11 stereoselectively generated- the 
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cis-(la.5a)-guaianes 12 and 13 in a process which could be considered as the - 
result of an electrophylic anti-Markownikow attack on the double bond A*'-'. 

Gallicin (1) could be stereoselectively cvclized to the cis-ila.5a)-suaianolides 

16 by simple tosylation or mesylation at low temp. without the intermediate 

sulfonic esterxo ever being isolated. 

6 I7 

Figure 3 

The stereoselectivitv of the process is accounted for if one assumes that the 

cyclization takes place via the preferred conformation 6 in which the double 

bond A '  is ideally disposed to attack carbon C-1 on its dorsal face 

expelling the leaving group which is esuatoriallv disposed, so that a-(la.5a)- 

guaianolides are generated (Fig. 3). We have therefore proposed an alternative 

Figure 4 



mode1 to explain the biogenesis of the e-lla.5a)-guaianolides. 1-Epigalllcln 

(16) was prepared by oxidation and reduction of 1 and then cyclized by acid 

action to form trans-eudesmanolides 19 and 20 demonstrating that the process is 

stereospecif icXz. 

The conformational analysis of 1-episallicln (18) showed that it is in a TC 

conformation 21 which perfectly explains the stereochemical course of the 

process. The cyclization favours Parker U ' s  theoryx3 whereby the blosynthe- 

sis of the a - h y d r o x y - ~ - ( 1 0 B , 5 a ) - g u a i a n o l i d e s  may take place via the anti- 

parallel Markownikow-type cyclization of a cis.trans-germacradlene lFig.4). 

Treatment of 1-eplgallicin (18) with tosyl chloride in pyrldine affordedx- 

trans-gualanolide (25) by a 5-exo-tet stereospecific Processn= which. ln 

conjunction wlth the non-isolation of the intermediate sulfonic ester 123) 

strongly suggests that the cyclization must take Place via a conc@rted process 

with assistance of the double bond A*'=' to produce the cation 24 via the 

reacting conformation 26 (Fig 5 ) .  It should be noted that if salllcin ( 1 )  and 

1-epigalllcin (18) were cyclized via the carbenium Ion. 5-endo-trig ring 

closures would be involved and these, according to Baldwin'=. are not favoured. 

Figure 5 

The stereochemistry of the cycllzation Product is the same as that found in the 

few natural trqns-guaianolides. pleniradin'~, gaillardir~'~, neogaillardinxe, 

fl~rilenalin'~ etc. These results Polnt to the biosynthesis of the trans- 

guaianolides Proceeding via the melampol~de pathway formulated by Parker & 
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a1:= rather than that proposed by Flscher etZo where a 4 a , 3 B - e p o x y - ~ -  - 
germacrene in the &-parallel conformation 31 would be a precursor of the 

trans-guaianes, since the centre-to-centre dlstance between the two double bonds 

of 28 would be considerably greater than in the four posslble conformations of a 

trans, trans-sermacradiene (Fig 6). 

Figure 6 

The 5-0x0-u-germacrenes have been considered as biogenetic precursors of 5- 

hydroxvguaianes and dehydrocurdione (33) has been transformed2' to curcumenol 

(34) and isocurcumenol (35) . Similarly, when dienone 36 was treated with 

refluxins benzene or silica gel, an abundant yield2' of suaianolide 37 was 

obtained. 

notable feature of 
. . 

the different stereochemical course 

they follow since, although both lead to trans derivatives, the two types of 



junction may be considered enantiomeric. Moreover. the majorlty of natural 5- 

hydroxyguaianolides have a &-(la.5al-junctionzJ which is in marked contrast 

with the stereochemical course of the earlier cyclizations. 

Dienone 43 was prepared in five stages using vulsarin (381 as starting 

materialz4. 

Treatment of vulsarin (381 with Zn-HOAc, NaBH. and TSC1-PY save 41 which, after 

allylic oxidation, gave the hydrox~tosylate 42 (57% yield on 381. When 41 was 

treated with KOBue-HOBue. suaiane derivative 44 was produced stereoselectively 

(79%). A H-nmr study detected the presence of the highly unstable ketone 43 

which decomposed to the suaiane 44 in CHCL solution or as a consequence of 

sillca gel action-. 

Figure 7 

The stereoselectivity of the cyclization and the a (la.5al stereochemistry of 

the junction have been credited to the pyridine-induced chemical shiftsz* and to 

the cyclization taking Place via the preferred conformation 45. The 

conformational analysis of 43 in solution (LIS studies) afforded experimental 

evidence corroboratins this theorPo. 

