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Ahbuctz A senes of bw~ia&ms of 6j3-santontn and rts denvohves I+& funcbons at C-3, wem uamed out wuh 
Ciuvukana lunata and Rhuoous mmcuns cultwvs Rhuovus nu?ncans was man ochve M the bwbunsfamwtwn 

3sakohok itKxd@wn ofthe 3S-hydraty1-&13S- 6m &&h~~psnigncansppomccCde~~ 
atC-.#andhymarykrtMnatC-&C4otC_4mdea~asmgarder l7useptmenauionupmbab&pmducedwuhthe 
pamupatwn of rhe hydmxvr pup at C-3 Mcmbwl jimaomduatwn at C-g can pmvtde ~~XSS ta the .vythms of 
812-eudLsmanobda 

INTRODUCTION 

S mterpene lactones are compounds whose chenustry’, photochemt$ and bloformation 
?# have been extensively studied Although small m size processe the presence or absence of certain 

funchonal groups is decisive m their stereochermstry and reactw&. On the other hand, eudesmanolide 
compounds are biogenetical and chermcal precursors of a Hnder range of sesquiterpene &tones’, and 
hence their synthesis can provide access to the formation of other groups of sesqmterpene lactones. The 
eudesman-6a,l2-ohdes are the most abundant compounds which have been stu&ed chemically and 
blogenetically. However, the group of eudesman-6l3,12-ohdes are scarce m nature and have rarely been 
stu&ed, although they are probably the biogenetical precursors of pseudogumohdes and elemanolides’. 

Bmconverston of sesqmterpenes 1s a&ally accepted as an able method, in combination with 
the adequate chenucal procedures, to senusynthess of products of mterest”. In this paper, we present 
a series of biotransformations of eudesman-6&12-olides with functions at C-3, which can be obtained 
from commercial a-santomn9 m order to estabhsh a structure-biotransformation relation&p with 
hydroxylatmg fungi (Curvuraru lunata and Rhiwpus tzgncms) and thus obtam a senes of products, some 
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of which may be smtable startmg matenal for further chermcal or chemical-rmcrobiological processes 

RJBULTS AND DISCUSSION 

The 6l3-santomn (2) was obtamed from commercral o-santonin (1) as descrrbed9se. The incubation 
of 2 wtth Curvulana lunuta was unsuccessful, and 2 was recovered unaltered after 8 days. However, the 
mcubatron of 2 wrth Rhr.zopu.r rugricans culture eve, aftef a 7 day mcubatton, the a-keta13 (20%). The 
configuratton at C-2 can be deduced from 1t.s 
ketone 1s photosensitive and unstable2 

C and H mnr spectra. Thus type of a$-unsaturated 

The partial reductron of 6B-santonm (2) produced 6l3-ll,U-tiydrotubenferin (4)’ which was 
mcubated wrth C. hata and R nzgricans cultures. Part of thrs substrate (40%) was recovered unaltered 
after a 9 day mcubatron wrth C Zunata, whrch also produced metabohtes 5 (24%) and 6 (3%). Substrate 
4 was totally brotransformed with R ni&ncans for 3 days, which also gave the metabohtes 5 and 6 wrth 
a yreld of 5% and 78% respecttvely. As can be seen, the yrelds wtth these rmcroorgamsms were mverse, 
and R nrgncm~~ totally metabohzed 4 Metabohtes 5 and 6 can be readily obtamed by chermcal 
procedures’. However the formatron of 3 by these m&a IS problematrc 

Substrate 7 (60~artepaulm) was obtamed by catalytrc hydrogenatron of 60-santonm (2) Incubatton 
for 9 days wtth R nlgnc~s culture, whtch, as described above, was more actrve against this type of 
substances than C lwzata, gave the alcohol 6 (1O%)9 and the novel alcohol 8 (69%) ‘Ihrs metabohte 
8 had no ketone character and hence the timcttonal group present at C-3 m substrate 7 was reduced. 
The gemmal proton to this new hydroxyl group was axral, as can be seen m the ‘H nmr spectrum (6 
3 70, J, = 116, J2 = J, = 4 70 Hz) but J, and Js values mdrcated that the confrguratron at C-4 was inverted 
LIkewise, a clear ‘6-syn effect on C-2 wrth respect to 6 (A 6 = 6 67) can be observed m the rsC nmr 
spectrum The chemical shaft of C-15 was in accordance wrth this axial drspontron (6 = 9.73 III 8 and 
6 = 14 42 m 6) Several n 0 e expertments confirmed this new configuratron at C-4 m substance 8 
Prmctpally, the lrradtatton at 6 3 70 (H-3) produced a great n 0 e on H-4 (6 2 18), but not on the C- 
15 methyl group 

