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2-Cyclopentenyl- and 2-cyclohexenylmethyl sulfoximines
can be converted into angular carbon-functionalised, highly

frameworks such as these can be found in many biologically
active natural products. In addition to the methodological

substituted, isomerically pure (ds = 98%) 2-oxabi- work, we report on studies towards the total synthesis of the
cyclo[3.3.0]octanes and 2-oxabicyclo[3.4.0]nonanes in high euglobals G1 and G2 and arenaran A.

yields by a convenient one-pot sequence. Molecular

Introduction The regio- and stereochemical outcome of these reactions

The angular carbon-substituted 2-oxabicyclic moiety is
an important structural element in terrestrial as well as
marine natural products.!! Since many of them are biologi-
cally active, it is of interest to develop efficient methods for
their stereoselective synthesis.

In the majority of reactions allowing access to oxamono-
and -bicyclic systems 2—5 the key step is a nucleophilic at-
tack of an oxygen atom onto an activated double bond
(Scheme 1).
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Scheme 1. Strategies for the synthesis of oxacyclic and oxabicyclic
compounds: A: homoallylic alcohols with electrophilically acti-
vated double bonds react regioselectively in a 5-endo-trig process
yielding tetrahydrofurans or 2-oxabicyclic heterocycles; B: bisho-
moallylic alcohols often furnish mixtures of products resulting
from regio-unselective cyclisations yielding the corresponding het-
erocycles 3 and 4; C: in bishomoallylic alcohols bearing electron-
withdrawing groups the ambiguity in the ring-closing mode (5-exo-
trig versus 6-endo-trig) is absent
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depends strongly on a variety of structural and external
parameters. Thus, the successful application of strategies
such as these in natural product synthesis is possible only
in those cases where the substrate-controlled attack onto
the double bond by the oxygen atom is perfect. Some ex-
amples are epoxide activation in the total synthesis of nar-
genicin A}, I, activation in the total synthesis of brevet-
oxins, ¥l acid-induced cyclisation in the total synthesis of
(+)-pyripyropene A,™ and Hg(OAc), activation in the total
synthesis of nodusmicin. !

To date no general techniques have been revealed which
could be used to build up the required structural motive
independently of other substituents in a stereocontrolled
manner. Encouraged by the successful application of metal-
lated 2-alkenyl sulfoximines in the diastereoselective syn-
thesis of highly substituted THF derivatives[® we started
to consider more robust solutions to the synthetic problem
outlined above.

Titanated 2-alkenyl sulfoximines are efficient solutions
for asymmetric d* synthons.!”? A recent application is their
v-hydroxyalkylation with a-silyloxypropanals to yield 5-sil-
yloxy-substituted vinyl sulfoximines 8, which, after fluoride-
ion-induced deprotection, undergo cyclisation reactions to
form the previously mentioned THF derivatives 9 (Scheme
2).[61 This reaction takes place due to the electron deficiency
in the sulfonimidoyl moiety, which activates the vinylic
double bond towards nucleophilic attack (C in Scheme 1).]

Similar to the cyclic primary 7y-hydroxyalkylation ad-
dition products 10, the fluoride-ion-induced desilylation of
the oxygen atom at C-5 reveals an oxygen nucleophile,
which should attack on the activated double bond forming
the bicyclic ethers 11. Four relevant examples of natural
products and the target molecular framework 12, that they
have in common, are shown in Scheme 3.

Structure 12 can be disconnected retrosynthetically ad-
jacent to the bridgehead atoms, leaving an oxy-func-

1434—193X/99/0505—1011 § 17.50+.50/0 1011



FULL PAPER

M. Reggelin, M. Gerlach, M. Vogt

e

SiMe,Bu
0 @:\O/ BuNF o Gh on
THF, H,0 S
pToI’//S% __tZ_, pTol //yd
r.t
O

34
N N
TBSOVal H(z) . OH TBSOVal . Chs
{\ CH
0 (HoC)n OTBS BuNF o (CHz)n oH
THF, H,0 _
pToI///S\:‘d/KH\ ——t2—> pTol /?
N rt. ’N o
TBSOVal" OH TBSOVal
‘ 10 1 ChHy
R
Nyaroras = N

=

Scheme 2. Fluoride-ion-induced cyclisations of 5-silyloxy-substi-
tuted vinyl sulfoximines
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Scheme 3. Structural target motif 12 and potential total synthesis
targets

tionalised aldehyde 13 and an allylic sulfoximine 14 as syn-
thons.

In the case the dotted line connecting RP and R” re-
presents a carbon chain, structure 12 matches for the angu-
lar carbon-substituted 2-oxabicyclic framework found in
many natural products such as the oxygenated terpenes de-
picted in Scheme 3. 5B-Acetoxypalisadin,®! extracted from
the marine alga Laurencia cf. palisada, exposes the acetyl-
protected oxygen functionality derived from the aldehyde
fragment and trans-fused six- and seven-membered rings. In
addition, the latter is true for arenaran A, which is also
isolated from a marine sponge.!'% Here, however, the eight-
membered ring lacks the oxygen functionality in the 7-posi-
tion. The terrestrial natural products euglobals G1 and G2
also lack the oxygen functionality. The 6,6-ring connection
is cis. The aldehyde fragment can be derived from a known
aromatic aldehyde (see below).

1012

Results and Discussion

We report here on the fluoride-ion-induced cyclisation of
the isomerically pure 5-silyloxy-substituted cycloalkenyl-
vinyl sulfoximines 15—22 (Scheme 4) yielding the 2-oxa-
bicyclic heterocycles 36—43 (Scheme 5).
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Scheme 4. The 7y-hydroxyalkylation reaction of cyclic 2-alkenyl
sulfoximines

The cyclic vinyl sulfoximines needed for the preparation
of the above-mentioned bicyclic systems are accessible in
enantiomerically pure form by the diastereoselective y-
hydroxyalkylation of the titanated 2-cyclopentenylmethyl
sulfoximines 31, 32 and 2-cyclohexenylmethyl sulfoximines
33, 34 with TBS-protected lactaldehydes 35, ent-35 as we
have reported earlier.[”]

In accordance with the results we achieved previously
with open-chain sulfoximines, '] metallated 2-cycloalkenyl-
methyl sulfoximines transfer their allylic fragment with per-
fect regio- and stereoselectivity to achiral, as well as chiral,
nonracemic aldehydes. Irrespective of the chiral induction
by the substrate, Sg reagents!'?! add to aldehydes exclusively
from the Re face and Rg reagents attack from the Si
face.[-11]

Cycloalkenylmethyl sulfoximines 23—267%13] are lithi-
ated to the configurationally labile allylic anions 27—30
which can be titanated in a diastereomer-differentiating
transmetallation to form the organotitanium compounds
31—34.1'4 In the subsequent y-hydroxyalkylation reaction
one new C—C bond is formed. The stereochemical outcome
at the two new stereogenic centres at C-3 and C-4 is per-
fectly controlled by the stereogenic sulfur atom. Only with
the cyclohexenylmethyl sulfoximines 25, 26 does the relative
configuration of the stereogenic centres of the auxiliary (at

Eur. J. Org. Chem. 1999, 10111031
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Table 1. Synthesis of 2-Oxabicyclo[n.3.0]alkanes 36—39 and 41—43

Bicyclic compound ¥ [Yo]@d ds [%o]t®! [0] 20 m.p. [°C] Sca Sca

36 49 =98 +25.0 (0.73) oil 11.82 72.14
3714l 60 = 98 +74.2 (0.97) 124.5 16.63 76.31
38 52 = 98 —15.6 (0.93) 153.7 18.31 77.96
39 28 = 98 —19.3 (0.86) oil 12.91 75.44
4114 43 = 98 +90.2 (0.47) 47.6 19.84 79.72
42 72 =98 —62.2 (0.82) 53.9 20.08 79.81
43 72 = 98 —18.3 (0.87) 50.5 14.92 77.11

[al Overall yield starting from the sulfoximines 23—26. — [ Determined from the crude cyclisation products by "H-NMR spectroscopy.
— [ All values of optical rotation have been determined in CH,Cl,. Values in brackets denote a concentration in g/100 mL. — I These

substances have been characterised by X-ray structural analysis

the sulfur atom and in the valine moiety) have a recognis-
able influence on the stereochemical uniformity of the prod-
ucts 19—22. If the interaction is synergistic (mutual en-
hancement) the relative configuration is called intramolecu-
lar matched (‘m). This is attained when the configuration at
the sulfur and the side-chain stereogenic centres is alike (Rs,
Rc or Ss, Sc). This second-order effect does not affect the
generality of the method, since the ‘m configuration can
always be obtained by choosing the appropriate valine en-
antiomer when preparing the chiral auxilliary.[”-8]

2-Oxabicyco[n.3.0]alkanes

When 5.2 equivalents of tetrabutylammonium fluoride
(TBAF) were added to the y-hydroxyalkylation adducts
15—22 (Scheme 4) after workup 2-oxabicyclo[3.3.0]octanes
36—39 and 2-oxabicyclo[4.3.0lnonanes 40—43 were ob-
tained in a one-pot sequence starting from the correspond-
ing cycloalkenylmethyl sulfoximines 23—26 (no isolation of
the homoallylic alcohols 15—22, Scheme 4, was needed)
(Scheme 5, Table 1). "TH-NMR spectra of the crude prod-
ucts showed the bicyclic ethers 36—43 to be diastereomeri-
cally pure (ds = 98%).

By analogy to the THF derivatives, cis arrangement of
the methyl substituent at C-3 and the hydroxy substituent
at C-4 is reflected in a high-field shift of the 13C-NMR sig-
nals from the 3-methyl group and the carbinol centre C-4
of about 5 ppm compared to the respective trans arrange-
ment. 1]

The absolute configuration of the stereogenic centres was
established by anomalous X-ray scattering in the course of
the crystal-structural analysis of 37 and 41.11%81 As expected
in both cases the rings are cis-fused. Furthermore, from the
absolute configuration of the bridgehead C-1, it can be de-
duced that for the Sg-sulfoximines the double bond has
been attacked from the Si face while in the Rg systems the
double bond has been attacked from the Re face. We can
explain this stereochemical outcome by a preferred confor-
mation of the vinyl sulfoximine in the course of the cyclis-
ation reaction (Scheme 6).[%

To allow a bonding interaction between the oxygen atom
and the double bond the former has to be positioned close
to the m* orbital of the latter. While obeying these demands
the system tries to avoid additional increase of internal en-
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Scheme 5. Synthesis of 2-oxabicyclo[n.3.0]alkanes: a: nBulLi,
—78°C; b: CITi(OiPr)3;, — 0°C; ¢: —=78°C, aldehyde; d: (NH,4),COs3;
e: TBAF, THF, H,O
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Scheme 6. Preferred conformations of the vinyl sulfoximines in the
course of the cyclisation

ergy due to allylic strain or 1,5 interactions. Following these
lines the structures A and B shown in Scheme 6 represent
reasonable conformations of the cyclising vinyl sulfoximines
for both absolute configurations at the sulfur atom. Within
this model the stereochemistry of the cyclisation step is con-
trolled exclusively by the absolute configuration of the sul-
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fonimidoyl group, which is strongly supported by exper-
imental data (Table 1). In short, the stereogenic sulfur atom
allows control of the absolute configuration at C-4, C-5 and
C-1 of the bicyclic system.

Table 1 lacks an entry for compound 40 (Scheme 5). The
diastereomeric cyclohexenylmethyl sulfoximines 25 and 26
differ merely in their absolute configuration at the sulfur
atoms, not in the valine-derived side chain. While in 25 the
relative configuration in the auxiliary is unlike (Ss,Rc), sulf-
oximine 26 displays the like situation (Rs,Rc). Since the y-
hydroxyalkylation reaction and the cyclisation are both
stereochemically controlled by the stereogenic sulfur atom
the reaction pathways A and B lead to enantiomorphous
bicyclic moieties within 40 and 43. However, due to the dif-
ferent relative configuration in the auxilliary the reaction
pathways are diastereomorphous: In A the y-adduct 20 was
isolated with only 82% ds and 42% yield while the oxab-
icyclic compound 40 was found to be diastereomerically
pure (ds = 98%, 18% yield). This effect clearly demonstrates
that a diastereomer-discriminating cyclisation takes place.
As expected, the increase in diastereomeric excess of the
product entails a diminished yield since the “wrong” dia-
stereomer cyclises only very slowly. The low-yield pathway
to the stereotriade in the cyclic moiety in 40 can be avoided
by simply altering the absolute configuration in the valine-
derived side chain to form the intramolecular matched (‘m)
pair in the auxiliary (see above). Following the reaction cas-
cade B the enantiomorphous bicyclic moiety can be syn-
thesised in 72% overall yield and ds = 98%. The same
should of course be true for the N(1S) epimer of 25 (Ss,Sc)
furnishing en-43 (by the enantiomorphous reaction route
forming 43). The corresponding reaction sequence is shown
in Scheme 7.
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Scheme 7. Influence of the relative configuration in the chiral auxil-
liary (Xs, Xc) on the formation of the bicyclic compounds 40 and
43: A: the yield of the bicyclic compound 40 is found to be dimin-
ished due to a diastereomer-differentiating cyclisation reaction; B:
the enantiomorphous stereotriade in the bicyclic moiety of com-
pound 43 can be obtained in high yield and excellent stereoselecti-
vity by employing the /ike-configurated alkenyl sulfoximine 26; a:
nBuLi, —78°C; b: CITi(OiPr);, — 0°C; c: —78°C, ent-35; c¢":
—178°C, 35; d: (NH4),COs5; e: TBAF, THF, H,O

To evaluate the electrophilicity of the vinylic double bond
we changed the electronic state of the cyclising oxygen func-
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tionality. As anticipated, we found carboxylate functionali-
ties to be poor nucleophiles in the cyclisation reaction
(Scheme 8).
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Scheme 8. Studies towards the synthesis of bicyclic y-lactones; a:
nBuLi, —78°C; b: CITi(OiPr);, — 0°C; ¢ —78°C, 45; d:
(NH4),COs

Although the y-hydroxyalkylation adduct 44 from cyclo-
pentenylmethyl sulfoximine 23 and ethylglyoxylate 45[!7]
could be isolated in 79% yield (ds = 95%) no conditions
have been found to cyclise it yielding the bicyclic y-lactone
46. Under various basic and Lewis acidic conditions reac-
tions other than deprotection of the carboxylic acid were
not achieved.

Summarising the results reported so far, 2-cyclopentenyl-
and 2-cyclohexenylmethyl sulfoximines can be converted to
angular carbon-functionalised, highly substituted, iso-
merically pure (ds = 98%) 2-oxabicyclo[3.3.0]Joctanes
36—39 and 2-oxabicyclo[3.4.0lnonanes 40—43 by a con-
venient one-pot sequence (Scheme 5). These bicyclic ethers
can be obtained in 2860 (oxabicyclo[3.3.0] systems) and
72% yield (oxabicyclo[4.3.0] systems), respectively. The
method introduced in this paper opens up the opportunity
for the synthesis of four out of eight possible isomers, since
the relative configuration of the stereogenic centres formed
in the y-hydroxyalkylation reaction (at C-4 and C-5) is
necessarily cis due to the reaction mechanism. The fusion
of rings is cis, while the absolute configuration at C-3 and
C-4 can individually be controlled completely. The method
introduced above can be considered as a possible way to
implement the structural motif 12 found in many polycyclic
ethers of marine origin (e.g. brevetoxin, '8! maitotoxine!!*’)
and other natural products (Scheme 3). We were therefore
keen to apply the method outlined above on a natural prod-
uct target, which would also help to evaluate the scope and
limitations of the method.

Euglobals G1 and G2

The euglobals G1 and G2 are terrestrial natural products which
have been isolated from Eucalyptus grandis (Scheme 9).% The con-
stitution and the relative configuration have been determined by
2D-NMR spectroscopy. In both compounds an aromatic moiety,
structurally related to grandinole,”' and an o-pinene-like terpene
fragment are found. The euglobales G1 and G2 merely differ in the
substitution pattern of the aromatic ring. Due to their biological
properties (especially inhibition of the Epstein—Barr virus??)) they
are regarded as substances exhibiting anticarcinogenic effects and
could be considered as potential precursors of anti-tumour

Eur. J. Org. Chem. 1999, 10111031
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Scheme 9. Retrosynthetic analysis of euglobales G1 and G2

drugs.>=231 To our knowledge they have not yet been synthesised.

Retrosynthetic analysis via sulfoximines 47a, b following the re-
tro 4-hydroxyalkylation reaction and retro-Michael-like addition
shows the grandinol-related aldehydes 48a, b and the (1R)-myr-
thenol-derived sulfoximine 49 to be the first synthetic targets. Start-
ing from (1R)-myrthenol (50) the sulfoximine 49 has been obtained
in 61% overall yield via the selenide 51 (Scheme 10).

1) PBr,
HO CH,Cl PhSe
2) (PhSe),
50 NeBH, 51 (76%) 0 Bt
EtOH 2)52
3) TBSC
Tol Nvarorss Me,NEt
L e
70 i
pTol N/ o
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Scheme 10. Synthesis of the bicyclic sulfoximine 49 via selenide 51

The titanium compound derived from sulfoximine 49 was
brought to reaction with the partially silylated trihydroxybenzal-
dehyde 5329 under the conditions outlined above (Scheme 11).

This aldehyde offers the opportunity for fluoride-ion-induced, as
well as base-induced, cyclisation and was therefore attractive in a
test system. While the base-induced pathway should open up a
route to the partially silylated tetracyclic compound 56 the fluo-
ride-ion-induced cleavage of all protecting groups should lead to
the fully deprotected tetracyclic compound 57. It was hoped that
both may be converted to euglobales G1 and G2 by appropriate
manipulations of the aromatic ring.

Eur. J. Org. Chem. 1999, 1011—-1031
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Scheme 11. Synthesis of the tetracyclic euglobal precursor 56; a:
nBuLi, —78°C; b: CITi(OiPr);, — 0°C; ¢ —78°C, 53; d:
(NH,4),CO;

In order to isolate the expected 4-hydroxyvinyl sulfoximine the
crude product 54 (X = H) was silylated yielding the protected
sulfoximine 55 (X = TMS) isomerically pure (ds = 98%) in 31%
yield. This successful y-hydroxyalkylation reaction with the steri-
cally highly demanding aldehyde 53 highlights two important fea-
tures of the system. The titanated species derived from sulfoximine
49 acts only as a nucleophile and not as a base. The acidic phenolic
proton does not interfere in the C—C bond-forming process. Fur-
thermore, the system is susceptible to retro addition. As a conse-
quence, chromatographic purification is always accompanied by va-
rying degrees of bond cleavage. Therefore, all cyclisation attempts
have to be performed with the crude products and reaction con-
ditions have to be adjusted carefully. In fact, experiments to induce
cyclisation of the y-hydroxyalkylation adduct 54 in situ with TBAF
lead to complete retro addition, only fully desilylated starting mate-
rials 58 and 59 have been isolated (Scheme 11). However, after con-
siderable experimentation we finally found that basic unravelling
of the oxygen functionality made it possible to isolate the desired
tetracyclic compound 56 diastereomerically pure but in only 5%
yield.

In spite of major efforts to improve the yield, because of the
retro addition we were unable to optimise the reaction to an accept-
able extent. We therefore switched to the sterically far less de-
manding methyl-protected aldehyde 60a (Scheme 12). This elec-
trophile was easily accessible by Friedel—Crafts acylation of the
commercially available benzaldehyde derivative 61 in 80% yield. A
further advantage of 60 is that the acyl side chain is already in-
stalled and that it should be possible to use both ortho positions
for the cyclisation reaction. This opens up the opportunity of syn-
thesising both euglobales G1 and G2 from the same precursor 62.

The product 62a of the corresponding y-hydroxyalkylation reac-
tion was isolated in 62% yield without protection of the phenolic
hydroxy functionality, thus confirming our expectations concerning
the increased stability towards retro reaction and again demonstrat-
ing the insensitivity of the system towards steric bulk. Unfortu-
nately, efficient cyclisation conditions could be found neither for
62a nor for the protected vinyl sulfoximine 62c. Again retro ad-
dition is the major reaction pathway. Under basic conditions mi-
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Scheme 12. Synthesis of trihydroxybenzaldehyde derivatives 60a—b
and their application in y-hydroxyalkylation reactions with sulfoxi-
mine 49; a: nBuLi, —78°C; b: CITi(OiPr);, — 0°C; c: —78°C, 60a
or b; d: (NH,),CO;3

TBSCH

gration of the silyl protecting group of 62b from the benzylic to the
phenolic oxygen atom is believed to initiate retro addition.