It should be noted that the stereochemical course of the cyclization is 

identical to that of the majority of the natural 5-h~drox~guaianolides (A/B a, 
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la-H; 5a-OH)Z3 and that it differs from the previously published cyclizations of 

33 and 36". To our knowledge, no natural (Z)-3(4)-gemacren-5-one is known 

while very stable 4(15)-germacren-5-one derivatives such as 47- have been 

isolated. 

In order to evaluate the possible role played by 48-type compounds in the 

biosynthesis of substances such as chapliatrin and its ~ongeners'~.'~ this 

allylic alcohol was prepared. It was thought that acid treatment of 48 might 

generate cation 49 which by carbocyclization would afford 50. a chapliatrin- 

skeleton com~ound=~. 

Compound 55 was prepared from Six* by reduction. tosylation, epoxldation and 

BF,.Et,O-opening to obtain 54 (33% overall). When 54 was treated with KOBue- 

HOBu*, followed by reduction of 5s. it afforded the allvlic alcohol 48 stereo- 

selectively and hydrogen chloride-saturated chloroform acted upon 48'" to give 

the desired oxide SO, the structure and absolute configuration of which were 

established by X ray diffraction analysis as S4 (Fig.8). 

56 

Figure 8 

The results of this cyclization do suggest that 48-type compounds may be 

biogenetic precursors in the biosynthesis of chapliatrin and its congeners. 



The biosynthesis of the trans-(la.50)-~seudoguaianolides. e.9. neopulchellln. 

has been explained1- by assuming that they proceed from the trans-(10,5a)- 

guaianolides 57 via the stereo-electro chemical shiftsx3 shown in Figure 9. 

Figure 9 

The 4a.50-epoxymelam~olides 59 have been proposed as precurBors of the 

helenanolidesJ and accordingly. the acid cyclization of 59 could give cation 60 

which already possesses the antlperiplanar stereochem~stry suitable for 

originating natural helenanolides. The epoxmelampol~de must be in the TC 

conformation shown in 59 since only thus, can it generate the trans-qualane 

cation 60. Fischer- has also suggested an epoxygermacranol~de wlth a TT 

conformation such as 61 as a possible precursor (Fig. 9). 

To check out the feasibility of a rearrangement similar to that shown in Fig 9 

(57 to 58) the norqualane alcohols 62 and 63 were prepared. Tosylation of 62 

-0Ts 

- 
HO' 

62 o-OH O 64 a-OTs 66 67 68 0 
63 SOH 65 6-01s 

Figure 10 
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led to the epoxy derivative 66 although the intermediate tosylate 64 could not 

be isolated. When the epimer 63 was treated the same waP4 as 62, the same 

result was arrived at and has been interpreted as shown in Fig. 10. 

Our results are in complete agreement with those obtained by Fischer et01.'3 

when they treated epoxyguaiane 69 with BF=.Et.O and isolated the fluoride 

derivative 70 and the --eudesmanolide 71. 

These data would seem to imply that, contram to biogenetic theory. the o (1.10) 

bond migrates with greater ease than the H-1. 

In this context. we studied the cyclizations of melampomagnolide 72 and its 

11.13-dehydro derivative 73 prepared in accordance with El-FeralySD. 

Acid treatment of 72 with BF3.EtzO gave the two epimeric guaianolides 80 and 

traces of the epoxygennacranolide 84. The skeleton of 84 is similar to that of 

badgerin, a germacranolide isolated by Shafizadeh and Bhadane-" from Artemisla 

arbuscula ssp arbuecula. 

In view of the low solubility of 72 in benzene, we decided to use CHL1. as 

solvent and in these conditions 73 and 74 led to 81 and 78, respectlvelv. The 

transformation of 74 to 78 suggests that the process takes place as shown in 

Scheme 1. The Markownikow opening of the oxirane ring followed by 0-elimination 

may give 83 which would lead to BS by a SNZ' process and a hydride shlft in 75 

followed by intramolecular cyclization may afford the suaiane derivatives 81. 

The fact that 5S3=, hydrogenated according to Haruna and ItoS7. is allylicall~ 

oxidated and afterwards acetylated to give 78, a compound identical to that 

prepared from 74 provides support for the above theory. The treatment of 

alcohol 76 with BF=.Et,O gives the same epimer mixture. 81 (Scheme 1). 

The -(la-H;58-OH)-stereochemistry of 81 was established by assuming that 



SCHEME I 
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the cyclization takes place vla 86 as Molecular Mechanics  calculation^^^ 

indicate that this is the more stable conformation. 

