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Introduction

In the preceding publication we discussed the problem of controlling the configuration at C-2" in the synthesis
of strigol-type compounds.” In the present paper we describe results which were obtained using a Michael
addition (1 — 2) / coupling under the stereocontrol of Y (2 — 3) / elimination (3 — 4) approach. In particular,

we wanted to base this chemistry on Feringa’s work.
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Preparation of the menthyloxy lactones 7a, 9, 8, and 10b
A mixture of rac-5a and (-)-menthol was heated to provide the two diastereoisomers 6a and 6b from which 6a

A A bt

tricthylamine furnished the two adducts
was treated directly with thiophenol and the adducts 7a/9 and 8/10b were separated. In the latter case the
separation was more complicated. Configurational assignment of these compounds turned out to be quite
complicated since they adopt different conformations in solution and in the crystalline state. Figures 1 and 2
show the X-ray structures of 7a and 9. Obviously, thiophenoxide adds trans to the menthyloxy group of 6a,
and protonation of the intermediate anion is almost stereo-random, addition of the proton opposite to the
phenylthio group being slightly preferred. According to the X-ray analysis 9 adopts a “E-conformation in the
crystal. From the torsion angles, (3'-H-)C-3'-C-4’(-4’-H) = -98.4° and (4'-H-)C-4'-C-5'(-5"-H) = 99.4°, as
for all ring protons in the 'H NMR
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calculated from the X-ray s

spectruin.

solution the 5-membered ring adopts a twist conformation with the large su
position rather than the envelope conformation. Similar results have been obtained for 7a (see Experimental).
In 9 a NOE between 3'-H and 5-H demonstrates the cis relation between these protons. In 7a this NOE is
lacking. The configurations as depicted in 8 and 10b were assigned on the basis of 'H NMR results, again a

NOE between 3'-H and 5°-H proves these two protons to be cis in 10b.
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Figure 1. X-ray structure of 9 < 8:( 1
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Formation of the hydroxy lactones 11

Removal of the auxiliary menthyl group was then achieved from 7a and 8 by treatment with HCI in acetone. In
each experiment a mixture of compounds was formed which contained more components than expected and
which could not be separated. In the case of 7a the 'H NMR spectrum (200 MHz, DMSO-ds) of the hydrolysis
products displayed in a temperature range between 26°C and 75°C (studied at 10° intervals) broad signals that
could not be analyzed. However, at -50°C (400 MHz, CDCls) a nicely resolved spectrum was obtained which
showed the presence of a 2:1:3 mixture of three hemiacetals. The spectra of the individual compounds could be

analyzed in the mixture by means of HH COSY. The results are collected in Table 1. A detailed
mrranGoiiratinnal annlaaia Ana ~e a
configurational analysis based on the NMR data was not attempted but on the basis of arguments detailed

al. .

below it is clear that in two of them the substituents
cis. It may be noted at this point that in the presence of triethylamine also well-resolved spectra were obtained.
The analysis of these spectra seemed to indicate that under these conditions the mixture contained only two
stereoisomers (see Experimental).
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Table 1. Characteristic 'H NMR data of hydroxy lactones 11 at -50°C in CDCl; solution

3-CHs, 3-H, 4-H, 5-H
J(3,3-CH3) Jo.a Ja.5)

isomer a 1.33,d 2.78 -2.87, dq 3.58, dd 583-589, m
72Hz 11.6 Hz 44 Hz

isomer b 1.37,d 3.45, dq 4.09,d 5.63,s
72 Hz 7.2 Hz -

isomer ¢ 142, d 2.50-2.59,dq 3.32,dd 5.67-574, m
7.2Hz 9.6 Hz 6.0 Hz

When the hydrolysis products of 7a were treated with (-)-menthol in the presence of p-toluenesulfonic acid a
mixture of four compounds resulted. Two of them could be readily identified to be 7a and 10b. The formation
of 10b can be explained assuming the hemiacetals formed from 7a to be in equilibrium with the ring opened
aldehyde, the a-position of which is of course stereo-labile.*

Supposing that under the acidic conditions the configuration at C-3 is not affected, the remaining acetals
obtained from the hydrolvsis products of 7a and (-)-menthol must be 10a and 7b. In one of these compounds
i J3,4)is 11.5 Hz and J5) = 5.0 Hz and the chemical shift of 3-H indicates a trans relation

a o
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constants are 8.5 Hz and 5.0 Hz, and from the chemical shifts of 3-H and 4-H it may be deduced that in this

compound with ali substituents cis to each other a unique conformation of the ring is adopted not encountered
in any other compound obtained in the course of the present work.
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the formation of three bromo derivatives which were separated by careful chromatography. Working with these
compounds was hampered by the fact that they were quite unstable. The relative disposition of the SPh group
was easily identified by the chemical shift of 3-H. As Table 2 shows, when 3-CHs; and SPh are trans a strong
shielding effect of the aromatic ring on 3-H is being exerted. This holds both for the menthyloxy and the bromo
compounds. From this discussion it follows that in two of the three bromides 3-H and the SPh substituent are
cis. Although it must be assumed that each of the bromo compounds is composed of interconverting
conformers, from the known relative configuration at C-3 and C-4 and the observed coupling constants the
relative configuration at C-5 could be determined. The coupling constants as observed are in each case
incompatible with the reversed configuration at C-5.°

Table 2. Comparison of characteristic 'H NMR data of bromides 12a-c¢ and menthyloxy

compounds 7a and 9

3-CHs;, 3-H, 4-H, 5-H
Jo3-cHy) Je.9 J.5)

7a 1.30,d 3.22,dq 392, d 537, s
7.5 Hz 7.5Hz -

9 1.39,d 2.50, dg 3.32,d 5.46,d

7.5 Hz 7.1 Hz 3.5Hz

12a 1.44,d 3.50, dq 442, d 6.32, s
7.3 Hz 7.3 Hz -

12b 1.62,d 2.66, dq 4.00, dd 6.23,d
7.5 Hz 4.6 Hz 2.6 Hz

12¢ 1.38,d 2.81,dq 3.56, dd 6.57,d
7.0Hz 12.1 Hz 4.6 Hz

Preparation and configurational assignment of hydroxymethylene lactone 15a and reference samples of
27, 28, and their enantiomers

As already mentioned, for reasons of convenience we decided to study the stereoselective coupling of the
strigol butenolide ring equivalents using hydroxymethylene lactone 15a, thus aiming the synthesis at GR28 (27)
and its stereoisomers.” Racemic 15a was prepared via rac-13 as described previously.® When we started our
work no enantioselective synthesis of 13 was available. We could, however, resolve rac-13 by cellulose
triacetate chromatography. The optical rotations of the two enantiomers were [a]lp = +133 and -131,
respectively. In the meantime elegant Pd-mediated enantioselective syntheses of 2-cyclopenten-1-yl acetic acid

have hoen develanad in the laharatariee of Tract® and of Halmchan!® Helmechen and coworkers achieved
1HAVL ULVil ULYWIVUPDVU Ul LIV IGUUTALUVIIGG UL LIvob CAAG VA RACARIIVIIVEL . RAAVIIIIVIIVIE Q1IN WYY VI RWID GuvidwvY v
e rnd e n et me et L s Lier mematallicatine AL IAAA lantana 22t 1A nemd 40 Amnntinmar racnantiunlky Thanlbo #a o
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(28) and their enantiomers. In this sequence of reactions bromo butenolide rac-Sb was used as coupling
s o o TN o ) o U ~ 1 P

reagent. 1n€ Lp curv

of the strigol isomers.” Most specifically, the curve of GR28 shows great similarities to t
keeping with the configurational assignment for 13.

In addition, based on previous work, the configuration at C-2"could be determined from the sign of the CD at
270 nm. The compounds with a negative sign have been shown to have (R)-configuration at C-2’. This analysis
requires that there is no overlap with the CD bands from the remaining part of the molecule as discussed in
detail for the strigol series."® This requirement is fullfilled in the present case, too, as can be seen from the CD

b (see Figure 5). The correctness of this assignment in the GR28 series is confirmed
13
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Figure 4. CD of 27 (—), ent-27, 28 (---), and ent-28 Figure 5. CD of methyl enolethers

16b (—), ent-16b
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The curves of 27 and en#-27 are not comp ely enanuomorpm(. as the s: nple (o)
impurity that could not be removed because of lack of material. The same is true for 28 and ens-28. When 28
was prepared by a different route (see accompanying publication) the CD effects were larger than that of the
present sample (Amax (Ag) = 198 (16.9), 209 (8.3), 221 (14.6), 253 (-4.6), 270 nm (< 0))."!

Coupling experiments
First it was tried to use rac-15a as electrophilic species. Compound rac-15a was, therefore, converted into
te rac-15b and triflate rac-15¢, respectively. Reaction of rac-15b with thiophenol gave straightforwardly

imilarly. from rac-15¢ and sodium methoxide mpfhvl enolether rac-16b was obtained. Methanol

Y, AV 7 avv G S L oL iw R alllld, IvAIGLIL

alone proved unreactive. It should be mentioned at this stage, that we also prepared the methyl enol ethers in

non-racemic form. The CD specira are displayed in Figure

Both rac-15b and rac-15c¢ on reaction with the anions obtained from 2,3,4,6-tetra-U-benzyl giucopyranose
provided the four diastereoisomers 16¢ - 16f. The configuration at C-1 of the glucopyranose unit was
determined measuring the 'J(C,H) coupling constants (171 Hz for the a- and 163 Hz for the B-glycosides). '
The configuration at the angular position of the bicyclic moiety of the stereoisomers was not determined. In
contrast to these successful experiments, reaction of the 11 stereoisomers first with sodium hydride and then

with either rac-15b or rac-15¢ under strict exclusion of water did not furnish the desired compounds 25a and
26a.
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rac-15a with either rac-15b or rac-15c explains the formation of rac-17 and rac-18. This assumption is
corroborated by an experiment in which DBU instead of sodium hydride was used as base and rac-15a as
starting material. In addition to rac-17 and rac-18 elimination product 20 and the thioenolether rac-16a were
isolated.