It was therefore obvious that the protecting group strategy at
the benzylic position had to be changed. Envisaging the necessary
deoxygenation in the central ring of the synthetic targets euglobals
G1 and G2, a xanthogenate-masking of the benzylic hydroxy func-
tion could firstly serve as a protecting group with negligible mi-
gration tendency and secondly prepare the position for the required
derivatisation. Unfortunately, the xanthogenate 62d could not be
obtained (no conversion under basic conditions!*”l) (Scheme 13).
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Scheme 13. Protection of the benzylic hydroxy function

Finally, we were able to protect the benzylic position as an ethyl
urethane. Starting from 62b which was obtained in a y-hydroxy-
alkylation reaction employing aldehyde 60b (Scheme 12) a CuCl-
catalysed process?® yielded 62e in 33% yield. To our disappoint-
ment, however, this substance again failed to cyclise under fluoridic
conditions (3 equivalents TBAF, room temp.).

After careful consideration of the results reported so far, we felt
it necessary to change the strategy in a radical way. The suscepti-
bility of the system to retro addition had to be further reduced.
Therefore we decided to eliminate the sulfoximine moiety which
stabilises the negative charge at C-1 evolving during retro addition.
It is known that under acidic conditions homoallylic alcohols such

1016

0°C —»rt.

as 64 can cyclise to give angular methyl-substituted ethers 65
(Scheme 14 and Scheme 1a).
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15 oY 67
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Scheme 14. Acid-induced cyclisation after removal of the sulfoxi-
mine auxiliary

From our own work we know that reductive cleavage of the C—S
bond in 15 yields the olefin 66 which undergoes facile cyclisation in
HCl/dioxane to yield the oxabicyclic compound 67 in 54% yield.[>)
Transferring these results to the system under study, vinyl sulfoxim-
ine 62b was treated with freshly prepared aluminium amalgam ‘]
in aqueous THF (Scheme 15).[290:31.32]

” TBAF
Decomposition
|2
HO

MeO

21% s et

ret. at Vi
Dioxane

- Hel
MeO, OH  Dioxane MeO OH
CO ‘Bu /)féi? CO'Bu
MeO MeO 77
0'Bu 0'Bu CH,
Me O, Me 0.
H SO, -
pTol. s’ oTBS
0 O MeO Hs MeO H74

Scheme 15. Cyclisation studies with the products of reductive C—S
bond cleavage

Chromatographic purification delivered the desired olefin 69 in
21% yield (Pathway A) along with a second more polar substance
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(40% yield, pathway B) which we were able to identify using X-ray
structural analysis as tricyclic sulfone 71!!1¢®] Furthermore it was
rather disappointing to discover that olefin 69 failed to cyclise un-
der acidic conditions. Only the desilylated olefin 73 was obtained.
TBAF deprotection of the oxygen nucleophile as well as I, acti-
vation of the electrophilic double bond both lead to the decompo-
sition of 69.

To our great surprise the single-electron transfer ability of alu-
minium amalgam and homolytic cleavage of the S—C bond at site
B (and not at the desired site A) had set off a complicated reaction
sequence forming the completely unexpected cyclic vinyl sulfone
71.331 We therefore recognised that it should be possible to trans-
form 71 into the euglobal G1 precursor 74 by nucleophilic attack
on the double bond followed by a reductive desulfuration (Scheme
15). Compared to tetracyclic compound 72 this structure already
lacks the hydroxy function in the middle ring and is therefore an
attractive synthetic target. However, while fluoride-ion-induced de-
silylation led to SO, extrusion (probably via the isomerised sulfone
76) and formation of the diene 77, acidic conditions led to desilyl-
ation forming 78 only.

Summarising, the high susceptibility of the vinyl sulfoximine to
undergo retro addition was, once again, the major synthetic prob-
lem. This feature, which among others prohibited the cyclisation to
the desired four-ring framework, is very pronounced with aromatic
aldehydes i.e. benzylic hydroxy functionalities. Also, the nucleophi-
licity of a phenolic oxygen atom is rather low compared to the
alkoxide anions employed in the successful cyclisations as in the
case of the carboxylate anion (Scheme 5 and Scheme 8).

In general, three variables influence the cyclisation reaction: (a)
electrophilicity of the double bond, (b) nucleophilicity of the at-
tacking heteroatom and (c) susceptibility towards retro addition.
Although it is possible to enhance the electrophilicity of the vinylic
double bond by N-methylation**! we did not pursue this option.
Options (b) and (c) cannot be further influenced without losing
synthetic efficiency. Although our method is therefore not suitable
for the synthesis of the euglobals G1 and G2, the experiments gave
us the opportunity to discover much more about the method than
from the usual set of artificial examples. We therefore chose the
marine natural product arenaran A as a more promising total syn-
thesis target.

Arenaran A

Arenaran Al'9 is a marine terpenoid which had been isolated
from Dysidea arenaria in 1995 (Scheme 16).

“H
Arenaran A

) i
o : Q -
"Isl\/b (Rzg\/b
pTol"(l/ pTol g

val'oTBs 83

)

Scheme 16. Retrosynthetic analysis of arenaran A

1

OTBS
N valores 80

Although we anticipated problems due to cyclisation of an eight-
membered ring, we proceeded on the basis that the masked ali-
phatic alkoxide anion in the corresponding arenaran precursor 79
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should be of higher nucleophilicity than a phenolic oxygen atom
and at the same time the oxygen functionality at C-3 (in structure
79) derived from an aliphatic aldehyde should render the molecule
less sensitive towards retro addition. The constitution and relative
configuration of arenaran A were elucidated by NMR spectroscopy
but the absolute configuration is still unknown.? Besides the re-
quired confirmation of the absolute configuration, by comparing
the natural product with a synthetic sample, in vitro cytotoxic ac-
tivity against various cancer cell lines shows arenaran to be also of
pharmacological interest.['%]

The bicyclic structure formed by condensation of a six- and an
eight-membered ring is noticeable. The six-membered ring is gem-
inally dimethylated in the 9-position. Except for the double bond
(which could help with ring closure by reducing transanular inter-
actions) and the eight-membered ring, arenaran A is very closely
related, both structurally and electronically, to the 2-oxabicy-
clo[3.4.0]Jnonane compounds 40 to 43 (Scheme 5) which we have
been able to obtain in high yields. Retrosynthetic analysis of the
cyclisation precursor 79 reveals sulfoximine 80 and aldehyde 81 to
be synthons (Scheme 16). The characteristic feature of the electro-
philic synthon, 5-hydroxy aldehyde 81, is the non-conjugated (Z)
double bond. In our synthetic strategy we employed the cyclic in-
termediate 82 to solve this structural problem.

As a precursor for the sulfoximine 80 we envisaged the ketone
83. Although the preferred position of the double bond in this mul-
tifunctionalised molecule was not clear from the beginning, we
were fortunate to prepare it successfully in 72% yield starting from
methyl sulfoximine 8478131 (Scheme 17).

OJ\ o

o] 1)} nBuLi [e] o]
.% 2)85 .g 0.5 N H,80, ”g
prol 7~ I pToly _—’Hzo pTot'y

Val'OTBS TBSOVaI’N OX NVal'OTBS 83
84 86
Zn(CH,),
+  — Ti(CH,),Cl,
TiCl,

o o
s :
il
/LO pTab 3
85

NVaI’OTBS 80 (53%)

Scheme 17. Preparation of the target sulfoximine 80 via ketone 83

Geminal disubstitution was achieved by altering a procedure de-
scribed by Reetz et al.33 in which the methylating agent is formed
in situ from Zn(CHs), and TiCly. Precise control of reaction time
(1.5 to 2 h), temperature (—25 to —20°C) and workup conditions
[cooling to —78°C, dilution with CH,Cl,, slow addition to vigor-
ously stirred saturated aqueous (NH4),COs] allowed us to isolate
up to 53% of the desired sulfoximine 80 (see Experimental Section
for further details). Thus, under these altered reaction conditions
we exclusively obtained the geminal dimethylated alkene 80,
thereby extending the Reetz procedure to conjugated enones.

The A3-lactone 82 was obtained in a Diels—Alder reaction of
chlorosulfonyl isocyanate and isoprene in liquid SO, after aqueous
workup in one step (Scheme 18).13¢]

The lactone 82 was opened to the Weinreb amide 87 following
standard procedures (condition a).[3”) After silyl protection of the
hydroxy group the amide 88 was purified by flash chromatography.
It was isolated in over 50% overall yield starting from isoprene.
DIBALH reduction delivered the projected aldehyde 81 (92—96%
yield) which could be utilised in y-hydroxyalkylation reactions
without further purification. [Due to the negligible aldehyde reac-
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Scheme 18. Synthesis of the target aldehyde 81 via lactone 82;
a: Me(Cl)AIN(OMe)Me; b: TBSCI, Me,NEt, DMAP, CH,Cl,;
c¢: DIBALH, THF/hexane, —78°C; then 0.5 M tartaric acid; d:
DIBALH, THF/hexane, —78°C

tivity of the reduction product 89 (conditions d) the obvious route
to the desired electrophile failed. 8]

Both the sulfoximine 80 and the aldehyde 81 have been studied
in model reactions (Scheme 19, see also Scheme 4) to learn more
about their respective reactivities.

G HO..,
9 a;bcd 'Q
Tol "/'/S yield23%  pTol’ g

NVal’OTBS 90

NVaI’OTES 80

TBS

g Sibed, g Tol-"g
pTol'y yield 78% P10l /] e pe
Nyarorss 26 Nyarorss 91 HOVal!

pTol'y;
N Val'OH 92a

val'OTBS 92b

Scheme 19. Application of the key building blocks of arenaran A
in y-hydroxyalkylation reactions with model substances. Studies to-
wards cyclisation of model adduct 91; a: nBuLi, —78°C; b:
CITi(OiPr);, — 0°C; c¢: —78°C, PhCHO; c¢': —78°C, 81; d:
(NH4)2CO‘;, c. TBAF, HOAC, THF, Hzo

From the reactions of 80 with benzaldehyde and 81 with cyclo-
hexenylmethyl sulfoximine 26 the y-hydroxyalkylation adducts 90
and 91, respectively, have been isolated by flash chromatography
diastereomerically pure (ds = 98%) in 23 and 78% yield, respec-
tively, showing the sterically highly demanding sulfoximine 80 to
offer the desired reactivity and the aldehyde 81 to be a very po-
tent electrophile.

In the light of these model studies we were not surprised but
nevertheless very pleased to recognise that the coupling of the sulf-
oximine 80 and the aldehyde 81 delivered the advanced intermedi-
ate 94 with perfect uniformity at all stereogenic centres and the
prostereogenic double bond in about 38% yield (Scheme 20). Since
the vinyl sulfoximine 94 could not be purified completely by flash
chromatography (mainly due to retro addition) its identification
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was unequivocally achieved using NMR techniques (‘H and '°C,
HSQC and DQF-COSY).

val'OTBS 80 Nyarorss 94 (38%)

Scheme 20. Addition of the relevant alkenyl sulfoximine 80 to the
aldehyde 81 and cyclisation attempts; a: nBuLi, —78°C; b:
CITi(OiPr);, — 0°C; c: —78°C, 81; d: (NH,4),CO;

As a model for the cyclisation reaction we tried to cyclise the
cyclohexenylmethyl sulfoximine derived y-adduct 91 (Scheme 19).
Although more drastic reaction conditions (compared to the ones
applicable in the euglobale chemistry) can be applied (temperature:
40°C, high concentration of TBAF in THF) without any risk of
retro addition when the TBAF solution has been neutralised with
glacial acetic acid before use, fluoride-ion-induced deprotection of
the oxygen nucleophile allowed isolation merely of the desilylated
starting compounds 92 and no cyclisation adduct 93 was obtained
(Scheme 19). Unfortunately, but not unexpectedly, the same was
true for the complete precursor 94 (Scheme 20).

To summarise, we obtained the desired sulfoximine 80 and alde-
hyde 81 in high overall yields presenting the correct configurations
of their respective stereogenic elements. We were also able to con-
nect these key fragments forming the 4-hydroxyvinyl sulfoximine
94 with all structural features of arenaran A except for its bicyclic
structure being set up (Scheme 20). To our disappointment depro-
tection of the oxygen atom again does not uncover a nucleophile
strong enough to initiate a Michael-like attack on the sulfon-
imidoyl-activated double bond.

Scope and Limitations

The results obtained so far led us to consider a categori-
cal change to the system. There are two possibilities for
altering the method in order to facilitate the crucial cycli-
sation reactions. The Michael activity of the double bond
can be increased by enhancing the electron-withdrawing ca-
pacity of the sulfonimidoyl moiety (no restriction of consti-
tutional scope). Alternatively, the nucleophilicity of the
cyclising heteroatom can be increased by changing the het-
eroatom (restriction of constitutional scope). Although the
first alternative seems to be rather simple, replacing the p-
tolyl group with a more electron-withdrawing group might
have a major impact on the stereochemical control mecha-
nism of the method, mostly in the y-hydroxyalkylation reac-
tion step. Gais et al.[® have demonstrated that in lithiated
trifluoromethyl sulfones (triflones) rotation around the
S—Cluiiphatic bond was greatly hindered due to a strong
nc—o*g_c interaction. This could, of course, dramatically
change the pathway to diastereomerically pure titanated
sulfoximines (Scheme 4). It is to be expected that the elec-
tron-withdrawing group may render the configuration of
the lithiosulfoximine stable which would change the stereo-
differentiating step from a diastereomer-differentiating
transmetallation to a diastereotopos-differentiating depro-
tonation of unknown efficiency.
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The first strategy for facilitating the cyclisation does not
entail any restriction to the constitutional scope of the reac-
tion and should therefore be helpful in the synthesis of the
three natural products envisaged. In order to establish a
more electron-deficient auxilliary we switched from a p-
tolyl to a p-trifluoromethylphenyl group (Scheme 21).

Br  1)BuLi 30 0,01 oY~
Et,O 2V :
782 °c cv-|20|2 s ,I\,/\/OTMS
280,
N/\/OTMS F3C 98/ epi-9
o N 1. fBUOCI
HOAc oo ;T
THF, rt, SISO T
) 78°C
FaC 99/ ¢pi-99
(39% from 96)

100 / epi-100 (91%)

Scheme 21. Synthesis of the CF;-substituted cyclic sulfonimidates
100, ¢pi-100

Starting from commercially available 1-bromo-4-(trifluo-
romethyl)benzene (96), sulfinate 97 was obtained as an off-
white solid by halogen/lithium exchange followed by elec-
trophilic substitution with SO,. Chlorination and amida-
tion yielded the diastereomeric sulfinamides 98 and epi-98
(1:1, NMR-spectroscopically determined) which could be
desilylated under acidic conditions. Due to our experience
with p-nitro-substituted derivatives we did not attempt to
desilylate the sulfinamides 98, epi-98 with MeOH/
K,CO5.% The former were found to form the correspond-
ing sulfinic acid esters, thus giving a hint as to the expected
enhanced electrophilicity of the sulfinamide. The mixture of
epimeric hydroxy sulfinamides 99 and epi-99 was isolated
by chromatography in 39% yield starting from bromide 96.
The sulfinamides could be cyclised following the standard
procedure.® The mixture of diastereomeric sulfonimidates
100 and epi-100 was isolated in 91% yield. Their reaction
with methyllithium furnished the corresponding hydroxy-
methyl sulfoximines 101 and 102 which were separated
chromatographically (101 in 70%, 102 in 89% yield,

Scheme 22).
? MeLi 2
eLl
/@"//S\ T c@q\ - c©"’,§’3\
3 Nyar 3 ValoR
F3C Val'OR al
_ 101 R=H :I
100 / ¢pi-100 103 R=TBS
1) nBuLi, THF, -78 °C [: 0 H

2)cyclopentanone —mr.t. /@ (S)
7
FsC Nyarorss
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o]
7

TBSCI, DMAP l:1°2 R=H
CHCly, it 104 R=TBS

Scheme 22. Alkylative ring opening and addition to cyclopenta-
none

The TBS-protected (Ss)- and (Rg)-methyl sulfoximines
103 and 104 were isolated in 78 and 85% yield, respectively.
Their absolute configuration was ascertained by X-ray

structural analysis (anomalous X-ray scattering) of the de-
rived alcohol 105.1163]
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To our delight the protected (Ss)- and (Rg)-methyl sulf-
oximines 103 and 104 could be converted into the corre-
sponding ketones 106 and 107 in a one-pot reaction apply-
ing conditions related to the p-tolyl-substituted auxiliary
when Amberlyst 15 was employed instead of 0.5 N H,SO,4
(Scheme 23, compare with Scheme 17). The ketones 106
and 107 were obtained in 54 and 74% yield, respectively, as
colourless solids.

R
Lok Lo
Nyarorss Ny arorss

l 1) nBuli, THE, -78°C L
2)85 —» rt.
3) Amberiyst 15
? Q
Yor Yoy
FsC Nyarorss FsC Ny arorss
106 (54%) 107 (74%)

Zn(CHa), + TiCl,

{

Ti(CH3),Cly
 CHiCly, 301035 °C

N Val'OTBS Nyarorss
108 (7%) 109 (45%
+
~_ ~~
g\ S _omes ‘9& :__omes
H H
FoC F3C
110 (17%) 111 (5%)

Scheme 23. Synthesis of the dimethylated cyclohexenylmethyl sulf-
oximines 108 and 109

Conditions for the geminal dimethylation were again op-
timised. The temperature range of maximum product for-
mation and minimum reduction was found to be —35 to
—30°C. While the (Rs)-epimeric product 109 could be iso-
lated in 45% yield the (Ss)-epimeric ketone 106 is very sus-
ceptible to reduction. Only 7% of the desired dimethylated
cyclohexenylmethyl sulfoximine 108 needed to proceed in
the synthesis were isolated, besides 17% of the correspond-
ing (Ss)-TBS-sulfinamide 110.

To summarise, we found a convenient way to access the
CF3-modified sulfonimidates 100, epi-100. Furthermore, we
again established the building blocks needed for the syn-
thesis of arenaran A diastereomerically pure by synthesising
the CF3-derived sulfoximine 108 (Ss,Rc). Unfortunately,
but not unexpectedly of course, we found the susceptibility
of sulfur towards reduction to be increased in the p-(trifluo-
romethyl)phenyl sulfoximines compared to the p-tolyl de-
rivatives. Since the required arenaran A precursor, dimeth-
ylated cyclohexenylmethyl sulfoximine 108 could only be
isolated in 7% yield no further investigations have been
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undertaken to use the new building blocks for the synthesis
of arenaran A.

Conclusion

We have found a method for the synthesis of 2-oxabi-
cyclic compounds with general structure 12 (Scheme 3).
This method is broad in constitutional scope if both rings
of the bicyclic system are five- or six-membered and the
oxygen nucleophile is not derived from a phenol.

2-cyclopentenyl- and 2-cyclohexenylmethyl sulfoximines
can be converted to angular carbon-functionalised, highly
substituted, isomerically pure (ds = 98%) 2-oxabicy-
clo[3.3.0]octanes 36—39 and 2-oxabicyclo[3.4.0lnonanes
40—43 by a convenient one-pot sequence (Scheme 5). The
corresponding bicyclic ethers can be obtained in 28—60
(oxabicyclo[3.3.0] systems) and 72% yield (oxabicyclo[4.3.0]
systems), respectively.

For the total synthesis of euglobals G1 and G2 and are-
naran A the method has both merits and limitations. The
titanated sulfoximine which acts as a nucleophile in the y-
hydroxyalkylation reaction was proven not to react as a
base. The partly silylated trihydroxybenzaldehyde 53 was
employed in such a reaction without protection of the phe-
nolic OH group (pK, = 9, Scheme 11). In addition, the
v-hydroxyalkylation reaction is barely susceptible to steric
hindrance. With the o,0-disubstituted aldehydes 60a and
60b the expected products 62a and 62b have been obtained
in 62 and 66% yield, respectively (Scheme 12). Even the
sterically crowded geminal dimethylated nucleophile 80
reacted with various aldehydes (PhCHO and 81) in reason-
able yields (23 and 38% respectively, Schemes 19 and 20).
For the synthesis of cyclic 2-alkenyl sulfoximines miscel-
laneous approaches exist. While the nonsubstituted deriva-
tives (23—26, Scheme 4) have been obtained from (lithiated)
methyl sulfoximines (e.g. 84) and the corresponding ketones
after elimination and equilibration of the double bond,[”
other entries have been utilised in the attempted natural-
product syntheses. Ketone 83 was prepared from lithiated
methyl sulfoximine 84 and the vinylogous ester 85 (Scheme
17). Conjugation with the carbonyl group stabilised the
double bond at the desired position in such a way as to
render the isomerisation of the double bond an unfavour-
able process. The related euglobal fragment 49 was prepared
by opening the cyclic sulfonimidate 52 with the organo-
lithium compound derived from selenide 51 (Scheme 10).

Replacement of the oxygen atom by a more nucleophilic
nitrogen atom as the cyclising atom was found to facilitate
the cyclisation step and we developed a new enantioselec-
tive pyrrolidine synthesis based on the y-hydroxyalkylation
reaction of 2-alkenyl sulfoximines with FMOC-protected a-
amino aldehydes.™!! Further developments directed
towards an extremely versatile set of reactions to highly
substituted aza(poly)cyclic compounds as potent B-turn mi-
metics are of current interest in our laboratories. The results
achieved so far are extremely promising“?l and will be pub-
lished in due course.

