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Electrophilic addition reaction (Ad reaction) of co-
valent arenesulfenyl halides with alkenes resulting in the
formation of 1,2-adducts, B-haloalkyl aryl sulfides, as
well as methods for the preparation of episutfonium ions
(ESI) and further application of the latter as electrophiles
for B-arylthioalkylation of various carbon nucleophiles
(Nug) have been a subject of study in our research group
for a number of years.! Episulfonium ions formed by
interaction of alkyl- and aryl-substituted alkenes with
the cationoid sulfur-containing electrophiles such as
ArSTBF,™ (ArSCl + AgBF, in situ; Scheme 1, path A)
were used by us for the alkylation of aromatic and
heteroaromatic r-donors.? Utilization of alkoxy-substi-
tuted olefins as unsaturated substrates in Adp reaction
enabled us to develop a preparatively more convenient
method for the preparation of ESI in situ (by the treat-
ment of the prepared a-halo-B-arylthioalkyl ethers with
the Lewis acids (LA); Scheme 1, path B)3. Due to the
higher reactivity of these alkenes the synthetic potential
of the reaction was substantially broadened with the
involvement of silicon-containing C-nucleophiles such
as trimethylsilyl enol ethers (TMSE)%S and allyl-
trimethylsilanes as final nucleophiles.S

Further impulse to development of this work was
provided by the finding that ESI, formed by interaction
of ArSCH with an alkyl vinyl ether (VE-1}, are able to
react with the second molecule of viny! ether (VE-11)
(of the same or different structure) as a nucleophile
giving rise to the formation of the next electrophilic
intermediate, presumably the five-membered_cyclic
thiophanium ion (TP1) (Scheme 2).7 Formation of TPI
and its possible utilization as an electrophile in reactions
with various carbon nucleophiles suggested an interest-
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particular, it was found® that these intermediates are
capable of reacting with organomagnesium compounds

Scheme 2
MeO MeQ
® OMe
1}y ArSCl VE-li
A SAr ————e
VE-1 ESI
Me OMe OMe
NuC
— o ~—e  ArS
S OMe R
Ar
TPI

Nug = RMgX

Translated from [zvestiva Akademii Nauk. Seriva Khimicheskaya, No. S, pp. 924—932, May, 1998.
1066-5285/98/4705-0895 $20.00 © 1998 Plenum Publishing Corporation



896 Russ.Chem.Bull., Vol. 47, No. 5, May, 1998

Lazareva et al.

as carbon nucleophiles. In this case it was possible to
carry out the consecutive four-component one-pot cou-
pling, resulting in the formation of two novel C—C
bonds (see Scheme 2).

Howewer, it is necessary to note that the use of
Grignard reagents as final nucleophiles imposed certain
limits on the nature of the substituents R in the product
(R is allyl or aryl groups). In addition, it is evident that
the generality of application of these nucleophiles is
limited by the specific character of the conditions em-
ployed for the generation of TPI (presence of the Lewis
acid, solvents such as CH,Cl,, MeNO,).

In order to broaden the list of functional groups
introduced into a molecule, the possibility of involving
such well known n-donors was silyl enol ethers and
allylsilanes as Nugc in the final step of the reaction
sequence described in the Scheme 2 was also investi-
gated. The first attempts to carry out such a sequence of
reactions turned out to be unsuccessful.? For example,
the thiophanium intermediate formed, in accordance
with the Scheme 2, from 4-ToISCl (Tol = MeC¢H,),
methyl vinyl ether (VE-1), and methyl isobutenyl ether
(VE-I1) in the presence of TiCly in methylene chloride
did not react with the allyltrimethylsilane and with the
2-methyl-1-trimethylsilyloxypropene at temperatures
ranging from —78 to —20 °C, whereas an increase of the
temperature up to +20 °C led to the rapid decomposi-
tion of the reaction components, resulting in a complex
mixture of products, which, however, contained trace
amount of the desired compound (MS data).

These data did not allow us to make any conclusion
on the possibility for preparative realization of the requi-
site reaction. It was also clear that in order to find an
answer to this question, a more profound study of the
reaction course with wide variation in the nature of the
components and reaction conditions is required. The
present communication describes the results of these
studies. 19

As a model reaction a coupling of two methyl vinyl
ether 1 units (VE-1 and VE-II) was chosen which, as
was assumed earlier, proceeds via formation of thio-
phanium intermediate 2 (Scheme 3).