The data obta~ned about the chemical behaviaur of agree with those given by 

Doskotch and Wilton4" for lipiferolide, a 4 a . 5 B - e p o x v - ~ - l ~ 1 0 ) - g e r m a c r e n o l i d e  

and no traces of ~seudosuaianolides were discernible. These results do not 

support Herz' biogenetic hy~othesis~ but this may be due to the fact that the 

melampomagnolide is not in the required TC conformation. An X ray diffraction 

analysis would seem to confirm this idea. since Figure 11 is a perspective view 

Figure 11 

of the molecular structure of 72 ,  and the C-15 methyl group and the C-14 

hydroxmethyl grow are seen to be anti in relation to the median plane of the 

ring with the C-14 on the opposite side to the H-6. 

The 1.10-sec-eudesmanolidee are a small group of sesquiterpene lactones, the 

biogenesis of which Herz3 postulated as occurring by the fragmentation of a 1- 

h~dro~erox~eudesmanolide 88. 

88 89 90 

To check out this theory, the 1-hydroperoxyeudesmanolides 92 and 93 were 

prepared using ketone 91 as starting material. When 91 was treated with wlth 

tosYl hydrazlne. then diborane and sodium peroxide-hydrogen peroxide-', the 

eplmers 92 and 93 (8:10, 46%) were obtained. 



If 92 was treated with Ac=O-py or HC104-HOAc, ketone 91 was obtained either in 

87% or 62% yields. the result of a hydride migration instead of the a*.'o 

migration suggested by Here. Its epimer. 93. reacted identically. with no 

signs of fragmentation products. again in apparent contradiction of Herz' 

hypothesis. 

However, when F~SO,-CUIOAC)='~ was applied to 92 or 93, aldehyde 95 was 

obtained. This reaction probably takes Place through the intermediate alkoxy 

radical which undergoes 8-framnentatlon to generate 95.  This Possibil~ty is 

favoured by the fact that alcohol 94. when treated with P~(OAC)--I=~' or with 

iodosobenzene diacetate-In4", yields the unsaturated aldehyde 96, (72  and 56%. 

respectively) . 

Enzymatic transformations of hydroperoxides to aldehydes in various plantsa* 

have .been observed and may be the pathway to the formation of 1.10-sac- 

eudesmanes. However, the homolytic fragmentation of 1-hvdroperoxyeudesmanolides 

described here cannot be reconciled with such enzmatlc processes since 

fragmentation of linoleic acid 9- and 13-hydroperoxides gives only the volatile 

aldehydes, e-3-nonenal and hexanal. respectlvely, together with 9-0x0-nonanoic 

and 12-0x0-&-dodecenoic acidaD and if the fragmentation of these 

hydroperoxides were homolytic. one would expect a greater number of 

fragmentation products. 

A second hypothesis put forward by HereL is that the 1.10-sec-eudesmanolides 

may be formed from a audesmane precursor such as 97 by a process =dentical to 

that proposed by Barton and co-workers for the biosenesis of nycthantic and 

dmarenolic acidsaT. 
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We prepared 100 from olefin 99 by ozonolysis in the Presence of methanolas to 

test the feasibility of this proposal. The crude product from the reaction was 

treated with AclO-py and after concentrat~on at low temperature, the sec- 

eudesmanolide 102 was obtained. When the fragmentation of 100 was carrled out by 

treatment with FeSO.-Cu(OAc)p. methyl ester 105 and the olefins 104 and 105 were 

obtained. All these compounds had 1.10-sec-eudesmanolide skeletons. 

Given the low stability of 100. the 1-silyloxy-1-hydroperow derivative 101 was 

prepared from the t-but~ldimethylsilyl en01 ether of the ketone corresponding to 

99 by treatment with b&-TFA--. When 99 was cleaved with AGIO-PY. dilactone 

106 was obtained and when F~SOI-CU(OAC)~ was used. the product obtained was 

methyl ester 105. 

These results-o seem to support the hypothesis that the 1.10-sec-eudesmanolides 

may be derived from 1-hydroperoxy-1-hydroxveudeemanes via a hydroperoxide 

transposition essentially equivalent to a Baeyer-Villiger oxidation. It is less 

likely that the 1-h~dro~erox~eudesmanes are involved as ~recursors. in view of 

the preferred migration of the hydrogen on the o'.'O bond. However. mono- 



oxgenases capable of converting ketones to lactones are known-', with some 

discrepancies between the chemical and enzymatic data. as Chapman have 

shown In the microbial conversion of fenchorie by the action of species of 

Corynea bacterium. 

These are just a few of our results to date. The field is fluid and full of 

interest. These blomimetic transformations between various types of sesquiter- 

pene lactones may afford a valuable insight about their possible blosynthetic 

relationships and in some cases the transformation may provide a new pathway to 

their real biosynthesis. Any day may prove to be the breakthrough. 
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