The eptmenzatron at C-4 gave the least thermodynanucally stable metabohte 8, which has an ax& 
methyl group at C-4 It IS of interest to determme whether tnts eprmerrzatton occurred before or after 
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the reduaon of the keto group at C-3, and whether the fumt~onal group at C-3 participates in thy 
process For these purposes, we mcubated alcohol 6 for 9 days with Rhizopus tu&hns culture, after 
which a mmuscule amount of substrate 6 (10%) was recovered unaltered. Moreover, the epimer at C-4 
(metabohte 8, 17%) was also obtamed, which indicated that the reduaon of 7 at C-3 may have 

occurred before eplmenzatlon at C-4 The incubation of 6 afforded a further metabolite 9 (5%) which 
showed a new hydroxylation at C-4, as the proton signal at C-3 was a double doublet and a new 
oxygenated carbon (6 75.57) was detected m its uC MU spectrum (see tables I and II). Several n.0.e. 
difference expernnents were performed to detenmne the configuration at C-4 of 9. Irradiation at 6 5.11 
(H-6) produced no n.0.e effect on the C-14 methyl group and vice versa. Thus, the new hydroxyl group 
was a. 

The acetylation of a rmxture of metabohtes that was dacult to resolve gave acetates 10 (4%), 11 
(27%) and 12 (14%), which are yields relative to substrate 6. The acetate 10 showed two ethylene 
protons and carbons (see tables I and II) and its structure can readily be deduced to be the result of 
the formatlon of a C-4/C-15 exocyclic methylene group. Product 11 was the acetate of the mam 
metabohte isolated from tti mcubation. The structure of 11 was determmed after acetylauon of 8 (to 
gwe W) and 6 (to gave 14) by comparmg its uC nmr data with those of other acetates of metabolites 
with more numerous func&ons Thus, it can be seen that the configuration at C-4 for 11 and 13 was the 
same (4aH) Moreover, compound 11 had another acetoxy funtion at C-8, as can be deduced from the 
study of its ‘H and ?J nmr spectra, and we asslgned an 8Sconfiguration after consldermg the two 
ax&a_& couphng constants of the proton at C-8 (see table I) However, a considerable I-syn effect 
on C-l 1 was observed (a 6 = -7 0) (see Table II) which may m&cate a B-dlsposltion of the acetoxy 
group at C-8 After consldenng the structure of 11 m Dreldmg models, a sinular distance (approx. 2 5 
A) was observed between the hydrogen at C-11 and oxygen at C-8 for both confignrattons. A series of 
n.0 e. difference expernnents were camed out m acetate 11 to estabhsh the overall stereochemistry of 
this compound Irradatlon at H-8 produced an n 0 e effect on the H-11 and C-14 methyl groups, 
confirmmg a R-&sposition for all these groups Irradiation at H-3 mcreased the signals of H-4 and H-5, 
which mdlcated the a-dlsposltlon of these three protons. Fmally, u-radlatlon at 3H of the C-14 methyl 
group produced a blear n 0 e effect on H-8. These expenrnents proved the overall stereochermstry of 
acetate 11 lks 8 -hydroxylation mtroduced by Rhrzopw ngnca~~ had the mverse configuration of those 
obtamed by the same rmcroorgamsm on a substrate oxygenated at C-l mstead of C-39. Thus, the 
stereochermstry of the functlonahzatlon at C-8 m this type of lactones seems to be controlled by the 
fun&Ions present m rmg A 

Dlacetate 12 also had a 4R-configuration as can be deduced from comparfion of its ‘H and UC nrnr 
data wth those of acetates 13 and 14 In addition to the eplmenzatlon at C-4, R nqmm.s hydroxylated 
on C-l or C-9 The UC nmr data of 12 did not allow us to uneqmvocally assign this structure because 
some overlappmg of chenucal shifts was observed between pairs of carbons m both possible structures 
However, n 0-e difference experiments were also decisive to deternune the structure of 12. Thus, 
Irradiation at H-3 produced n 0-e. on H-l and H-5 Therefore, we conclude that the new 
functlonahzatlon m 12 was lB- hydroxyl group, subsequently acetylated by chenucal means. 

