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Abstract - The title anucunds were prepared using nucleophilic substitution in the 5- 
position of 5b, 6th lla, and lib or electrcphilic addition to the diene system in 4 as 
key reactions. Methods for configurational assisrment at C-5 and C-2' are discussed. 

Introhction 

StriSa asiatica CL.1 Kuntze (Scrophulariaceae) is an obligate parasitic plant 

(witchweed). tiich attaches to the roots of many warm-seasm crasses. including millet, 

sorghun, rice, maize, and sugar-cane. The seeds of this parasite remain dormant in the 

soil for many years until an exudate fran the host Plant induces germination. A highly 

potent seed germination stimulant for Striga asiatica is (+)-strigol (lOa). Inducing 

Striga germination bystrigol cv- ananalogue in the absence of the host plant results in 

starvation of the seedling. This could form the basis of a novel methcd fw parasitic 

wesd ccntt-01.' Interestingly, until row (+)-strigol was only isolated frcm the root 

exudates of cotton (Gossypiun hirsutun L.)2 which is itself not attacked by Striga. and 

it has been questioned whether (+)-strigol plays a role in the natural ecological host- 

parasite relation at all.3 In any case, the high activity of (+)-&rig01 in seed germina- 

tion of Striga is a fascinating problem. Basic questions such as 

- how is (+)-strigol recognized by the Striga seeds 

- hhich structural units of strigol are essential for seed germinaticnd 

- hew does the primary chemical signal initiate the biochemical processes that are 

involved in germination 

are virtually unanswered. 

We are concerned with investigations aimed at meking available strigol and mnds 

related to it that can be used to study suns of the questions raised above. In this cm- 

text, we prepared (+I-strigol (10~). 2'-epistrigol (lob). and their respective enanti- 

msr~.~ Seed germinationstudies indicate that theactivity isdependsntbothonthe abso- 

lute configuration and on the canfiguration at C-2', at least as far as the germination 
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of cl-obanche crenata and O.aegyptiaca is concerned (personal camunication of 
Prof.K.Wegnam, university of TObingsn).a 

Several routes are described in this paper that can be used to prepare strigol anal- 

modified in the 5-positicfi. 

~~MJ-ec7 i- i St+- wl ( racllal u 2 1~ (rac_llb) ‘_ . 

The conventicnal route to strigol leads via a diketone. the t-e&.&ion of rrhich gives a 

1 : 1 mixture of the hydroxy lactonss rat-5a and rat-6a. Ester ccf&nsation of rat-!la 

with ethyl for-n&e (rat-6a -> rat-7a) followsd by alkylaticn with racemic 9 provides 

strigol (rat-lOa) and 2’-epi-strigol (rat-lob) in a 1 : 1 ratio. In the sane way rat-6n 

is converted to rat-lla and rat-llb via rat-Sa. 7*8 We have besn able now to determine the 

hitherto unknot aznfiguraticn at C-2’ of the latter two curpounds (vide infra): The 

lower melting isansr (156-156’C) is rat-llb and the higher melting isansr (188-19O’C) is 

rat-lla. Thus, according to results mentimed in Raphael’s paper, it is rat-lib (the 

lower melting isaner) that has almost the SBme germination stirmlant activity for Striga 

mica seeds as (+)-strigol (rat-1Q) tieas the hi&r melting isuner rat-lla and 

(f)-epi-strigol (rat-lob) both have ccnsidsrably less activity.8 

Mitsuncbu reaction of (+I-5-eoi-stri~l (rat-lla) 

Treatment of rat-lla with diethyl azodicarboxylate - triphsfiylphoe&ine in ths presence 

of acetic acids led to the formation of rat-1Oc which was identical with a specimen 

obtained fran rat-10e by acetylation. 10 In the same way rat-llb was converted to rat-10d 

identical with the acetyl derivative obtained fran rat-lti. It seerrm likely that other 

substituents such as an amino function can be introduced into the 5-position as well 

making use of the Mitsunobu methodology.” 

. # C- 

Treatment of either rat-5a or rW with carbon tetrabranide - triphsnylphosphineiz 

yielded a mixture of rat-5b and rat-6b which could be separated by column chramtogt-aphy. 

however, the brcso lactcnes turned out to be ccnf iguraticnally so labile, that we were 

only able to obtain frcm rat-6b spectra uncontzmmGnated with the signals of the other 

diastereoisansr. 

m the mixture of rat-5b and rac-6b was allowed to react with methanol (2 h at 20%) 

the methoxy lactones rat-5c and rac-6c were formed, which were separated by colum chro- 

mstography. The methoxy la&ones were not stable in methanolic solution. A reaction 

product was slowly formed that was shop to be rat-la, previously prepared by Raphael in 

a different way.8 We believe that la is formed fran 6c and 6c via methanolysis of the 

lactonic grcuping followed by 1,4-eliminaticn of rWhano1 and tautcmerization. 

Treatment with ethanol converted rat-5b / rac-6b to rat-6d and rac-Sd which on further 

reaction with ethanol decomposed to yield rat-lb. 
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Other nucleaphiles that were used to replace the brarr, subetituent in rat-!ib and rat-[lb 

were aniline (to give rat-5e and rat-6e) and thiophenol (to furnish rat-6f and rat-6$). 

I+)-5-Deoxv-striclol (rat-lOe)_ 

Reduction of bt-ano lactonss rat-5b and rat-6b with either samariun diiodidslJ or zinc- 

copper couple14 furnished the dienic acid rat-4. This conparnd was previously obtained 

from rat-3a by an intramolecular M&U-ryrs and frctn 3b by an intramolecular Wittig t-eac- 

tion.16 

4 was reconverted to lactcnes of type 5 and 6 by a nut@er of electrcphiles. Thus, cycli- 

zation with N-bt-anosuccinimids provided a mixture of rat-5b / rat-fib. and treatment with 

canphorsulfcnic acid led to the formation of rat-59, unsubstituted in the 5-position. The 

acid-pranoted lactcnization occurred very readily, especially from t.hs zinc salt obtained 

in the zinc-copper reduction of rat-5b / rat-6b. In this latter reaction a side pt-c&A 

was obtained which was assigned structure rat-2. The spectra of this conparnd are very 

similar to those of its structural isaner rat-5g. Fully in accord with structure rat-2 

are NE’s (difference spectra) between (i) the 5-cH~ groups and the protons at C-4 and 

(ii) the large 13C chemical shift difference for C-4 (8 = 37.57 in 2 and 6 = 42.56 ppn in 

rat-5g) which is caused by the g-gauche effect of the two 5-met.hyl groups in rat-2. 

Rat-5g was then converted in the usual way via rat-7b (in CDC13 solution according to ltl 

t+# a 1 : 1 mixture of the hydroxymethylene and the formyl tautuner) to 5-deoxy-strigol 

(rat-1Oa) and its 2’-isaner, rat-1Of. 