1020

Experimental Section

General: All manipulations except workup and chromatographic
purification were performed under dry oxygen-free argon using
Schlenk and syringe techniques. MgSO,4 was applied to dry organic
layers. Solvents were purified and dried prior to use by distillation
from an appropriate drying agent. Diethyl ether (ether) and tetra-
hydrofuran (THF) were distilled from sodium benzophenone ketyl.
Dichloromethane (CH,Cl,) was distilled from calcium hydride.
Starting materials were obtained from commercial sources and
used without further purification unless otherwise stated. The assay
from nBuLi was obtained by titration with menthol in THF in the
presence of 1,10-phenanthroline.*3! Chlorotris(isopropoxy)tita-
nium (CITIPT) was prepared by literature procedures,* distilled
at 8 mbar with exclusion of moisture and stored at 4°C as a hexane
solution (1.0 mmol/g). — Analytical thin layer chromatography
(TLC): Macherey—Nagel precoated TLC plates (SilG/UV 254). —
Flash chromatography: E. Merck silica gel 60 (15—40 um). — Melt-
ing points (m.p.): Gallenkamp apparatus, uncorrected values. —
Optical rotations: Perkin Elmer 241 polarimeter. — IR spectra: Per-
kin Elmer 1310. — 'H- and '*C-NMR spectra: Bruker AMX 400,
WH 270 and AC 250. 'H-NMR and '*C-NMR spectra are re-
ported in ppm relative to tetramethylsilane or to [Dg]DMSO as
solvent (8 = 2.50 and 6c = 39.5). For the sake of convenience,
atom numbering does not strictly follow IUPAC rules (Scheme 24).
The naming of the auxiliary part is based on connectivities (e.g.
NCH for the a position next to the sulfoximine nitrogen atom), the
cyclic structures directly connected to the auxiliary are numbered
according to IUPAC (1, 2, 3,---) and all structural moieties attached
to these structures are given primed numbers starting from the con-
necting bond (1’, 2, 3’,--). Primed atoms (C’, H’) stand for the
low-field-shifted of two diastereotopic nuclei. Diastereoselectivities
of the y-hydroxyalkylation products were determined from the 'H-
NMR spectra of the crude products (integration of the olefin pro-
ton of the vinyl sulfoximine).

CH(CH3)
pH  CHICRR TR

>é‘OSiC(CHg);;

? NNCSZ OSIC(CHa)s
m ~Si

LA BsicHy,

o i S
I
6-CHj
1Oty
MeO.
7'-OCHj 4'-COCH,

g 4-COCH,CH
MeO o\
§-OCH; 4'-CO

Scheme 24. A relevant example for the atom numbering applied in
the experimental section of this paper

v-Hydroxyalkylation of the Sulfoximines. — General Procedure
(GP1): To a well-stirred solution of the 2-alkenyl sulfoximine (1.0
equiv.) in dry THF (3 mL/mmol) under argon at —78°C was added
dropwise via syringe nBuLi (1.1 equiv., 1.6 M in hexane). After 15
min at —78°C, CITIPT (1.5 equiv., 1.0 M in hexane) was introduced
to the resultant orange reaction mixture and stirring was continued
for another 5 min. The mixture was then allowed to warm to 0°C,
stirred for 60 min, and finally cooled again to —78°C at which
point the aldehyde (2.0 equiv.) was added. The reaction mixture
was stirred for an appropriate time (about 2 h, TLC control) and
quenched by pouring it into a rapidly stirred solution of sat. aque-
ous (NH,4),CO3 (20 mL/mmol). After 30 min of violent stirring,
the mixture was extracted with ether (3 X 10 mL), the combined
extracts were dried, concentrated and the residue purified by flash
chromatography (eluent: e.g ether/hexane, 1:1).
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Synthesis of the Bicyclic Ethers. — General Procedure (GP2): The
crude product from the y-hydroxyalkylation (GP1) was dissolved
in THF (3 mL/mmol) and nBuyNF (5.2 equiv., 1.0 m in THF) was
added dropwise at 0°C. The reaction mixture was kept at room
temp. for an appropriate amount of time (48—72 h, TLC control),
poured into water (5 mL/mmol) and extracted with ethyl acetate (3
X 10 mL). The combined extracts were dried, concentrated and
the residue purified by flash chromatography (eluent: ethyl acetate/
hexane, 10:1).

Bicyclic Compound 36: From 465 mg (1.07 mmol) of sulfoximine
23 and 402 mg (2.13 mmol) of aldehyde enz-35, 204 mg (49%) of
36 was isolated as a colourless solid, m.p. 136.9°C. — Ry = 0.25
(ethyl acetate/hexane, 10:1). — [a]p?® = 25.00 (¢ = 0.73, CH,CL).
— IR (KBr): v = 3406 cm ! (OH), 1220, 1130 (N=S=0). — 'H
NMR (400 MHz, 300 K, CDCls): 6 = 0.75 [d, J(3,3-CH3) = 6.2
Hz, 3-CH;)], 0.85 [d, J(CH,CH3) = 6.8 Hz, CHCH;], 0.85 [d,
J(CH,CH'3) = 6.9 Hz, CHCH';], 1.52—2.04 [m; 6-H,, 7-H,, 8-H,,
(CH;),CH], 2.42 (s, p-CH3), 2.56 (m, 5-H), 2.69 (ddd, NCH), 3.40
(m; SCH, 3-H, OCH,), 3.65 (dd, CH,OH), 3.79 (d, Jscu.scn =
14.8 Hz, SCH'), 3.87 (ddd, J4ou = 5.7 Hz, 4-H), 4.08 (d, Jyon =
5.7 Hz, 4-OH), 7.32 (d, m-H,), 7.71 (d, 0-H,). — 3C NMR (100
MHz, 300 K, CDCl;): 6 = 11.82 (3-CH3), 16.33 (CHCH,;), 17.95
(CHC'H3), 21.21 (p-CHj), 21.98 (C-6), 24.07 (C-7), 29.21
[(CH3),CH], 36.34 (C-8), 53.47 (C-5), 60.33 (SCH), 60.89 (NCH),
63.29 (OCH,), 72.14 (C-4), 76.22 (C-3), 89.34 (C-2), 127.45 (0-C),
127.57 (m-C), 137.52 (i-C), 140.85 (p-C). — C,;H33NO,S (395.55):
caled. C 63.77, H 8.41, N 3.54; found C 63.40, H 8.71, N 3.24.

Bicyclic Compound 37: From 235 mg (0.539 mmol) of sulfoximine
23 and 203 mg (1.078 mmol) of aldehyde 35, 128 mg (60%) of 37
was isolated as a colourless solid, m.p. 124.5°C. — Ry = 0.27 (ethyl
acetate/hexane, 10:1). — [a]p>® = 74.20 (¢ = 0.97, CH,Cl,). — IR
(KBr): v = 3250 cm~! (OH), 1250, 1090 (N=S=0). — 'H NMR
(400 MHz, 300 K, CDCl3): 8 = 0.76 [d, J(3,3-CH;) = 6.4 Hz, 3-
CHs], 0.80 [d, J(CH,CH3) = 6.6 Hz, CH;], 0.81 [d, J(CH,CH';) =
6.7 Hz, CHCH'5;], 1.30—1.99 [m; 5-H, 6-H,, 7-H,, 8-H,,
(CH3),CH], 2.38 (s, p-CH3), 2.66 (m; 4-OH, NCH), 3.31 (m; OCH,,
CH,OH), 3.55-3.72 (m, SCH,, 3-H), 3.96 (m, 4-H), 4.79 (d,
Jaon = 4.9 Hz, 4-OH), 7.36 (d, m-H,), 7.70 (d, 0-H,). — 3C NMR
(100 MHz, 320 K, [Dg]DMSO): & = 16.63 (3-CH;), 17.96
(CHCH;), 19.98 (CHC'H3), 20.59 (p-CHj;), 23.82 (C-6), 25.28 (C-
7), 28.77 (C-8), 29.22 [(CH3),CH], 51.12 (C-5), 61.25 (SCH), 63.93
(NCH), 64.03 (OCH,), 76.31 (C-4), 78.04 (C-2), 89.56 (C-3), 128.56
(0-C), 128.75 (m-C), 137.24 (i-C), 141.94 (p-C). — C,;H33NO,S
(395.55): caled. C 63.77, H 8.41, N 3.54; found C 63.55, H 8.28
N 3.30.

Bicyclic Compound 38: From 425 mg (1.00 mmol) of sulfoximine
24 and 377 mg (2.00 mmol) of aldehyde ent-35, 205 mg (52%) of
38 was isolated as a colourless solid, m.p. 153.7°C. — Ry = 0.17
(ethyl acetate/hexane, 10:1). — [a]p?® = —15.60 (¢ = 0.93, CH,Cl,).
— IR (KBr): v = 3370 cm™!' (OH), 1284, 1048 (N=S=0). — 'H
NMR (400 MHz, 300 K, CDCl): § = 0.95 (m; 4-OH, 3-CHs;,
CHCH;, CHCH';), 1.57—2.04 [m; 6-H,, 7-H,, 8-H,, (CH3),CH],
242 (s, p-CH;), 2.76 (m, 5-H), 3.02 (ddd, NCH), 3.40 (d,
Jscuscu = 14.6 Hz, SCH), 3.52 (m; 3-H, CH,OH, OCH,), 3.62
(d, Jscnscr = 14.6 Hz, SCH'), 3.87 (m, 4-H), 7.30 (d, m-H>), 7.79
(d, 0-H,). — 13C NMR (100 MHz, 300 K CDCl;): 8§ = 18.31 (3-
CHs), 19.11 (CHCH3), 19.37 (CHC'H,), 21.46 (p-CHs), 24.51 (C-
6), 26.06 (C-7), 32.00 [(CH3),CH], 40.06 (C-8), 51.70 (C-5), 62.81
(SCH), 63.83 (NCH), 64.40 (OCH,), 77.96 (C-4), 78.80 (C-3), 86.76
(C-1), 128.96 (0-C), 129.52 (m-C), 137.69 (i-C), 143.32 (p-C). —
C,H33NO,S (395.55): caled. C 63.77, H 8.41, N 3.54; found C
63.53, H 8.37, N 3.28.
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Bicyclic Compound 39: From 208 mg (0.477 mmol) of sulfoximine
24 and 180 mg (0.955 mmol) of aldehyde 35, 52 mg (28%) of 39
was isolated as a colourless liquid. — Ry = 0.16 (ethyl acetate/hex-
ane, 10:1). — [a]p* = —19.30 (¢ = 0.86, CH,Cl,). — IR (film):
V = 3445 cm™! (OH), 1229, 1126 (N=S=0). — 'H NMR (400
MHz, 300K, CDCly): 6 = 0.81 [d, J(3,3-CH;) = 6.3 Hz, 3-CH;],
0.94 [d, J(CH,CH3) = 6.8 Hz, CHCH;], 0.97 [d, J(CH,CH'3) =
6.7 Hz, CHCH';], 1.47-2.17 [m; 6-H,, 7-H,, 8-H,, (CH3),CH],
2.43 (s, p-CHj3), 2.56 (pseudo t, 5-H), 3.02 (ddd, NCH), 3.36—3.60
(m; SCH,, 3-H, 4-OH, CH,OH, OCH,), 3.91 (dd, 4-H), 7.32 (d,
m-Hy), 7.82 (d, 0-H,). — '*C NMR (100 MHz, 300K, CDCl;): § =
12.91 (3-CHj;), 19.11 (CHCH3), 19.45 (CHC'H;), 21.45 (p-CH,),
25.72 (C-6), 27.46 (C-7), 32.00 [(CH3),CH], 37.94 (C-8), 55.62 (C-
5), 60.12 (SCH), 62.87 (NCH), 64.51 (OCH,), 75.44 (C-4), 77.67
(C-3), 91.53 (C-1), 129.01 (0-C), 129.46 (m-C), 137.42 (i-C), 143.25
(p-C). — C5H33NO,S (395.55): caled. C 63.77, H 8.41, N 3.54;
found C 63.82, H 8.35, N 3.24.

Bicyclic Compound 40: From 307 mg (0.68 mmol) of sulfoximine
25 and 257 mg (1.36 mmol) of aldehyde ent-35, 50 mg (18%) of 40
was isolated as a colourless solid, m.p. 106.2°C. — Ry = 0.37 (ethyl
acetate/hexane, 10:1). — [a]p?® = 78.92 (¢ = 0.62, CH,Cl,). — IR
(KBr): v = 3346 cm~! (OH), 1218, 1069 (N=S=0). — '"H NMR
(400 MHz, 300 K, CDCls): 8 = 0.89 [pseudo t; J(CH,CH3) = 6.8
Hz, J(CH,CH'5) = 6.9 Hz; CHCH;, CHCH';], 1.09 [d, J(3,3-
CHs) = 6.5 Hz, 3-CHj3], 1.21-2.17 [m; 6-H,, 7-H,, 8-H,, 9-H,,
(CH;),CH, 4-OH], 2.43 (s, p-CH3), 2.66 (ddd, J, 5 = 7.1 Hz, 5-H),
2.73 (ddd, NCH), 3.42 (d, Jscuscn' = 14.7 Hz, SCH), 3.51 (m;
OCH,, CH,OH), 3.56 (d, Jscuscn = 14.7 Hz, SCH'), 3.94 [dq;
J(3,3-CH;) = 6.5 Hz, J54 = 3.4 Hz; 3-H], 4.19 (ddd; J5 4 = 3.4 Hz,
Jas = 7.1 Hz; 4-H), 7.32 (d, m-H,), 7.73 (d, 0-H,). — *C NMR
(100 MHz, 300 K, CDCl;): 6 = 14.95 (3-CHs), 15.24, 21.38, 22.30
(C-7 or C-8 or C-9), 18.95 (CHCH,;), 19.67 (CHC'H3), 21.38 (p-
CHs), 32.19 [(CH;),CH], 35.75 (C-6), 45.79 (C-5), 63.07 (SCH),
63.90 (NCH), 65.46 (OCH,), 65.82 (C-1), 76.35 (C-3), 81.07 (C-4),
129.00 (0-C), 129.66 (m-C), 136.99 (i-C), 143.22 (p-C). —
CH;35NO,S (409.58): caled. C 64.52, H 8.61, N 3.42; found C
64.55, H 8.35, N 3.18.

Bicyclic Compound 41: From 217 mg (0.482 mmol) of sulfoximine
25 and 182 mg (0.965 mmol) of aldehyde 35, 85 mg (43%) of 41
was isolated as a colourless solid, m.p. 47.6°C. — Ry = 0.37 (ethyl
acetate/hexane, 10:1). — [a]p?® = 90.21 (¢ = 0.47, CH,Cl,). — IR
(KBr): v = 3385 (OH), 1250, 1073 (N=S=0) cm~!. — 'H NMR
(400 MHz, 300 K, CDCl3): 6 = 0.89 [pseudo t; J(CH,CH3) = 6.8
Hz, J(CH,CH';) = 6.7 Hz; CHCH;, CHCH';3], 1.13 [d, J(3,3-
CH;) = 6.2 Hz, 3-CHj], 1.26—1.76 [m; 6-H,, 8-H,, 9-H,,
(CH3),CH], 2.10 (m, 7-H,), 2.43 (s, p-CH3), 2.69 (ddd, NCH), 2.76
(ddd, J, 5 = 6.4 Hz, 5-H), 3.28 (d, Jscuscu' = 14.5 Hz, SCH),
3.45 (m; 4-OH, OCH,, CH,OH), 3.62 (d, Jscu.scn' = 14.5 Hz,
SCH’), 3.91 [dq; J(3,3-CH;) = 6.2 Hz, J;4 = 3.6 Hz; 3-H], 4.21
(pseudo t; J34 = 3.6 Hz, J, 5 = 6.4 Hz; 4-H), 7.32 (d, m-H,), 7.70
(d, 0-H,). —13C NMR (100 MHz, 300 K, CDCls): § = 18.83
(CHCH3), 19.84 (3-CHs3), 20.12 (CHC'Hy), 21.47 (p-CH;), 22.49,
22.66, 22.78 (C-6 or C-8 or C-9), 32.09 [(CH;),CH], 33.45 (C-7),
44.24 (C-5), 63.99 (NCH), 65.27 (SCH), 65.59 (OCH,), 78.82 (C-
3), 79.72 (C-4), 82.32 (C-1), 129.04 (0-C), 129.78 (m-C), 136.67 (i-
Q), 143.42 (p-C). — C5,H35NO,S (409.58): caled. C 64.52, H 8.61,
N 3.42; found C 64.41, H 8.51, N 3.40.

Bicyclic Compound 42: From 268 mg (0.596 mmol) of sulfoximine
24 and 244 mg (1.192 mmol) of aldehyde ent-35, 175 mg (72%) of
42 was isolated as a colourless solid, m.p. 53.9°C. — R; = 0.25
(ethyl acetate/hexane, 10:1). — [a]p?° = —62.20 (¢ = 0.82, CH,Cl,).
— IR (film): v = 3409 cm™~! (OH), 1260, 1078 (N=S=0). — 'H
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NMR (400 MHz, 300 K, CDCls): 6 = 0.94 [d, J(CH,CH;) = 6.8
Hz, CHCH;), 0.97 [d, J(CH,CH';) = 6.9 Hz, CHCH;'], 1.08 (d,
Js3 = 6.3 Hz, 3'-H;), 1.11-1.20 [m; 6-H,, 7-H,, 8-H,, 9-H,,
(CH;),CH, 4-OH], 2.43 (s, p-CH3), 2.65 (ddd, J4 s = 4.8 Hz, 5-H),
2.75 (br. s, CH,OH), 2.99 (ddd, NCH), 3.15 (d, Jscu.scn’ = 14.6
Hz, SCH), 3.47 (m, OCH,), 3.67 (d, Jscu.scn' = 14.6 Hz, SCH’),
3.89 [dq; J(3,3-CH3) = 6.3 Hz, J54 = 3.2 Hz; 3-H), 4.17 (pseudo
t, Ju5s = 4.8 Hz, 4-H), 7.35 (d, m-H,), 7.78 (d, 0-H,). — *C NMR
(100 MHz, 300 K, CDCl3): 6 = 19.03 (CHCHs), 19.34 (CHCH';),
20.08 (3-CHjy), 21.45 (p-CH3), 21.47, 22.49, 22.75 (C-6 or C-8 or
C-9), 31.99 [(CH3),CH], 33.18 (C-7), 44.24 (C-5), 62.60 (NCH),
63.78 (SCH), 64.24 (OCH,), 78.73 (C-3), 79.81 (C-4), 82.25 (C-1),
128.82 (0-C), 129.69 (m-C), 138.01 (i-C), 143.44 (p-C). —
CH;35sNO,S (409.58): caled. C 64.52, H 8.61, N 3.42; found C
64.25, H 8.52, N 3.28.