As can be seen, all metabohtes isolated from the incubation of substrate 6 were eplmenzed at C-4 
(wth the exception of 10, which presents an exocychc double bond) R mgncans probably reduced at 
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12(14x) 

- 

the C-3 substrates 4 and 7 before epunerlzation of 6 at C-4 
Processes of eplmermtlon of saturated carbon are uncommon with the exception of the a-carbon 

with respect of an enohzable carbonyl group to give the most thermodynanucally stable eplmer 
In this case, the partlclpatlon of the 3l3-hydroxyl group could be postulated after enzymatic 

abstraction of the 4a-proton to gwe an oxuane-like group on the &slde, which could be enzymatlcally 
reduced to result m eplmerlzatlon at C-4, hydroxylatlon at C-4 to give 9, or loss of a proton from C-15 
to gwe 10 
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TPgLE I 

2 3 4 5 6 1 8 9 10 11 12 13 14 

H-l 6 74 d ---- 6 63 d 5 48 Q&, ____ ____ ____ _--- ____ ____ ---- ---- ---- 
H_ !d ---- ____ ____ 1 66 ddd 45dd 
H_ 10 ____ __- ____ ___- 

H-2 6 23 d 5 83 d 5 (8 pAI ____ ____ ____ ____ ____ __- ---- ---- ---- ---- 

H_ *,$ ____ ____ --__ ---- 2 39 ddd 
H_ 20 ____ 4 1, d,j ____ ____ 2 58 ddd 
Y_ 3# ____ ____ ____ 380d 3 06 ddd ---- 3 10 ddd 3 43 dd 5 11 dd4 4 12 ddd 4 83 ddd 4 15 ddd 4 41 ddd 
H_ 4d ____ ---- -___ ____ ---- ---- 2 17 aq ---- ---- 238ddq 238dd.q -__- 
H_ 40 __-- ---- 214dq 196ddq 2 74 dq ____ ____ --__ ____ _--- ---- 
H_ 5d ____ ____ 172 dd ---- 1 21 dd 1 95 dd 1 39 dd 
H- 66 5 52 d 5 58d 4 60 dd 4 69 dd 4 62 dd 4 62 dd 4 53 dd 5 11 dd 4 16 dd 4 62 dd 4 58 dd 4 51 dd 4 67 dd 

n-7 2 15 ddd 2 04 ddd 198 d4d 198 ddd 1 96 ddd 
Y- 0d 1 86 dddd 1 15 dddd ____ 1 66 dddd 
n- 08 4 02 ddd 
H- 96 
H- 90 1 51 ddd 1 51 ddd 
H-110 2 52 q 2 49 q 2 40 q 2 36 q 2 29 q 2 39 q 2 29 q 2 32 q 2 32 q 2 51 q 2 29 q 2 29 q 2 36 q 

:H-I3 1 31 d i 35 d I 31 d 1 29 d 1 28 d 129d 1 25 d 1 29 d 1 27 d 1 26 d 1 25 d 1 24 d I 28 d 
3H-‘4 2 03 5 1 23 s I 17 s 1 05 5 0 94 s I 04 5 1 05 s 1 05 e 0 89 5 I 16 s 1 13 s 1 08 s 0 97 s 
3H-15 1 26 5 1 99 s 1 25 d 1 10 d 1 01 d 1 12 d 1 11 d 1 41 5 ---- 1 13 d I 16 d 1 15 d 
2H-15 __ _ _ _ _ __ _ ___ ___ _ ____ ____ ____ _--_ 5 25 dd ____ _--- ---- ---- 

5 04 dd 
3H-8x0 ____ ____ ____ ____ ____ ____ ____ ---- 2 14 5 2 02 5 2 02 5 2 03 s 2 05 5 
3H-&CO ____ ____ ____ ___- --__ ____ ____ _-_- _--- 2 01 s 2 02 s ____ --_- 