We have found that this intermediate, formed at
~78 °C in a solution of CH,Cl; in the presence of TiCly
as a Lewis acid, is reasonably stable at 0 °C, at ieast for
several hours with careful exclusion of traces of mois-
ture. As a criterion to evaluate the stability of cation 2,
yields of the aldehyde 3 or of its dimethyl acetal 4, the
usual products of the TPl reaction with water and
methanol, respectively, were used.” The yields of these
products were invariably high (>80%), irrespective of
whether the processing of cation 2 took place immedi-
ately after its generation or after keeping the reaction
mixture at 0 °C for 3 h.

The stability of cation 2 under these counditions
altowed us to study the possibility of its utilization as an
electrophile in reactions with a number of silyl-contain-
ing Nug. It was found that the reaction of intermediate
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2 with allyltrimethylsilane 5 (2 equiv.) added as a nu-
cleophile does not take place at =78 °C, but proceeds
with a reasonable rate at 0 °C, and complete conversion
of 2 (TLC data, practically complete absence of the
aldehyde 3 after water processing of the test) is achieved
within 5 h. The product, 4 6-dimethoxy-7-(4-tolyl-
thio)hept-1-ene, was isolated in 66% yield as a mixture
of two diastereomers (6a,b) in a ratio 1.0 : 1.2,
O-Trimethylsilyl derdvatives of methyl isobutyrate
(7) and isobutanal (8) under these conditions also re-
acted with the intermediate 2 to yield diastereomers of
methyl 3,5-dimethoxy-2,2-dimethy!-6-(4-tolylthio)hexa-
nate (9a,b) and 3,5-dimethoxy-2,2-dimethyl-6-(4-tolyl-
thio)hexanal (10a,b), respectively. Thesc results attest to
the possibility of introduction of ester and aldehyde
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groups into the target molecule. In these cases predomi-
nant formation of one diasterecomer(a : b =9 : 1) was
observed. Interaction of 2-trimethylsiloxypropene (11)
with TPl 2 results in the formation of the expected
product, 4,6-dimethoxy-7-(4-tolylthio)heptan-2-one
(12a,b, ratio of isomers 1 : 1) in only 36% yield. The
low yield in this reaction, probably, is due to the decom-
position of acid-sensitive Si-derivative in the presence of
such a strong Lewis acid as TiCl,. Attempts to carry out
this reaction in the presence of a number of other Lewis
acids (BF; - OEt,, ZnCly, ZnCl,* OEt,, TMSOTY) uti-
lized for the generation of intermediate 2 were unsuc-
cessful.

it is known that for many reactions requiring Lewis
acids catalysis, LiClO,4 can serve as an effective catalyst in
diethy! ether,!! methylene chloride,!? or nitromethane?
as solvents. We found that the LiCl0,—~MeNO; system
can also be used successfully for TPl 2 generation, and
under these conditions interaction of the latter with 11
results in the formation of ketones 12a,b in 77% yield in a
mtio | : 2.

Interaction of the intermediate 2 with the trimethyl-
silyloxydienes 13 and 14 (Scheme 3) proceeds exclu-
sively as 1,4-addition, giving the y-alkylated products:
E-5,7-dimethoxy-8-(4-tolylthio)oct-2-enals (15a,b)
(40%, LiCl04—MeNQ,) and 5,7-dimethoxy-8-(4-tolyl-
thio)oct-2-en-4-olids (16a—d) (73%, TiCl,—CH,Cl,).
In both cases the products are obtained as mixtures of
equal amounts of all possible diastereomers.

On the modei reaction of the TPI intermediate 2
with allvisilane 5 we investigated the possible effects of
various factors such as the nature of the Ar substituent,
Lewis acid,™ or C-nucleophile on the stereochemistry
of the reaction. It was found that the variations of the
Ar group (4-CIC¢Hy, 4-Tol, 2,4,6-MeyCgHy) or of the
nature of the Lewis acid (TiCl,, SnCl,, ZnBr;, LiClO,)
caused only slight changes in the ratio of diastereomers
for the products 6ab, 17a,b, and 18a,b (Table I).