Bicyclic Compound 43: From 151 mg (0.336 mmol) of sulfoximine
26 and 127 mg (0.672 mmol) of aldehyde 35, 99 mg (72%) of 43
was isolated as a colourless solid, m.p. 50.5°C. — Ry = 0.25 (ethyl
acetate/hexane, 10:1). — [a]p?® = —18.27 (¢ = 0.87, CH,CL,). —
IR (KBr): ¥ = 3406 (OH), 1231, 1120 (N=S=0) cm~!. — 'H
NMR (400 MHz, 300 K, CDCl;): 8 = 0.93 [d, J(CH,CH;) = 6.9
Hz, CHCH;), 0.95 [d, J(CH,CH';) = 6.9 Hz, CHCH';], 1.07 [d,
J(3,3-CH;) = 6.4 Hz, 3-CH;], 1.10—2.07 [m; 6-H,, 7-H,, 8-H,, 9-
H,, (CH;),CH, 4-OH, CH,0H], 2.43 (s, p-CHj3), 2.61 (dt, Jy5 =
4.6 Hz, 5-H), 3.05 (ddd, NCH), 3.36 (d, Jscusca' = 14.6 Hz,
SCH), 3.48 (m, OCH,), 3.60 (d, Jsch.scn' = 14.6 Hz, SCH’), 3.90
[dg; J(3,3-CH;) = 6.4 Hz, J34 = 3.2 Hz; 3-H], 4.15 (t; J54 = 3.2
Hz, J,5 = 4.6 Hz; 4-H), 7.32 (d, m-H,), 7.81 (d, 0-Hy). — 13C
NMR (100 MHz, 300 K, CDCl3): § = 14.92 (3-CH3), 19.06
(CHCHS;), 19.26 (CHC'H3), 21.42 (p-CH3), 21.46, 22.30, 22.35 (C-
6 or C-8 or C-9), 32.01 [(CH;),CH], 35.73 (C-7), 45.84 (C-5), 62.00
(SCH), 62.75 (NCH), 64.32 (OCH,), 76.33 (C-3), 77.11 (C-4), 80.99
(C-1), 128.79 (0-C), 129.60 (m-C), 137.81 (i-C), 143.23 (p-C). —
CxH;35NO,S (409.58): caled. C 64.52, H 8.61, N 3.42; found C
64.32, H 8.61, N 3.19.

v-Hydroxyalkylation Adduct 44: Following GP1 we employed 1.098
g (2.520 mmol) of 23, 1.249 g (2.772 mmol) of nBuLi (2.22 mmol/
g in hexane), 3.78 mL (3.780 mmol) of CITIPT (1.0 M in hexane)
and 513 mg (5.040 mmol) of 45 to obtain 1.066 g (79%, ds = 95%)
of 44 as a colourless solid, m.p. 96.5°C, after chromatographic
purification (eluent: ether/hexane = 1:7). — Ry = 0.13 (ether/hex-
ane, 1:2). — [0]p?® = —50.30 (¢ = 1.10, CH,Cl,). — IR (KBr): v =
3160 cm~' (OH), 1230, 1110 (N=S=0). — '"H NMR (400 MHz,
300 K, CDCls): & = 0.05, 0.06 [2 X s, Si(CH3),], 0.79, 0.90 [2 X d,
CH(CHs;),), 0.88 [s, SiC(CH;)5], 1.33 (t, Jy5» = 7.1 Hz, 5'-Hj3),
1.63—1.89 [m; 3-H,, 4-H,, CH(CHs;),], 2.38, 2.66 (2 X m, 5-H,),
2.42 (s, p-CH3), 3.03 (ddd, NCH), 3.72 (dd, OCH,), 3.97 (m; 2-H,
1'-H), 425 (q, Jy'5s» = 7.1 Hz, 4’-H,), 6.29 (br. s, 1'-OH), 6.45 (s,
SCH), 7.27 (d, m-H,), 7.84 (d, 0-H,). — 3C NMR (100 MHz,
300 K, CDCly): 6 = —5.33, —5.21 [Si(CH3),], 14.25 (C-5"), 17.20
[CH(CH;)(CH3)], 18.45 [SiC(CHj3);], 20.30 [CH(CHj3)(CH3)], 21.15
(C-3), 21.49 (p-CHs), 25.99 [SiC(CHs);], 28.77 (C-4), 29.74
[CH(CHs;),], 33.63 (C-5), 45.46 (C-2), 60.96 (C-4"), 62.01 (NCH),
66.51 (OCH,), 72.96 (C-1"), 126.40 (SCH), 128.72 (0-C), 129.52
(m-C), 138.41 (i-C), 143.24 (p-C), 160.79 (C-1), 172.68 (C-2'). —
CygH47NO;sSSi (537.82): caled. C 62.53, H 8.81, N 2.61; found C
62.80, H 8.87, N 2.47.

Sulfoximine 49: According to our previously published pro-
cedure, [’ we obtained 2.746 g (83%) of 49 from 1.622 g (6.769
mmol) of 52, 3.943 g (13.538 mmol) of 51 and 1.530 g (10.154
mmol) of tert-butyldimethylsilyl chloride as a colourless solid, m.p.
42.3°C. — R = 0.47 (ether/hexane, 1:3). — [a]p>® = 3.20 (¢ = 0.50,
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CH,CL). — IR (KBr): ¥ = 1252 em~', 1130 (N=S=0). — 'H
NMR (400 MHz, 300K, CDCl3): § = —0.01, 0.00 [2 X s, Si(CH3),)],
0.80, 0.88 (2 X s; 6-CHs, 6-CH'5), 0.88 [s, SIC(CHz)s], 0.93, 1.014
[2 X d; J(CH,CHs) = 6.8 Hz, J(CH,CH';) = 6.9 Hz; (CHs),], 1.13
(d, 7-H), 2.03 [m, CH(CHs),], 2.14—2.44 (m; 1-H, 4-H,, 5-H, 7-
H'), 2.46 (s, p-CHs), 3.09 (ddd, Jncrpcn = 5.3 Hz, NCH), 3.52 (m,
OCH,), 3.77, 3.95 (2 X d, Jscrsc = 13.5 Hz. SCH,), 5.15 (m,
3-H), 7.31 (d, m-Hs), 7.79 (d, 0-H,). — '3C NMR (100 MHz, 300
K, CDCly): § = —5.44, —5.35 [Si(CH3),], 16.50, 20.13 (6-CH;, 6-
C'Hs), 17.68, 20.33 [CH(CHa),], 18.66 (C-6), 21.46 (p-CHs), 20.97,
31.81, 37.78, 39.92 (C-1 or C-4 or C-5 or C-7), 25.97 [SiC(CH3)s],
26.50 [SiC(CHs)s], 29.64 [CH(CH3),], 61.07 (SCH), 63.85 (NCH),
65.69 (OCH,), 127.52 (C-3), 129.16 (0-C), 129.57 (m-C), 136.33 (C-
2), 136.93 (i-C), 142.91 (p-C). — C»gH,,NO,SSi (489.83): caled. C
68.66, H 9.67, N 2.86; found C 68.70, H 9.78, N 2.93.

Selenide 51: According to our previously published procedurel” we
converted 12.0 g (55.78 mmol) of (—)-(1R,5S)-myrthenyl bro-
mide to 13.03 g (80%) of 51. Purification was achieved by distil-
lation in vacuo [yellowish liquid, b.p. 153—155°C (0.1 Torr)]. —
Ry = 0.63 (ether/hexane, 1:3). — [0]p?* = 5.22 (¢ = 1.91, CH,Cl,).
— IR (film): ¥ = 1579 cm~! (C=C aromatic). — '"H NMR (270
MHz, 300 K, CDCly): 6 = 0.79, 1.27 (2 X s; 6-CH3, 6-CH'5), 1.08
(d, 7-H), 1.20-2.24 (m; 1-H, 5-H, 4-H,), 2.37 (m, 7-H’), 3.53 (m,
SeCH>), 5.33 (t, 3-H), 7.23 (m; m-H,, p-H), 7.47 (m, 0-H,). — 3C
NMR (100 MHz, 300 K, CDCls): 6 = 21.22, 26.13, 31.25, 31.65,
34.87, 38.04, 40.35, 45.71 (C-1 or C-4 or C-5 or C-6 or 6-CH; or
6-C'H; or C-7 or C-8), 119.93, 126.60, 128.74, 131.02, 132.75,
143.69 (C-2 or C-3 or i-C or 0-C or m-C or p-C). — C;cHySe
(291.29): caled. C 65.97, H 6.92; found C 65.74, H 7.05.

2,4-Di-(tert-butyldimethylsilyloxy)-6-hydroxybenzaldehyde (53):
5.00 g (32.43 mmol) of 2,4,6-trihydroxybenzaldehyde (59) was dis-
solved in 100 mL of dry CH,Cl, and treated with 19.55 g (129.70
mmol) of TBSCI, 14.23 g (194.55 mmol) of ethyldimethylamine and
3.96 g (32.43 mmol) of DMAP at ambient temperature for 75 h.
The reaction mixture was poured into 200 mL of ice/water, the
organic layer was extracted (3 X 50 mL CH,Cl,), the combined
organic layers were dried and concentrated in vacuo. The residue
was purified by flash chromatography (eluent: ethyl acetate/hexane,
1:7) yielding 3.75 g (30%) of the product as an orange oil. — Ry =
0.75 (ethyl acetate/hexane, 1:3). — IR (film): ¥ = 3217 cm~! (OH),
1639 (C=0). — 'H NMR (270 MHz, 300 K, CDCls): § = 0.25,
0.28 [2 X s, Si(CH3),], 0.97, 1.00 [2 X s, SIC(CHj3)5], 5.79 (s, 3-H),
5.99 (s, 5-H), 10.10 (s, CHO), 12.12 (s, 6-OH). — 3C NMR (100
MHz, 300 K, CDCl;): 6 = —4.43, —4.39 [Si(CH3),], 18.17, 18.25
[SiC(CH3)3], 25.43, 25.55 [SiC(CH3)5], 101.23, 102.23 (C-3 or C-5),
109.00 (C-1), 160.67 (C-6), 164.70, 165.41 (C-2 or C-4), 192.34
(CHO). — C19H34,04S15 (382.65): caled. C 59.64, H 8.96; found C
59.59, H 8.93.

4-Hydroxyalkylation Adduct 55: The crude product 54 from the -
hydroxyalkylation reaction (GP1), employing 503 mg (1.027 mmol)
of sulfoximine 49 and 472 mg (1.232 mmol) of aldehyde 53, was
dissolved in CH,Cl,. 167 mg (1.541 mmol) of trimethylsilyl chloride
and 150 mg (2.054 mmol) ethyldimethylamine were added. Follow-
ing the usual workup we obtained 296 mg (31%, ds = 98%) of 55
being a colourless solid, m.p. 54.8°C, after chromatographic purifi-
cation (eluent: ether/hexane, 1:12). — Ry = 0.43 (ether/hexane, 1:5).
— [0]p?® = 75.12 (¢ = 0.62, CH,Cl,). — IR (KBr): ¥ = 3376 cm ™!
(OH), 1253, 1102 (N=S=0). — '"H NMR (400 MHz, 300 K,
CDCl3): & = —0.11, —0.10, —0.07, 0.19, 0.25, 0.27 [6 X s; 3 X
Si(CHs),], 0.04 [s, Si(CH3);], 0.82, 0.96 [2 X s, SiC(CH3)3], 0.83 (s,
6-CH3;), 0.90, 0.99 [2 X d, CH(CHs),], 1.13 (s, 6-CH’3), 1.29-2.35
[m; 1-H, 4-H,, 5-H, 7-H, CH(CHy),], 2.44 (s, p-CH3), 2.45 (pseudo
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t; Jy71 = 5.3 Hz, Js; = 5.2 Hz, 5.1 Hz, Jyq000 = 5.2 Hz; 7-H'),
2.98 (ddd, NCH), 3.44, 3.55 (2 X d, OCH,), 3.74 (pseudo t; J; 3 =
9.7 Hz, J54 = 9.1 Hz; 3-H), 5.24 (d, J,.5 = 9.7 Hz, 1-H), 5.85,
6.13 (2 X s; 4'-H, 6'-H), 6.31 (s, SCH), 7.20 (d, m-H,), 7.85 (d, o-
H,), 8.71 (s, 7-OH). — 13C NMR (100 MHz, 300 K, CDCly): § =
—5.48, —5.38, —4.44, —3.81, —0.07, 17.04, 18.18, 18.28, 19.83,
20.60, 24.86, 25.10, 21.31, 25.63, 25.96, 26.05, 27.36, 27.88, 29.90,
37.78, 40.91, 46.03, 54.08, 60.51, 65.58, 70.85, 101.13, 102.79,
106.65, 124.85, 127.72, 129.19, 136.48, 141.06, 142.03, 155.92,
160.26. — CsoHgoNO4SSi, (944.66): caled. C 63.57, H 9.50, N 1.48;
found C 63.50, H 9.42, N 1.26.

Tetracyclic Compound 56: The crude product 54 from the vy-
hydroxyalkylation (GP1, reaction time 90 min), employing 527 mg
(1.076 mmol) of sulfoximine 49 and 618 mg (1.614 mmol) of alde-
hyde 53, was dissolved in 3 mL of dry methanol and 91 mg (1.61
mmol) of KOH was added. After stirring at ambient temp. for 18
h, the reaction was quenched by addition of 10 mL of water and
10 mL of ether. The aqueous layer was extracted with ether (3 X 10
mL), the combined extracts were dried and concentrated in vacuo.
Purification was achieved by flash chromatography (eluent: ethyl
acetate/hexane, 1:10) yielding 50 mg (5%) of 56 as a colourless
solid, besides 248 mg of reisolated compound 49. — Ry = 0.25
(ethyl acetate/hexane, 1:3). — '"H NMR (400 MHz, 300 K, CDCl,):
5 = 0.06, 0.04, 0.12, 0.13 [4 X s, 3 X Si(CH3),], 0.86, 0.91 [2 X d,
CH(CHS,);], 0.83, 0.91, 0.93 [3 X s, 3 X SiC(CHjs)3], 1.07, 1.26 (2
X s; 10-CH;, 10-CH’5), 1.75 (m, 8-H), 1.80—1.99 [m; 1-H, 11-H,
9-H, 8'-H, CH(CHs;)5], 2.37 (s, p-CH3), 2.73 (pseudo t; Jy 1100 =
5.6 Hz, J; ;w9 = 5.6 Hz; 11-H'), 2.99 (m, 7-H, NCH), 3.47 (dd;
JneH. oca = 6.4 Hz, Joch, ocn = 10.2 Hz; OCH), 3.56 (m; SCH,,
OCH'), 547, 591 [2 X d; J(4-CH,5-C(OSiR;)CH) = 2.2 Hz; 4-
CH, 5-C(OSiR;)CH], 5.55 (d, Js7 = 5.7 Hz, 6-H), 7.22 (d, m-H,),
7.77 (d, 0-H,). — 3C NMR (100 MHz, 300 K, CDCl;): § —5.37,
—4.54, 17.65, 18.15, 18.41,19.006, 21.45, 22.59, 25.44, 25.64, 25.96,
27.32, 28.23, 30.78, 37.27, 39.35, 39.89, 40.44, 52.23, 61.52, 65.52,
66.32, 69.02, 83.49, 100.39, 101.51, 102.46, 106.91, 124.96, 129.26,
129.33, 135.70, 137.74, 142.95, 15591, 156.22, 157.53, 172.22. —
C47HgNO¢SSi; (872.48): caled. C 64.70, H 9.36, N 1.61; found C
64.60, H 9.07, N 1.45.

Aldehyde 60a:71 5.00 g (41.20 mmol) of isovaleryl chloride was
added dropwise to an ice-cold solution of 5.50 g (41.20 mmol) of
AICl; in 40 mL of dry CH,Cl, within 15 min. The reaction mixture
was stirred for another 30 min at which point a solution of 5.00 g
(27.40 mmol) of 2,4-dimethoxy-6-hydroxybenzaldehyde in 30 mL
of dry CH,Cl, was added at once. After stirring for 20 h at ambient
temp., the reaction was quenched by pouring the mixture into 50
mL of ice/water. After 30 min of rapid stirring, the aqueous layer
was extracted with CH,Cl, (3 X 20 mL), the organic layers were
dried and concentrated in vacuo. Purification by flash chromatog-
raphy (ethyl acetate/hexane, 1:3) yielded 5.80 g (80%) of the product
60a as a colourless solid (melting point 91.0°C). — Ry = 0.27 (ethyl
acetate/hexane, 1:1). — IR (KBr): v = 3450 cm™~'(OH), 1694 (C=
O, ketone), 1633 (C=0, aldehyde). — '"H NMR (270 MHz, 300 K,
CDCl3): § = 0.96 [d; 3-COCH,CH(CH3),], 2.21 [m, 3-COCH,CH],
2.70 (d, 3-COCH,»), 3.91, 3.94 (2 X s; 6-OCHj3, 4-OCH3), 5.94 (s,
5-H), 10.16 (s, CHO), 12.98 (br. s, 2-OH). — '3C NMR (100 MHz,
300 K, CDCl3): & = 22.70 [3-COCH,CH(CH3),], 25.00 [3-
COCH,CH], 53.80 (3-COCH,), 55.90 (6-OCHs3, 4-OCHs;), 86.00
(C-5), 105.90 (C-1), 111.40 (C-3), 163.30 (C-2), 165.30 (C-4, C-0),
191.50 (CHO), 202.60 (3-CO). — C14H 505 (266.30): caled. C
63.15, H 6.81; found C 63.25, H 6.79.

Aldehyde 60b: 1.671 g (11.085 mmol) of TBSCI, 1.70 mL (14.780
mmol) of ethyldimethylamine and 271 mg (2.217 mmol) of DMAP
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were added to a solution of 1.968 g (7.390 mmol) of 60a in 15 mL
of dry CH,Cl,. Stirring was continued for 20 h at ambient temp.
The solvent was evaporated in vacuo and the residue purified by
flash chromatography (ethyl acetate/hexane, 1:5) yielding 2.138 g
(76%) of 60b as colourless solid of melting point 105.8°C. — R; =
0.48 (ethyl acetate/hexane, 1:1). — IR (KBr): ¥ = 1678 (C=0)
cm~ . — 'H NMR (270 MHz, 300 K, CDCl3): 8§ = 0.00 [s,
Si(CHs)], 0.86 [d; 3-COCH,CH(CHj3),], 0.90 [s, SiC(CH3);], 2.02
(m, 3-COCH,CH), 2.55 (d, 3-COCH,), 3.77, 3.84 (2 X s; 4-OCH3,
6-OCH3), 6.06 (s, 5-H), 10.13 (s, 7-H). — '*C NMR (100 MHz,
300 K, CDCls): 8 = —3.95 [Si(CH3),], 18.31 [SiC(CH3);], 22.55 [3-
COCH,CH(CH;)5], 24.57 (3-COCH,CH), 25.86 [SiC(CH;)5], 53.98
(3-COCH,), 55.73, 55.95 (4-OCHj; or 6- OCH;), 89.05 (C-5),
111.74, 117.46 (C-1 or C-3), 156.96 (C-2), 162.11, 163.34 (C-4 or
C-6), 187.41 (CHO), 202.79 (4-CO). — C5,H3,05Si (380.56): calcd.
C 63.09, H 8.47; found C 62.89, H 8.42.

4-Hydroxyalkylation Adduct 62a: From 503 mg (1.027 mmol) of 49
and 547 mg (2.154 mmol) of 60a we obtained 482 mg (62%, ds =
95%, GP1) of 62a as a colourless solid after chromatographic puri-
fication (ether/hexane, 1:5), m.p. 140.3°C. — Ry = 0.25 (ether/hex-
ane, 1:1). — [a]p?® = 71.18 (¢ = 0.85, CH,Cl,). — IR (KBr): v =
3430 (OH), 1222, 1128 (N=S=0) cm . — '"H NMR (400 MHz,
300 K, CDClL;): & = —0.034, —0.017 [Si(CH3),], 0.23 (s, 6-CHj;),
0.85 [s, SiC(CHs3)3], 1.00 [m; 4’-COCH,CH(CHs),, CH(CH5)],
1.18 (s, 6-CH’5), 1.45—-2.33 [m; 4-H,, 5-H, 7-H,, 4'-COCH,CH,
CH(CH,),], 2.42 (s, p-CH3), 2.53 (pseudo t; Jy 7.4 = 5.3, Ji7.n =
5.4 Hz; 1-H), 2.88 (dd, 4'-COCH,), 3.27 (ddd, NCH), 3.57 (dd,
OCH,), 3.91, 4.00 (2 X s; 5'-OCH3, 7'-OCHj;), 4.31 (pseudo t;
Ji 3 = 11.2 Hz, J34 = 9.6 Hz; 3-H), 5.30 (d, J;.5 = 11.2 Hz, 1'-
H), 5.53 (br. s, 1’-OH), 6.01 (s, 6’-H), 6.12 (s, SCH), 7.29 (d, m-
H,), 7.94 (d, 0-H,), 14.26 (s, 3-OH). — 3C NMR (100 MHz, 300
K, CDCly): 8 = —5.46, —5.35, 16.64, 17.98, 21.09, 22.61, 18.16,
18.30, 21.39, 25.25, 25.31, 25.39, 27.29, 29.54, 36.38, 40.78, 45.06,
53.34, 54.62, 55.29, 55.39, 60.58, 65.84, 69.89, 86.21, 105.81,
125.83, 162.14, 163.74, 164.39, 111.29, 128.60, 129.30, 140.52,
142.39, 162.50, 205.87. — C4,HgsNO;SSi (756.13): caled. C 66.72,
H 8.66, N 1.85; found C 66.58, H 8.63, N 1.87.