As a result of this failure we turned our attention to reactions with a nucleophilic species of type 15a and an
electrophile derived from 11 (see also Scheme 1 in ref."). Here, again difficulties arose. Whereas the acid-

catalyzed reaction of the mixture containing 11 with (-)-menthol in the presence of acid vielded coupling

could be observed. The OH group in 11 was then converted into a better leaving group. Experiments which
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Scheme 6

A break-through was achieved by coupling reactions using rac-15a and bromide 12¢. This reaction resembles,
of course, the classical Konigs-Knorr glycosylation'” with the phenylthio substituent as stereo-directing
group.'® First experiments were performed with HgBr,, a promotor of medium activity.'”” A 1:1-mixture of two
compounds was obtained with the correct molecular mass and NMR spectra with close similarities to those
expected. A careful analysis of these spectra revealed, however, the compounds to have structures ent-23a and
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formation, and (iv) dehydration to furnish the enol ether grouping.

With the more reactive promotors silver perchlorate / silver carbonate and silver triflate / silver carbonate'”

respectively, again only the formation of 23a and 24a (starting from ent-12c) was observed. When the weaker
promotor mercuric cyanide / mercuric bromide was used in addition to 23a and 24a two further reaction
products could be identified by TLC which became the main reaction products when silver carbonate was used
to promote the coupling with ens-12c. The spectral data of the latter compounds (isolated in a moderate yield
of 22 %, 1:1 ratio) are fully in agreement with structures 25a and 26a.

The two series of coupling products show characteristic differences in their NMR spectra, In the products of
the rearranged series (c.f. 23a and 24a) the 2°-H chemical shifts are in the range of & = 6.5 whereas in the
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Another striking difference is found in the *C NMR spectra: The C-2 (lactone CO) chemical shift of the normal
seriesis > 1 ppm whereas the ester CO in the rearrangea series has a chemical shift of about 163 ppm.

We then set out to form coupling products from single stereoisomers. Thus, enr-12¢ was coupled with non-
racemic 15a in the presence of silver carbonate. Here again, the promotor turned out to be quite unsuitable as
far as rate and yield were concerned. A very slow reaction occurred and a mixture of compounds was formed.
After 14 d 25a was isolated in 16 % yield alongside with rearrangement product 23a.

Because of the difficulties experienced with Ag,COs recourse was made to silver silicate.® Treatment of 12¢
with 15a in the presence of silver silicate vielded coupling product ent- 26a*' (30 % after 50 h).

0O ——>» 252 —» (')\,/O
PhS® 3 3
. ~
ent-12¢ 27 CH,
B0 Dea)
[ ~o 152 enr26a o o
' - —— H
-hS"',\( YN
tH, ~/°
12¢ 28 b‘lg,

product 29 were obtamed In addition, the (7Z)-isomer of 30 was isolated and furthermore a compound the
complete structure of which remained elusive aithough the spectral data indicated a close similarity to 30. The
(Z)-configuration around the enol ether double bond of 31 was deduced from the chemical shift of 7-11 (5 =

6.60, see Table 3) which is in agreement with the value of a structurally related compound reported by

Raphael. ”
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Scheme 8
Finally, under silver silicate promotion the coupling of 12¢ with ent-15a was also performed and in this
experiment again three products were obtained: ent-25a, the rearrangement product ent-23a, and the (Z)-

isomer of ent-25a.

Conversion of the coupling products into GR28 and GR28 stereoisomers

Oxidation of 25a with mCPBA followed by elimination™ in the presence of Et3N yielded stereohomogeneous
GR28 (27) in 79 % vyield (based on 25a). On the other hand, oxidation and elimination of enf-26a provided
stereoselectively 2'-epi-GR28 (28) in 50 % yield. We also submitted 30 to the two step sequence and obtained

ent-28 (ent-2"-epi-GR28) in 82 %. The properties of 27, 28, and ent-28 inciuding the chiroptical properties
were identical with those of the reference samples described above.

Oxidation of ent-23a and ent-24a furnished in each case two sulfoxides. Thermal elimination (heating in
toluene) caused elimination to give ent-21 and ent-22, respectively. Similarly, 21 and 22 have been prepared.
The CD spectra of these four stereoisomers as displayed in Figure 6 show again that these compounds belong

to a series of GR28 structural isomers.

Stereochemical analysis of the coupling reactions and cenclusions

Table 3 clearly shows that the configuration at C-4 and C-3 of bromides ent-12¢, 12¢, and 12a is transferred
~ ar E st ML AN o d et A Tha

into the configuration at C-3"and C-4/, respectively, of coupling products 25a, ent-26a, 30, and ent-23a. The

analysis is identical to that described for the bromides (see Table 2). The configurational assignment at C-2" of

the coupling products follows from their conversion to GR28 (25a — 27), 2'-epi-GR28 (enr-26a — 28), and
ent-2"-epi-GR28 (30 —> ent-28). The stereochemical results imply that in each of the coupling reactions ent-12¢
— 25a, 12¢ — ent-26a, 12a — 30, and 12¢ — ent-25a the phenylthio substituent did indeed exert the
expected stereodirecting effect: It forced the nucleophilic attack at C-2” to the opposite face of the ring. As
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anticipated, the sequence Michae! addition / nucleophilic substitution / elimination is appropriate to control the
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11, which makes the method unsuitable for practical applications.
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Figure 6. CD of 21, ent-21, 22, and ent-22 (for details, see Experimental)
Table 3. Characteristic 'H NMR data of the coupling products
4'-CHs, 4’-H, 3"-H, 2"-H 7-H,
J . 4CHy) Jw3) Ji3.2) J(7.30)
25a 1.46,d 2.59, dq 3.43,dd 5.64,d 7.29,d
73 Hz 8.6Hz 44Hz
ent-26a 1.46, d 2.60, dq 3.47,dd 561, d 7.27,d
73 Hz 7.5 Hz 4.1 Hz
30 1.43,d 3.26,dq 4.13,d 5.56, s 722,d
7.3 Hz 73 Hz - 2.6 Hz
ent-23a 1.45,d 2.57,dq 3.39,dd 654,d 7.11,d
7.7 Hz 8.8 Hz 5.1Hz 1.5Hz
29 1.41,d 3.25, dgq 4.01, dd 6.50, d 7.16,d
7.3 Hz 7.3 Hz 1.1 Hz 1.5 Hz
(Z)-isomer 1.52,d 2.63, dq 3.78,d 5.60,d 6.62,d
of ent-25a 7.3 Hz 5.5Hz 2.6 Hz i 22Hz
31 137,d 3.44, dq 4.30,d 5.53,s 6.60, d
73 Hz 73 Hz - 1.8 Hz




Formation of 7a, 8, 9 and 10b

To a solution of 6a (2.29 g, 9.06 mmol) and thiophenol (1.85 mL, 18.14 mmol) in CH,Cl, (15 mL)
triethylamine (130 puL, 0.94 mmol) was added under argon at 23°C. After stirring for 2 d at 23°C the solvent
was evaporated. FC and MPLC (petrol-toluene 1:3) yielded 7a (2.12 g, 65 %) and 9 (0.94 g, 29 %).

In a similar reaction a mixture of 6a and 6b (2.0559 g, 8.15 mmol) was converted into the addition products as
described above. Separation furnished 7a (619.3 mg, 21 %), a mixture of 7a and 8 (167.6 mg, 6 %), 8

PR PN , a7 . ~ PR

8.1 mg, 26 "Vo) a mixture of 8 and 9 (305.9 mg, 10 %), 9 (190.7 mg, 6 %), a mixture of 9 and 10b
7m

(3R,4R,5K)-5-{(15,25,5K)-2-Isopropyi-S-meihyi-cyciohexyioxy}-3-methyi-d4-phenyisuifanyi-dihydro-
i‘uran-2~one (7a)
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.. \_Vl L Xy W AVY UV\"I Py A\ lv.}".l—\lvl LR g & et B F I S " #) 5 wiik v AALW DHIUWVILIWIWY YYUD I wiilive VY

R= 0.048 [I > 20(I)] and wR, = 0.1301 for 1754 independent reflexions collected on a Siemens P4
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furan-2-one (9)

R¢ (petrol-tbutyl methyl ether 10:1): 0.29.- M.p.: 50 - 52°C (petrol-ethyl acetate).- '"H NMR (400 MHz, CDCl;

BN ek bt/ b Al v 2 o AV i J b \ » I3,

NOE) 8 = 0.75 (d, 3H, menthvl-CH;) 0.77 - 1.01 (m_ 10H, (containing: 0.84 - 0.90, 6H, 2+menthvl-CHj;)

Ehen? B Vel 88y SRR, RRSERAGATEAN : A 3 \WAERGELNS. ] ] SRRITEE5 )

menthyl-H's), 1.14 - 1.23 (m, 1H, menthyl-H), 1.23 - 1.37 (m, 1H, menthyl-H), 1.40 (d, 3H, 3-CH3), 1.57 -

1.67 (m, 1H, menthyl-H), 1.84 - 1 92 (m, 1H, menthyl-H), 2.05 - 2.14 (m, 1H, menthyl-H), 2.46 - 2.56 (dq,
1H, 3-H), 3.30 - 3.36 (dd, 1H, 4-H), 3.43 - 3.51 (dt, 1H, menthyl-1-H), 5.46 (d, 1H, 5-H), 7.26 - 7.36 (m, 3H,
arom.-H), 7.40 - 7.46 (m, 2H, arom.-H), Ja3ciy) = 7.5 Hz, J34) = 7.5 Hz, Ju,s) = 4.0 Hz- IR (CHCL):
1780 cm™ .- MS: m/z (%) = 362 (M*, 1.5), 244 (2), 207 (1.3), 150 (100).- [a]p® = -82.2 (c 0.99, CHCL;).-
C21H30048 (362.5), caled: C 69.58 H 8.34, found: C 69.57 H 8.48.