The replacement of allyltrimethylsilane 5 with the
significantly more reactive allyltributylstannane! allowed
us to carry out the reaction at lower temperature
(—40 °C, TiCl;—CH,Cl;) but did not influence the
ratio of the isomers 6a,b (1 : 1, 66%). The replacement
of the methyl vinyl ether 1 with the sterically more
hindered isopropy! viny! ether, used as VE-I and VE-II,

Table 1. The ratio of isomers and yields of the products 6, 7,
and 18 depending on the reaction conditions

Arin Lewis Prod- Yield Ratio of
ArSCl acid uct (%) diastercomers
4-Tol TiCly 6 66 10:1.2
4-Tol SnCly 6 63 1.0 : 1.6
4-Tol ZnBr, 6 65 1.0 : 11
4-Tol LiC1O, 6 82 1.0 : 1.4
4-CIC H, TiCl, 17 77 10:153
4-CIC H, LiICIO, 17 66 1.2:1.0
2.4.6-MeyCotty  TiCl, 18 40 1.0 17

also did not produce noticeable effects on the stereo-
chemistry of the reaction. In fact the corresponding
thiophanium salt, formed in the presence of TiCly,
reacted with § to give 4,6-di(isopropoxy)-7-(4-tolyl-
thio)hept-l-ene (19a,b) as 2 1 : 2 mixture of diastereo-
mers (§2%). Hence, only with the use, as final quenchers,
of C-nucleophiles containing gem-dimethyl groups at
the double bond as in 7 and 8 is it possible to observe
predominant (9 : 1) formation of one diastereomer. To
evaluate the generality of the reaction, the effects of
variation of the structure of vinyl ethers, used for the
generation of thiophanium intermediates, were also in-
vestigated. The results obtained for the reaction with the
use of methy! vinyl ether 1 as VE-I and methyl isobutenyl
ether (20) as VE-I are shown on Scheme 4.
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1t is noteworthy that thiophanium intermediate 21,
generated as chlorotitanate (see above and Ref. 9) and a
rather unstable species, appeared to be stable in the
LiClO,—~MeNO, system (i.e., as a perchlorate) at room
temperature over a few days. In these reactions TMSE
derived from methyl cyclopropy! ketone (22) and aceto-
phenone (23) were used. The expected products of the
coupling (24a,b—27a,b) werc obtained in preparatively
acceptable yields (60—-94%) as mixtures of diastere-
omers (ratio from 1 : 1 to 1.0 : 1.5).

Examples of the reactions in which methyl isobuteny!
ether 20 or dihydropyran (28) were used as the first
(VE-I) component are shown in Scheme 5. These two
examples provide convincing demonstration of the
complementarity of the two suggested alternative sol-
vent—Lewis acid systems, which allowed us to involve
fairly different components in the described four-com-
ponent coupling. Thus, while TPl intermediate 2
(see Scheme 3) is easily generated in both systems
(CH,Ci,~TiCl, and LiCiO4—MeNO;), it was pos-
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sible to prepare the intermediate 29 only in the
LiClO,—MeNO, system and the intermediate 30 only
in the CH,Cl,—TiCly system. Under alternative condi-
tions a fast decomposition of the reaction mixture was
observed in the first case, while in the second case ESI,
formed from dihydropyran and 4-TolSCI, does not react
with the ether 1 even at room temperature. Quenching
of TPI 29 and 30 with the TMSE of pinacolone and
allylsilane 5 correspondingly results in the products 31
and 32 as mixtures of diastereomers in the ratio 1.0 : 1.3
and 1.0 : 1.5.
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Thus, the above described coupling, which proceeds
with the formation of two novel C—C bonds, allows one
to assemble polyfunctional molecules from simple pre-
cursors with independent changes of all components
involved. It is also important to note that the described
synthetic scheme represents an unprecedented example
of the controlled one-pot sequence of three Adg reac-
tions proceeding via the formation of two stabilized
cationoid intermediates, identified as three- and five-
membered S-arylsulfonium salts.