4-Hydroxyalkylation Adduct 62b: With 1.500 g (3.062 mmol) of 49
and 2.330 g (6.125 mmol) of 60b, 1.753 g [66%, ds = 98%, GPI)] of
62b was obtained after chromatographic purification (ether/hexane,
1:5) as a colourless solid, m.p. 73.2°C. — R; = 0.43 (ether/hexane,
1:1). — [0]p?® = 79.32 (¢ = 0.88, CH,Cl,). — IR (KBr): v = 1702
cm~! (C=0), 1258, 1119 (N=S=0). — 'H NMR (400 MHz, 300
K, CDCl;): 8 = —0.06, —0.04 [2 X s, CH,OSi(CH5),], 0.07 (s, 6-
CHs;), 0.23, 0.26 [2 X s, Ar-OSi(CHs),], 0.83, 0.93 [2 X s, 2 X
SiC(CH;);], 0.87, 088 [2 X d; J@'-COCH,CH, 4'-
COCH,CHCH;) = 6.7 Hz, J#'-COCH,CH4'-COCH,-
CHCH';) = 6.8 Hz; 4'-COCH,CH(CH;),], 0.95, 1.01 [2 X d,
CH(CH;),], 1.15 (s, 6-CH'3), 1.32 (d, J34.1 = 9.7 Hz, 4-H), 1.55
(d, J34.4- = 9.7 Hz, 4-H'), 1.74 (d, J,; = 6.5 Hz, 1-H), 1.81 (d,
Js; = 6.6 Hz, 5-H), 197 [ddqq; J(4'-COCH,CH, 4'-
COCH,CHCH;) = 6.7, J(4'-COCH,CH 4'-COCH,CHCH';) =
6.8 Hz; 4'-COCH,CH], 2.08 [dqq, CH(CH3;),], 2.26 (m, 7-H), 2.40
(s, p-CH3), 2.46 (m; 4’-COCHH’, 7-H’), 2.66 (dd, 4'-COCHH"),
3.34 (ddd, NCH), 3.55 (dd, OCH,), 3.80, 3.99 (2 X s; 5'-OCH3;, 7'-
OCH3), 4.23 (pseudo t; J,-3 = 10.0 Hz, J;4 = 9.7 Hz; 3-H), 4.93
(dd; Jy 3 = 10.0 Hz, Jy' o = 10.5 Hz; 1'-H), 5.20 (d, J, o = 10.5
Hz, 1'-OH), 5.97 (s, SCH), 6.22 (s, 6'-H), 7.25 (d, m-H,), 7.91 (d,
0-H). — *C NMR (100 MHz, 300 K, CDCl;): § = —5.47, —5.31,
—4.26, —3.47, 16.48, 21.18, 22.56, 22.95, 18.29, 21.41, 25.38, 25.38,
25.77, 25.93, 25.98, 26.30, 27.84, 29.39, 36.94, 40.54, 54.45, 54.52,
55.29, 55.78, 60.62, 65.81, 70.90, 113.58, 125.72, 116.03, 116.94,
151.76, 156.74, 160.73, 128.54, 129.28, 140.66, 142.40, 162.03,
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203.70. — C4H,oNO,SSi (870.38): caled. C 66.24, H 9.15, N 1.61;
found C 66.41, H 9.14, N 1.52.

4-Hydroxyalkylation Adduct 62c: 367 mg (1.389 mmol) of TBS tri-
flate and 202 mg (1.852 mmol) of 2,6-lutidine were added to an
ice-cold solution of 700 mg (0.926 mmol) of 62a in 4 mL of dry
CH,Cl, by hypodermic syringe. After 3.5 h, the reaction mixture
was poured into 20 mL of ice/water, the aqueous layer was ex-
tracted with CH,Cl, (3 X 10 mL), the combined organic layers
were dried and concentrated in vacuo. Purification by flash chro-
matography (eluent: ether/hexane, 1:6) of the oily residue yielded
223 mg (28%) of 62¢ being a colourles solid, m.p. 69.3°C. — Ry =
0.34 (ether/hexane, 1:1). — [a]p2° = 112.90 (¢ = 0.62, CH,Cl,). —
IR (KBr): v = 1696 cm™}(C=0), 1251, 1114 (N=S=0). — 'H
NMR (400 MHz, 300 K, CDCl;): § = —0.13, —0.11, —0.09, —0.03
[4 X s, 2 X Si(CH3),], 0.12 (s, 6-CH3), 0.80, 0.85 [2 X s, 2 X
SiC(CH3);], 0.98 [m; 4'-COCH,CH(CHs;),, CH(CH3),], 1.13 (s, 6-
CH';), 1.22 (m, 4-H,), 1.55—-2.24 [m; 5-H, 7-H,, 4'-COCH,CH,
CH(CHs),), 2.35 (s, p-CH3), 2.43 (pseudo t; J; 7 = 5.2, J17 = 5.3
Hz; 1-H), 2.70, 2.82 (2 X dd, 4'-COCH,), 2.98 (ddd, NCH), 3.38
(dd, OCH,), 3.50 (m; 3-H, OCH,), 3.78, 3.79 (2 X s; 5'-OCHj; or
7'-OCHj;), 5.60 (d, Jy-3 = 9.6 Hz, 1'-H), 5.95 (s, 6'-H), 6.32 (s,
SCH), 7.19 (d, m-H,), 7.83 (d, 0-H,), 9.24 (s, 3'-OH). — 3C NMR
(100 MHz, 300 K, CDCl,): = —5.47, —5.38, —5.28, —4.34, 16.97,
18.43, 19.64, 21.12, 18.33, 21.41, 22.76, 22.96, 25.09, 25.26, 25.89,
25.98, 26.14, 26.87, 29.86, 38.84, 40.55, 46.69, 54.02, 54.10, 55.60,
59.92, 65.26, 71.86, 86.29, 109.20, 127.93, 155.99, 157.59, 158.15,
113.62, 128.65, 129.72, 141.10, 142.29, 160.73, 205.38. —
C4gH79NO5SSi, (870.38): caled. C 66.24, H 9.15, N 1.61; found C
66.32, H 9.30, N 1.65.

Carbamate 62e: 300 mg (0.345 mmol) of 62b was dissolved in 3 mL
of dry THF and treated with 30 pL (0.379 mmol) of ethyl isocya-
nate and 38 mg (0.379 mmol) of CuCl. After being stirred for 24
h at ambient temp., the greenish suspension was diluted with 10
mL of ether and poured into 10 mL of water. The aqueous layer
was extracted with ether (3 X 20 mL), the combined organic layers
were dried and concentrated in vacuo. Purification by flash chro-
matography (eluent: ether/hexane, 1:5) yielded 108 mg (33%) of 62e¢
as a colourless solid, m.p. 53.6°C. — Ry = 0.45 (ether/hexane, 1:1).
— [0]p?® = 57.30 (¢ = 0.86, CH,Cl,). — IR (KBr): ¥ = 3430 cm !
(NH), 1717 (C=0, carbamate), 1258, 1118 (N=S=0), 830 (SiO).
— TH NMR (400 MHz, 300 K, CDCl,): 6 = —0.01, 0.02, 0.10,
0.15 [4 X s, 2 X Si(CH3),], 0.82, —1.43 [m; 6-CH;, 6-CH;’, 4'-
COCH,CH(CH;),, 1'-OC(O)NHCH,CH;, CH(CH;),, 2 X
SiC(CH;);], 1.49 (dd, J54 = 9.2 Hz, 4-H,), 1.90 (m; 5-H, 4'-
COCH,CH), 1.92 [m; 7-H, CH(CH3),], 2.05—2.48 (m; 1-H, 7-H’,
4'-COCHH', p-CHs;), 2.74 [dd; J(4'-COCH'H,4'-COCHH') = 8.4
Hz, J(4'-COCHH' 4'-COCH,CH) = 6.2 Hz; 4'-COCHH'], 3.04
[m, 1"-OC(O)NHCHH'], 3.19 [m, 1’-OC(O)NHCHH'], 3.32 (m,
NCH), 3.61 (dd, OCH), 3.79 (m; 5'-OCH;, OCH'), 4.00 (s, 7'-
OCHys), 4.57 (pseudo t; Jy- 5 = 9.4 Hz, J54 = 9.2 Hz; 3-H), 5.70 (s,
6'-H), 6.23 (s, SCH), 6.25 (d, J;3 = 9.4 Hz, 1’-H), 6.67 (br. s, 1'-
OC(O)NH], 7.22 (d, m-H,), 7.84 (d, 0-H,). — 3C NMR (100 MHz,
300 K, CDCl;): 6 = —5.49, —5.36, —3.69, —2.86, 15.37, 16.62,
18.34, 19.95, 21.40, 22.51, 22.93, 25.34, 25.63, 25.82, 26.09, 26.53,
25.90, 26.62, 29.76, 35.51, 35.62, 40.78, 46.09, 54.34, 55.60, 55.73,
61.07, 65.78, 72.38, 90.50, 112.02, 116.12, 125.09, 128.98, 129.25,
140.24, 142.26, 153.30, 157.44, 157.55, 162.10, 169.00, 203.40. —
C4gH79NO,SSi (870.38): caled. C 66.24, H 9.15, N 1.61; found C
66.41, H 9.14, N 1.52.

Desulfuration of 62b by Aluminium Amalgam. — Alkene 69 and Sul-
fone 71: 336 mg (0.386 mmol) of 62b was dissolved in a mixture of
6 mL of dry THF and 1 mL of water. Aluminium amalgam [freshly

1024

prepared from 760 mg (28.120 mmol) of aluminium shot] was ad-
ded to this solution and the reaction was monitored by TLC. After
15 h, the excess amalgam was separated by filtration. The filtrate
was concentrated in vacuo and the residue was taken up in 10 mL
of ether/water, 1:1. The aqueous layer was extracted with ether (3
X 10 mL), the combined organic phases were dried and concen-
trated in vacuo. The oily product was purified by flash chromatog-
raphy yielding 42 mg (21%) of 69 and 85 mg (40%) of 71, both
being colourless solids having m.p. 127.5°C and 67—69°C, respec-
tively,. — 69: R = 0.27 (ethyl acetate/hexane, 5:3). — [a]p>" =
—31.33 (¢ = 0.30, CH,Cl,). — IR (KBr): ¥ = 3360 cm™~! (OH),
1710 (C=0). — 'H NMR (400 MHz, 300 K, CDCls): § = 0.07,
0.21 [2 X s, Si(CH3),], 0.72 (s, 6-CH3), 0.89, 0.90 [2 X d; 4'-
COCH,CH(CH;),], 0.96 [s, SiC(CHs);], 1.24 (s, 6-CH'3),
1.36—1.72 (m; 1-H, 4-H,,), 1.92 (ddd, 5-H), 2.01 [ddqq; J(4'-
COCH'H4'-COCH,CH) = 6.6, J(4'-COCHH' ,4'-COCH,CH =
6.7 Hz, 4'-COCH,CH], 2.31 (m, 7-H), 2.50 (m; 7-H’, 4'-COCHH"),
2.69 [dd; J(4’-COCHH',4'-COCH,CH) = 6.7, J(4'-COCH'H 4'-
COCH'H) = 6.6 Hz; 4'-COCHH'], 2.98 (pseudo t; J,-3 = 9.6 Hz,
Js4 = 7.6 Hz; 3-H), 3.16 (d, J1' o = 9.5 Hz, 1’-OH), 3.79, 3.92 (2
X's; 5'-OCH3;, 7'-OCH3), 4.71 (pseudo t; Jy- on = 9.5 Hz, Jy 5 =
9.6 Hz; 1'-H), 4.87 (s, 2-CHH'), 4.97 (s, 2-CHH’), 6.21 (s, 6'-H).
— 13C NMR (100 MHz, 300 K, CDCl3): 8§ = —3.93 [Si(CH3),],
18.24 (C-6), 21.74 (6-CH3), 22.60, 22.89 [4'-COCH,CH(CH;),],
25.23 (4’-COCH,CH), 25.77 [SiC(CH3);], 26.14 [SiC(CHj;);], 26.89
(C-1), 27.51 (C-4), 29.69 (6-C'H;), 40.65 (C-5), 41.11 (C-3), 52.38
(C-7), 54.23 (4'-COCH,), 55.57, 55.80 (5’-OCH; or 7'-OCHj,),
72.09 (C-1"), 90.42 (C-6"), 111.09 (2-CH,), 116.03 (C-2'), 151.21,
152.29 (C-2 or C4'), 156.66, 160.06, 160.13 (C-3" or C-4' or C-5'
or C-7"), 203.74 (CHO). — C;3pHy4505Si (516.79): caled. C 69.72, H
9.36; found C 69.45, H 9.40. — 71: Ry = 0.18 (ethyl acetate/hexane,
1:3). — [0]p?® = 70.41 (¢ = 0.85, CH,Cl,). — IR (KBr): v = 1707
cm~! (C=0), 1333, 1152 (O=S=0). — 'H NMR (400 MHz, 300
K, CDCls): 8 = 0.13, 0.20 [2 X s, Si(CHj3),], 0.92 {pseudo t; J[3'-
COCH,CH,3'-COCH,CH(CH;),)] = 7.1, 173 Hz 3'-
COCH,CH(CHs;),}, 1.02 [s, SiC(CH,)3], 1.09 (s, 9-CH3), 1.10 (dd;
Js.10 = 11.7 Hz, Jip.uy = 5.4; 10-H), 1.37 (s, 9-CH'3), 1.76 (m, 7-
H), 2.10 [ddqq; J(3'-COCH’'H,3'-COCH,CH) = 6.0, J(3'-
COCHH',3'-COCH,CH) = 73 Hz, J3'-COCH,CH,3'-
COCH,CHCH;) = 7.1, J(3'-COCH,CH.,3'-COCH,CHCH';) =
7.3 Hz; 4-COCH,CH], 2.21 (m; 7-H’, 8-H), 2.58 [dd; J(3'-
COCH'H,3'-COCHH') = 108 Hz, J(3'-COCH'H,3'-
COCH,CH) = 6.0; 3'-COCHH’], 2.68 [dd; J(3'-COCH'H.,3'-
COCHH') = 10.8 Hz, J(3'-COCHH',3'-COCH,CH) = 7.3 Hz; 3'-
COCHH’), 2.79 (m, 10-H"), 2.92 (pseudo t; Jio.p.1 = 5.4, Jiom1 =
5.6 Hz; 1-H), 3.80, 3.88 (2 X s; 4'-OCHj3;, 6'-OCH3), 4.80 (d, Js ¢ =
10.0 Hz, 5-H), 4.92 (m, 6-H), 6.25 (s, 5'-H), 6.29 (d, 3-H). — 13C
NMR (100 MHz, 300 K, CDCl;): 8 = —3.13, —2.89 [Si(CH3),],
18.87 [SiC(CHj;)5], 22.63, 22.66 [3'-COCH,CH(CH3),], 22.89, 26.95
(9-CH3, 9-C'H3), 24.49 (3’-COCH,CH), 25.77 [SiC(CH3)3], 26.35
[SiC(CHj3)3], 29.86 (C-7), 27.51 (C-9), 35.22 (C-10), 35.78 (C-6),
42.18 (C-8), 48.32 (C-1), 54.13 (3'-COCH,), 55.66, 56.39 (4'-OCH;,
or 4’-OCH,), 68.65 (C-5), 91.12 (C-5"), 101.83 (C-2), 117.61 (C-3"),
120.54 (C-3), 153.73 (C-1"), 158.00 (C-2"), 162.81 (C-6"), 164.14 (C-
4’), 203.99 (3'-CO). — C3pHy4604SSi (562.83): caled. C 64.00, H
8.30; found C 63.88, H 8.32.

Hydroxy Diene 77: 92 mg (0.163 mmol) of 71 was dissolved in 2
mL of dry THF and treated with 327 pL (0.327 mmol, 1.0 M in
THF) of TBAF at ambient temp. for 2 h. The reaction mixture was
diluted with 10 mL of ether and poured into 10 mL of water. After
stirring for 15 min, the aqueous layer was extracted with ether (3
X 10 mL), dried and concentrated in vacuo. The oily residue was
purified by flash chromatography (eluent: ether/hexane, 1:5) yield-
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ing 37 mg (59%) of 77 as a colourless solid. — Ry = 0.40 (ether/
hexane, 1:1). — IR (KBr): v = 1690 cm ! (C=0), 1604 (C=C). —
'H NMR (400 MHz, 300 K, CDCls): § = 0.84, 1.26 (2 X s; 6-CH3,
6-CH’;), 0.97 {d; J[4'-COCH,CH.4'-COCH,CH(CHs),] = 6.7 Hz;
4'-COCH,CH(CH5;),}, 1.24 (d, J5s; = 9.6 Hz, 7-H), 1.94 (m, 5-H),
2.23 (m; 4-H, 4'-COCH,CH), 2.37 (m, 7-H"), 2.50 (pseudo t, J, 7 =
5.6 Hz, 1-H), 2.58 (dd, Jy- 4 = 2.0 Hz, 4-H'), 2.87 (d, 4’-COCH),),
3.88, 3.93 (2 X s; 5'-OCHj;, 7'-OCH3;), 4.59 (d, Jo.cao.car = 1.2
Hz, 2-CHH'), 5.36 (d, J>.ch2.cu = 1.2 Hz, 2-CHH'), 5.97 (s, 6'-
H), 6.73 (d, J;-4 = 2.0 Hz, 1’-H), 14.22 (s, 3’-OH). — 3C NMR
(100 MHz, 300 K, CDCl3): & = 21.27 (6-CH3), 22.81 [s, 4'-
COCH,CH(CH3;),], 25.35 (4’-COCH,CH), 26.27 (6-C'H;), 30.14
(C-7), 31.60 (C-4), 39.39 (C-5), 40.76 (C-6), 50.64 (C-1), 53.31 (4'-
COCH,), 55.37, 55.48 (5'-OCH; or 7'-OCH3), 85.95 (C-6'), 104.38
(2-CH,), 11543 (C-1"), 137.23 (C-4"), 151.93 (C-2'), 162.31 (C-3'),
162.88 (C-7"), 163.95 (C-5"), 205.83 (4'-CO). — C,4H3,04 (384.51):
caled. C 74.97, H 8.39; found C 74.71, H 8.48.

Dimethylated Sulfoximine 80: In a 25-mL Schlenk flask 1.88 mL
(17.12 mmol) of titanium tetrachloride was mixed with 8.56 mL
(17.12 mmol) of dimethylzinc (2 M in toluene) in 20 mL of dry
CH,Cl, at —30°C for 20 min whereupon the colour of the solution
turned from orange to dark green. 3.308 g (7.133 mmol) of ketone
83, dissolved in 7.8 mL of CH,Cl,, was added at —40°C (colour
changed to dark red). The temperature was kept at —20°C and the
reaction was monitored by TLC (target Ry = 0.37, ether/hexane,
1:3, 1.5—2 h). The mixture was further diluted at —50°C with 10
mL of dry CH,Cl, and poured into a vigorously stirred ice-cold
sat. aqueous solution of (NH,4),CO5 and the two-phase system was
allowed to warm to ambient temp. within 30 min. The aqueous
layer was washed with ether (3 X 40 mL), the combined organic
layers were dried, concentrated in vacuo and purified by flash chro-
matography yielding 1.82 g (53%) of the dimethylated sulfoximine
80 as white solid, m.p. 40.5°C. — R; = 0.37 (ether/hexane, 1:3). —
[a]p?® = —14.03 (¢ = 1.0, CH,Cl,). — IR (film): v = 1242 cm ™!,
1134 (N=S=0). — 'H NMR (250 MHz, 300 K, CDCl;): § =
—0.48, —0.04 [2 X s, Si(CHj3),], 0.65 (s, 3-CH3), 0.85 (s, 3-CH'3),
0.84 [s, SiC(CH3);], 0.90 [d, J(CH,CH;) = 6.8 Hz, CHCH5;], 0.98
[d, J(CH,CH'3) = 7.0 Hz, CHCH';], 1.24 (m, 4-H,), 1.49 (m, 5-
H,), 1.82 (dt, Js6.p = 6.1 Hz, 6-H), 2.00 [dqq; /xcr.ca = 3.2 Hz,
J(CH,CH3;) = 6.8 Hz, J(CH,CH'3) = 7.0 Hz; CH(CH3),], 2.19 (dt;
Jsen = 6.1 Hz, Jopen = 17.5 Hz; 6-H'), 2.40, (s, p-CH3), 3.08
(dt; Jocu~nen = 5.9 Hz, Jocw nen = 7.8 Hz, Jennen = 3.2 Hz
NCH), 3.48 (dd, JOCH,OCH’ =10.0 HZ, JOCH,NCH =59 HZ; OCH)
3.54 (dd; Jocn.ocn = 10.0 Hz, Joc' nen = 7.8 Hz; OCH'), 3.62
(d, Jscuscnr = 13.6 Hz, SCH), 3.80 (d, Jscuscn = 13.6 Hz,
SCH’), 4.91 (s, 2-H), 7.26 (d, m-H,), 7.74 (d, o-H,). — *C NMR
(62.5 MHz, 300 K, CDCl;): 8 = —5.56, —5.47 [Si(CH3),], 16.53
(CHCHj;), 18.20 [SiC(CHj;)3], 19.60 (C-5), 19.91 (CHC'Hs;), 21.27
(p-CHs;), 25.84 [SiC(CH;);], 28.67 (C-6), 29.05 (4-CH;), 29.17 (4-
C'H;), 29.71 [CH(CH;),], 31.97 (C-3), 36.16 (C-4), 60.86 (NCH),
64.66 (SCH,), 65.56 (OCH,), 124.87 (C-1), 129.02 (m-C), 129.69
(0-C), 135.73 (i-C), 142.24 (C-2), 142.84 (p-C). — C,;H47NO,SSi
(477.84): caled. C 68.09, H 9.91, N 2.93; found C 68.08, H 9.87,
N 2.82.