Configurational assiarmnent at C-5 

In the 5-unsubstituted lactone 5g the chemical shifts of 4t-H and 4=-H (cis and trans 

refers to the reference substituent at C-3al7) are 6 = 2.08 - 2.16 and 2.53 - 2.62, 

respectively. The substituent in 5t position causes in all cunpounde 5 and 10 a shift of 

the 4t-l-l signal to higher S values, hiIereas in the 6 and 11 series it is the 4.~31 signal 

that is dormfield shifted by the substituent at C-5 (Table 1). N3E results in the hydroxy 

series (5a: 5-H <--> 4c-H; 6a: 5-H <--> 4t-H) support this assignment. 

In 5a an NOE between 5-H and the higher-field 7-H signal is observed indicating a BH5 

conformation of the cyclohexene ring with the 7=-H in the axial position. The signals of 

the C-7 protons of 5a have a very typical splitting pattern that is also obsesved for the 

other carpwnds 5 and 10 (with the exception of 5f) indicating that these carpwnds adopt 

the same preferred conformation. 

In 6a the proton at C-7 cis to 5-H is also identified by an NOE (7t-H <--> S-H). This 

proton signal shows, however-. the typical splitting pattern of an equatorial 7-H when 

carpared with 6a. We take this as evidence of a conformational equilibriun. The &served 

NE ~~lld then arise ft-an the minor conformer. With respect to chemical shift the order 

of ax ial and equatorial protons at C-7 is reversed in 6a when conpared with 6a. This 

holds also for all other canpounds of the 6 and 11 series and for 5f. 
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Table 1. 1H m signals of CHZ-4 in lactones 5 and 6 (in cDcl3 solution) 

I I 
5t isomers 5c iscfnsrs I 

i 4t-H 4c-H 4t-H 4c-H I 

5e5 2.43 - 2.51 2.54 - 2.65 6&J 2.11 - 2.19 2.93 - 3.01 

5b 2.52 - 2.58 6b 2.10 - 2.18 2.99 - 3.14 

b 2.39 - 2.46 2.50 - 2.59 6c 2.08 - 2.17 2.92 - 2.99 I 

5d 2.42 - 2.51 2.52 - 2.59 6d 2.06 - 2.15 2.92 - 3.00 

5e 2.36 - 2.44 2.54 - 2.64 68 2.12 - 2.20 2.84 - 2.95 

I 5f 2.53 - 2.62 6f 2.12 - 2.21 2.99 - 3.73 I 

1Oe’ 2.62 - 2.15 lla 2.30 - 2.38 3.02 - 3.10 

lot 2.34 - 2.39 2.64 - 2.73 

Confisurationalcmmnt at C-2’ 

until now determination of the configuration at C-2’ in strigol and related ccspcunds has 

only been possible by means of of X-ray analysis. 2 We now demonstrate the use of two 

further procedures. 

Fig. 1 exhibits the CD curves of (+)-&rig01 (lOa), (+)-2’-epi-strigol (lob) and their 

enantiuners.lB The curves are, of course, sun curves that arise fran the different chro- 

sophores present in 1Oa and its stereoisomers. But it appears that the sign of the cotton 

effect above 250 t-m is correlated with the configuration at C-2’. For carparison. 

msnthyloxy-butsnolides 12 and ent-12 were prepared as described by Feringa et al..‘0 They 

contain only the 2-alkoxy-2,5-dihydro-fur-an-&one chranophore. Fig. 2 shows that the 

(2’R)vd 12 has a negative Cotton effect around 250 rm and the (2’S)-isaner ent-12 

a positive. The sams relation between ths configuration at C-2’ and the sign of the CD at 

250 m, has besn fcund for (+)-strigol and its stereoisaners: 1Oa and ent-1 la correspond 

with 12 both in configuration at C-2’ and sign of CD above 250 rm and the same is true 

for ent-1Oa and ila when carpared with ent-12. We assune fran these results, that CD can 

be used to determine the C-2’ configuration in non-racemic strigol derivatives. 

For racemic conpounds the situation is mxe ~licated since neither from IH nor fran 

IJC )rEa spectra any hint concerning the relative configuration at C-2’ can be extracted. 

In the 5c-CH series configurational assigrrnent was achieved by chemical correlation. Rac- 

1 la and rat-1 lb wsre converted to rat-1Oc and rat-lad. respectively (with km 

ccnfiguration at C-2’), by Mitsuncbu inversion as described above. 
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For the dsoxy derivatives rat-1Oe and rat-1W recourse was made to X-ray analysis. Fig. 3 

shc~ theresultfor rat-1Of. 

EXB6r-imsntal 

For instrunm~ticn and general methcds. see ref..zO All reactions were performed under 
argon. All rsoortsdcouplingccnslznts result fran first-ordsr analysis. 

a, data of ( 1 tr +-s ia, 1 (loa). snt-loa. t +)-2'-sni-stricol (lob). ent-1Ob. and model 
12 and snt-12 

Solvent: acetonitrile. 
1Oa (0.554 mnol/l) :XW, (A&) = 263 (-2.25). 228 (27.39) 
ent- loa (0.542 mnol/l) :Xm.x (A&) = 262 (2.56). 229 (-24.15) 
lob (0.727 ml/l) :XWX (AS) = 241 (5.68) 
ent-lcb (0.533 mnol/l) :h,n.x (AE) = 245 (-4.78), 207 (9.62) 
12 (0.434 mnoT/T) : A..x (A&) = 249 (-3.13). 212 (7.47) 
elk-12 (0.720 ml/l) : box (AS) = 247 (4.03), 213 (-5.97) 

Prenaration of rat-lla and rat-llb 
rac+a (329.1 mg, 1.48 mnol) was converted to a mixture of rat-lla and rat-llb using the 
experimental conditions described by Brooks 21 for theccnversicn of 6ainto 1Oaand lob. 
WLC (90 g Si02. hexanes - ethyl acetate 1 : 1) gave rat-lla (90.4 m& 18 %), rat-lib 
(100.5 m9. 20 %), and a mixture of rat-lla and rat-llb (31.0 me. 6 %). 