The formation of episulfonium ions in the first stage
of this sequence, as well as their reactivity toward
heteroatomic and carbon nucleophiles, is well-docu-
mented in the earlier studies.! The structure of the
second interniediate, TPI salt, required confirmation.
An example of isolation of stable thiophanium sait by
interaction of ArSCl with excess styrene was described

earlier.!® This salt turned out to be stable and rather
inert toward further reactions with nucleophiles. In par-
ticular it was found that the reaction with AcO™ to give
the respective 8-acetoxyalkylarylsulfide occurred only
upon boiling this salt in mixture of glacial AcOH with
AcONa for 5 h. The peculiarities in the structure of our
thiophanium intermediate (cyclic mixed thioacetal) ob-
viously predetermined the difficulties with its isolation.
In fact, initial attempts to isolate this intermediate as
chlorotitanate were not very successful, since the pre-
cipitated salt appeared to be unstable after filtration and
decomposed quickly with the formation of a tar-like
product.? However, the above-mentioned observations
about the enhanced stability of the intermediate of
structure 21 (see Scheme 4) in the LiCiQO4~MeNO,
system enabled us to isolate it as a perchlorate and
characterize it by NMR spectroscopy (see Experi-
mentat).

In the proton spectrum the downfield shifts of the
doublets of ortho- and meta-CH groups of the aryi
substituent by 0.40 and 0.55 ppm as wetl as the downfield
shift of Me group in Ar substituent by 0.15 ppm (as
compared to those for uncharged S-aryl derivatives)
were observed.

Data of the 13C NMR spectrum tumed to be more
informative. The chemical shifts of C atoms of the aryl
substituent in TPI significantly differ from the chemical
shifts of the corresponding atoms in the reaction products
(containing the uncharged S atom), for example, in 24a:

Com- 8

pound C(Me) arom. C(S) arom. CHS CH,S
TPI 21 145.84 120.65 125.03 46.89
24a 137.08 133.46 85.81 37.31

Thus, the signal of quaternary C(S) atom in ary!
substituent is shifted upfield by 13 ppm, while the signal
of quaternary C(Me) atom is shifted downfield by
9 ppm. Slight downfield shifts are also observed for the
signals of ortho- and meta-CH groups of the aryl sub-
stituent (see Experimental). As was shown in our earlier
works,17 which dealt specifically with the study and
comparison of the 13C NMR spectra of the aryl-substi-
tuted sulfonium saits of various structure and the corre-
sponding compounds with uncharged S atom, the ob-
served changes are typical and most likely are due to the
influence of the cationic center which causes an etec-
tronic density decrease at the para-, meta- and ortho-C
atoms of the aryl substituent (thus deshielding them)
and an increase at the C atom bound to positive charged
sulfur atom (thus shielding it). This is confirmed also by
the data given in Ref. 16. It should also be noted that
significant downfield shifts were observed for the signals
of the CH,S group (by about {0 ppm) and of the CHS
group (by 40 ppm). Though the '3C NMR spectra
cannot be directly used for the evaluation of charge
distribution at carbon atoms of the cycle, the observed
difference in downfield shifts of the CH,S and CHS
signals justifies the suggestion that the positive charge is
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largely located at the C atom of the CHS group, thus
making it a preferred site for nucleophile attack and
controlling the regiochemistry of opening of the
thiophanium ring.

It was also shown that the isolated thiophanium
perchlorate 21 reacts with allyltrimethylsilane 5 in a
solution of MeNO, with the formation of the expected
products 6a,b in the ratio 1.0 : 1.4,

As a further development of this work we plan to
continue the search for pathways to ensure the dia-
stereoselective course of the described reaction due to
either variation in the nature of the components used or
modifications in coupling conditions.

Experimental

'H and '3C NMR spectra were recorded on Bruker WP-
200-SY (200 MHz for 'H and 50.3 MHz for 13C), Bruker
WM-250 (250 MHz for 'H and 62.9 MHz for 13C), Varian
Nova 300 (300 MHz for 'H and 75.4 MHz for '3C) spectrom-
eters. Assignments of the signals in the '3C NMR spectra for
the majority of the products were confirmed by application of
the DEPT technique (with proton noise suppression and with
an opposite phase for the signals of C atoms containing an
even or odd number of protons). Mass spectra (EI, 70 eV)
were recorded on Varian MAT CH-6 instrument with direct
input of the sample into the ion source. Gas chromatography
mass-spectrometric analyses were made on a Hewlett—Packard
5790 GS instrument with chromatographic input of the
sample into the ion source (El, 70 eV); the column was a
30 m x 0.25 mm ID J&W Scientific, Inc. DB5 coated capil-
lary. High-resolution mass-spectra (HRMS) were performed
by the Mass-Spectrometry Service Laboratory of the Chemis-
try Department, University of Minnesota on Finnigan MAT 95
instrument (El, 70 eV). Elemental analyses were performed by
the microanalysis laboratory of the N, D. Zclinsky Institute of
Organic Chemistry of the RAS (Moscow) and Atlantic Microlab,
Inc. {Norcross, Georgia}.