X-ray structural analysis of 9

9, CH3005S (362.5), white prisms, monoclinic, space group P2;, with a = 7.487(3) A, b = 6.865(3) A, ¢ =
20.619(5) A, B =99.97(3)°, V = 1043.7(9) A%, Z = 2, D, = 1.153 g cm®. The structure was refined to R =
0.047 [1 > 20(I)] and wR; = 0.113 for 2007 independent reflexions collected on a Siemens P4 diffractometer

(w-scan, MoKa radiation, 2@, = 50°).%*
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(35,45,55)-5-{(15,2S,5R)-2-Isopropyl-5-methyl-cyclohexyloxy} -3-methyl-4-phenylsulfanyl-dihydro-
furan-2-one (8)

R (petrol-tbutyl methyl ether 10:1): 0.33.- M.p.: 97 - 99°C (petrol-ethyl acetate).- 'H NMR (400 MHz, CDCl;,
NOE): & = 0.45 (d, 3H, menthyi-CH3), 0.68 - 0.95 (m, 10H, (containing: 0.75 - 0.78, 3H, menthyl-CH;, 0.83 -
0.86, 3H, menthyl-CH3), menthyl-H's), 1.05 - 1.14 (m, 1H, menthyi-H), 1.22 - 1.30 (m, 1H, menthyl-H), 1.34

(d, 3H, 3-CHs), 1.50 - 1.60 (m, 1H, menthyl-H), 1.64 - 1.73 (m, 1H, menthyi-H), 2.00 - 2.07 (m, 1H,
menthyl-H), 3.18 - 3.30 (m, 2H, 3-H, menthyl-1-H), 3.98 (d, 1H, 4-H), 5.22 (s, 1H, 5-H), 7.27 - 7.35 (m, 3H,

arom.-H), 738 - 7.45 (m, 2H, arom.-H), Jg4 = 7.5 Hz, Joscw) = 7.5 Hz- IR (CHCly): 1780 cm™ -
A Wi / I!I'/\ _— M Fa E T &N\ Yo te BV B -4 1N £1NANN\ r h] 2 g L Wateo B+ rd LN aYal AT T NN o~ rr ~ O I Vada TR Y
MS: m/z (%) = 362 (M*, 1.5), 207 (1.5), 150 (100).- [a]p” = -103.8 (c 1.00, CHCI3).- Cy1H30058 (362.5),
el 3. M N O YT OMNA O I MO NDTT O AN
CaiCa. © 0Y.00 8.34, 1oUNnd, L 0Y.¥Y0s 5.4,
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00 ((broad), OH (bridged)), 1785, 1165, 990 cm™ .- MS of the mixture
m/z (%) = 224 rw 40), 206 (5)3 196 (20), 195 (15), 150 (100), 123 (41), 109 (68).- HRMS calcd for
C11H,05S: 224.0507, found: 224.0505

"H NMR spectra of the hydro!ysns products of 7a in CDCl; at -50°C,
'H NMR (400 MHz, -50°C, H.H COSY 45, CDCh): & = 1.33 (d, 2.1H, Jas-cny) = 7.2 Hz, 3-CHy%), 1.37 (4,
0.9H, J33-cH) = 7.2 Hz, 3-CH3b), 1.42 (d, 3H, Jaachy) = 7.2 Hz, 3-CH;%), 2.50 - 2.59 (dq, 1H, J3.4) = 9.6 Hz,
3-H°), 2.78 - 2.87 (dq, 0.7H, Ji3,9 = 11.6 Hz, 3-H*), 3.32 (dd, 1H, J4.5 = 6.0 Hz, 4-H"), 3.45 (dq, 0.3H, 3-HY),
3.58 (dd, 0.7H, Jw.5) = 4.4 Hz, 4-H%), 4.09 (d, 0.3H, Ju3) = 7.2 Hz, 4-H"), 5.53 - 5.58 (m, 0.3H), 5.63 (s, 0.3H,
5-HY), 5.67 - 5.74 (m, 1H, 5-H°), 5.83 - 5.89 (m, 0.7H, 5-H*), 5.97 - 6.08 (m, 1H, OH), 7.36 - 7.55 (m,

S*(]HH) 7H+0.3H). arom. -m

1H 3H), ar
"H NMR spectra of the hydrolysis products of 7a in CDC; in the presence of triethylamine

'H NMR (CDCl;, Et;N, 400 MHz, a and b correspond to two diastereoisomers, ratio 5:1): 8 = 1.32 (d, 3H,
3-CHyY), 1.36 (d, 3H, 3- CH;"), 2.54 - 2.64 (m, 1H, 3-H"), 3.09 - 3.17 (dq, 1H, 3-H"), 3.36 - 3.43 (dd, 1H,
4-H"), 3.86 - 3.92 (dd, 1H, 4-H%, 6.17 - 6.26 (s (broad), 5-H* ** "), 7.21 - 7.49 (m, SH, arom.-H**™*®),
a: Jaacuy) = 75Hz Ja.49 = 8.0 Hz, Jiusy = 2.5 Hz, b: Ja3ch) = 7.5 Hz Ja,9 = 10.0 Hz, Ja5) = 5.0 Hz.-
12 ATa aT fINAT 1AM - R ETT N & n sy A ATTDN 1A DB /A ATT AN A0 rO AN N1 AL Cr 1AM AN F/Y &

B wcx cx cawiess tohesss
Eacans = SEEESGERSG
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,,,,,, 131.75 (C-arom.*), 132.34 (C-arom."), 133.04 (C-arom.?), 177.13
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added The reaction mixture was stxrred for 4 h at 20°C, washed twwe w1th water and dned Solvent
evaporation and MPLC (petrol-toluene 1: 6) nrowded Ta (13 3 mg, 27 %) 10a (4 0 mg, 8 %\ 10b (7 9 mg,

16 %) and 7b (2.3 mg, 5 %).
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(3R,45,5R)-5-{(18,25,5R)-2-Isopropyl-5-methyl-cyclohexyloxy}-3-methyl-4-phenylsulfanyl-dihydro-
furan-2-one (10a)

R¢ (toluene-CHCl; 20:1 (3xdeveloped)): 0.41.- 'H NMR (400 MHz, CDCL): & = 0.69 - 0.98 (m, 10H,
menthyl-H's, containing: 0.70 - 0.73, d, 3H, menthyl-CH3, 0.81 - 0.84, d, 3H, menthyl-CH3, 0.87 - 0.90, d, 3H,
menthyl-CHj), 1.15 - 1.35 (m, 8H, 5+«menthyl-H's, containing: 1.19 - 1.22 (d, 3H, 3-CH3), 1.57 - 1.67 (m, 1H,
menthyl-H), 1.88 - 2.01 (m, 2H, 2+menthyl-H), 2.69 - 2.79 (dq, 1H, 3-H), 3.40 - 3.45 (dd, 1H, 4'-H), 3.45 -
3.54 (dt, 1H, menthyl-H), 5.56 - 5.58 (d, 1H, 5'-H), 7.23 - 7.31 (m, 3H, arom.-H’s), 7.43 - 7.47 (m, 2H,
arom.-H’s), J#',57 = 5.0 Hz, J3'4) = 11.5 Hz, J3.3-cHy) = 7.0 Hz.

(3R,4R,55)-5-{(18,28,5R)-2-Isopropyl-5-methyl-cyclohexyloxy}-3-methyl-4-phenylsulfanyl-dihydro-
furan-2-one (7b)

R¢ (toluene-CHCl; 20:1 (3xdeveloped)): 0.27.- 'H NMR (400 MHz, CDCL): & = 0.68 - 1.03 (m, 10H,
menthyl-H's, containing: 0.73 - 0.75, d, 3H, menthyl-CHj, 0.85 - 0.87, d, 3H, menthyl-CHj3, 0.88 - 0.90, d, 3H,
menthyl-CHs), 1.20 - 1.35 (m, 5H, menthyl-H's), 1.41 - 1.45 (d, 3H, 3'-CHs), 1.57 - 1.65 (m, 1H, menthyl-H),
2.07 - 2.15 (m, 1H, menthyl-H), 2.24 - 2.34 (m, 1H, menthyl-H), 2.71 - 2.80 (dq, 1H, 3"-H), 3.35 - 3.42 (dt,
1H, menthyl-H), 3.97 - 4.02 (dd, 1H, 4'-H), 5.63 - 5.66 (d, 1H, 5"-H), 7.17 - 7.38 (m, SH, arom.-H’s), J@#'.5) =
5.0 Hz, Ja-4y=8.5 Hz, J3'3-cHy) = 7.5 Hz.

Reaction of 11 and their enantiomers with triphenylphosphine and carbon tetrabromide

Carbon tetrabromide (400.7 mg, 1.21 mmol) dissolved in CH,;Cl; (3.0 mL) was slowly added at 20°C to a
solution of 11 (108.4 mg, 0.48 mmol) and triphenylphosphine (253.3 mg, 0.97 mmol) in CH,Cl, (5.5 mL) and
the reaction mixture was stirred for 15 min. Solvent evaporation and LC (petrol-ethyl acetate 15:1) yielded a
mixture of 12a and 12b (60.2 mg, 43 %) and pure 27¢ (27.4 mg, 20 %). The 12a / 12b mixture could be
separated by LC (petrol-CH,Cl, 4:1).

In a similar fashion ent-12a and enz-12b (33.0 mg, 36 %) as well as ent-12¢ (26.7 mg, 29 %) could be obtained
from ent-11 (72.3 mg, 0.32 mmol), carbon tetrabromide (268.2 mg, 0.81 mmol) and triphenylphosphine
(168.6 mg, 0.64 mmol).