~3aRS)-5~~drox~-8.8-dimeUlv1-3-((RS.E)-4methv1-5-oxo-2.5-dihvbo-furan-2- 
vlo X r 8bc - 
t4.p. 188 - 189'C (hexanes - ethyl acetate), lit.8 1188 - 19OOC - IR (CM&: 3100 - 
2800, 1790, 1740, 1680 an- '.- 'H WF7 (400 Wk. CBC13): 6 = 1.08 (s, 3H. 8-Cl-l~). 1.11 (s, 
3H, 8-Cti3). 1.39 - 1.46 (ddd, lH, 7t-H). 1.51 - 1.59 (ddd. lH, 7c-H). 1.63 - 1.74 (m. 2H, 
6-H. C+i). 1.90 - 2.00 (m, lH, 6-H'). 2.00 (t, 3H, 4’-CH3), 2.30 - 2.38 (d22, lH, 4t-H). 
3.02 - 3.10 (ddz', lH, 4~30. 3.58 - 3.64 (m, 1H. 3a-H), 4.09 - 4.15 (t, lH, 5-H), 5.48 - 
5.53 (dd. 1H. 8b-H). 6.13 - 6.16 (m. 1H. 2'-H), 6.87 - 6.90 (m, 1H. 3'i-l). 7.39 - 7.41 
(d, 1~. =CtD); JTc.7t = 13.5 Hz, J7c.at q 10.0 Hz. J7c.8c = 3.0 Hz. J7t.at and J7t.oc = 
8.0 and 3.5 Hz. J4c.4t = 17.0 Hz, J4c.31 = 9.0 Hz, Jet,.3a = 8.0 Hz. J2'.3' = 1.5 Hz. 
Jz~.~*-cHJ = 1.5 Hz. J3'.4'-CHJ = 1.5 Hz.- 13C t+@ (100.6 Hz, cDc13): 8 = 10.97 (4'-Ui3). 
27.56 (8-C#i3-9rw), 29.63 (C-7), 32.63 (C-8), 35.53 (03a). 36.86 (C-6), 38.53 (C-4). 
66.28 (C-5). 88.36 (C-8b). 100.64 (C-2'). 114.11 (C-4'), 136.23 and 143.16 (C-8s and C- 
4a), 141.16 and 141.22 (C-3' and C-3). 150.37 (=GlO), 170.43 (C-5'). 171.68 (C-2). - MS 
(ClSH22&. 346.14): m/z (%) = 346 (R+, 1.1). 328 (4). 249 (9), 231 (26). 204 (13), 97 
(loo).- l-RMS calcd for ClSH2209: 346.1416, found: 346.1415. 

~3aRS)-5cHvdrox~-8.8-dime#v1-3-(~SR.E)-4meUlv1-5-axo-2.5-dihvdro-furan-2- 
yloxvmethvlene)-(3ar.8bc)-3.3a.4.5.6.7.8.8b-octahvdro-indsnoTl.2-blfurarr-2-one (rat-lib) 
t&p. 150 - 15l'C (hexanes - ethyl acetate). lit.* 156 - 158OC.- IR (WCl3). 'H WU (400 
mz. CCC13). 13C t+l? (100.6 Miz, CBC13). MS : these spectra are superinpsable with those 
obtained fran rat-lla.- HRMS calcd for ClSH2206: 346.1416, found: 346.1418. 

J3aRS)-5t-Acetoxv-8.8-dimethv1-3-((RS.E)-4methvl-5-oxo-2,5-dihvdr6furan-2- 
yloxvmethvlene)-(3ar.8bc)-3.3a.4.5.6,7.8.8b-octahvb~i~denoTl.2-blfuran-7dne (t-a c- 1Oc) 
To a solution of acetic anhydride (5.0 ~1, 5.4 mg, 0.05 tool) and dimsthylaminopyridine23 
(1.9 mg, 0.01 trmol) in pyridine (0.4 ml) was addsd rat-1Oa (15.4 mg, 0.05 wol) at O'C. 
The mixture was stirred at 2O'C for 2 h. Partitioning between ether and 1 N HCl, followed 
by washing the organic layer with water, drying. solvent evaooration and LC (1.7 g SiOn, 
hexanes - ethyl acetate 1 : 2) save rat-1Oc (11.8 mg. 68%).- IR (CW13): 1790, 1740 
(broad), 1680 an-l.- lH tM? (400 Miz, WC13): 8 = 1.08 (s. 3H. 8-U-l3 ), 1.18 (s, 3H. 8- 
Cl+), 1.41 - 1.51 (m, 1H. 7=-H), 1.53 -1.59 (m. 1H. 7t-H), 1.68 - 1.79 (m, 1H) and 1.90 - 
2.00 (m, lH, CH2-6). 2.00 (t, 3H. 4'-cH3). 2.05 (s. 3H. CCCH3), 2.34 - 2.39 (m, 1H. 4t- 
H), 2.64 - 2.73 (dd, 1H. 4~-H), 3.58 - 3.65 (m, IH, 3a-H), 5.23 - 5.28 (m. 1H. 5-H), 5.43 
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- 5.48 (d, lH, 8b-H), 6.13 - 6.15 (m. lH, 2’-H). 6.87- 6.90 (m, lH, 3’-H), 7.40 - 7.42 
(d. lH, =cHo); J7c.7t q 13.5 HZ, J7c.et = 11.0 Hz, J7c.6~ = 3.0 Hz. J’lt.ut and JTt.uc = 
3.0 and 7.0 Hz, J4c.4t = 17.0 Hz, J4c.3a = 9.0 Hz. J8b.3a = 8.0 Hz, .,2’.3’ = 1.5 Hz, 
J2’.4’-Ctl3 = 1.5 Hz, J3*.4*-CHJ = 1.5 Hz.- t& (CZiH2407, 388.42): m/Z (%) q 388 (M+, 
0.7). 346 (6). 328 (9). 231 (26). 97 (100). 

1-5~Acetoxv-8.8-dirmthvl -- 3 ((SR.F~-4meth~l-5-oxo-2.5 dihvdt-o-furan-2- _ ’ 
y 
rat-1Od was prepared fran rat-1Ob as described for rat-l0c (reaction time: 21 h). Yield: 
74%.- IR (Wls), ‘H M (400 Miz, CDC13). 13C b&l? (100.6 Miz. COCls), MS : these soectra 
are superinpsible with those obtained fran rat-1Oe. 

Mitsunobu eaction of rat-11% 
Diethyl azr~icarboxylate (19.8 mg, 0.11 mnol) w added to a soluticn of raclla (27.5 
m. 0.08 mnol). acetic acid (5.0 ~1, 5.3 me, 0.09 mnol) and triphsnylphosphine (29.8 m, 
0.11 mrpl) in tetrahydrofuran (1.5 ml). lhs reaction mixture was stirred at 4O’C fct- 7 d. 
Lc (10.1 g SiOa, hexanes - ethyl acetate 3 : 2). followed by t@LC (toluene - hexanes - 
ethanol 5 : 5 : 1) gave rat-1Oc (25.0 mg, 81 %), identical with the specimen described 
above, according to lH M? (400 Miz) and TLC (hexanes - ethyl acetate 1 : 4). 