All reactions were carried out under dry argon or nitrogen
atmosphere in electrical oven-predried or flame-predried chemi-
cal glassware with use of the dried and freshly distilled sol-
vents. Analytical TLC was performed on Merck precoated
0.2 mm aluminum plates of silica gel 60 F,q4. Preparative
isolation of the products was carried out by column chroma-
tography with 20020 mm Armsorb SI-10 (40—100 um) silica
gel layer.

4-Toluenesuifenyl chloride, 4-chlorobenzenesulfenyl chio-
ride, and 2,4,6-trimethylbenzenesulfenyl chlorde were ob-
tained via chlorination of the corresponding disulfides or
thiophenols with S0,Cl; in CClg at —10 °C.'3 Methyl vinyl
ether 1 and isobutenyl vinyl ether were synthesized from butyl
vinyl ether and McOH or PriOH, respectively, in the presence
of Hg(OAc)».1? 1-Methoxy-2-methylprop-1-ene 20 was ob-
tained by pyrolysis of the dimethyl acetal of isobutyl aldehyde
in the presence of TsOH.2® Trimethylsilyl enol ethers were
synthesized via treatment of the corresponding ketones and
aldehydes with Me;SiCl in the presence of Nal 2122

4,6-Dimethoxy-7-(4-tolylthio)hept-1-enes (6a,h). A. In the
TiCl,—~CH,Cl, system. To a stirred solution of 4-TolSCl
(0.159 g, I mmol) in CH,Cly (20 mb) at =78 °C were added
sequentially a solution of vinyl cther 1 (0.058 g, | mmol) in
CH-Cly «1 mL). a solution of TiCly (0.19 g, | mmol) in
CH,Cly (1 mL) and once more a solution of the ether |

(0.058 g, 1 mmol) in CHyCl; (I mL). After 30 min
Me;SiCH,CH=CH, (5, 0.229 g. 2 mmol) was added, and the
temperature was allowed to rise to 0 °C. After stirring for S h
under this temperature the reaction mixture was quenched
with saturated aqueous NaHCOj; solution (20 mL) and ex-
tracted with diethyl ether (2x20 mL). After separation by
column chromatography on S$iO, (hexane—AcQFEt, 5 : 1) prod-
ucts 6a (0.084 g, 30% yield) and 6b (0.101 g, 36%) werc
obtained.

B. In the LiClO~MeNO; system. To a stirred solution of
4-TolSC1 (0.159 g, | mmol) in MeNO; (20 mL) at =20 °C were
added sequentially a solution of vinyl ether 1 (0.116 g, 2 mmol)
in MeNQO; (2 ml) and anhydrous LiClO4 (0.426 g, 4 mmol).
After 15 min Me;SiCH,CH=CH, (5, 0.229 g, 2 mmol) was
added, the temperature was allowed to rise to ambient, and the
reaction mixture was stirred for 24 h under this temperature. The
usual workup and preparative isolation gave a mixture of prod-
ucts 6a,b in the ratio 1.0 : 1.4 (82% yield).