(3R,4R,55)-5-Bromo-3-methyl-4-phenylsulfanyl-dihydro-furan-2-one (12a)
Re (petrol-CH,Cl, 1:2): 0.56.- "H NMR (200 MHz, CDCL): § = 1.44 (d, 3H, 3-CHz), 3.50 (dq, 1H, 3-H), 4.42

(d, 1H, 4-H), 6.32 (s, 1H, 5-H), 7.32 - 7.49 (m, 5H, arom.-H), J3cny = 7.3 Hz, Jo.9 = 7.3 Hz.- BC NMR
(100 MHz, CDCly) & = 9.6 (3-CH), 35.4 (C-3), 57.2 (C-4), 82.0 (C-5), 128.1, 129.5, 132.6, 174.7 (C-2)- R

(CHCls): 1805, 1145, 1080, 1025, 965, 905 cm™ - MS: m/z (%) = 288 / 286 (M*, 20), 207 (79), 161 (62), 151
(46), 109 (100).- HRMS calcd for C;;H11028Br: 285.9663, found: 285.9666.
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(3R,4S,5R)-5-Bromo-3-methyl-4-phenylsulfanyl-dihydro-furan-2-one (12b)
R (petrol-CH,CI; 1:2): 0.46.- 'H NMR (200 MHz, CDCL): § = 1.62 (d, 3H, 3-CH3), 2.66 (dq, 1H, 3-H), 4.00
(dd, 1H, 4-H), 6.23 (d, 1H, 5-H), 7.35 - 7.51 (m, 5H, arom.-H), J33-ctn;) = 7.5 Hz Joo = 4.6 Hz Jas) =

2.6 Hz. - ®C NMR (100 MHz, CDCl;) § = 15.5 (3-CHs), 40.0 (C-3), 58.1 (C- 4) 2.0 (C-5), 128.6, 129.4

» )
132.6, 174.8 (C-2).- IR (CHCl3): 1805, 1150, 1050, 1010 cm™ - MS: m/z (%) = 288 / 286 (M*, 20), 207 (67),
179 (29), 161 (41), 151 (52), 109 (98), 41 (100).- HRMS caicd for Cy1H;;0,SBr: .9663, found: 285.9659
(3R,48,55)-5-Bromo-3-methyi-4-phenyisulfanyi-dihydro-furan-2-one (12c)

R¢ (petrol-ethyl acetate 3:1); 0.40.- "H NMR (200 MHz, CDCL): & = 1.38 (d, 3H, 3-CHs), 2.81 (m, 1H, 3-H),
3.56 (dd, iH, 4-H), 6.57 (d, 1H, 5-H), 7.31 - 7.42 (m, 3H, arom.-H), 7.48 - 7.58 (m, 2H, arom.-H), J33-c; =
7.0 Hz, Jo.4 = 12.1 Hz, J4.5 = 4.6 Hz.- ®*C NMR (50 MHz, CDCl3) 8 = 12.6 (3-CHa), 38.8 (C-3), 58.4 (C-4),
87.0 (C-5), 129.2, 130.1, 132.7, 133.5, 175.0 (C-2).- IR (CHCL): 1810, 1010, 990 cm™ .- MS: m/z (%) = 288 /
286 (M, 10), 207 (68), 151 (51), 109 (100), 97 (63).- HRMS calcd for C;;H;,0,8Br: 285.9663, found
285.9660.

(35,45,5R)-5-Brom-3-methyl-4-phenylsuifanyl-dihydro-furan-2-one {en#-12a)

"H NMR (80 MHz, CDCh), IR, MS spectra were identical with those obtained from 12a.- HRMS calcd for
C1:H,,0,SBr: 285.9663, found: 285.9668.
(35,4R,55)-5-Brom-3-methyl-4-phenylsulfanyl-dihydro-furan-2-one {ens12b)

"H NMR (80 MHz, CDCL), IR, MS spectra were identical with those obtained from 12b.- HRMS caled for
C11H110,8Br: 285.9663, found: 285.9687
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etate, 25-40 um, Macherey & Nagel, 60 g, ethanol-water 96:4). 617.3 mg were separated in 5
138.5 mg) nd ent—13 (133.6 mg). The ee was determined by HPLC analysis (cellulose
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triacetate, CEL-AC-40XF, Macherey & Nagel); ethanol-water 96:4, UV detection at A = 220 nm.- 13: [a]p” =
-131.2 (¢ 1.0, CH,Cl,).- ent-13: [a}DZO =+132.6 (¢ 0.97, CH,Cly).

Conversion of 13 and ent-13 into GR28 (27) and its stereoisomers
The conversion of 13 and ent-13, respectively, into GR28 and its stereoisomers was preformed by known
methods."?

(3aR)-3-{(R,E)-4-Methyl-5-0x0-2,5-dihydrofuran-2-yloxymethylene}-(3ar,6ac)-3,3a,4,6a-tetrahydro-
cyclopenta[blfuran-2-one (27)

R¢ (petrol-ethyl acetate 1:1): 0.28.- 'H NMR (400 MHz, CDCl3): § = 1.96 - 2.03 (dd, 3H, 4'-CHz), 2.45 - 2.50
(m, 1H, 4-H), 2.80 - 2.84 (m, 1H, 4-H*), 3.63 - 3.71 (m, 1H, 3a-H), 5.50 - 5.53 (m, 1H, 6a-H), 5.81 - 5.88,
5.98 - 6.07 (2+m, 2+1H, 6-H, 5-H), 6.12 - 6.17 (dq, 1H, 2'-H), 6.89 - 6.93 (dq, 1H, 3'-H), 7.40 - 7.45 (d, 1H,
=CHO), Jaa9 = 2.5 Hz, J0a,4%) = 9.0 Hz, Joa~cno) = 2.5 Hz, Juan = 17.5 Hz, J2'3) = Jowcm) = Ja'acy) =
1.5 Hz.- ®C NMR (100.6 MHz, CDCl;, DEPT): & = 11.0 (4-CHj), 37.6 (C-3a), 38.7 (C-4), 88.0 (C-6a),
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100.7 (C-2"), 113.9 (C-3), 128.9 (C-6), 136.2 (C-4"), 137.4 (C-5), 141.1 (C-3"), 150.7 (=CHO), 170.4 (C-2),
171.5 (C-5").- IR (CHCls): 1785, 1750, 1680 cm™ .- CD (c 1.083 mmol L™, acetonitrile): Amax (Ag): 200 (-18.1),
227 (+20.3), 263 nm (-2.0).- [a]p®® = +130.9 (c 0.573, CHCL).- MS: m/z (%) = 248 (M*, 1), 151 (12), 97
(100), 69 (11), 41 (33).- HRMS calcd for C;3H;20s: 248.0685, found: 248.0677.

(3aR)-3-{(S,E)-4-Methyl-5-0x0-2,5-dihydrofuran-2-yloxymethylene}-(3ar,6ac)-3,3a,4,6a-tetrahydro-
cyclopenta[b]furan-Z-one (28)

~ o~ P - p

R¢ (petroi-ethyi acetate 1:1): 0.20.- M.p.: 142 - 143°C (petroi-ethyi acetate). The "H NMR (40
3C NMR (100.6 MHz, CDCl;), IR, MS spectra were superimposible with those of 27.-
acetonitrile): Amsx (A€): 196 (-11.6), 222 (-10.0), 253 nm (+2.8).- [a]o® = +28.6 (¢ 0.594, CHCL).- HRMS
caled for C13H;,0s: 248.0685, found: 248.0679.

s L3 B T . . .1 20 _

CD (c 1.014 mmol L~, acetonitrile): Amax (Ag): 198 (+12.0), 228 (-12.3), 261 nm (+1.4).- [a]p” = -135.5
(¢ 0.627, CHCL).
erii-2"-epi-GR28 (eni-28)

- FUURTE 1 SO A B o e ~1.20
CD (c 1.082 mmol L, acetonitrile); Amax (Ac) 197 ("‘r‘g.}), 218 (+6.9), 223 (+7.2), 255 nm (-2.1) -le” =
-28.0 (¢ 0.608, CHCl;)
Reaction of 7ac-15a and 11-isomers with p-toluenesulfonic acid
No product formation could be observed by TLC within 4 d when the same reaction conditions as described
above were applied to the coupling of 11 (11.2 mg, 0.05 mmol) and rac-15a (7.7 mg, 0.05 mmol)
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10.82 mmol) and p-toluenesulfonyl chloride (560.5 mg, 2.94 mmol) were added to a

SOILL!O!‘. of rac- mg, 2.62 mmol) in THF (25 mL) at -30°C. Quenching with sat. aq. NaHCOs, usual
work-up (CH,Cl,), and LC (petrol-ethyl acetate 3:1) yielded rac-15b (737.5 mg, 92 %).- M.p.: 114 - 115°C
(petrol-ethyl acetate).- 'H NMR (CDCl;, 80 MHz): § = 2.06 - 2.4_ , 1H, 4-H), 2.45 (s, 3H, CH,), 2.63 -
3.09 (m, 1H, 4-H*), 3.46 - 3.80 (m, 1H, 3a-H), 5.36 - 5.60 (m, 1H, 6a-H) 5.70 - 5.90 (m, 1H, 6-H), 5.90 -
6.10 (m, 1H, 5-H), 7.26 - 7.50 (m, 2H, arom-H), 7.50 - 7.63 (d, 1H, =CHO), 7.69 - 7.94 (m, 1H, arom-H),
Jaa=cHoy = 2.5 Hz.- IR (CHC.::,); 1750, 1680, 1600 1390, 1180, 1060, 1040 cm?t- MS: m/z (%) = 306 (M,
0.6), 242 (1.4), 155 (41), 134 (59), 91 (100), 65 (25).- C;sH140sS (306.3), calcd: C 58.81 H 4.61, found:
C 58.86 H 4.58.