Mitsunobu react’on of a llb 
Diethyl azodi~boxylartic~ll.7 mg, 0.07 mnol) was added to a solution of rat-lib (16.4 
mg, 0.05 mnol). acetic acid (4.8 ~1, 5.0 mg. 0.08 ml) and triphenylphosclhine (17.6 rng. 
0.07 ml) in tetrahydrofuran (1.0 ml). The reaction mixture was stirred for 72 h at 
2O’C. LC (6.3 g SiOz. hexanes - ethyl acetate 1 : 1). followed by M’LC (toluens - hexanes 
-ethanol5:5 : 1) gave rat-1Od (4.0 mg, 22%). The low yield is &m to difficulties to 
get rat-1W free of diethyl hydrazodicarboxylate. rat-1Od was identical with the specimen 
described above, acccrding to ‘H M (400 M-lz) and TLC (hexanes - ethyl acetate 1 : 4). 
The Rr value of rat-1Oc was slightly larger than that of rat-1Od. 

c&l k ac_* and rap@ ia of 
Solutions of triphenylphosphine (186.8 mg.‘O:;l -1; in CH2~12 (5 ‘ml) and of CBr4 (362.4 
mg, 1.09 -1) in CHzC12 (5 ml) were slowly ad&d to a well-stirred solution of rat-5a 
and rat-6a (86.1 mg. 0.39 mr101) in CHzC12 (2 ml). The reaction mixture wa8 stirred for 15 
min at 20-C. Solvent evaporation and LC (8.5 g SiOn. hexanes - ethyl acetate 3 : 1) gave 
a roughly 1 : 1 mixture of rat-!ib / rat-6b (105.8 me. 96%). RF values (hexanes - ethyl 
acetate 1 : 1) rat-5b: 0.66, rac-6b: 0.73. Pure sanples of rat-!ib and rat-8b could be 
obtained by LC (hexanas - ethyl acetate 3 : 1), but the carpaunds proved to bs very 
unstable and quickly epimized. 

ano-8.8-dimethvl-~3ar.8bc)-3.3a.4.5.6.7.8.8bdctahvdro-i~denoT1.2-blfu ran-2-onQ 

Ths IH FM? sample of rat-!& could not be kept carpletly pure. and the signals listed 
below were obtained by substraction of the rat-6b signals.- IH I++? (400 t+lz. COCls): 6 = 
1.05 (s. 3H, 8-CH3). 1.18 (s, 3H, 8-CH3), 2.31 - 2.38 (dd. 1H. 3t-H). 2.52 - 2.58 (m, 2H. 
C&-4). 2.74 - 2.82 (m, 1H. 3&l). 4.57 - 4.63 (W1/2 = 13.0 Hz, 1H. 5-H). 5.38 - 5.43 (m, 
1H. 8b-H); J3c.st = 17.5 Hz. J3t.3a = 5.0 Hz, Jab,a = 7.0 Hz. Ths following spectra were 
also obtained fran a mixture.- IR (CYiC13): 1765, 1610 an-l.- MS (C13H170zBr, 285.2): m/z 
(%) = 286 (0.8), 284 (O-7), 205 (100). 187 (22). 159 (44). 145 (81). 105 (61). 

~5~rano-8.8-di~~vl-(~r,~c~-3.3a.4.5.6.7.8.8b-octahv~o-indenoTl.2~lfuran_2~ 
1 ac-6bl 
1: M (400 b+lz, ClXl3): 6 = 1.08 (s, 3H. 8-Ui3). 1.17 (s 3H 8-(X3) 143 - 149 (ddd 
1H. 7-H), 1.80 - 1.87 (ddd. 1H. 7-H’). 2.10 - 2.18 (m. 2H,‘4ti and 6-ii).‘2.20 -‘2.32 (In: 
2H, 6-H’ and 3t-H), 2.76 - 2.84 (dd, 1H. 3~31). 2.99 - 3..14 (m. 2H. 3a-H and 4&i), 4.69 
- 4.72 (W1/2 = 9.0 Hz, lli, 5-H), 5.46 5.50 (m. 1H. 8b-H); J7,7, = 13.0 Hz, J7’.6 = - 13.0 
Hz, J7p.6’ = 3.5 Hz , J7.6 and J7.6’ q 7.5 Hz and 3.5 Hz, J3c.3t q 18.5 Hz, J3c.3~ = 10.0 
Hz, J3t.3.. = 5.5 Hz. J4c.4t = 16.0 Hz, J4c.3~ = 8.0 Hz, &b.Ja = 7.0 Hz. 
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IR (CHC13): 1760 an-‘.- ‘H WFf (400 M-k. CDcls): 8 = 1.09 (s, 3H. 8-CH3). 1.12 (s. 2Ji, 8- 
CHs). 1.19 (t, 3H, @Ui2-CHs), 1.36 - 1.45 (ddd, 1H. 7t-H). 1.54 - 1.65 (m. 1H. 7=-H). 
1.71 - 1.79 (m, 1H) and 1.81 - 1.90 (m, 1H. CH2-61, 2.06 - 2.15 (m, 1H. 4&l), 2.29 - 
2.38 (dd. 1H. 3t-H). 2.76 - 2.83 (dd, 1H. 3c-H). 2.92 - 3.00 (dd. lH, 4c-H). 3.01 - 3.10 
(m, 1H. 3a-H). 3.38 - 3.46 (do, 1H) and 3.59 - 3.68 (do, lH, @Cl+CHa), 3.76 (WI/~ = 
11.0 Hz. 1H. 5-H). 5.43 - 5.47 (m. lH, 8bi-l); Jviormthyl = 7.0 Hz, Jsmm,mthyl = 9.0 Hz, 
J7c,7t q 13.0 Hz. J7c,6t = 10.0 Hz, J7c.s~ = 3.0 Hz, J7t,6c and J7t.ot = 3.0 Hz and 7.5 
Hz, J4c,4t q 16.5 Hz, J4c,3a = 8.5 Hz, J3c.w = 18.5 Hz, JJC,S~ = 10.0 Hz, Jst,sa = 4.5 
Hz, J8b.a = 7.5 Hz.- laC FM? (OEPT, 100.6 MHz. CDcls): 6 = 15.61 (mS-cH2-0). 25.13 
(CH2-6). 27.12 (Ma), 27.28 (8-U-l~). 32.24 (Ca-8), 34.54 (CYt3a). 35.37 (Cl+-3). 36.04 
(a-b-7). 39.47 (a-b-4), 64.68 (CH3-gl2-0). 73.15 (at5). 89.92 (at8b). 141.15 and 143.46 
(Cq-4a and co-&). 177.41 (cad!).- bFi% ~alcd for C15H2203: 250.1569. fCUld 250.1569. 