Aldehyde 81: 431 mg (1.5 mmol) of the TBS-protected amide 88
was dissolved in 10 mL of dry THF and 4.5 mL (4.5 mmol) of
DIBALH (1 M in hexane) was added at —78°C. After 15 min, the
reaction was found to be complete (TLC, eluent: ethyl acetate/hex-
ane, 3:1), and quenched with 15 mL of 0.5 m tartaric acid. After
the mixture had reached room temp., the aqueous phase was ex-
tracted with ether (3 X 20 mL), the combined organic layers were
washed with sat. aqueous NaHCO; and afterwards with brine,
dried and concentrated in vacuo and used without further delay. —

Eur. J. Org. Chem. 1999, 1011—-1031

R = 0.76 (ethyl acetate/hexane, 3:1). — IR (film): ¥ = 1728 (HC=
O) em~ . — '"H NMR (250 MHz, 300 K, CDCl3): § = 0.06 [s,
Si(CHs),], 0.89 [s, SiC(CHs3)s], 1.79 [d, J(3-CHs,4) = 1.3 Hz, 3-
CH;), 3.17 (d, Jy» = 2.4 Hz, 2-H,), 4.15 (d, J4 5 = 6.5 Hz, 5-H,),
5.65 [t; J(4,3-CH3) = 1.3 Hz, J45 = 6.5 Hz; 4-H], 9.58 (t, J1, =
2.4 Hz, 1-H). — 3C NMR (62.5 MHz, 300 K, CDCl5): 6 = —5.34
[Si(CH3),], 18.20 [SiC(CH;)5], 24.37 (3-CH3y), 25.79 [SiC(CHs)s],
47.46 (C-2), 59.34 (C-5), 128.41 (C-4), 129.36 (C-3), 198.81 (C-1).

Lactone 82: 100 mL of SO, was condensed into a 500-mL three-
necked flask (cooling CCl/CO,, —22°C) and taken as solvent for
429 g (375 mmol) of freshly distilled chlorosulfonyl isocyanate.
25.5 g (375 mmol) of freshly distilled isoprene was added dropwise
keeping the reaction mixture boiling slightly. The mixture was
stirred for another 6 h at —10°C (refluxing SO,) and then poured
onto 100 mL of ice and 100 mL of ether. The diphasic system
was stirred for an additional 90 min whereupon a yellowish solid
precipitated. After filtration, the aqueous layer was extracted with
ether (4 X 100 mL) and the combined organic layers were dried
and concentrated in vacuo yielding 31.9 g (79%) of lactone 82 as
an orange oil which could be used for further reactions without
purification. It is not recommended to purify the crude product by
distillation in vacuo because of partial double-bond migration to
i50-82. — 82: R; = 0.17 (ether/hexane, 1:1). — B.p. 57°C (0.8 mbar;
40—41°C, 0.01 mbar). — IR (film): ¥ = 1738 ecm~! (C=0)
(173783¢l) — TH NMR (250 MHz, 300 K, CDCl;): § = 1.79 (m, 3-
CH3;), 2.98 (m, 2-H,), 4.83 (m, 5-H5), 5.59 [ttq; J,4 = 1.5 Hz, J(4,3-
CHj) = 1.5 Hz, J,5 = 1.5 Hz; 4-H]. — 3C NMR (62.5 MHz, 300
K, CDCl;): & = 21.14 (3-CHs), 34.64 (C-2), 68.43 (C-5), 115.91 (C-
4), 130.39 (C-3), 169.47 (C-1). — C4HgO; (112.12): caled. C 64.22,
H 7.19; found C 64.01, H 7.23. — is0-82: Ry = 0.29 (ether/hexane,
1:1). — B.p. 70°C (0.8 mbar). — IR (film): vV = 1724 cm™! (C=0).
— 'H NMR (250 MHz, 300 K, CDCl;): § = 1.99 (m, 3-CH3), 2.37
(t, Ju5 = 6.4 Hz, 4-H,), 4.37 (t, J4 5 = 6.4 Hz, 5-H,), 5.80 (m, 2-
H). — 3C NMR (62.5 MHz, 300 K, CDCls): § = 22.66 (3-CHj3),
28.84 (C-4), 65.71 (C-5), 116.14 (C-2), 158.17 (C-3), 164.36 (C-1).
— CgHgO, (112.12): caled. C 64.22, H 7.19; found C 64.02, H 7.19.

Ketone 83: In a 25-mL Schlenk flask 1.45 g (3.92 mmol) of 84 was
dissolved in 12 mL of dry THFE. At —78°C 2.16 g of nBuLi (2.18
mmol/g in hexane) was added via hypodermic syringe, while the
solution turned yellow. 10 min later, 0.97 g (6.28 mmol) of the
vinylogous ester 851°! was added dropwise. After 5 min, the tem-
perature was allowed to increase to room temp. over a period of
80 min. Thereupon the colour deepened to orange. The reaction
was monitored by TLC (about 2.5 h, eluent: ether/hexane, 3:1).
Elimination was induced by adding 4 mL of 0.5 N sulfuric acid at
ambient temp. After about 1.5 h, the reaction mixture was diluted
with water and ether (50 mL each). The aqueous phase was ex-
tracted with ether (3 X 30 mL), the combined organic layers were
washed with 50 mL of sat. aqueous NaHCOs, dried and concen-
trated in vacuo. Purification by flash chromatography yielded 1.3
g (72%) of ketone 83 as a white solid, m.p. 95.7°C. — Ry = 0.26
(ether/hexane, 3:1). — [0]p>° = 1.2 (¢ = 1.0, CH,Cl,). — IR (KBr):
v = 1659 cm™! (C=0); 1255, 1136 (N=S=0). — 'H NMR (250
MHz, 300 K, CDCl;): & = —0.01, 0.00 [2 X s, Si(CHj3),], 0.86
[s, SiC(CH;);], 0.91 [d, J(CH,CH3) = 7.0 Hz, CHCH;], 0.98 [d,
J(CH,CH';) = 7.0 Hz, CHCH'5], 1.94 (m, 5-H,), 2.00 [ddd;
Jncncn = 34 Hz, J(CH,CH;) = J(CH,CH';) = 7.0 Hz
(CH3),CH], 2.30 (m, 6-H,), 2.39 (br. d, Jy 54 = 18.5 Hz, 4-H),
2.42 (s, p-CH3), 2.65 (ddd, Jypan = 18.5 Hz, 4-H'), 3.14 (ddd;
Jocu'.nen = 6.1 Hz, Jocunen = 7.5 Hz, Jeunen = 3.4 Hz
NCH), 3.52 (dd; Jocu.nen = 7.5 Hz, Jocn.ocn' = 10.0 Hz; OCH),
3.56 (dd; Jocn' nen = 6.1 Hz, Jocn.ocnr = 10.0 Hz; OCH'), 3.82
(d, Jscuscwr = 11.8 Hz, SCH), 4.11 (d, Jscuscnr = 11.8 Hz,
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SCH') 5.50 (s, 2-H), 7.29 (d, J = 8.1 Hz, m-H,), 7.76 (d, J = 8.1
Hz, 0-H,). — 3C NMR (62.5 MHz, 300 K, CDCly): § = —5.54,
—5.46 [Si(CH3),], 16.51 (CHCHS), 18.22 [SiC(CHs)s], 19.99 (C-5).
2140 (CHC'H;), 2246 (p-CH;), 25.83 [SiC(CHs);], 29.89
[CH(CH;),], 36.95 (C-4), 61.54 (NCH), 64.31 (SCH,), 65.59
(OCH,), 129.19 (m-C), 129.53 (0-C), 131.90 (C-2), 135.05 (i-C),
143.95 (p-C ), 152.86 (C-3), 198.63 (C-1). — C,sH, NO,SSi
(463.75): caled. C 64.75, H 8.91, N 3.02; found C 64.49, H 8.83,
N 2.94.

Weinreb Amides 87 and 88: According to a literature procedure!3”]
1.951 g (20 mmol) of N,O-dimethylhydroxylamine hydrochloride,
10 mL (20 mmol) of trimethylaluminium (2 M in hexane) and 1.212
g (10 mmol) of lactone 82 were converted into 1.31 g of crude
hydroxy amide 87. — R; = 0.12 (ethyl acetate/hexane, 3:1). — IR
(film): ¥ = 3446 cm™! (O-H), 1655 (NC=0). — 'H NMR (250
MHz, 300 K, CDCl;): 8 = 1.79 [d, J(4,3-CH;) = 0.7 Hz, 3-CHj],
3.21 (s, NCH3), 3.28 (s, 2-H,), 3.72 (s, OCH3;), 4.04 (d, J45 = 7.6
Hz, 5-H,), 5.81 [dt; J(4,3-CH;) = 0.7 Hz, J,5 = 7.6 Hz; 4-H]. —
The crude product was dissolved in 20 mL of dry CH,Cl,, 2.2 mL
(20 mmol) of ethyldimethylamine, 0.37 g (3 mmol) of DMAP and
2.41 g (16 mmol) of TBSCI was added and the mixture was stirred
for 12 h at ambient temp. Standard aqueous workup and purifi-
cation by flash chromatography yielded 1.59 g (55%, corresponding
to isoprene) of the TBS-protected amide 88 as a colourless oil. —
Ry = 0.65 (ethyl acetate/hexane, 3:1). — IR (film): ¥ = 1668 cm™!
(NC=0). — "H NMR (250 MHz, 300 K, CDCl;): § = 0.06 [s,
Si(CH3),], 0.89 [s, SiC(CH3)s], 1.79 [d, J(4,3-CH3) = 0.9 Hz, 3-
CHj;], 3.18 (s, NCH3), 3.21 (s, 2-H,), 3.69 (s, OCH3), 4.20 (d, J4 5 =
6.6 Hz, 5-H,), 5.53 [dt; J(4,3-CH;) = 0.9 Hz, J, 5 = 6.6 Hz; 4-H].
— 13BC NMR (62.5 MHz, 300 K, CDCl3): § = —5.28 [Si(CH3),],
18.25 [SiC(CHs)s], 23.87 (3-CH;), 25.84 [SiC(CHsj)s], 32.38
(NCH;), 35.56 (C-2), 59.94 (C-5), 61.54 (OCHj3), 128.21 (C-3),
130.57 (C-4), 191.10 (C-1). — C;4H,9NO;Si (287.47): caled. C
58.49, H 10.17; N 4.87; found C 58.58, H 10.10, N 4.93.

Lactol 89: In a Schlenk flask a solution of 0.854 g (7.53 mmol) of
lactone 82 in 11 mL of ether was cooled to —78°C and 11.3 mL
(11.30 mmol, 1 M in hexane) of diisobutylaluminium hydride was
added dropwise. The reaction mixture was stirred for an additional
90 min and then 7.2 mL of water was added for workup. The mix-
ture was allowed to reach room temp. and stirring was continued
overnight. Decanting (3 X 20 mL of ether) and concentration in
vacuo afforded 804 mg (93%) of the lactol 89 as a colourless liquid.
— Ry = 0.31 (ether/hexane, 2:1). — IR (film): ¥ = 3403 cm ™! (OH).
— 'H NMR (250 MHz, 300 K, CDCly): = 1.71 (m, 3-CH3), 2.02
(br. d, Joponw = 17.3 Hz, 2-H), 2.28 (br. d, Jouon = 17.3 Hz,
2-H'), 3.11 (br. d, J; ou = 2.5 Hz, OH),4.12 (d, J45.u = 7.4 Hz,
5-H), 4.31 (d, Jy5.5r = 7.1 Hz, 5-H'), 5.17 (d, J; ou = 2.5 Hz, 1-
H) 5.43 [dq; J(4,3-CH3) = 1.6 Hz, J, 5.4 = 7.4 Hz; 4-H]. — 13C
NMR (62.5 MHz, 300 K, CDCl;): & = 22.62 (3-CH3), 3591 (C-
2), 61.62 (C-5), 91.53 (C-1), 118.42 (C-4), 129.38 (C-3). — CsHc0O,
(114.14): caled. C 63.14, H 8.83; found C 63.21, H 8.95.

Vinyl Sulfoximine 90: Following GP1, 478 mg (1 mmol) of sulfoxi-
mine 80, 579 mg (1.2 mmol) of nBuLi (2.07 mmol/g in hexane),
600 mg (1.5 mmol) of CITIPT (2.50 mmol/g in hexane) and 244
mg (2.3 mmol) of freshly distilled benzaldehyde were afforded 134
mg (23%, ds > 98%) of 90 after workup and chromatographical
purification (eluent: ether/hexane, 1:8) as a colourless glass. — Ry =
0.13 (ether/hexane, 1:3). — 'H NMR (250 MHz, 300 K, CDCls):
8 = —0.14, —0.10 [2 X s, Si(CH3),], 0.21 [s; 3-(CHz3),], 0.78 [s,
SiC(CH,);], 0.90 [d, J(CH,CH;) = 6.9 Hz, CHCH;], 0.96 [d,
J(CH,CH';3) = 6.9 Hz, CHCH'3], 1.50—1.80 (m; 4-H,, 5-H,), 1.98
[daq; Jnen.cn = 3.3 Hz, J(CH,CH3) = J(CH,CH';) = 6.9 Hz;
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CH(CHs),), 2.21 (br. d, Jsgen = 14.3 Hz, 6-H), 2.42 (s, p-CH3),
2.50 (d, Jonen = 14.3 Hz, 6-H'), 2.96 (ddd; Jocu.ncu = 5.6 Hz,
Jocn' ~nen = 8.4 Hz, Jnen.cn = 3.3 Hz; 9-H), 3.31 (dd; Jocn.-
ocn’ = 10.0 Hz, Joc.nen = 5.6 Hz; OCH), 3.48 (dd; Jocn.ocnr =
10.0 Hz, Jocu'~nen = 8.4 Hz; OCH'), 3.80 (dd; Jscu, = 1.8 Hz,
Jscurp = 10.3 Hz; 2-H), 3.99 (br. d, Ji' on = 9.5 Hz, OH), 4.62
(br. pseudo d; J,-, = 10.3 Hz, J;: ou = 9.5 Hz; 1'-H), 6.55 (d,
Jscn 2 = 1.8 Hz, SCH'), 7.28—7.40 (m; 1'-0-H,, 1'-m-H,, 1'-p-H),
7.56 (d, J = 8.4 Hz, m-H,), 7.89 (d, J = 8.4 Hz, 0-H,). — 13C
NMR (100 MHz, 300 K, CDCls): 6 = —5.52, —5.45 [Si(CHj3),],
16.96 (CHCH;), 18.26 [SiC(CH3)3], 19.95 (CHC'Hy), 21.43 (p-
CH3), 22.60 (C-4 or C-5), 25.90 [SiC(CH3)5], 27.37 (3-C'H3), 29.71
[CH(CH3),], 30.57 (3-CH3), 32.71 (C-6), 34.19 (C-4 or C-5), 34.83
(C-3), 52.10 (C-2), 60.84 (NCH), 65.45 (OCH,), 73.17 (C-1"),
127.40 (SCH), 127.72, 128.53, 143.05 (1’-0-C or 1’-m-C or 1'-p-C),
128.80 (1'-i-C5), 129.02 (m-C), 129.56 (0-C), 139.20 (i-C), 145.88
(p-C), 159.86 (C-1).

Vinyl Sulfoximine 91: Following GP1, 250 mg (0.56 mmol) of cyclo-
hexenylmethyl sulfoximine 26, 303 mg (0.67 mmol) of nBuLi (2.21
mmol/g hexane), 334 mg (0.84 mmol) of CITIPT (2.50 mmol/g in
hexane) and 292 mg (1.28 mmol) of aldehyde 81 afforded 294 mg
(78%, ds = 98%) of the 4-hydroxy-substituted vinyl sulfoximine 91
after aqueous workup and purification by flash chromatography
(eluent: ether/hexane, 1:8, 1:6) as a colourless oil. — Ry = 0.15
(ether/hexane, 1:3). — 'H NMR (250 MHz, 300 K, CDCly): § =
—=0.15, —=0.11 [2 X s, NCHCH,O0Si(CH3),], 0.08 [s, 5'-OSi(CHj;),],
0.78 [s, NCHCH,OSiC(CHs;)3], 0.91 [s, 5'-OSiC(CH3)3], 0.94 [d,
J(CH,CH;) = 7.0 Hz, CHCH;), 0.99 [d, J(CH,CH';) = 7.0 Hz,
CHCH';), 1.27 (m, 4-H,), 1.45—1.60 (m; 5-H,, 2'-H,), 1.76 (m, 6-
H), 1.84 [d, J(3'-CH54') = 1.1 Hz, 3’-CH;], 1.85-2.10 [m,
CH(CHs),), 2.11 (br. d, Jo.y6n' = 13.7 Hz, 6-H'), 2.44 (s, p-CH3),
2.84 (br. s, 1'-H), 3.27 (ddd; Jocu,ncn = 5.7 Hz, Jocw' nen = 9.9
Hz; NCH), 3.48, 3.61 (2 X m, OCH,), 3.87 (ddd, 2-H), 4.22 (m,
5'-H,), 4.38 (br. s, OH), 5.48 [dt; J(4',3'-CH;) = 1.1 Hz, Jy 5 =
5.5 Hz; 4’-H], 6.39 (br. s, SCH), 7.33 (br. d, m-H;), 7.82 (br. d,
0-H»).

Deprotected Vinyl Sulfoximines 92 and 92b. — Reaction with TBAF
at Room Temp.: 315 mg (1.00 mmol) of TBAF trihydrate was dis-
solved in 1 mL of THF and neutralised with acetic acid (98%, 5
drops). The resulting mixture was added to 130 mg (0.19 mmol) of
91 in 0.5 mL of THF. The reaction mixture changed colour to
orange. After stirring for 12 h at room temp. and aqueous workup,
the aqueous phase was extracted with ethyl acetate (2 X 20 mL)
and ether (1 X 20 mL), the combined organic layers were dried,
concentrated in vacuo and purified by flash chromatography (elu-
ent: ethyl acetate/hexane, 5:1—10:1) yielding 67 mg (78%) of the
fully deprotected compound 92a accompanied by 22 mg (11%) of
the partially (in the aldehyde fragment) deprotected derivative 92b
(characterised only by '"H NMR). — 92a: Ry = 0.13 (ethyl acetate/
hexane, 10:1). — '"H NMR (250 MHz, 300 K, CDCl;): § = 0.96 [d,
J(CH,CH;) = 6.9 Hz, CHCH,;], 0.98 [d, J(CH,CH';) = 6.9 Hz,
CHCH';], 1.45—1.55 (m, 4-H,; 5-H,), 1.82 [d, J(4',3'-CH;) = 1.2
Hz, 3'-CH3), 1.89 [m; 2’-H,, CH(CHj;),], 2.08 (br. d, J;' on = 10.3
Hz, 1’-OH), 2.25 (dd; J5s = 2.0 Hz, Je.n6.r = 13.6 Hz; 6-H), 2.43
(s, p-CH3), 2.46 (dd; Jsen = 9.3 Hz, Jonen = 13.6 Hz; 6-H'),
3.09 (ddd; Jocunen = 5.0 Hz, Joc'nen = 5.2 Hz, Jnenen =
4.3 Hz; NCH), 3.52 (ddd; Jocn.ocnr = 10.2 Hz, Jocuncn = 5.0
Hz, Jocn' nen = 5.2 Hz; OCH,), 3.90 (m; 5'-H; 2-H), 4.04 (br. d,
Jion = 10.3 Hz, 1'-H), 4.19 (dd; Jy 5.y = 8.6 Hz, Js ysn =
11.9 Hz; 5'-H'), 5.75 [ddd; J(4',3'-CH3) = 1.2 Hz, Jy 5.5 = 6.3
Hz, Jy s.n = 8.6 Hz; 4'-H], 6.02 (d, Jscu, = 1.6 Hz, SCH), 7.34
(d, J = 8.3 Hz, m-H,), 7.86 (d, J = 8.3 Hz, 0-H,). — 92b: R; =
0.68 (ethyl acetate/hexane, 10:1). — '"H NMR (250 MHz, 300 K,
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CDCly): 8 = —0.10, —0.07 [s, Si(CHs),], 0.80 [s, SiC(CHs)s], 0.95
[d, J(CH,CH;) = 6.9 Hz, CHCH], 0.99 [d, J(CH,CH;) = 6.9 Hz,
CHCH'5], 1.45—1.60 (m; 3-Ha, 4-H, and 5-H,), 1.81 [d, J(4',3'-
CH;) = 1.2 Hz, 3'-CH;], 1.88 (m, 2'-H,), 1.98 [dqq; Jncicn =
3.2 Hz, J(CH,CH3) = J(CH,CH'5) = 6.9 Hz; CH(CH),], 2.09 (br.
d, OH), 2.21 (br. d, Jejreq = 13.6 Hz, 6-H), 2.4 (s, p-CH3), 2.52
(m, 6-H'), 2.82 (ddd; Jocynen = 6.1 Hz, Jycmen = 3.2 Hz
NCH), 3.34 (d, Jocunen = 6.1 Hz, OCH), 3.54 (d, Joci e =
7.9 Hz, OCH’), 3.86 (d, Jy 5.1y = 6.9 Hz, 5'-H), 4.15 (d, 5'-H"),
5.49 (br. s, OH), 5.78 [dt; J(4',3'-CH;) = 1.2 Hz, Jy 5.y = 6.9 Hz;
4'-H], 6.40 (br. s, SCH), 7.33 (d, m-H,), 7.82 (d, o-H.,).