2-Oxo-(3ar,6ac)-3a,6a-dihydro-4H-cyclopenta[b]furan-3-(E)-ylidenemethyl trifluoromethanesulfonate
(rac-15¢)

Trifluoromethanesulfonic acid (15.0 g) and phosphorus pentoxide (15.0 g) were refluxed for 5 h. Then the
trifluoromethanesulfonic anhydride was distilled at 120°C (bath temperature). At 0°C, to a mixture of rac-15a
(62.2 mg, 0.41 mmol) and 2,6-di-butyl-4-methylpyridine (130.4 mg, 0.65 mmol), and CHCl, (1.5 mL),
trifluoromethanesulfonic anhydride (97 pL, 0.59 mmol) was slowly added. The reaction mixture was stirred for
45 min at 0°C. Solvent evaporation and LC (petrol-ethyl acetate 5:1) gave rac-15¢ (85.2 mg, 73 %).- 'H NMR
(80 MHz, CDCl;): 6 =2.28 - 2.72 (m, 1H, 4-H), 2.81 - 3.27 (m, 1H, 4-H*), 3.64 - 3.99 (m, 1H, 3a-H), 5.50 -
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5.74 (m, 1H, 6a-H), 581 - 6.00 (m, 1H, 6-H), 6.00 - 6.20 (m, 1H, 5-H), 7.60 - 7.73 (dd (2 long range
couplings), 1H, =CHO).- IR (CHClL): 1760, 1690, 1440, 1240, 1140, 1030, 825 cm’
Y [~ Il 5] 3 J \ 27 b bd 5 3 b b
3-(E)-Phenylsulfanylmethylene-(3ar,6ac)-3,3a,4,6a-tetrahydro-cyclopentalblfuran-2-one (rac-162a)

hiophenol (15.0 uL, 0.15 mmol) was added at 0°C to olut1on of rac-15b (21. 9 mg, 0.07 mmo]\ in pyridine
(2.0 mL). The reaction mixture was stirred at 0°C for 12 h, then it was warmed to 20°C. After stirring of a
total of 21 h usual work-up (ethyl acetate) and LC (petrol-ethyl acetate 15:1) gave rac-16a (16.0 mg, 91 %).-
'H NMR (80 MHz, CDCL): & = 2.37 - 3.05 (m, 2H, CH,-4), 3.50 - 3.84 (m, 1H, 3a-H), 5.45 - 5.70 (m, 1H,
6a-H), 5.80 - 5.99, 5.99 - 6.18 (2xm, 2«1H, 6-H, 5-H), 7.27 - 7.57 (m, 5H, arom.-H), 7.66 (d, 1H, =CHO),
Jaa=coy = 2.5 Hz.- IR (CHCly): 1730, 1610, 1580, 1340, 1310, 1190 cm™ .- MS: m/z (%) = 244 (M*, 100),
215 (28), 151 (46), 150 (46), 135 (41).- HRMS calcd for C14H20,S: 244.0558, found: 244.0570.

Reaction of rac-15¢ with sodium methoxide

A solution of rac-15a (32.7 mg, 0.22 mmol) and 2,6-di-butyl-4-methylpyridine (53.4 mg, 0.26 mmol) in
CH,Cl, (2.0 mL) was cooled to 0°C. Slowly trifluoromethanesulfonic anhydride (38.8 uL, 0.24 mmol) was
added. After 30 min and after 2.5 h two portions of 0.64 mol L™ solution of sodium methoxide in methanol,
each 0.4 mL (0.26 mmol sodium methoxide) were added. The reaction mixture was stirred for 3 h. Usual
work-up (CH;Cl;) and LC (petrol-ethyl acetate 4:1) provided rac-16b (10.4 mg, 29 %).

(E)-3-Methoxymethylene-(3ar,6ac)-3,3a,4,6a-tetrahydro-cyclopenta[b]furan-2-one (rac-16b)

The data were identical to those reported in the preceding paper.- Analogously, the non-racemic enantiomers
16b and ent-16b were prepared. 16b: CD (c 2.198 mmol L, acetonitrile): Amax (Ag): 197 (-7.1), 245 nm
(+4.9).- [a]p® = +69.5 (c 0.676, CHCL;). Ent-16b: CD (c 1.933 mmol L”, acetonitrile): Amx (Ag): 198 (+5.9),
203 (+4.6), 240 nm (-4.7).- [a]p™ = -64.9 (¢ 0.693, CHCL).

Reaction of 11-isomers and rac-15b with sodium hydride

A solution of 11 (20.8 mg, 0.09 mmol) dissolved in THF (1.0 mL) was added to sodium hydride (55-60 per
cent dispersion in oil, 4.8 mg, 0.11 mmol) at 20°C. After 15 min the reaction mixture was cooled to 0°C and
rac-15b (28.8 mg, 0.09 mmol) in THF (1.0 mL) was added. The reaction mixture was stirred at 0°C for 5 h
and at 20°C for 4 d. The resulting precipitate was dissolved with 5 per cent HCl. Usual work-up (CHCl;) and
LC (petrol-ethyl acetate 6:1 (1 % acetic acid)) gave a mixture of rac-17 and rac-18 (12.2 mg, 91 %).
Separation into two pure fractions was achieved by MPLC (petrol-ethyl acetate 3:1).

(3aRS,3"aRS)- and meso-(3ar,6ac,3"ar,6'ac)-3,3a,4,6a,3",3"a,4",6"a-Octahydro-3,3"-{(E,E)-2-
oxapropane-1,3-diylidene}-bis-cyclopenta|b]furan-2-one (rac-17 and rac-18)

Stereoisomer 1: R (petrol-ethyl acetate 1:1): 0.33.- M.p.: 163 - 164°C (petrol-ethyl acetate).- 'H NMR
(CDCl;, 400 MHz): § = 2.54 - 2.63 (m, 2H, 2x4-H), 2.87 - 2.98 (m, 2H, 2+4-H*), 3.75 - 3.83 (m, 2H,
2+3a-H), 5.55 - 5.63 (m, 2H, 2«6a-H), 5.87 - 5.94 (m, 2H, 2+6-H), 6.03 - 6.10 (m, 2H, 2+5-H), 7.50 - 7.5 (a
2H, 2+=CHO), Jea4 = 2.5 Hz, J3as) = 9.0 Hz, Joa6x) = 8.0 Hz, J@a~cho) = 2.5 Hz, Ju4) = 175 I
IR (CHCl;): 1750, 1710, 1650, 1170, 1150 cm™.- MS: m/z (%) = 286 (M*,15), 152 (18), 135 (100), 134 (65)
107 (69), 91 (45), 77 (36), 65 (59), 39 (44).- C1¢H1405 (286.3), caled: C 67.13 H 4.93, found: C 67.02 H 4.99.
Stereoisomer 2: R¢ (petrol-ethyl acetate 1:1): 0.26.- M.p.: 246 - 248°C (decomposition, petroi-CH,Cl).-
IH NMR (CDCl;, 400 MHz): 8 = 2.48 - 2.59 (m, 2H, 2x4-H), ali other spectrai features and IR and M3
spectra are superimposible with those obtained from stereoisomer 1.- Cy6H;40;5 (286.3), calcd: C 67.13 H 4.93,

found: C 67.27H 5.02
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cara H 29 2920

Reaction of 11-isomers and rac-15¢ with sodium hydride

To a mixture of 11 (26.0 mg, 0.12 mmol), and sodium hydride (55-60 per cent dispersion in oil, 8 mg,
0.2 mmol) in THF (8.0 mL), which was stirred at -10°C for 30 min, a solution of rac-15¢ (32.1 mg,
0.11 mmol) in THF (2.0 mL) was added and the reaction mixture was stirred for 2 h at -10°C. Quenching with
sat. aq. NaHCQ;, usual work-up (CH;Cl;), and LC (petrol-ethyl acetate 3:1) gave 11 (9.8 mg, 38 %) and a
mixture of rac-17 and rac-18 (8.0 mg, 50 %).

Formation of rac-17 and rac-18 from rac-15b, rac-15a, and triethylamine

A solution of rac-15b (19.0 mg, 0.06 mmol) and rac-15a (10.0 mg, 0.07 mmol) in THF (1.5 mL) was stirred at
20°C. TLC did not show any reaction within 24 h. Then triethylamine (26 pl., 0.19 mmol) was added and the

reaction mixture was stirred for further 29 h. Solvent evaporation and LC (petrol-ethyl acetate 5:1) yielded a

mixture of rac-17 and rac-18 (18.3 mg, 100 %).

Reaction of 2,3,4,6-tetra-U-benzyl-D-giucopyranose and rac-15b with sodium hydride

Sodium hydride (55-60 per cent dispersion in oil, 9 mg, 0.2 mmol) was added at 20°C during 1 h in two
portions to a solution of rac-15b (20.7 mg, 0.07 mmol) and 2,3,4,6-tetra-U-benzyi-D-glucopyranose (36.9 mg,
0.07 mmol) in THF (4.0 mL). After 2 h excess sodium hydride was destroyed with 5 per cent HCl. Usual
work-up (ethyl acetate) and LC (petrol-ethyl acetate 6:1) gave a mixture of 16c, 16d 16e and 16f (33.1 mg,
A O/ 2T L v L wiinh o sivtiirs sare conaratod ke RADT O Lo ae 1 st o 0) to give 16¢ and 158
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(32R)- and (3a5)-3-{(E)-2,3,4,6-Tetra-O-benzyl-B-D-glucopyranosy yloxymethylene}-(3ar,6ac)-3,3a,4,6a-
tetrahydro-cyclopenta[b}furan-2-one (16e and 16f)

Stereoisomer 1: R¢ (petrol-CHCl; 1:20 (3xdeveloped)): 0.11.- M.p.: 112 - 115°C (petrol-ethyl acetate).-
'H NMR (400 MHz, CDCL): 8 = 2.43 - 2.51 (m, 1H, 4'-H), 2.75 - 2.84 (m, 1H, 4-H*), 3.48 - 3.54 (ddd, 1H,
3a'-H), 3.60 - 3.80 (m, 6H, 2-H, 3-H, 4-H, 5-H, CH,-6), 4.47 - 4.55 (2d, 2H, benzyl-H), 4.58 - 4.65 (d, 1H,
benzyl-H), 4.72 - 4.90 (6d, 6H, 1-H, benzyl-H), 5.50 - 5.55 (m, 1H, 6a'-H), 5.83 - 5.87, 5.94 - 5.99 (2+m,
2+1H, 6-H, 5'-H), 7.10 - 7.15 (m, 2H, arom.-H), 7.23 - 7.36 (m, 18H, arom.-H), 7.53 (d, 1H, =CHO), Jea'4) =
2.5 Hz, Jea 4% = 9.0 Hz, J@a'6s) = 7.5 Hz, Joa,=cHo) = 2.5 Hz, J#4% = 17.5 Hz.- BC NMR (100.6 MHz,
CDCly): 6 = 37.55 (C-3a)), 39.17 (C-4"), 68.16 (C-6), 73.84 (C-5), 75.25, 75.29, 75.88 and 75.99 (benzyl-C),

81.62 and 84.51 (C-2, C-3, C-4), 87.81 (C-62), 104.48 (C-1), 127.98, 128.03, 128.12, 128.19, 128.66, 128.75
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and 129.05 (C-3', C-6' or C-5', arom.-C), 137.30, 137.91, 137.95, 138.07 and 138.45 (C-5' or C-6, arom.-C),
153.19 (=CHO), 172.20 (C-2').- IR (CHCL): 1740, 1680, 1070 cm™ .- [alp®= +52.6 (c 1.01, CHCly).-
CaHiaOs (674.8), caled: C 74.76 H 6.27, found: C 74.54 H 6.37.