Ethvl (7.7-dimethvi-l-oxo-2.3.4.5.6.7-hexahv&o-lH-indsn-2-vl)-ac&&e 
jrac-lb) 
A solution of rat-!ib / rac-6b (19.1 mg, 0.07 mnol) in EtUi (3 ml) was stirred for 50 h at 
2O’C. Solvent evaporation followed by LC (3.0 g SiOz, hexanes - ethyl acetate 5 : 1) have 
rat-lb (9.7 mg, 55%).- IR (CHC13): 1730, 1660, 1625 an-‘.- ‘H M (80 Miz, CDC13): 6 = 
1.12 (s, 6H, 7-Uiwgroups), 1.25 (t, 3H. O-CY-l2-Cl&), 1.40 - 1.65 (2H, Cli2-6). 1.70 - 2.00 
(2H. C+k!-5). 2.12 - 2.95 (7H. U-b-4, a-b-3, 2-H. 2-C&-C&Et), 4.12 (cl, 2H, 0-Qd2-W~); 
Jv+c,.thyl = 7.0 Hz.- t& (C’lH2203. 250.3): m/Z (%) = 250 (M+. 14). 205 (8). 163 (100). 
119 (19).- HRRS calcd for Cl5H2203: 260.1589. found 250.1569. 

. . 
ion of rat-5b and rat-6b with aniline 

25 ~1 aniline we added at 20-C to a solution of rat-5b / rat-tlb (35.1 mg. 0.12 mnol) in 
U-MN (2 ml). The reaction mixture was stirred for 24 h at 2O’C. Work-&(CH&lz) foilo- 
wed by LC (6.0 g SiOn. hexat~ - ethyl acetate 6 : 1) gave rat-5e and rat-6e (31.5 mg, 
86%) as an earitnolar mixture. Rt values (hexanes - ethyl acetate 3 : 1) rat-Se: 0.18. 
rat-6e: 0.12. Pure samples of rat-5e and rat-6e wsre obtained by subwawltLC(hexanes- 
ethyl acetate 6 : 1). 

+- C-Ani1ino-8.8-dimethvl-(3ar.~c)-3.3a.4.5.6.7.8.8b-octahvdro_i~denoTl.7-blfuran_2- 
one ( ac-5e) 
M.D. :75 - 177’C (ether - osntane) .- IR (CHC13): 1760, 1605, 1500 cm-‘.- ‘H I’M (400 t+lz. 
COCl3): 6 = 1.08 (s, 3H, 8-CH3). 1.14 (s. 3H. 8+X), 1.42 - 1.51 (ddd, 1H. 70-H). 1.52 - 
1.63 (ddd, 1H. 7t-H). 1.67 - 1.78 (m. 1H) and 1.89 - 1.99 (m. 1H. CHz-6). 2.27 - 2.35 
(dd, 1~. 3t-H), 2.36 - 2.44 (m, 1H. 4t-H), 2.64 - 2.64 (m, lH, 4&l). 2.72 - 2.81 (dd, 
1H. 3c-H). 2.98 - 3.09 (m, 1H. 3a-H). 3.57 (broad S. lH, N-H), 3.91 - 3.99 (WI/~ = 15.0 
HZ, lo, 5-H), 5.43 - 5.47 (m, lH, 8b-H)) 6.57 - 6.62 (m, 2H). 6.65 - 6.73 (m. 1H) and 
7.12 - 7.20 (m, 2H, at-an. H’s); J7c17t = 13.0 Hz, J7c.Bt q 9.0 Hz, J7c.e~ = 3.0 Hz, 
J7t,et and Jyt,sc = 3.0 Hz and 8.0 Hz, J4c,4t = 17.0 Hz, J4c,3a = 8.5 Hz, Jsc,st = 17.5 
Hz, J3c.3~ q 10.0 Hz, Jat,aa = 5.0 Hz. Jnb.3.a = 7.0 Hz.- lsC I’M (100.6 Miz, CDC13): 6 = 
26.45 (C-6), 27.38 (8-CH3). 27.89 (8-CHs), 32.28 (C-8). 34.57 (03a). 35.89 (C-3). 36.88 
(C-7), 39.81 (C-4), 49.72 (C-5), 89.58 (C-8b). 113.13, 117.48 and 129.35 (at-can. C’s), 
142.37 and 143.25 (C-4a and C-8a), 147.28 (at-cm. C), 177.22 (C-2).- lMt49 calcd for 
CISH~SO~N: 297.1729. farnd 297.1729. 

~-5c-Ani1ino-8.8-dimeU7vl-(3ar.8bc)-3.3a.4.5.6.7.8.8b-octahvdrcrindenol1.2-blfuran-2- 
one (rac-6e) 
kl.p. 172 - 174’C (ether - pen&me).- IR (CHC13): 1760, 1600. 1500, 1170 cmwl.- IH lea 
(400 mz. cDc13): 8 = 1.11 (s, 3H, 8-CYi3). 1.14 (s. 3H. 8-CH3), 1.42 - 1.60 (m. 2H. a-)2- 
7), 1.73 - 1.81 (m. 1H) and 1.86 - 1.97 (m. 1H. CY-l2-6), 2.12 - 2.20 (m. lH, 4t-H). 2.27 - 
2.36 (dd, lH, 3t-H), 2.72 - 2.81 (dd, 1H. 3c-H). 2.84 - 2.95 (dd. lH, 4c-H). 2.96 - 3.06 
(m, 1~. 3a-H), 3.54 (broad s, 1H. N-H), 4.00 (WI/~ = 10.0 Hz. lH, 5-H). 5.43 - 5.51 (m. 
1H. 6b-H). 6.57 - 6.62 (m. 2H), 6.65 - 6.73 (m. 1H) and 7.12 - 7.20 (m. 2H. at-an. H’s): 
J ,=,, t =- j7.0 Hz, J4=,3. = ~&HZ, Jac,st = 18.0 Hz, J30.3~ = 10.0 Hi, .Jat;a. = 4.5 Hi; 

Jlb,Ja = 7.5 Hz.- ‘3C M (100.6 Wz, CDcla): S = 25.83 (C-6). 27.29 (8-ma), 27.62 (8- 
a+), 32.29 (C-8). 34.58 (C-3a). 35.69 (C-3). 35.95 (C-7). 39.98 (C-4). 48.87 (C-6). 
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89.59 (C-8b), 113.11, 117.52 and 129.39 (aran. C’s), 141.74 and 143.58 (C-4a and C-8a). 
147.16 (aran. C’S), 177.11 (C-2).- HRMS calcd for C1eH2902N: 297.1729, found 297.1727. 