TBAF at 40°C: To 282 mg (0.42 mmol) of 91 a solution of 2.0 mL
(2.00 mmol) of TBAF (1 m in THF) and 9 drops of acetic acid
(98%) were added dropwise. After stirring for 10 min at room
temp., the homogeneous reaction mixture was kept at 40°C for 3
d. Aqueous workup was followed by extraction of the aqueous
phase with ether (3 X 20 mL), removal of all volatiles in vacuo and
purification by flash chromatography yielded 167 mg (89%) of the
fully deprotected product 92a with complete conservation of the
optical purity.

Vinyl Sulfoximine 94: Following GP1, 111 mg (0.23 mmol) of sulf-
oximine 80, 125 mg (0.28 mmol) of nBuLi (2.23 mmol/g in hexane),
140 mg (0.35 mmol) of CITIPT (2.50 mmol/g in hexane) and 133
mg (0.58 mmol) of aldehyde 81 yielded 203 mg (ds > 98%, traces of
impurity, not any other isomer) of the 4-hydroxy-substituted vinyl
sulfoximine 94 after workup and purification by chromatography
(eluent: ether/hexane, 1:8) being a colourless oil. — Ry = 0.53
(ether/hexane, 1:3). — "H NMR (270 MHz, 300 K, CDCl;): § =
—0.09, —0.07 [2 X s, NCHCH,OSi(CH3),], 0.05 [s, 5'-OSi(CH3)5,],
0.80 [s, NCHCH,OSiC(CH,);], 0.84 (s, 3-CH3), 0.85 (s, 3-CH'3),
0.85 [d, J(CH,CH;) = 7.0 Hz, CHCH3;)], 0.89 [s, 5'-OSiC(CHs);],
0.95 [d, J(CH,CH'5) = 7.0 Hz, CHCH';3], 1.10—1.50 (m; 4-H, 2'-
H,), 1.58 (d, Js.p'4pr = 5.6 Hz, 4-H'), 1.79 (dd; Js.ys.ur = 13.6
Hz, Jspen = 10.6 Hz; 5-H), 1.82 (m, 3’-CHj), 1.95 [dqq;
JNCH.CH 3.1 Hz, J(CH,CH;) = J(CH.CH';) = 7.0 Hz
CH(CHs),], 2.01 (dd, Js.uen = 10.6 Hz, 6-H), 2.21 (dd; Jyp s
n = 5.6 Hz, Jsus.r = 13.6 Hz; 5-H'), 2.37 (m, 6-H'), 2.42 (s, p-
CH3), 2.92 (ddd; Jocuncn = 6.1 Hz, Jocwnen = 7.4 Hz,
Jncucn = 3.1 Hz; NCH), 3.37 (dd; Jocnocw = 10.0 Hz,
Jocunca = 6.1 Hz; OCH), 3.49 (dd; Jocuocn = 10.0 Hz,
Jocn'nen = 7.4 Hz; OCH'), 3.56 (br. d, J,-, = 10.0 Hz, 2-H),
4.15(dd; Jy 5 = 7.7 Hz, Js u5.nr = 12.8 Hz; 5'-H), 4.30 (dd, Js..
ns-n = 12.8 Hz, 5'-H’), 4.63 (br. t, J;-» = 10.0 Hz, 1'-H), 4.93
(br. s, OH), 5.50 (pseudo t; Jy 5.y = 5.7 Hz, Jy 5.y = 7.7 Hz; 4'-
H), 6.87 (s, SCH), 7.28 (d, J = 8.2 Hz, m-H,), 7.73 (d, J = 8.2 Hz,
0-H,). — 3C NMR (100 MHz, 300 K, CDCls): § = —5.51, —5.40
[Si(CHj3),], 17.08 (CHCHs;), 17.21 (C-3), 18.31 (3-CHs;), 18.39 (3'-
CHs;), 19.57, 19.71 [2 X SiC(CHs);], 21.45 (p-CH3), 23.81 (3-C'Hy),
25.94, 26.03 [2 X SiC(CHj;);], 29.01 (CHC'H;), 29.88 [CH(CHs),],
32.13 (C-4), 36.40 (C-6), 37.05 (C-1"), 37.71 (C-5), 60.05 (C-5'),
60.80 (C-2), 61.74 (C-6), 64.91 (C-2'), 65.16 (OCH,), 125.35 (C-3"),
127.83 (C-4") 129.31 (m-C), 129.42 (SCH), 130.23 (0-C), 134.10 (i-
C), 143.66 (p-C), 144.29 (C-1).

Lithium Sulfinate 97: In a 250-mL three-necked flask 4.14 mL (30.0
mmol) of 96 was dissolved in 30 mL of dry THF and 12.5 g (33
mmol) of 7BuLi (2.64 mmol/g in hexane) was added dropwise at
—78°C. The turbid and greenish solution was stirred for another 5
min at which point SO, was added in portions maintaining the
temperature around —78°C until no further reactive uptake of SO,
occurred. The colour of the solution became light yellow while pre-
cipitation was observed. The reaction mixture was stirred for an-
other hour, then all volatiles were evaporated in vacuo at room
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temp. The light yellow residue (powder) was dried in vacuo and
could be used without further purification. — IR (film): v = 1336
cm~ ! (C—F), 1242, 1134 (N=S=0). — '"H NMR (250 MHz, 300
K, D,0O): 6 = 7.64 (d, J = 8.3 Hz, aromatic H,), 7.58 (d, J = 8.3
Hz, aromatic H>).

TMS—Sulfinamides 98, ¢pi-98 and Hydroxy Sulfinamides 99, epi-
99: A solution of 3.26 mL (5.35 g, 45 mmol) of thionyl chloride in
10 mL of dry CH,Cl, was added dropwise to an ice-cold suspen-
sion of freshly prepared sulfinate 97 (30 mmol) in 30 mL of dry
CH,Cl,. After 2 h, the excess thionyl chloride was evaporated in
vacuo at room temp. and the remaining thionyl chloride was re-
moved by co-evaporation with CH,Cl, (3 X 20 mL). Without
further delay the resulting sulfinyl chloride was suspended in 60
mL of dry CH,Cl, and added dropwise to a —78°C cold solution
of 5.26 g (30.0 mmol) of TMS—valinol and 4.39 g of ethyldimethyl-
amine in 100 mL of dry CH,Cl,. The reaction was monitored by
TLC (about 2.5 h, eluent: ether/hexane, 1:2). Aqueous workup, ex-
traction of the aqueous phase with CH,Cl, (1 X 100 mL) and ether
(3 X 80 mL), drying of the combined organic layers and concen-
tration in vacuo yielded the diastereomeric sulfinamides 98 and epi-
98. — R; = 0.25 (ether/hexane, 1:2). — '"H NMR (250 MHz, 300
K, CDClL): 8 = —0.08 [s, Si(CH3),], 0.98 [d, J(CH,CH;3) = 6.9
Hz, CHCH;), 0.99 [d, J(CH,CH'3) = 6.9 Hz, CHCHj;'], 2.03 [dqq;
J(CH,CH;) = J(CH,CH'3;) = 69 Hz, Jycucn = 6.2 Hz
CH(CHs;),), 3.16 (ddd; Jocu.cu = 4.8 Hz, Jocu.cu = 4.3 Hz,
Jncn.cu = 6.2 Hz; NCH), 3.63 (dd; Jocunen = 4.8 Hz, Joch.-
ocn’ = 10.4 Hz; OCH), 3.70 (dd; Jocw ~nen = 4.3 Hz, Jocn.-
ocn’ = 10.4 Hz; OCH'), 4.29 (d, Jnu.ncn = 8.2 Hz, NH), 7.76 (d,
J = 8.4 Hz, m-H,), 7.88 (d, J = 8.4 Hz, 0-H,). — Ry = 0.19 (ether/
hexane, 1:2). — '"H NMR (250 MHz, 300 K, CDCl5): § = 0.13 [s,
Si(CH;),], 0.75 [d, J(CH,CH3) = 6.9 Hz, CHCH;], 0.78 [d,
J(CH,CH';) = 6.9 Hz, CHCH;'], 1.79 [dqq; J(CH,CH'3) =
J(CH,CH;) = 6.9 Hz, Jycu.cn = 6.3 Hz; CH(CH;),] 2.96 [ddd;
J(CH,OCH,) = 4.6 Hz, Jycucu = 6.3 Hz; NCH], 3.72 [d,
J(NCH,OCH,) = 4.6 Hz, OCH,], 4.52 (d, Jnu.ncn = 8.9 Hz, NH),
7.75 (d, J = 8.3 Hz, m-H,), 7.87 (d, J = 8.3 Hz, 0-H,). — The
crude oily product was dissolved in 10 mL of THF/H-O, 1:1 and
3 mL of acetic acid (98%) was added dropwise at 0°C. Desilylation
proceeded at room temp. and was monitored by TLC (ethyl acetate/
hexane, 1:1). After approximately 1.5 h, the reaction mixture was
poured into 200 mL of ether/H,O, 1:1 and the aqueous layer was
extracted with ether (3 X 80 mL). The combined organic layers
were neutralised with sat. aqueous NaHCO;, washed with brine,
dried and concentrated in vacuo. The oily residue was purified by
flash chromatography yielding 3.41 g (39% with respect to 96) of
the hydroxy sulfinamides 99 and epi-99 (diastereomeric ratio 1:1).
— Ry = 0.17 (ethyl acetate/hexane, 1:1). — '"H NMR (250 MHz,
300 K, CDCly): 8 = 0.75 [d, J(CH,CH3) = 6.8 Hz, CHCHj], 0.82
[d, J(CH,CH'3) = 6.9 Hz, CHCH5'], 0.97 [d, J(CH,CH'3) = 6.9
Hz, CHCH3], 1.03 [d, J(CH,CH'3) = 6.8 Hz, CHCH;'], 1.71 [dqq;
J(CH,CH;) = J(CH,CH'3;) = 69 Hz, Jncucn = 5.3 Hz
CH(CH3),], 1.89 [dqq; J(CH,CH3;) = J(CH,CH';) = 6.8 Hz,
Jncucn = 5.8 Hz; CH(CHj;),), 2.74 (ddd; Jocunen = 8.3 Hz,
Incncn = 5.3 Hz, Juunen = 9.8 Hz; NCH), 3.26 (ddd;
Jocuncu = 7.6 Hz, Jocuncen = 3.3 Hz, Jnenen = 5.8 Hz
NCH), 3.40 (dd; Jocu.nen = 8.3 Hz, Joch.ocnr = 12.0 Hz; OCH),
3.57 (m, 2 X OCH), 3.79 (dd; Jocuncu = 3.3 Hz, Jocu.ocn =
12.0 Hz; OCH), 4.09 (m, NH), 4.33 (br. s, 2 X OH), 4.61 (d,
JauaNncn = 9.8 Hz, NH), 7.83 (m; 2 X m-H,, 2 X o-Hyp). —
C,H 4F2NO,S (295.31): caled. C 48.81, H 5.46, N 4.74; found C
48.62, H 5.50, N 4.61.

Cyclic Sulfonimidates 100, epi-100: According to our DBU-based
protocol® 2.600 g (8.804 mmol) of the epimeric sulfinamides 94
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and epi-94 were cyclised employing 1.089 g (10.037 mmol) of zert-
butyl hypochlorite and 2.788 g (18.314 mmol) of DBU. Workup
after 1.5 h of reaction time yielded 2.790 g (91%) of the epimeric
sulfonimidates 100 and epi-100 (1:1, "H-NMR-spectroscopically
determined) melting at 35.2—36.2°C, which could be partially sepa-
rated by flash chromatography. — Ry = 0.38 (ether/hexane, 1:2). —
'H NMR (400 MHz, 300 K, CDCls): § = 0.99 [d, J(CH,CH3) =
6.7 Hz, CHCH,], 0.94 [d, J(CH,CH';) = 6.7 Hz, CHCH;'], 1.93
[dqq, J(CH,CH3) = J(CH,CH';) = 6.7 Hz, CH(CH3),] 3.88 (dd;
Jocu.ca = 7.5 Hz, Jocw'.cu = 7.0 Hz; NCH), 4.02 (dd;
Jocuncn = 7.6 Hz, Jocnocn = 7.6 Hz; OCH), 4.45 (dd;
Jocu' nen = 7.0 Hz, Joca.ocnr = 7.6 Hz; OCH'), 7.79 (d, J = 8.1
Hz, m-H,), 7.98 (d, J = 8.1 Hz, 0-H,). — *C NMR (100 MHz,
300 K, CDCL): 6 = 18.34 (CHCHj;), 20.16 (CHCHj;), 34.20
[CH(CHj;),], 71.11 (NCH), 76.00 (OCH,), 123.14 (q, Jcr = 273.6
Hz, CF3), 126.23 (q, Jcr = 3.6 Hz, 0-C), 129.13 (m-C), 135.11 (q,
Jer = 33.0 Hz, p-C), 142.28 (i-C). — Ry = 0.34 (ether/hexane, 1:2).
— 'H NMR (250 MHz, 300 K, CDCl): § = 1.13 [d, J(CH,CH;) =
6.7 Hz, CHCH;), 1.16 [d, J(CH,CH';) = 6.7 Hz, CHCH;'], 1.76
[dqq; J(CH,CH;) = J(CH,CH'5) = 6.7 Hz, Jcyncn = 8.2 Hz;
CH(CH,),], 3.90 (ddd; Jocu.cu = 8.4 Hz, Jocw'.cu = 7.6 Hz;
NCH), 4.05 (dd; Jocuncu = 8.4 Hz, Joch.ocu = 6.0 Hz, OCH),
4.73 (dd; Jocu'nen = 7.6 Hz, Jocn.ocn = 6.0 Hz; OCH'), 7.77
(d, J = 8.2 Hz, m-H>), 8.09 (d, J = 8.2 Hz, 0-H,). — 3C NMR
(62.5 MHz, 300 K, CDCl;): 6 = 18.55 (CHCHj;), 19.37 (CHC'H,;),
33.45 [CH(CHj;),], 72.47 (NCH), 73.81 (OCH,), 122.97 (q, Jcr =
273.1 Hz, CF;), 126.12 (q, Jcr = 3.8 Hz, 0-C), 127.73 (m-C),
134.62 (q, Jcg = 32.8 Hz, p-C), 143.32 (i-C). — Mixture:
C,H 4NO,F;S (293.30): calcd. C 49.14, H 4.81, N 4.78; found C
49.37, H 497, N 4.81.

TBS—Methyl Sulfoximines 103, 104: In a 10-mL flask 0.119 g
(0.406 mmol) of 100/epi-100 (1:1) was dissolved in 1.2 mL of dry
THF and cooled to —78°C when 0.38 mL (0.607 mmol) of meth-
yllithium (1.6 M in ether) was added dropwise. The reaction was
monitored by TLC (eluents: ether/hexane, 1:2 and ethyl acetate/
hexane, 3:1). After 25 min, the reaction mixture was poured onto
ice-cold sat. aqueous (NH,4),CO;. The aqueous layer was extracted
with ether (3 X 20 mL), the combined organic layers were dried
and concentrated in vacuo. Purification by flash chromatography
yielded 44 mg (70%) and 56 mg (89%) of the epimeric (Ss)- and
(Rs)-hydroxy sulfoximines 101 and 102, respectively.

(Ss) Epimer 101: R; = 0.23 (ethyl acetate/hexane, 3:1). — [a]p>° =
123.6 (¢ = 1.0, CH,Cl,). — IR (film): ¥ = 1322 cm™! (C—F), 1244,
1136 (N=S=0). — 'H NMR (250 MHz, 300 K, CDCly): 5 = 0.86
[d, JCH,CHs) = 6.5 Hz, CHCH], 0.89 [d, J(CH,CH'5) = 6.5
Hz, CHCH'], 1.69 [dqq:; J(CH,CH,) = J(CH,CH's) = 6.7 Hz,
Jesnen = 5.4 Hz; CH(CH,),), 2.68 (ddd; Jocucn = 7.9 Hz,
Jocw.cn = 2.8 Hz; NCH), 3.15 (br. s, OH), 3.21 (s, SCHj;), 3.46
(dd; Jocunen = 7.9 Hz, Jocwocn: = 11.4 Hz; OCH), 3.55 (dd;
Jocr nen = 2.8 Hz, Jocmocn = 11.4 Hz; OCH'), 7.81 (d, J =
8.3 Hz, m-H,), 8.02 (d, J = 8.3 Hz, 0-Ha). — 3C NMR (62.5
MHz, 300 K, CDCl;): 6 = 18.61 (CHCHj;), 19.45 (CHC'H;), 31.58
[CH(CHs),], 45.30 (SCH3), 64.36 (NCH), 65.21 (OCH,), 123.21 (q,
Jer = 273.4 Hz, CF), 12642 (q, Jer = 3.6 Hz, 0-C), 129.04 (m-
O), 134.71 (q, Jcr = 33.2 Hz, p-C), 142.76 (i-C). — C3H;sF;NO,S
(309.34): calcd. C 50.48, H 5.86, N 4.53; found C 50.75, H 5.88,
N 4.34.

(Rs) Epimer 102: R; = 0.18 (ethyl acetate/hexane, 3:1). — [0]p>° =
—38.9 (¢ = 1.0, CH,Cl,). — IR (film): ¥ = 1323 (C—F), 1244, 1140
(N=S=0)cm~'. — '"H NMR (250 MHz, 300 K, CDCl5): 8 = 0.96
[d, J(CH,CHs) = 6.7 Hz, CHCHa], 0.99 [d, J(CH,CH'5) = 7.0 Hz,
CHCH,'], 1.89 [dqq; J(CH,CHs) = 6.7 Hz, J(CH,CH'5) = 7.0 Hz,
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Jeuncn = 5.4 Hz; CH(CHj),), 2.53 (br. s, OH), 3.08 (m, NCH),
3.15 (s, SCH3), 3.49 (dd; Jocu~ncu = 7.5 Hz, Jocn.ocu = 10.8
Hz; OCH), 3.76 (dd; Jocn'~nen = 3.9 Hz, Jocn.ocn = 10.8 Hz;
OCH"), 7.82 (d, J = 8.3 Hz, m-H,), 8.16 (d, J = 8.3 Hz, 0-H,). —
13C NMR (62.5 MHz, 300 K, CDCl5): § = 18.59 (CHCH3;), 19.46
(CHC'H3), 31.55 [CH(CHs),], 43.15 (SCH3), 63.25 (NCH), 64.57
(OCH,), 123.23 (q, Jcr = 272.8 Hz, CF3), 126.37 (q, Jcg = 3.6
Hz, 0-C), 128.74 (m-C), 134.77 (q, Jcr = 33.7 Hz, p-C), 144.05 (i-
C). — C3HgF3NO,S (309.34): caled. C 50.48, H 5.86, N 4.53;
found C 50.54, H 5.88, N 4.81. — 367 mg (1.25 mmol) of the (Ss)
epimer was TBS-protected applying 282 mg (1.88 mmol) of TBS
chloride, 46 mg (0.37 mmol) of DMAP and 183 mg (2.5 mmol) of
ethyldimethylamine yielding 412 mg (78%) of the expected product
103 melting at 49.6°C. — Ry = 0.36 (ether/hexane, 1:1). — [0]p?° =
92.8 (¢ = 1.0, CH,Cl,). — IR (KBr): v = 1323 cm ™! (C—F), 1256,
1140 (N=S=0). — '"H NMR (250 MHz, 300 K, CDCl;): § = 0.03,
0.05 [Si(CH3),], 0.87 [SiC(CHj3)3], 0.87 [d, J(CH,CH3) = 6.9 Hz,
CHCH;], 0.90 [d, J(CH,CH';) = 6.9 Hz, CHCH;'], 1.89 [dqq;
J(CH,CH;) = J(CH,CH'3;) = 69 Hz, Jeuncu = 4.2 Hz
CH(CHa3),], 298 (ddd; Jemnen 42 Hz, Jocun~cu

Jocn' Nen = 6.5 Hz; NCH), 3.17 (s, SCH3), 3.65 (d, JocuncH =
6.5 Hz, OCH,), 7.81 (d, J = 8.3 Hz, m-H,), 8.12 (d, J = 8.3 Hz,
0-H,). — *C NMR (67.5 MHz, 300 K, CDCls): § = —5.38, —5.28
[Si(CH3),], 16.96 (CHCHs;), 18.34, [SiC(CH;);], 20.04 (CHC'Hs),
25.98 [SiC(CH;);), 29.81 [CH(CHj;),], 44.83 (SCH3), 62.26 (NCH),
66.30 (OCH,), 123.39 (q, Jcr = 273.4 Hz, CF;), 126.13 (q, Jc =
3.7 Hz, 0-C), 129.02 (m-C), 134.32 (q, Jcr = 33.3 Hz, p-C), 144.60
(i-C). — C9H3,F3NO,SSi (423.60): caled. C 53.87, H 7.61, N 3.31;
found C 53.96, H 7.50, N 3.19. — 389 mg (1.326 mmol) of the (Rg)
epimer was TBS-protected applying and 300 mg (1.99 mmol) of
TBS chloride, 49 mg (0.40 mmol) of DMAP and 196 mg (2.65
mmol) of ethyldimethylamine yielding 498 mg (88%) of 104 melting
at 55.7°C. — Ry = 0.29 (ethyl acetate/hexane, 3:1). — [a]p?® =
—49.4 (¢ = 1.0, CH,Cl,). — IR (film): ¥ = 1322 cm ™' (C—F), 1250,
1134 (N=S=0). — 'H NMR (250 MHz, 300 K, CDCl;): = 0.01
[s, Si(CHs),], 0.87 [s, SiC(CH3)3], 0.96 [d, J(CH,CH;) = 6.9 Hz,
CHCH;), 1.03 [d, J(CH,CH';) = 6.9 Hz, CHCH;'], 2.02 [dqq;
J(CH,CH;) = J(CH,CH'3;) = 69 Hz, Jeunca = 3.6 Hz
CH(CHs),], 3.08 (ddd; Jeynen = 3.6 Hz, Jocunen = 6.5 Hz,
Jocn' ncn = 6.8 Hz; NCH), 3.16 (s, SCH3), 3.49 (dd; Jocu.nen =
6.5 Hz, Jocn.ocn' = 10.1 Hz; OCH), 3.60 (dd; Jocu' ncun = 6.8
Hz, Jocn.ocu = 10.1 Hz; OCH'), 7.83 (d, J = 8.3 Hz, m-H,), 8.20
(d, J = 8.3 Hz, 0-H,). — 3C NMR (62.5 MHz, 300 K, CDCl;):
§ = —5.43, —5.33 [Si(CH3),], 17.00 (CHCHj;), 18.41, [SiC(CH;)5],
19.87 (CHC'H;), 25.97 [SiC(CH,);], 30.26 [CH(CHs),], 44.88
(SCH3;), 61.72 (NCH), 65.72 (OCH,), 123.44 (q, Jcr = 272.4 Hz,
CF3), 126.19 (q, Jcg = 3.6 Hz, 0-C), 129.19 (m-C), 134.43 (q,
Jer = 39.9 Hz, p-C), 145.19 (i-C). — C;9H;3,F3NO,SSi (423.60):
caled. C 53.87, H 7.61, N 3.31; found C 53.84, H 7.57, N 3.27.