Stereoisomer 2: Ry (petrol-CHCl; 1:20 (3xdeveloped)): 0.07.- M.p.: 115 - 118°C (petrol-ethyl acetate).-
'H NMR (400 MHz, CDCly): & = 2.57 - 2.66 (m, 1H, 4-H), 2.74 - 2.84 (m, 1H, 4-H*), 3.47 - 3.52 (m, 1H,

~ T o~ T .-.--.---.

3a-H), 3.57 - 3.77 (m, 6H, z-u, 3- 4-H, 5-H, CHz-6), 4.46 - 4.62 (3d, 3H, benzyl-H), 4.73 - 4.92 (6d, 6H,
1-H, benzyl-H), 5.49 - 5.54 (m, 1H, 6a"H), 5.82 - 5.88, 6.00 - 6.04 (2+m, 2+1H, 6-H, 5H), 7.11 - 7.17 (m,

2H, arom.-H), 7.23 - 7.3 J@a'ey = 2.5 Hz, Jga,a i
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yranose and rac-15b with DR1J

A2 Wasiid

DBU (11 uL, 0.07 mmol) was added a solution of 2,3,4,6-tetra-O-benzyl-D-glucopyranose (37.2 mg,
ol) and rac-15b (21.1 mg, 0,069 mmon in CH,Cl, (2.0 mL) at 20°C. The reaction mixture was stirred

e T T

yielded a mixture of 16c, 16d, 16e and 16f (22.0 mg, 47 %).

for 24 h, washed three times with water, dried and the solvent was evaporated. LC (petrol-ethyl acetate 6:1)

Reaction of 11-isomers with rac-15b and DBU

11 (20.1 mg, 0.09 mmol), rac-15b (27.5 mg, 0.09 mmol) and DBU (17 pL, 0.11 mmol) were stirred at 40 -
45°C in CH,Cl, (2.0 mL) for 4 d. Washing with water (three times), drying, solvent evaporation, and LC
(petrol-ethyl acetate 6:1) gave a 1:1-mixture of rac-16a and 20 (11.4 mg, 29 % respectively), as well as a

mixture of rac-17 and rac-18 (8.0 mg, 62 %).

3-Methyl-4-phenylsulfanyl-SH-furan-2-one (20)

'H NMR (400 MHz, CDCls): 5 = 1.86 - 1.90 (t, 3H, 3-CHz), 4.34 - 4.40 (q, 2H, CH,-5), 7.29 - 7.68 (m, SH,
arom.-H), J¢s3cu) = 2.0 Hz.- IR (CHCl3): 1750, 1630, 1300, 1020 c - MS: m/z (%) = 206 (M*, 100), 97
(57), 69 (30), 51 (28), 41 (36).- HRMS calcd for Cy;H;00,S: 206.0402, found: 206.0409.

Mercuric bromide-promoted coupling of rac-15a with 12¢ and ent-12c, respectivly.

Rac-15a (37.7 mg, 0.25 mmol) was stirred with mercuric bromide (89.4 mg, 0.25 mmol) and 4 A molecular
sieves in CH,Cl; (4.0 mL) for 1 h at 20°C. 12¢ (78.6 mg, 0.25 mmol) dissolved in CHyCl; (6.0 mL) was added
and the reaction mixture was stirred for 72 h. The reaction mixture was filtered through Celite®, washed with
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10 per cent aq. KI and NaHCO;, dried, and the solvent was evaporated. LC (petrol-ethyl acetate 10:1)
furnished 12a and 12¢ (28.8 mg, 37 %) as well as a mixture of ent-23a and ent-24a (stereoisomers ent-1 and
ent-2) (25.9 mg, 29 %), which could be separated by MPLC (petrol-toluene-"butyl methyl ether 10:100:1). The
more polar fraction contained approximately 25 % of 20.

In a similar reaction ent-12¢ (39.3 mg, 0.14 mmol), rac-15a (17.7 mg, 0.12 mmol) and mercuric bromide
(41.5 mg, 0.12 mmol) yielded 23a and 24a (stereoisomers 1 and 2) (17.2 mg, 41 %).

(3aR,6ac)- and (3aS,6ac) Dihydro-4H-cyclopenta[b]furan-3-carboxylic acid (2R,3R,4R)-4-methyl-5-oxo-
3-phenylsulfanyl-tetrahydro-furan-2-yl ester (ent-23a and ent-24a)

(400 MHz, CDCls): 8 = 1.42 (d, 3H, 4'-CHs), 2.40 - 2.48 (m, 1H, 4-H), 2.50 - 2.59 2.

(m, 1H, 4-H*), 3.34 - 3.39 (dd, 1H, 3'-H), 3.70 - 3.77 (m, 1H, 3a-H), 5.74 - 5.78 (m, 1H, 6-H), 5.81 - 5.85 (m,
i I 7 m
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1H, 6a-H), 6.04 - 6.08 (m, 1H, 5-H), 6.51 (d, 1H, 2'-H), 7.02 (d, 1H, 2-H), 7.27 - 7.36 (m, 3H, arom.-H), 7.40
m~ A . ATY . TIN XY e 1 £ YY_ Y N O YY_ Y. i DN XYY Y . — NN YY_ ¥ - 1O N YT
- 7.50 (m, 2H, arom.-H), J@23+) = 1.5 Hz, J3a4) = 2.5 , JB3a4%) = B.0 HZ, J(3a,6a) = 9.5 HZ, J@4n = 13.0 Hz,
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J(273) = ounz, jy3,4) = YV ng Jj@4a4-Chy) = /.0 O~ 1IN (Lniul3). 1/72, 174U, 104U, 101U, 114V, 11UJ,
975 cm™ .- MS: m/z (%) = 358 (M*, 0.8), 206 (80), 178 (43), 135 (100), 107 (36), 77 (28), 41 (22).- HRM
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Coupling of rac-15a and ent-12¢ with silver carbonate

A mixture of rac-15a (13.7 mg, 0.09 mmol), silver carbonate (56.2 mg, 0.20 mmol) and 4 A molecular sieves
in toluene (1.0 mL) was stirred for 1 h at -10°C. Ent-12¢ (23.9 mg, 0.08 mmol) dissolved in CH,Cl; (1.0 mL)
was added. After being stirred at -10°C for 6 d the reaction mixture was filtered and washed with aq. NaHCO;
and water. Drying, solvent evaporation, and LC (petrol-ethyl acetate 10:1) furnished 21 / 22 (stereoisomeric
series ent-1 and ent-2) (2.8 mg, 9 %) as well as a mixture of 25a and 26a (6.4 mg, 22 %). For spectral data see

below.

Coupling of ent-12a and ent-12¢ with rac-15a and silver triflate

A solution of ent-12a and ent-12¢ (27.2 mg, 0.10 mmol):dissolved in CH,Cl, (3.0 mL) was added to a -20°C
cold mixture of rac-15a (12.8 mg, 0.08 mmol), silver carbonate (466.8 mg, 1.69 mmol), silver triflate
(24.0 mg, 0.09 mmol), 4 A molecular sieves, and CH,Cl; (3.0 mL). The reaction mixture was stirred for 3.5 h
at -20°C, filtered, washed with sat. aq. NaHCO; and water, dried, and then the solvent was evaporated. LC
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(petrol-ethyl acetate 15:1) provi

20 %).

Coupling of ent-12a and ent-12¢ with rac-15a and silver perchlorate

Compounds ent-12a and ent-12¢ (36.1 mg, 0.13 mmol) dissolved in CH;Cl, (1.0 mL) were added at -10°C to a
mixture of silver carbonate (83.4 mg, 0.30 mmol), rac-15a (19.0 mg, 0.13 mmol), silver perchlorate (7.8 mg,
0.04 mmol), 4 A molecular sieves, and toluene (2.0 mL). The reaction mixture was stirred at -10°C for 20.5 h.
Filtration, washing the filtrates with NaHCOQO; and water, drying, and solvent evaporation, followed by LC
(petrol-ethyl acetate 15:1) yielded a mixture of 23a / 24a (stereoisomeric series ent-1 and ent-2) (7.9 mg,
18 %).

Coupling of 12¢ and rac-15a with mercuric cyanate and mercuric bromide

12¢ (16.1 mg, 0.06 mmol), rac-15a (8.7 mg, 0.06 mmol), mercuric cyanate (22.8 mg, 0.09 mmol), mercuric
bromide (10.2 mg, 0.03 mmol) and 4 A molecular sieves in CH,Cl, (1.5 mL) were stirred for 75 h at 20°C. The
reaction mixture was filtered and the solutes washed with 10 per cent aq. Nal. Usual work-up (CH>Cl;) and LC
(petrol-ethyl acetate 10:1) gave a mixture of 23a and 24a (stereoisomeric series 1 and 2) (7.2 mg).