R66cticn of rat-5b a& rac-6b with th’a 
DRU f50 ~1. 0.33 mnol) WBS slowly ad&d at 20-C to a solution of t.hicohenol (30 ~1. 0.29 
ml) in. &C+l (1 ml j. The mixture was stirred for 15 min, then a solution of rat-6b / 
rw-[lb (40.9 mg, 0.14 mnol) in cH3cN (3 ml) was added. The reacticn mixture was stirred 
fcr4hat 20’. Mrk-up (CH9c19) followed by LC (9.0 9 SiOz. hsxanes - ethyl acetate 6 : 
I) gave pure rac_Sf (25.7 mg. 58%). rat-6f (8.8 trg, 20%) and a mixture of rat-6f and rat- 
6f (7.7 mg. 17%). Rr values (hexanes - ethyl acetate 3 : 1) rat-5f: 0.23, rat-6f: 0.28. 

(~)-8.8-Dimsthyl-5t-d7envlsulfanvl-(3ar.8bc)-3.~.4.5.6,,,.- 7 8 8b--octahvdro_ 
at-d 1.2-bifuran-e-or-93 ( ac-5f) 

:,. 118. - 120-C (ether ‘_ psntane).- IR (CHCl3): 1760. 1585 an-‘.- ‘H 9&R (400 kliz, 
CDCIJ): 6 = 1.05 (s, 3H. 8-CH3). 1.09 (s, 3H, 8-(X3), 1.33 - 1.47 (ddd, 1H. 7t-H), 1.67 - 
1.76 (ddd, IH. 70-H), 1.81 - 1.92 (m. 1H) and 1.93 - 2.04 (m, IH, cH2:6), 2.28 - 2.37 
(dd, IH, 3&l), 2.53 - 2.62 (m, 2H. a-b-4). 2.71 - 2.81 (dd, IH, 30-H), 2.97 - 3.09 (m, 
IH, 3a-H). 3.62 - 3.70 (w119 = 14.5 Hz, IH. 5-H), 5.41 - 5.50 (m, IH. 8b-H), 7.18 - 7.30 
(m. 3H) and 7.33 - 7.40 (m. 2H, aran. H’s): J7c.7t q 13.0 Hz, J7c.6t = 9.0 Hz. J7c.6~ = 
3.0 Hz, J79.99 and J7t.9c = 3.0 Hz and 8.0 HZ, J9c.9t q 18.0 Hz, J3c.3~ = 10.0 Hz, J9t.9a 
= 5.5 Hz. JBb.3. = 7.0 HZ.- 13C Ml? (100.6 t+iz, H,C-Cosy, CDC13): S= 27.30, 27.46 and 
28.26 (8-U+-graps and C-6.). 32.52 (C-8). 34.61 (C-3a). 36.03 (C-3). 36.56 (C-7), 40.76 
(c-4). 45.74 (c-5). 89.75 (c-8b), 127.33, 129.20 and 131.96 (aran. C’s), 135.48 and 
140.22 (c-4a and C-8a). 144.09 (at-cm. C). 177.33 (C-2).- M calcd for C19H22023: 
314.1341. found 314.1334. 

~+)-8.8~i~u7vl-5c-Dhenvlsulfanvl-(3a.4.5.6.7.8.8b-oc~ydr~ 
dsnoll.2-blfu an-2-ens ( at-W 

t?p. 105 - 107; (ether).-r IR (CHCl3) : 1760 an-‘.- ‘H P&R (400 M-lz. cDc13): S = 1.09 (s. 
3H. 8-CH3), 1.11 (s. 3H. 8_cH3), 1.36 - 1.42 (ddd, IH. 7t-H). 1.69 - 1.78 (m, IH, 7~-H), 
1.81 - 1.90 (m, IH) and 1.99 - 2.09 (m. IH. Ui2-6), 2.12 - 2.21 (m, IH, 4t-H), 2.29 - 
2.34 (dd, IH, 3t-H), 2.74 - 2.85 (dd. IH, 3=-H), 2.99 - 3.13 (m. 2H, 3ali, 4=-H). 3.74 
(~112 = 10.0 Hz, IH. 5-H). 5.45 - 5.50 (m. IH. 8b-H). 7.16 - 7.41 (m. 5H, at-an. H’s); 
J7c.7t = 13.0 Hz, J7c,6t = 13.0 Hz. J7c.60 = 3.0 Hz, J7t.6t and J7t,6c = 3.0 Hz and 5.5 
Hz, J9c.9t = 18.0 Hz. J3c.30 = 10.0 Hz, J9t.9a = 5.0 Hz.- HRMs calcd for C19H22025: 
314.1341, found 314.1328. 

_ . methvl-2.4.5.6~tetrahydr~lH-indan-2-yl-acetic acid (rat-4) 
a) Reduction of braro la&ones rat-6b and rat-6b with samariun diiodide. 
smI9 (0.1 M solution in THF (Aldrich), 2.2 ml, 0.22 mnol) was slcwly addsd at 20-C to a 
solution of rat-5b / rat-fib (31.7 mg, 0.11 mnol) in THF (3 ml). The reaction mixture was 
stirred for 2 h at 2O’C. Then water was addsd and Co;! bubbled through the solution to 
liberate the free acid. Extraction with ether, drying and evaporation gave rat-4 (23.3 
mg, quantitative yield). 
b) Reduction of rat-6b / rat-6b with Zn-Cu. 
A solution of rat-6b / rat-6b (113.9 mg, 0.40 mnol) in RiF (8 ml) was added at 20°C to 
zinc - copper couple (216.6 mg, 3.38 mrol). After addition of 10 ~1 acetic acid, the 
reaction mixture was stirred for 15 min at 2O’C. then hydrolysed. The excess of Zn - Cu 
was filtered off and work-up (Cl-bCl~) gave rat-4 (67.7 mg, 83%). that was used Without 
further purification. 
M.o. 72 - 74°C ( hexanss).- IR (CC14): 3300 - 2800. 1705 an-‘.- ‘H t+R (400 ki-lz, CsDe): 6 
= 1.00 (s, 3H, ~-C-IS), 1.01 (s, 3H, 4-(X3), 1.30 (t, 2H, Cl+-5, J5.6 q 6.0 Hz), I.97 - 
2.31 (m, 5H, M2-6. (X2-1, 2-C&-CO2H). 2.64 - 2.79 (m, IH, 2-C&-CC2H). 3.12 (broad S. 
IH, 2-H). 5.35 (s. IH, 7-H), 5.54 (s. IH, 3-H).- 13C M-i? (100.6 kliz. C9De): 6 = 23.23 (C- 
5). 27.80 (4-CH3). 27.86 (4-CH3). 31.90 (C-4), 35.59 (C-6). 37.04 (C-l), 39.66 (C-2), 
41.16 (2-Qi.9-C02H), 115.35 (C-7), 128.45 (C-3), 143.22 and 151.52 (C-3a and C-7a). 179.70 
(C-S).- MS (ClSH1602, 206.1): m/Z (%) = 206 (R+. 23). 191 (IO), 173 (8), 147 (100). 131 
(31). 119 (34), 105 (52). 91 (37).- HRMS calcd for C13Hl602: 206.1307, found 206.1296. 
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Reaction of rat - - 4 with N-brglgsucc inimi* 
A solution of E8s (14.5 mg, 0.07 mnol) in lHF (1.5 ml) was slowly added at 0% to a solu- 
tion of rat-4 (13.0 mg, 0.06 mral) in THF (0.5 ml). The reaction mixture was stirred for 
15 min at 2O’C. Solvent evaporation and LC (2.5 g Si02, hexanes-ethylacetate3: 1) 
gave bran0 lactones rat-5b and raC6b (13.6 mg, 76%) as a roughly 1 : 1 mixture identical 
with a sample prepared as described above. 