Alcohol 105: 407 mg (0.981 mmol) of (Ss)-methyl sulfoximine 103
was dissolved in 3 mL of dry THF and 1 mL of toluene; then 522
mg (1.153 mmol) of nBuLi (2.207 mmol/g in hexane) was added at
—78°C. The solution changed colour to green and lightened up
when after 15 min 129 mg (1.54 mmol) of cyclopentanone was ad-
ded. After 5 min, all the starting material had been consumed
(TLC, eluent: ether/hxane, 1:1) and the reaction was quenched by
pouring the mixture into sat. aqueous NH4Cl. The aqueous phase
was extracted with ether (3 X 30 mL), the combined organic layers
were dried and concentrated in vacuo. Purification by chromatog-
raphy (ether/hexane) yielded 426 mg (87%) of 105 as a white solid,
m.p. 98.9°C. Recrystallisaton from ethyl acetate/hexane yielded
crystals suitable for X-ray crystallographic analysis. — Ry = 0.55
(ether/hexane, 1:1). — [a]p>® = 103.6 (¢ = 1.0, CH,Cl,). — IR

Eur. J. Org. Chem. 1999, 10111031



Metallated 2-Alkenyl Sulfoximines in Asymmetric Synthesis

FULL PAPER

(KBr): v = 3327 cm~! (OH), 1323 (C—F), 1264, 1136 (N=S=0).
— '"H NMR (400 MHz, 300 K, CDCl3): 8 = —0.01, 0.02 [2 X s,
Si(CH3),], 0.84 [SiC(CHs);], 0.87 [d, J(CH,CH;) = 6.9 Hz,
CHCH;), 0.89 [d, J(CH,CH';) = 6.8 Hz, CHCH;'], 1.34—2.10 [m;
2-H,, 3-H,, 4-H,, 5-H,, CH(CH;),], 2.82 (ddd; Jcu nen = 3.5 Hz,
Jocuncn = 8.2 Hz, Jocn' nen = 5.0 Hz; NCH), 3.07 (d, J,, =
13.6 Hz, SCH), 3.58 (dd; Jocu.~ncu = 8.2 Hz, Jocu.ocnr = 10.1
Hz; OCH), 3.72 (dd; Jocn'~nen = 5.1 Hz, Jocnocnr = 10.1 Hz;
OCH'), 3.88 (br. d, J, ;- = 13.6 Hz, SCH'), 7.83 (d, J = 8.2 Hz,
m-H,), 8.09 (d, J = 8.2 Hz, 0-H,). — 3C NMR (100 MHz, 300
K, CDCl;): 6 = —5.49, —5.37 [Si(CH3),], 16.26 (CHCH3), 18.21
[SiC(CH3)5], 20.67 (CHC'H3), 22.82, 24.03 (C-3 or C-4), 25.89
[SiC(CH3);], 28.75 [CH(CH3),], 38.68, 41.59 (C-2 or C-5), 62.18
(NCH), 65.12, 65.17 (SCH, or OCH,), 79.79 (COH), 123.25 (q,
Jer = 273.6 Hz, CF3), 126.38 (q, Jcr = 3.6 Hz, 0-C), 129.71 (m-
C), 13488 (q, Jcr = 33.6 Hz, p-C), 14347 (i-C). -
C54H40F5NO;SSi, (507.72): caled. C 56.78, H 7.94, N 2.76; found
C 56.85, H 7.89, N 2.73.

Ketones 106, 107: In a 10-mL flask 185 mg (0.44 mmol) of (Ss)-
sulfoximine 103 was dissolved in 1.1 mL of dry THFE. At —78°C
240 mg of nBuLi (2.19 mmol/g in hexane) was added via hypoder-
mic syringe, while the solution turned red. After 20 min, 109 mg
(0.704 mmol) of the vinylogous ester 851491 was added dropwise.
After 5 min, the temperature was allowed to increase to room temp.
over a period of 80 min while the color changed via green to yellow.
The reaction was monitored by TLC (eluent: ether/hexane, 1:1).
Elimination was induced by adding 185 mg of Amberlyst 15 and
two drops of water at room temp. After 15 min, the resin was sepa-
rated by filtration, the crude product was concentrated and purified
by flash chromatography yielding 122 mg (54%) of the desired ke-
tone 106, being a colourless solid, m.p. 105.8°C. — Ry = 0.15
(ether/hexane, 1:1). — [0]p?° = 33.2 (¢ = 1.0, CH,Cl,). — IR (KBr):
vV =1669 cm~!' (C=0), 1322 (C—F), 1258, 1141 (N=S=0). — 'H
NMR (250 MHz, 300 K, CDCly): § = —0.03, 0.05 [2 X s,
Si(CH3),], 0.87 [s, SiC(CHs);], 0.91 [d, J(CH,CH;) = 6.8 Hz,
CHCH;], 092 [d, J(CH,CH';) = 6.8 Hz, CHCH;'], 1.94 [m;
CH(CH3),, 5-H,], 2.33 (m, 6-H,), 2.40 (br. dt; J; 5 4.5 = 18.7 Hz,
Jsan = 5.9 Hz; 4-H), 2.62 (br. dt; Jy s = 18.7 Hz, Js4p =
5.8 Hz; 4-H'), 3.11 [ddd; Jeynen = 4.0 Hz, JINCH,OCH,) =
6.4 Hz; NCH], 3.65 [d, JIONCH,OCH,) = 6.4 Hz, OCH,], 3.98 (d,
Jscuscu' = 13.4 Hz, SCH), 4.25 (d, Jscuscu' = 13.4 Hz, SCH'),
5.56 (s, 2-H), 7.80 (d, J = 8.3 Hz, m-H,), 8.03 (d, J = 8.3 Hz, o-
H,). — 13C NMR (67.5 MHz, 300 K, CDCl;): § = —5.38, —5.29
[Si(CH3),], 16.86 (CHCH3), 18.35, [SiC(CHs)s], 20.51 (CHCH;),
22.59 (C-5), 25.96 [SiC(CH3)s], 30.06 [CH(CH3),], 30.09, 37.05 (C-
6 or C-4), 62.44 (NCH), 63.32, 66.34 (SCH, or OCH,), 123.13 (q,
Jer = 273.1 Hz, CF3), 126.09 (q, Jcr = 3.8 Hz, 0-C), 129.69 (m-
C), 132.02 (C-2), 134.80 (q, Jcr = 33.0 Hz, p-C), 142.08 (i-C)
152.48 (C-3), 198.45 (C-1). — C,5H33F3NO3SSi (517.72): caled. C
58.00, H 7.40, N 2.71; found C 58.22, H 7.57, N 2.95. — Following
the same procedure 242 mg (0.57 mmol) of the (Rg) epimer 104
was converted to 220 mg (74%) of the corresponding ketone 107
by applying 303 mg (0.685 mmol) of nBuLi, 141 mg (0.914 mmol)
of 85,461 2.5 mL of dry THF, 4 drops of water and 242 mg of
Amberlyst 15. The product was found to be a colourless solid, m.p.
108.2°C. — Ry = 0.09 (ether/hexane, 1:1). — [0]p>* = 20.0 (¢ =
1.0, CH,Cly). — IR (film): ¥ = 1670 cm™! (C=0), 1322 (C—F),
1264, 1137 (N=S=0). — '"H NMR (250 MHz, 300 K, CDCls): § =
—0.04 [s, Si(CHj;),], 0.83 [s, SiC(CH3);], 0.91 [d, J(CH,CH3) = 6.8
Hz, CHCH;], 0.97 [d, J(CH,CH';) = 6.8 Hz, CHCH;'], 1.96 [m;
CH(CHs),, 5-H,], 2.33 (m, 6-H,), 2.44 (br. dt; J, 5 4.5 = 18.8 Hz,
Js4n = 6.0 Hz; 4-H), 2.64 (br. dt; Jypyan = 18.8 Hz, Js4p =
6.0 Hz; 4'-H), 3.13 (ddd; Jecu.nen = 3.6 Hz, Jocunen = 6.7 Hz,
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Jocirnen = 6.2 Hz; NCH), 348 (dd; Jocunen = 6.7 Hz,
Jocioc: = 100 Hz; OCH), 3.56 (dd; Jocpnen = 6.2 Hz,
Jocioci = 10.0 Hz; OCH'), 3.86 (d, Jscrscr = 13.3 Hz, SCH),
4.12 (d, Jscrscrr = 13.3 Hz, SCH), 5.63 (s, 2-H), 7.77 (d, J =
8.2 Hz, m-H,), 8.07 (d, J = 8.2 Hz, 0-H,). — '3C NMR (67.5
MHz, 300 K, CDCly): d = —5.58 [Si(CH;),], 16.86 (CHCHS), 18.22
[SiC(CHs)s], 19.70 (CHCHs), 22.40 (5-C), 25.75 [SiC(CHs)5], 30.02
[CH(CHs),], 30.39, 36.88 (C-4 or C-6), 61.92 (NCH), 64.71, 65.64
(SCH, or OCH,), 123.21 (q, Jeyr = 273.5 Hz, CFs), 126.08 (q,
Jer = 3.6 Hz, 0-C), 129.63 (m-C), 132.53 (C-3), 134.78 (q, Jor =
332 Hz, p-C), 14325 (i-C) 151.71 (C-2), 198.36 (C-1). —
C1sH35F3NO;SSi (517.72): caled. C 58.00, H 7.40, N 2.71; found
C 57.96, H 7.45, N 2.78.

Alkenyl Sulfoximines 108, 109: In a 25-mL Schlenk flask 0.105 mL
(0.181 g, 0.955 mmol) of titanium tetrachloride was mixed with
0.477 mL (0.955 mmol) of dimethylzinc (2 M in toluene) in 0.5 mL
of dry CH,Cl, and stirred at —30°C for 10 min whereupon the
colour of the solution turned from orange to dark green. 215 mg
(0.415 mmol) of (Rg)-ketone 107, dissolved in 1 mL of CH,Cl,,
was added at —60°C (colour changed to dark red). The reaction
was kept exactly at —30°C and monitored by TLC (ether/hexane,
1:3, 1.5—2.0 h). At —78°C the mixture was diluted with 10 mL of
dry CH,Cl, and poured into an ice-cold sat. aqueous (NH4),COs.
The two-phase system was vigorously stirred for another 30 min
after which the mixture had reached room temp. The aqueous layer
was extracted with ether (3 X 20 mL). The combined organic layers
were dried and concentrated in vacuo. Purification by flash chro-
matography yielded 99 mg (45%) of the dimethylated (Rs)-sulfoxi-
mine 109 being a white solid, m.p. 84.6°C and 9 mg of the corre-
sponding reduction product 111 (Rg). — Following the same pro-
cedure 291 mg (0.245 g, 0.56 mmol) of the (Ss)-enone 106 was
converted to the corresponding sulfoximine (Ss)-108 by employing
0.142 mL (1.293 mmol) of titanium tetrachloride, 0.646 mL (1.296
mmol) of dimethylzinc (2 M in toluene), 0.65 mL and 1.5 mL of
dry CH,Cl, (for Lewis acid/dimethylzinc and ketone, respectively)
at —30°C. Purification by flash chromatography yielded two
colourless solids, found to be 38 mg (7.1%) of the desired product
108 as a colourless solid and 40 mg (17%) of the corresponding
sulfinamide 110 (Ss) melting at 92.7°C.

(Ss) Epimer 108: R; = 0.50 (ether/hexane, 1:3). — 'H NMR (250
MHz, 300 K, CDCls): 8 = —0.02, 0.01 [2 X s, Si(CH3),], 0.63 (s,
3-CH3), 0.80 (s, 3-CH3'"), 0.85 [s, SiC(CH3)3], 0.91 [d, J(CH,CH;) =
6.7 Hz, CHCHj;], 0.92 [d, J(CH,CH'3) = 6.8 Hz, CHCH;'], 1.25,
1.52 (2 X m; 4-H,, 5-H,), 1.96 [m; CH(CH3),, 6-CH], 2.16 [br. dt;
Jynan = 17.7 Hz, J4-H,CH,) = 6.2 Hz; 4-H'], 2.99 (ddd;
Jennen = 3.6 Hz, Jocunen = 6.0 Hz, Jocw nen = 7.6 Hz;
NCH), 3.60 (dd; Jocu.nen = 7.6 Hz, Jocn.ocn = 10.0 Hz; OCH),
3.68 (dd; Jocu.ncn = 6.0 Hz, Jocn.ocnr = 10.0 Hz; OCH'), 3.78
(br. s, SCH,), 4.86 (s, 2-H), 7.75 (d, J = 8.2 Hz, m-H,), 7.97 (d,
J = 8.2 Hz, 0-H,). — 3C NMR (62.5 MHz, 300 K, CDCl;): § =
—5.02, —4.93 [Si(CHj3),], 16.82 (CHCH3), 18.65 [SiC(CH3)3], 20.06
(CHC'H3), 21.09 (C-5), 26.33 [SiC(CH3)3], 29.07 [CH(CHj),],
29.51, 29.55 (3-CH3; or 3-C'Hj3), 29.88 (C-6), 32.50 (C-3), 36.61 (C-
4), 62.55 (NCH), 65.91, 66.43 (SCH, or OCH,), 124.41 (q, JcF =
273.7 Hz, CF;), 125.48 (C-1), 125.90 (q, Jc.r = 3.4 Hz, 0-C), 130.83
(m-C), 134.51 (q, Jcr = 32.8 Hz, p-C), 142.48 (C-2), 143.22 (i-C).

(Rg) Epimer 109: R; = 0.40 (ether/hexane, 1:3). — [0]p>® = —23.6
(¢ = 1.0, CHaCl,). — IR (film): ¥ = 1323 em~! (C—F), 1252, 1140
(N=S=0). — 'H NMR (250 MHz, 300 K, CDCls): § = —0.05 [s,
2 X Si(CHs)s], 0.63 (s, 3-CHs), 0.80 (s, 3-CH'3), 0.83 [s, SiC(CHs)s],
0.91 [d, J(CH,CH,) = 6.7 Hz, CHCHz], 0.98 [d, J(CH,CH's) =
6.8 Hz, CHCH,'], 126, 1.53 (2 X m; 4-H,, 5-H,), 1.91 [m;
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CH(CHs),, 6-CH], 2.22 [br. dt; Jyyy 441 = 17.7 Hz, J4-H',CH,) =
6.4 Hz; 4-H'], 3.51 (ddd; Jepnen = 3.7 Hz, Jocnnen = 6.5 Hz,
Jocirnen = 6.8 Hz; NCH), 3.45 (dd; Jocrnen = 6.5 Hz, Jocr..
ocir = 9.8 Hz; OCH), 3.55 (dd; Jocynen = 6.8 Hz, Jocioch =
9.8 Hz; OCH'), 3.68 (br. d, Jsciscr = 13.5 Hz, SCH),3.82 (br.
d, Jsenscrr = 13.5 Hz, SCH'), 4.89 (s, 2-H), 7.73 (d, J = 8.1 Hz,
m-H,), 8.03 (d, J = 8.1 Hz, 0-H,). — '*C NMR (62.5 MHz, 300
K, CDCLy): § = —5.07, —5.01 [Si(CH}),], 17.38 (CHCHS), 18.74
[SiC(CHs)s], 20.06 (CHC'H;), 20.20 (C-5), 26.30 [SiC(CHj)s],
29.12 [CH(CHs),], 29.46, 29.56 (3-CH, or 3-C'Hs), 30.77 (C-6),
32.51 (C-3), 36.59 (C-4), 61.88 (NCH), 65.64, 66.18 (SCH, or
OCHS,), 121.62 (CF;), 125.12 (C-1), 125.89 (q, Jer = 3.8 Hz, o-
C). 130.67 (m-C), 13441 (q, Jer = 32.7 Hz, p-C), 143.45 (C-2),
143.8 (i-C). — CyyH,,F3NO,SSi (531.79): caled. C 60.98, H 8.32,
N 2.63; found C 61.00, H 8.35, N 2.88.

(Ss) Sulfinamide 110: R = 0.37 (ether/hexane, 1:3). — [a]p®® =
106.8 (¢ = 0.5, CH,Cl,). — IR (film): ¥ = 1323 (C—F), 1060 (S=
0O) cm~'. — 'TH NMR (250 MHz, 300 K, CDCl;): § = 0.04, 0.05
[2 X s, Si(CHs),], 0.76 [d, J(CH,CH;) = 6.8 Hz, CHCHS], 0.79 [d,
J(CH,CH'5) = 6.9 Hz, CHCH,'], 0.90 [s, SiC(CH)s], 1.79 [ddd;
J(CH,CH;) = 6.8, J(CH,CH';) = 6.9 Hz, Jeuncn = 6.3;
CH(CH,),], 2.96 [ddt; Jenen = 6.3 Hz, JINCH,OCH,) = 4.2
Hz, Jainen = 9.2 Hz; NCH], 3.77 [d, J(NCH,OCH,) = 4.2 Hz,
OCH,], 4.52 (br. d, Jasnen = 9.2 Hz, NH), 7.75 (d, J = 8.2 Hz,
m-Hs,), 7.87 (d, J = 8.2 Hz, 0-H,). — '3C NMR (250 MHz, 300
K, CDCly): & —5.46, —5.42 [Si(CHs),], 18.22 [SiC(CH,)s], 18.58
(CHCHS), 19.27 (CHC'Hs), 25.86 [SiC(CHs)s, 29.39 [CH(CHs),],
60.36 (NCH), 64.77 (OCH,), 123.64 (q, Jcr = 273.3 Hz, CFj3),
125.60 (q, Jer = 3.6 Hz, 0-C), 126.79 (m-C), 132.86 (q, Jer =
33.0 Hz, p-C), 149.37 (i-C). — C,sH30FsNO,SSi, (407.51): caled. C
52.78, H 7.38, N 3.42; found C 52.66, H 7.44, N 3.14.

(Rg)-Sulfinamide 111: Ry = 0.15 (ether/hexane, 1:3). — 'H NMR
(250 MHz 300 K, CDCl): 6 = 0.03, 0.04 [2 X s, Si(CH3),], 0.85
[s, SiC(CH3)3], 0.98 [d, J(CH,CH3) = 6.8 Hz, CHCHs;), 1.00 [d,
J(CH,CH'’;) = 6.8 Hz, CHCH;'], 2.02 [ddd; J(CH,CH3) =
J(CH,CH'3) = 6.8 Hz, Jcynen = 6.0; CH(CHj;),], 3.16 (dddd;
Jeunen = 6.0 Hz, Jocunen = 5.0 Hz, Jocw . nen = 4.1 Hz,
Jannen = 8.5 Hz; NCH), 3.66 (dd; Jocu.nen = 5.0 Hz, Jocn .-
ocnr = 10.2 Hz; OCH), 3.73 (dd; Jocu.nen = 4.1 Hz, Jocn.ocnr =
10.2 Hz; OCH'), 4.26 (br. d, Jnuncn = 8.5 Hz, NH), 7.76 (d, J =
8.5 Hz, m-H,), 7.88 (d, J = 8.5 Hz, 0-H,).
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