Coupling of ent-12¢ and 15a in the presence of silver carbonate

A mixture of 13 (26.6 mg, 0.17 mmol) silver carbonate (89.4 mg, 0.32 mmol) und 4 A molecular sieves in dry
toluene (1.8 mL) was stirred at -10°C under argon for 1 h. A solution of enr-12¢ (46.6 mg, 0.18 mmol) in dry
CH,CI, (1.8 mL) was added and the mixture was stirred at 20°C for 14 d. Dilution with CH,Cl,, filtration
(Celite®), and MPLC (petrol-ethyl acetate 6:1) provided a mixture of 23a and 20 (5.8 mg), and 25a (8.5 mg,
16 %).

(3aS5)-3-(E)-[4-Methyl-5-o0xo-3-phenylsulfanyl-tetrahydro-furan-2-yloxy-methylene]-3,3a,4,6a-
tetrahydro-cyclopenta[b]furan-2-one (25a)

'H NMR (400 MHz, CDCL): & = 1.46 (d, 3H, 4'-CHs), 2.13 - 2.22 (m, 1H, 4-H), 2.59 (dq, 1H, 4'-H), 2.63 -
2.72 (m, 1H, 4-H*), 3.43 (dd, 1H, 3'-H), 3.57 - 3.64 (m, 1H, 3a-H), 5.47 - 5.57 (m, 1H, 6a-H), 5.64 (d, 1H,
2"-H), 5.81 - 5.88 (m, 1H, 6-H), 5.95 - 6.05 (m, 1H, 5-H), 7.29 (d, 1H, 7-H), 7.31 - 7.38 (m, 3H, arom.-H),
7.43 - 7.50 (m, 2H, arom.-H), J@.4cy) = 7.3 Hz, J23) = 4.4 Hz, Jo.4) = 8.6 Hz.- C;oH ;5058 (358.4), MS:
m/z (%) = 358 (M*, 0.8), 207 (100), 161 (63), 151 (70), 109 (65), 41 (58).

Coupling of 15a with 12c¢ (silver silicate promotor)
A mixture of 15a (14.1 mg, 0.09 mmol) and silver silicate (184.7 mg) in THF (1.5 mL) was stirred at -20°C
under argon for 15 min. A solution of 12¢ (42.8 mg, 0.15 mmol) in THF (G 5 mL) was slowly added. The

mixture was stirred at -20°C for 50 h. Dilution with CH,Cl,, filtration (L,ehte ), and LC (petrol-ethyi acetate
6:1) provided a mixture of ent-24a and 20 (2.3 mg), and ent-26a (10.0 mg, 30 %).

(3a8)-3-(E)-[4-Methyl-5-0x0-3-phenylisuifanyi-tetrahydro-furan-2-yloxy-methyienej-3,3a,4,6a-

tetrahydro-cyciopenta[hjfuran-2-one (eni-26a), slightly impure
'H NMR (400 MHz, CDCI;) 6= 1 46 (d 3H, 4'-CHa,), 2.38 - 2.46 (m, 1H, 4-H), 2.60 (d
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Reaction of ent-15a and 122 in the presence of silver silicate
The reaction was performed as described for the coupling of 15a with 12¢.

(2S5,3R,4R)-4-Methyl-5-0x0-3-phenylsulfanyl-tetrahydro-furan-2-yl (3aR,6ac)-dihydro-4H-
cyclopenta[b]furan-3-carboxylate (29)

R¢ (petrol-ethyl acetate 1:1) = 0.51.- '"H NMR (200 MHz, CDCl): 8 = 1.41 (d, 3H, Ja.4-cu) = 7.3 Hz,
4'-CHs3), 2.39 - 2.54 (dddd, 1H, J.4%) = 18.0 Hz, J43s) = 2.2 Hz, J = 4.4 Hz, 2.2 Hz, 4-H), 2.63 - 2.80 (ddddd,
1H, J4+32 = 8.8 Hz, 2.2 Hz, 2.2 Hz, ~ |1 Hz, 4*-H), 3.17 - 3.34 (dq, 1H, J@+'3) = 7.3 Hz, 4"-H), 3.67 - 3.79
(dddd, 1H, J@a6s) = 7.7 Hz, 1.8 Hz, 1.8 Hz, 3a-H), 4.01 (dd, 1H, J@2) = 1.1 Hz, 3"-H), 5.75 - 5.88 (m, 2H,
6-H, 6a-H), 6.05 - 6.12 (m, 1H, 5-H), 6.50 (d, 1H, 2’-H), 7.16 (d, 1H, J@3s) = 1.5 Hz, 7-H), 7.25 - 7.50 (m,
5H, arom.-H).- ®C NMR (50 MHz, APT, CDCL): § = 11.18 (-) (4’-CHs), 37.11 (-) (C-4"), 39.36 (+) (C-4),
41.99 (-) (C-3a), 53.10 (-) (C-37), 96.55 (-) (C-2’ or C-6a), 96.79 (-) (C-6a or C-2°), 111,76 (+) (C-3), 128.38
(-) (C-6 or p-C-arom.), 128.74 (-) (p-C-arom. or C-6), 130.03 (-) (m-C-arom.), 132.33 (+) (i-C-arom.), 132.76
(-) (0-C-arom.), 137.44 (-) (C-5), 158.53 (-) (C-7), 162.71 (+) (C-2), 176.69 (+) (C-5").- FAB MS: 381.3
[M+Na]", 359.3 [M+H]".- CD (c 27.90 pmol L", acetonitrile): Amax (A€) = 261 nm (-34.3).- HRMS calcd for
CisH1505S [M+H]": 359.0953, found: 359.0947.

(3aS5)-3-(E)-[(2R,3R,4R)-4-Methyl-5-0x0-3-phenylsulfanyl-tetrahydro-furan-2-yloxy-methylene]-
(3ar,6ac)-3,3a,4,6a-tetrahydro-cyclopenta|b]furan-2-one (30)

R¢ (petrol-ethyl acetate 1:1) = 0.40.- '"H NMR (200 MHz, CDCly): 8 =1.43 (d, 3H, J'+-chy) = 7.3 Hz, 4'-CHs),
2.30 - 2.46 (dddd, 1H, Ju.4n = 17.6 Hz, J43.) = 2.6 Hz, J = 5.1 Hz, 2.6 Hz, 4-H), 2.70 - 2.88 (m, 1H, 4*-H),
3.17 -3.34 (dq, 1H, J#'3)= 7.3 Hz, 4’-H), 3.52 - 3.66 (m, 1H, J3a4*) = 8.8 Hz, 3a-H), 4.13 (d, 1H, 3'-H), 5.46
- 5.56 (dm, 1H, J6a3s) = 7.7 Hz, 6a-H), 5.56 (s, 1H, 2’-H), 5.80 - 5.90 (ddd, 1H, Je,5 = 5.5 Hz, ] = 4.4 Hz,
2.2 Hz, 6-H), 5.98 - 6.06 (m, 1H, 5-H), 7.22 (d, 1H, J73s = 2.6 Hz, 7-H), 7.30 - 7.50 (m, 5H, arom.-H).-
BC NMR (50 MHz, APT, CDCl): & = 10.96 (-) (4-CH), 36.66 (-) (C-3a or C-4"), 37.75 (-) (C-4" or C-3a),
38.99 (+) (C-4), 52.83 (-) (C-37), 88.10 (-) (C-6a), 10536 (-) (C-27), 114.19 (+) (C-3), 129.16 (-)
(p-C-arom.), 129.20 (-) (C-6), 130.36 (-) (m-C-arom.), 131.75 (+) (i-C-arom.), 132.78 (-) (o-C-arom.), 137.53
(-) (C-5), 151.27 (-) (C-7), 171.60 (+) (C-2), 175.95 (+) (C-5').- FAB MS: 381.2 [M+Na]", 359.3 [M+H] -
CD (c 27.90 pmol L, acetonitrile): Amsx (Ag) = 226 nm (-14.8).- HRMS calcd for CioH;905S [M+H]":
359.0953, found: 359.0953.

(3a85)-3-(Z2)-[(2R,3R,4R)-4-Methyl-5-ox0-3-phenylsulfanyl-tetrahydro-furan-2-yloxy-methylene]-

(3ar,6ac)-3,3a,4, 6a-tetrahydro—cyclopenta[b]furan-2 -one (31)

R¢ (petrol-ethyl acetate 1:1) = 0.34.- 'H NMR (200 MHz, CDCL): 8 = 1.37 (d, 3H, Ju.4-<cm) = 7.3 Hz,

4°-CH;), 2.22 - 2.37 (dddd, 1H, J@4,44) = 17.2 Hz, J430)=2.6 Hz, J = 5.1 Hz, 2.6 Hz, 4-H), 2.80 - 2.97 (m, 1H,

4*_H), 3.36 - 3.54 (dq, 1H, J@&3) = 7.3 Hz, 4’-H), 3.55 - 3.67 (dddd, 1H, J@3s,49 = 8.4 Hz, 3a-H), 4.30 (d, 1H,

3°-H), 5.44 - 5.51 (dm, 1H, Ja30) = 7.7 Hz, 6a-H), 5.53 (s, 1H, 2'-H), 5.82 - 5.90 (ddd, 1H, J¢.5 =5.5Hz, J =

4.4 Hz, 2.2 Hz, 6-H), 5.99 - 6.06 (m, iIH, 5-H), 6. ’0 (d, 1H, J@a3a = 1.8 Hz, 7-H), 7.25 - 7.53 (m, 5H
arom.-H). ‘3CNMR(50MHz APT, CDCL): § = 10.66 (-) (4’-CHs), 36.59 (-) (C-3a or C-4"), 38.43 (- ) (c 4

or C-3a), 42.08 (+) (C-4), - 6a 104.62 (-) (C-2), 1‘1.1 38 (+) (C-3

(C-6 or p-C-arom.), 129.67 (-) (p-C-arom. or C-6), 1

i

(+) (-C-arom.), 136.99 (-) (C-5),



[M+Na]', 359.3 [M+H]"- CD
(-14.4) - HRMS calcd for CisH

Coupling of ent-15a with 12¢ in the presence of silver silicate

The reaction was performed as described for the coupling of 15a with 12¢.