+- imethvl-(3ar.8bc)-3.3a.4.5.6.7.8.8b-octahvdro-i~~l.2~furan-7-one (rat-M 
A solution of (2)-l Wsulfcnic acid (il.5 mg. 0.05 tm~l) in W2Cl2 (2 ml) was added 
at -7O’C to a solution of rat-4 (21.4 mg, 0.11 kl) in Ui2C12 (1 ml). The reaction mix- 
ture was stirred fc+- 4 h (-7O’C --> 20-C). Work-up (CHzC12) followed by LC (2.5 g SiO2. 
hexanes - ethyl acetate 3 : I) gave Pure rat-5g (14.0 mg. 66%).- M.p. 43 - 45’C 
(hexanes).- IR (UiCl3): 1760. 1170 an-‘.- ‘Ii W (400 t+lz, ClXls. ‘H.‘H OOSY. ‘H,13C 
COSY. NX): 8 = 1.06 (s, 3H, S-C&). 1.08 (s, 3H. S-aca). 1.31 - 1.39 (ddd, IH. 70-H). 
1.43 - 1.49 (ddd. IH. 7&i), 1.68 - 1.74 (m, 2H, Ui2-6). 1.85 - 2.03 (mz4, 2!4. Mz-5). 
2.08 - 2.16 (d23, 1H. 4t-H), 2.27 - 2.35 (dd. IH, 3t-H), 2.53 - 2.62 (dd, IH, 4~30. 2.72 
- 2.82 (dd, IH. 3=-H), 2.94 - 3.04 (m, IH, 3a-H), 5.42 - 5.47 (d23, IH, 8b-H); JTc,7t q 

13.0 Hz, J7c,6t = 9.5 Hz, J7c.6~ = 4.0 Hz, J7t,6t and J7t,6c = 4.0 and 6.5 Hz. J4c,4t = 
16.5 Hz, JJC,JI = 8.5 Hz, J4t,3a = ca. 3.5 Hz, J3c,st = 18.0 Hz, J3c.38 = 10.5 HZ, Jzt,Sa 
= 5.0 Hz, J6b,Ja = 7.5 Hz, JEb.4t = Ca. 1.5 Hz.- 13C t+f? (100.6 t+lz. CYXls, OEPT): 6 = 
19.54 (Cl-lz-S), 26.68 (a+5), 28.03 (cH3), 28.35 (MJ), 32.16 (Q-8). 34.75 (C+Wa). 
36.49 (C&-3), 39.21 (Cl+-7). 42.56 (a+-4). 90.46 (U++b), 140.21 (Ca). 141.76 (Cq). 
177.90 (Co-2).- MS (ClJH1602, 206.28): m/z (%) = 206 (M+, 15), 191 (100). 131 (68).- Wt49 
calcd for C’~H’a02: 206.1307. found 206.1308. 

@=a tim f the b ano lactones rac+b and a 6b WI 7 _ . 

A Gluti: of br& lactonss rat-5b and rL&b (w276.0 ‘< 
Cu to FI ‘ve rat-5u and rat-2 
0.97 Al) in THF (14 ml) WBS 

added to zinc - copper (640.0 mg, 9.93 mnol). 96% acetic acid (50~1) were added and the 
reaction mixture was stirred for 1 h at 20-C. The excess of Zn - Cu was filtered off and 
the solvent was evaporated. Ths resic& was redissolved in WC13 (30 ml) and the solution 
stirred at 20°C for 2 d. LC (30 g SiO2, hexanes - ethyl acetate 5 : 1) gave a fraction 
containing rat-5g and rat-2 (114.8 tn9, 58%). Such a mixture (257.1 mg, 1.25 ml) was 
separated by WLC (90 g Sioz. n-heptane - W-t-butyl methyl ether 3.5 : I) to provide 
rat-2 (2.1 mg, I%), rat-6g (136.5 mg, 53%. identical with a sanple prepared as described 
above), and a mixture of rat-5g and rat-2 (87.2 mg, 34%). 

j ) 5.5-Dimethvl-(3a~,8bc)-3.3a,4.5.6.7.8.8&octahVcb-o-in~~1.2-blfUran-2~ ( ac-2) +- 
IR (CliC13): 1760. 1170 an-‘.- ‘H W? (400 t.+lz, CWl3. ‘H,‘H CCSY. ‘H,13C COSY. L): 8 = 
0.96 (s. -3H, 5c-&l3), 0.99 (s, 3H, St-C&), 1.34 - 1.43 (ddd. lH, 6c-H). I.43 - l-50 
(ddd, IH, 6t-H), 1.58 - 1.73 (m, 2H. ai2-7). 1.88 - 1.94 (m, 1H. 8-H). 2.06 - 2.21 (m. 
2H, 8-H’, 4&i), 2.17 - 2.24 (dd, IH, 3t-H), 2.60 - 2.69 (m, IH. 4~31). 2.76 - 2.84 (dd. 
IH. 3=-H), 2.98 - 3.08 (m, IH. 3a-H), 5.24 - 5.29 (d. IH, 8b-H); JEc.Et = 13.0 Hz. JEc.7 
= 7.0 Hz, Jas.7, = 5.5 Hz, Jet.7’ = 7.0 Hz, Jet.7 q 4.0 Hz, J3c.3t = 18.5 Hz. J~c.38 = 
10.5 Hz. J3t,3a q 6.0 Hz, J6b,3a = 7.5 Hz. The 8b-H signal shcws two further coupling 
constants (1.5 and 3.5 Hz).- ‘H W (400 b+tZ, CEDE. ‘H,‘H COSY, NE): 6 = 0.29 (s. 3H. 5- 
CH3). 0.74 (5. 3H. 5-W3), 1.11 - 1.44 (m, 4H, Cl+-6, C&-7), 1.55 - 1.64 (m, IH, 4-H), 
1.64 - 1.73 (m, IH, 8-H). 1.73 - 1.80 (dd, IH, 3t-H), 1.96 -2.18 (m, 3H, 4-H’, 8-H’. 3a- 
H), 2.17 - 2.23 (dd. lH, 3c-H). 4.68 - 4.72 (d. lH, 8b+).- 13C W? (100.6 Hz. a)c13. 
OEPT): 6 = 19.61 (a+~-7). 23.95 (CH2-8 ). 27.24 (5-M3). 27.91 (54X3), 32.47 (Cq-5), 
34.30 (U-l-3a), 36.72 (Cliz-3). 37.57 (a?4). 38.49 (Cl+-6). 92.75 (Cl+-8b), 132.16 (Cq- 
8a), 148.28 (Cpla), 178.12 (Cq-2).- MS (C’aH1e.02, 206.28): m/z (%) q 206 (W, 30), 191 
(100). 147 (53). 145 (66). 91 (76). 41 (53). - HRM9 calcd for C’3H1802: 206.1307. found 
206.1308. 