J(Hz) 2 and 3 6d.l: 5 2, 3, 4, 5, 6, 1, 8, 9, 10, 11, 12, 13 and 14 118, 13= lb 2, 4 and 5 1,2.9 8 2, 4 nd 1 7.8~ 6 1, 1,06= 11 6 2, 
1 and 12 8d.86' 13 6, Ba,Sr= 3 6, Bd,SB= 3 6 3 14,2= 12 I, l&2= 6 8 4 and 5 5#,66 4 4, 6&l= 4 5 ,, 5 md 1 46,5,,= 12 8 4 and 6 4&15= 6 1 

5 3,48= 0 8 5, 1 and 14 4&15= 6 5 6 2#,3= 5, 2,9,3= 10 5, 3,4% 10 5 6, 7, 6,9, 10, U, 13 md 14 6&l= 4 6 and 1, 5d,6u= 3 8 1 16,2,9= 
14 1. l&28= 6 6, 26,16= 5, 2d,18= 5, 2d,18' 5, 24,2,9= 13, k,6d= 3 3 1 md 12 U8,9E= 6 6, %,9$= 13 2 8 2e,ti 4 7, 2&3= 11 6, 3,C= 4 1, 4d,5d= 
2 7 B mi 9 I&= 6 3, 7,&l= 12 II, lQ and 13 54,ti= 2>9, B md l3 4&l% 11. 9. 2&3=4%5, 26,s l2, SC,&= 2-5 lQ, 2&3= 5 2, 2!3,3= 11 3, 3,15= 
1 8 11 2d,3= 4 8, 28,3= 12, 3,4d= 4 8, bd,l= 4 5, 8,9.1= 10 5, 8,9B= 4 2 11 md 12 &,5d= 3 4, &,15= 14, 5d,&= 2 9 12 1,2s; 4 68, 1,2,9= 11 5, 
?a T= 5 ?, 28,7j 12 I, 3&z= 5 I, 7,&t.= 6 4 13 24,3r 4 6, 2$,x= u 2, 3,4d= E.2, 3&= 4 6 14 2&l= $5 !i&,?s u, x,4& LL 

TABLE II 

12 13 14 

141 82 4Jl 4l 41 76 4n a9 4Q 25 
127 3Q 3O 94 38 (12 24 27 23 8Q 
76 u 76 92 211 a5 74 40 79 03 
I559R 3488 42 99 4Q 4L 75 57 
47 !_9 49 97 5Q 39 no_ 5298 

a55 
29 Q5 
14.46 

AQ 111 78 28 4Q 63 39 aQ 
26 96 
76 78 
33 ai 
da 99 

78 51 
42 LQ 
2355 
39 (14 
32 23 

44 49 
LB0 38 
14 64 
18 45 
14 19 

171 00 

22 (14 28 36 24 21 
16 07 72 63 76 40 

us 2l 
49 a7 

4Q I 
46 92 

a?.(8 
b3 92 
7Q &3 
41 14 
33,a9 

36 51 
179 07 
14 26 

l&.26 2L,63 
LQ7 W !.Q 45 

170 51 
170 41 

36 cl5 31 4Q 
(4 59 41 26 

81 71 82 6Q 
u 39 43 43 
2x48 24 2Q 
3a 24 42 14 
31 (16 32 61 

43 u 43 57 
180 13 180 58 
13 98 14 07 
16 34 21 35 
IQ 47 LQ 58 

170 51 170 64 
170 20 

21 26 21 08 21 35 
21 26 21 08 

7axi 
42 76 
wha 
36 51 
34 93 

44 41 
179 19 

14 65 

u 57 44 52 44 49 436L 4?1@ 
180 44 180 54 179 91 180 13 180 54 
14 15 14 64 14 61 14 12 I4 15 
2l40 la56 lam 2l 44 20.63 
15 QQ L4 42 LQ a5 973 La3Q 