(28,35,4R)-4-Methyl-5-0x0-3-phenylsulfanyl-tetrahydro-furan-2-yl (3aR,6ac)-dihydro-4H-
cyclopenta[blfuran-3-carboxylate (ent-23a)

R¢ (petrol-ethyl acetate 2:1) = 0.43.- 'H NMR (200 MHz, CDClL): 6 = 1.45 (d, 3H, J@4cHy = 7.7 Hz,
4’-CHs), 2.39 - 2.54 (m, 1H, Jusv = 18.0 Hz, Jue = 2.2 Hz, 4-H), 2.50 - 2.64 (m, 1H, J3) = 8.8 Hz,
J@.acH) = 7.7 Hz, 4’-H), 2.63 - 2.82 (m, 1H, J@=4) = 17.6 Hz, 4*-H), 3.39 (dd, 1H, J3.2) = 5.1 Hz, 3'-H),
3.70 - 3.85 (m, 1H, 3a-H), 5.77 - 5.91 (m, 2H, J = 2.2 Hz, 6-H, Jisa30) = 8.8 Hz, 6a-H), 6.06 - 6.14 (m, 1H,
5-H), 6.54 (d, 1H, 2’-H), 7.11 (d, 1H, J(73s = 1.5 Hz, 7-H), 7.34 - 7.42 (m, 3H, arom.-H), 7.48 - 7.56 (m, 2H,
arom.-H).

(3a8)-3-(E)-[(25,3S,4R)-4-Methyl-5-0x0-3-phenylsulfanyl-tetrahydro-furan-2-yloxy-methylene]-
(3ar,6ac)-3,3a,4,6a-tetrahydro-cyclopenta[b]furan-2-one (ent-25a)

R¢ (petrol-ethyl acetate 2:1) = 0.31.- 'H NMR (200 MHz, CDClL;): 6 = 1.49 (d, 3H, J&.4<hy) = 7.3 Hz,
4’-CH;), 2.11 - 2.27 (dddd, 1H, Js.4%) = 17.6 Hz, J@432) = 2.6 Hz, J = 5.1 Hz, 2.6 Hz, 4-H), 2.54 - 2.79 (m, 2H,
4’-H, 4*-H), 3.46 (dd, 1H, J3'4) = 8.8 Hz, Ji3.2) = 4.4 Hz, 3'-H), 3.56 - 3.70 (dddd, 1H, Jcas+ = 8.8 Hz,
3a-H), 5.48 - 5.58 (dm, 1H, Jsa3s) = 7.7 Hz, 6a-H), 5.67 (d, 1H, 2'-H), 5.82 - 5.92 (ddd, 1H, Je.5) = 5.5 Hz,
J=4.4Hz, 2.2 Hz, 6-H), 5.96 - 6.06 (m, 1H, 5-H), 7.32 (d, 1H, J(73s = 2.6 Hz, 7-H), 7.34 - 7.45 (m, 3H,
arom.-H), 7.45 - 7.56 (m, 2H, arom.-H).

(3a5)-3-(Z)-[(2S,35,4R)-4-Methyl-5-0x0-3-phenylsulfanyl-tetrahydro-furan-2-yloxy-methylene]-
(3ar,6ac)-3,3a,4,6a-tetrahydro-cyclopenta[b]furan-2-one ((Z)-isomer of ent-25a)

R¢ (petrol-ethyl acetate 2:1) = 0.22.- 'H NMR (200 MHz, CDCL): & = 1.52 (d, 3H, J@a4-cuy = 7.3 Hz,
4°-CHs), 2.31 - 2.47 (dddd, 1H, Ju.4r = 17.2 Hz, Ju3s = 2.6 Hz, J = 5.1 Hz, 2.6 Hz, 4-H), 2.55 - 2.71 (dq, 1H,
Jw3)= 5.8 Hz, 4"-H), 2.81 - 2.99 (m, 1H, J@4*3s) = 8.4 Hz, 4*-H), 3.54 - 3.67 (m, 1H, 3a-H), 3.78 (dd, 1H,
Ja'2)=2.6 Hz, 3°-H), 5.44 - 5.54 (dm, 1H, J(sa32) = 8.1 Hz, 6a-H), 5.60 (d, 1H, 2’-H), 5.82 - 5.93 (ddd, 1H,
J65y =59 Hz, ) = 4.4 Hz, 2.2 Hz, 6-H), 5.99 - 6.10 (m, 1H, 5-H), 6.62 (d, 1H, J¢7,3s) = 2.2 Hz, 7-H), 7.30 -
7.42 (m, 3H, arom.-H), 7.42 - 7.54 (m, 2H, arom.-H).

GR28 (27) from 25a

To a solution of 25a (8.5 mg, 0.02 mmol) in CH,Cl; (0.6 mL) at -20°C a solution of m-CPBA (55 per cent,
7.2 mg, 0.02 mmol) in CH,Cl; (0.6 mL) was added dropwise. After stirring for 30 min the solvent was
removed in a stream of argon. LC (petrol-ethyl acetate 3:1) provided 7.1 mg of the sulfoxide(s). The latter
were dissolved in dry CH,Cl; (0.5 mL), and triethylamine (3 uL, 0.03 mmol) was added. Stirring for 6 h,
solvent removal in a stream of argon, and LC (petrol-ethyl acetate 2:1) furnished 27 (4.8 mg, 79 %), identical

with a reference sample (R value, '"H NMR and MS).- [a]o>* = +138.0 (¢ 0.99, CHCI;).

2'-epi-GR28 (28) from ent-26a
Ent-26a (7.7 mg, 0.02 mmoi) was converted to 28 (3.4 mg, 50 %) as described above. The 28 sampie was
identical with a reference sample (R value, 'H NMR and MS).- [a]p® = +29.4 (c 0.99, CHCI;).
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Ent-2'-epi-GR28 (ent-28) from 30
30 (9.0 mg, 0.0251 mmol) was converted to ens-28 (5.1 mg, 82 %) as described above. The sample was
identical with the reference sample (R¢ value, tH NMR).

Oxidation of 23a / 24a

A solution of m-CPBA (55 per cent, 6.4 mg, 0.03 mmol) in CH,Ci; (0.6 mL) was added at -20°C to 23a / 24a
(stereoisomer 1) (10.6 mg, 0.03 mmol) dissolved in CH,Cl; (0.6 mL). Solvent evaporation after 30 min and LC
(petroi-ethyl acetate 4:1) provided a mixture of diastereoisomeric suifoxides 23b / 24b (stereoisomeric series 1)
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Thermolvsis of 23b / 24b (stereoisomeric series ent-1) (12.7 mg. 0.03 mmol) cave 21 / 22 (stereoisomeric
ysis of 230 / 24D (stereoisomeng senes enf-1) (12.7 mg, 002 mmol) gave 21 / 22 {(sterecisomernc

series ent-1) (6.2 mo. 74 %)

ries ent-1) (0.2 m g, 78},
Thermolysis of 23b / 24h (stereoisomeric series enf-2) (15.0 mg, 0.04 mmol) gave 21 / 22 (stereoisomeric

/ 0
dihydro-furan-2-yl ester (21 / 22)
Stereoisomeric series 1: 'H NMR (400 MHz, CDCl;): 8 = 1.96 - 1.98 (dd, 3H, 4'-CHj), 2.52 - 2.60 (m, 1H,
4-H), 2.69 - 2.78 (m, 1H, 4-H*), 3.74 - 3.81 (m, 1H, 3a-H), 5.76 - 5.80 (m, 1H, 6-H), 5.82 - 5.87 (m, 1H,
6a-H), 6.07 - 6.11 (m, 1H, 5-H), 6.87 - 6.90 (dq, 1H, 2'-H), 6.95 - 6.97 (dq, 1H, 3'-H), 7.23 (d, 1H, 2-H),
J2,3a) = 1.5 Hz, J3a4) = 2.5 Hz, J@3e4%) = 7.5 Hz, J3a,612) = 9.0 Hz, J4,4n = 18.0 Hz, J2',acHy) = J23) = J3'4°-CHy) =
1.5 Hz.- IR (CHCl;): 1785, 1720, 1620, 1610, 1140, 1095, 1045, 1010, 965 cm™.- MS: m/z (%) = 248 (M,
4), 151 (25), 135 (17), 133 (17), 97 (100), 77 (17).- CD (c 1.870 mmol L, acetonitrile): A_,, (Ae) = 256.2
(-24.5), 251.4 (-25.2), 211.2 nm (-8.0).- HRMS calcd for C;3H;20s: 248.0685, found: 248.0681.
Stereoisomeric series 2: 'H NMR (400 MHz, CDCl3): 8 = 2.49 - 2.57 (m, 1H, 4-H), 3.76 - 3.83 (m, 1H,
3a-H), further signals, IR MS spectra are superimposible with those obtained from 21 / 22 (stereoisomeric
series 1).- CD (c 1.607 mmol L™, acetonitrile): A,,,, (Ag) = 257.8 (+7.67), 204.2 nm (-14.13).- HRMS calcd
for C13H,205: 248.0685, found: 248.0686.

Stereoisomerioc series ent-1: 'H NMR (400 MHz, CDCl;), IR, MS: these spectra are superimposible with

(+22.98), 215.4 nm (+6.99).- HRMS calcd for CysH,0s: 248.0685, found: 248.0697.
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Stereoisomeric series ent-2: 'H NMR (400 MHz, CDCl), IR, MS: these spectra are superimposible with
those obtained from 21 / 22 (stereoisomeric series 2). CD (c 2.962 mmol L™, acetonitrile): A, (A€) = 256.4
(-4.71), 252.6 (-4.79), 205.0 nm (+10.21).- HRMS calcd for C;3H;,05: 248.0685, calcd: 248.0701.
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