.L~~2_~~oxvmethvl~-8.8-d~i~~vl-(3.4.5.6.Z,8,8_~tahvdro- 
indenol’l.2-blfuran-2-cne (rat-7b) 
Prepared as described by Brccks 2) for 7a. Yield after LC (14.5 9 SiOz, hexanes - ethyl 
acetate 1 : 1): 91%. TR (WC’l3): 3600 - 3400. 1760, 1670. 1180 an-‘.- ‘H F(*R (400 Miz, 
cDC13): S = 1.00 - 1.17 (2s. 6H. 8-CHs-groups), 1.39 -1.41 (m, 1H. 7-H), 1.41 - 1.51 (m. 
IH, 7-H’). 1.57 - 1.74 (m, 2.5H. C+l2-6. OH (enol)). 1.83 -2.07 (m, 2H. Cl-k!-5). 2.15 + 
2.19 (2d. 1H. 4t-H), 2.69 + 2.72 (2 dd. lH, 4c-H, aldehyde and enol), 3.37 - 3.66 (m, 
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1.5H, 3a-H and 3-H fran the aldshyde), 5.47 (d. 0.55H. 8b-H enol). 5.59 (d, 0.45H. 8b-H 
aldshyde), 7.04 (broad s, 0.55H, C=tYi snol), 9.81 (8. 0.45H. CHD); Jdc.dt= 16.5 Hz, 
J40.31 = 8.0 Hz, J6b,3a = 8.0 Hz.- MS (C14H1803, 234.29): m/z (%) = 234 (M+, 28). 219 
(100). 201 (65). 173 (54), 133 (100). 131 (100). 105 (56). 91 (100). 77 (50). 55 (66), 41 
(84). 

Alkvlation of rat-7b with bran0 butenolids rat-B 
Reaction and wx-k-w wsre psrformsd as described by Brooks 2 8 for the alkylaticn of 7a. LC 
(14 g SiO2. hsxanss - ethyl acetate 5 : 1) gave rat-1Of (34%, based cn rat-5g) and rac- 
l0e (43%. based on rat-5g). 

0-8.8-Dimethvl3.1m _- 

(3ar.8bc)-3.3a,4.5.6.7.8.8b-oclMv&o-indsnodenoTl.2-blfuran-2-one (rat-10. 
M.p. 139’C (haxanes - C&C12).- IR (UiC13): 1790, 1740. 1680, 1340. 1180, 1100, 1010, 950 
cm-’ .- ‘H t+~ (400 t+lz, CDCl3): 6 q 1.08 (s, 3H. 8-CH3.3 I.10 (s, 3H. 8-CH3), 1.28 - 1.39 
(ddd. IH, 7t-H). 1.42 - 1.50 (ddd. IH, 7c-H). 1.59 -1.72 (m, 2H, CH2-6). 1.80 - 2.02 (m. 
2~. Cl+-5). 2.01 (t.. 3H, 4’-CYi3). 2.28 - 2.35 (d, lH, 4t-H). 2.64 - 2.73 (dd. lH. 4c-H). 
3.52 - 3.60 (m, IH, 3a-H). 5.46 - 5.52 (d, 1H. 8b-H). 6.09 - 6.12 (m. IH, 2l-H). 6.90 - 
6.93 (m. IH. 3’-H). 7.39 - 7.42 (d, lH, q CHD. J = 2.5 Hz); J7c,7t = 13.5 Hz, J7t,6t = 
10.0 Hz, J7t.ac = 4.0 Hz, JTc,6t and J7c.6~ = 6.0 and 4.0 Hz, J2*.3’= 1.5 Hz, J2*.4*-ct13 
= 1.5 Hz. JJ*.~*-cHJ = 1.5 Hz, J4c.)t = 17.0 Hz, J4c,3a = 9.0 Hz, J6b.3a = 8.0 Hz.- ‘3C 
Ml? (100.6 M-lz. CDC13): 6 = 10.97 ((X3-4’). 19.46 (C-6). 26.62 (C-5). 28.04 (CY+3-8). 
28.4; (M3-8). 32.18 (C-8). 36.84 (&a), 39:31 (C-7); 41..60 (C-4); 88.66 (C-8b); 100.79 
(C-4’). 114.79 (C=C). 136.10 (C=C). 139.84 (Cl-l=). 141.20 (C=C). 141.97 (C=C). 150.19 
(=Cl-Cf?), 170.45 (C=C), 171.87 (C=C).- MS (C19H2205, 330.38): m/z (%) = 330 (M+, 5), 233 
(26). 215 (42). 187 (30). 97 (lOO).- Anal calcd for C1sH2205: C 69.08. H 6.71, found C 
68.99. H 6.52. 

( 3ar.8bc)-3.3a.4.5.6.7 -blfur r 
IR (CHCl3). ‘H lM? (400 M-lz. UXl3). 13C kM? (100.6 Miz. CDC13), MS : these spectra are 
superiaposable with those obtained fran rat-lOe.- MU& calcd for C19H2205: 330.1467. 
found 330.1461. 

2(-rav structure analvsis of 1Of 
lBf, ClSE22D5, crystallises in the monoclinic space group E21/B (No. 14) 
with 9 = 14.843(3), b = 5.806(l), g = 20.136(4) A, B = 92.38(3)‘, V = 
1733.8(6) A3, ‘& = 4, Bc = 1.27 Mg.m-3. The structure was refined to R = 0.069, VR 
= 0.069 for 1315 observed reflections with To>3a(Fo) (CuK. radiation, 26~~~ = 
115-I 2348 independent reflections measured, crystal size 0.12 x 0.25 x 
0.4 mm, empirical absorption correction). Anisotropic temperature factors 
were introduced for the nonhydrogen atoms; hydrogen atoms were included at 
geometrically calculated positions. Further details of the crystal 
structure investigation may be obtained from Fachinformationszentun Energie, 
Physik, Mathematik Qrbtl, W-7514 Eggenstein-Leopolden 2 (my), on quoting the 
deposition nurbsr CSD 55684. Any request should be acconpanied by the full literature 
citation of this paper. 
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