45 69 
180 40 
13 91 

179 46 
14 79 
2863 
12 u 

19 l6 
!.I 3Q 

170 50 

VOW, 
-oo~n, 

21 24 2’ 35 
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EXPERIMENTAL 

Meltmg pomts (Kofler apparatus) are uncorrected. The mm spectra were obtained with a Bruker 
AM-300 spectrometer eqmpped with a process controller and an “array processor” Samples were 
dissolved in CDcl, Bruker programs were used for COSY (45’) NOESY, C/H correlation and 
CONOESY (90”) expenments Monodtmensional nOe-difference expernnents were performed by 
Matron for 4 s m senes of 8 scans, wtth alternate on-resonance and off- resonance. Drstortronless 
enhancement by polarixatron transfer (DEFT) was achreved with a “fhp angle” of 1359 The opttcal 
rotattons were measured on a Perkm-Elmer 240 polanmeter. IR spectra were recorded in a 
FI-IR-Nicolet 20SXB spectrophotometer. Mass spectra were carried out on a Hewlett-Packard 5988-A 
spectrometer with chenucal tomxatton.Silica gel, Merck 7729 (less than 0.08 mm) was used for flash 
chromatography. CH.$& contammg mcreasmg amounts of acetone was used as the eluent. Analytical 
plates (silica gel Merck G) were visualized by spraying wtth H,SO,-AcGH, followed by heating for 5 min 
at 12oOC 

Premn of 6@rntonin (2) 

(-)-cc-Santomn (1) (1 g) was epmenxed by Ishtkawa’s procedure’ to gave (-)-6-epl-a-santomn (2) 
(600 mg). 

Prepmatron of 6jkutepaulzn (7) 

6g-Santomn (2) (1 g) was hydrogenated with H, on Pt/charcoal to gtve 6g-artepaulin9 (7) (500 mg). 

Preparation of 3&hydmy-tetrahydrojkdanohde (6) 

3l3-Hydroxy-tetrabydrofrulanohde (6) (200 mg) was prepared as described9 

Meduz and ~L&.JR condztzons 

Me&m YEPGA containing 1% yeast extract, 1% peptone, 2% glucose, 2% agar, pH 5, was used 
for storage of Rhtzopus nzgncans and Cruv&na lunara In all transformatton expemnents the medium 
was 0 1 % peptone, 0.1 % corn skep, 0 1 % beef extract, and 0.5 % glucose m water. Erlemneyer flasks 
(250 ml) contammg ltJ0 ml of medmm were maculated wrth a dense suspenston of Rhrtopus rugncuns 
or Curvulana lunata. Incubations were mamtamed at 28 “C wrth gyratory shakmg (120 r p.m.), after 
whrch substrates dtssolved m EtOH were added The cultures were filtered and pooled and the cells 
were washed twrce with water The liqmd was saturated with NaCl and extracted with CH&lr 

General procedure for ace&Won 

The product was dtssolved m a nuxture of A%O/py (12) and stured at room temperature for 6 
h. the reaction product was poured mto cold H,O and extracted with CI-IJ&, washed wtth diluted HCl 
and NaI-ICO, solution. The orgamc layer was drted over MgSO, and evaporated at reduced pressure. 

Incu6ar1on of 6/3-sanfonzn (2) wzth Curvularra lunata cultures 

Substrate (2) (100 mg) was dissolved m EtOH (2 ml) distributed between 2 Erlemueyer flask 
cultures, and incubated for 8 days, after whtch the cultures were processed as indicated above, to give 
74 mg of the starting mater-ml (2). 

lncubatlon of 6&sant0nu1 (2) wzth Rhuopus mgricans cultures 

Substrate (2) (100 mg) was Qssolved m EtOH (2 ml), drstnbuted between 2 Erlemneyer flask 
cultures and incubated for 7 days Incubation yielded a rmxtllre (60 mg) whrch was chromatographed. 
The first band gave 2a-hydroxy-3-oxo-6aH,llSH-eudesm-4,5- en-6,12-olide (3)520 mg, 19%); syrup; [a]n 
- 97.1” (CHCl,, c l), tr Y, (CHCl,) 3200 and 1760 cm-’ ‘H nmr see table I, C mnr: see Table II,ms, 
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Acetykztton of 8 

Product 8 (50 mg) was treated as in the general procedure. After column chromatography 
3&acetoxy- 4,5,6a%UH- eudesman-6,12-elide (W) was isolated (55 mg, 90%); mp 190-192 “C; [a],, 
-30” (CHC&, c 1); C nmr see table n, ms, m/z (%)* 295 (M+ + 1) (100). 
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