Diastereomer 6a. R; 0.40 (hexane—AcOEt, 5 : 1), oil.
Found (%): C, 68.63; H, 8.69; §, 11.30. C;4H,40,S. Calcu-
lated (%): C, 68.53; H, 8.63; S, 11.43. 'H NMR (CDCly), &:
1.66 (m, 2 H, CHCH,CH); 2.25 (m, 2 H, CH,CH=); 2.28
(s, 3 H, MePh); 2.99 (dd, | H, CH,S, /, = 86 Hz, J, =
13.2 Hz), 3.02 (dd, 1 H, CHgS, J; = 7.5 Hz, J; = 13.2 Hz);
3.32 and 3.34 (both s, 6 H, MeO); 3.38 (m, | H, CHQOMe):
3.54 (m, 1 H, CHOMe); 5.04 (m, 2 H, CHy=); 577 {m, | H,
CH=); 7.06 and 7.27 (both d, 4 H arom., J = 8.0 Hz). 13C
NMR (CDCly), &: 20.81 (MePh); 37.77, 38.65, and 39.07
(3 CH,y); 56.37 and 57.21 (2 MeQ); 76.70 and 76.76
(2 CHOMey; 117.10 (CH,=); 129.47 (2 CH arom.); 129.98
(2 CH arom.); 132.95 and 135.86 (2 C arom.); 134.18 ({CH=).
HRMS: found, m/z 280.1500; calculated for C4H;,0,8 [M™],
m/7 280.1497.

Diastereomer 6b. Ry 0.33 (hexane—AcOEt, 5 : 1), oil.
Found (%): C, 68.43; H, 8.64; §, 11.51. C¢H,40,8. Calcu-
lated (%): C, 68.53; H, 8.63; S, 11.43. 'H NMR (CDCl3), &:
1.80 (m, 2 H, CHCH,CH); 2.25 (m, 2 H, CH,CH=), 2.29
(s, 3 H, MgPh); 3.01 (dd, 1 H, CH,S, J; = 4.1 Hz, /; =
13.4 Hz); 3.04 (dd, | H, CHgS, J, = 3.6 Hz, J; = 13.4 Hz);
3.29 and 3.31 {both s, 6 H, MeQ); 3.32 (m, 1 H, CHOMe);
343 (m, 1 H, CHOMe); 5.05 (m, 2 H, CH,=); 5.78 (m,
i H, CH=); 7.07 and 7.27 (both d, 4 H arom., / = 8.0 H2).
13C NMR (CDCly), 8: 20.95 (MePh); 37.01, 37.71, and 38.57
(3 CH,); 56.30 and 56.86 (2 MeO); 77.27 and 77.64
(2 CHOMe); 11715 (CHy=); 129.60 (2 CH arom.); 130.16
(2 CH arom.); 132.98 and 136.13 (2 C arom.); 134.40 (CH=).
HRMS: found, m/z 280.1498, calculated for C;gH,40,S {M™],
m/z 280.1497.

The compounds 9a,b, 10a,b, 12a,b, 15a,b, 16a—d, 17a.b,
18a,b, 19a,b, 24a,b, 25a,b, 26a,b, 27a,b, 31a,b, and 32a,b
were synthesized similarly (all isolated products are colorless or
pale-yellow oils).

Methyl 3,5-dimethoxy-2,2-dimethyl-6-(4-tolylthio)hexana-
tes (9a,b). Diastereomer 9a. R;0.43 (hexane—AcOEt, 15 : 1),
0235 g (69%). Found (%): C, 63.37; H, 8.43; S, 9.32
C sH3304S. Calculated (%): C, 63.50; H. 8.29; S, 9.42. 'H
NMR (CDCly), &: 1.09 and 1.19 (both s, 6 H, Me): 1.72 (1.
2 H, CH,, / = 5.8 Hz), 2.32 (s, 3 H, MePh); 3.04 (dd. 1 H.
CH,S. J, = 3.5 Hz, J; = 13.4 Hz); 3.07 (dd, | H, CHgS,
Jy =3.0Hz, J, = 13.4 Hz); 3.31 and 3.36 (both s, 6 H, McO),
3.43 (in, 2 H, 2CH{OMe); 3.66 (s, 3 H, McOC=0); 7.10 and
7.31 (both 4, 4 H arom., J = 8.0 Hz). 13C NMR (CDCly), &
20.62, 20.76, and 20.95 (3 Me); 35.46 (CH,); 38.65 (CH;S);
47.78 (MeOC=0Q); 51.71 (C); 56.92 and 59.70 (2 MeQ); 78.39
and 83.22 (2 CHOMe); 129.65 (2 CH arom.): 130.43 (2 CH
arom.); 132.68 and 136.33 (2 C arom.); 177.16 (C=0). MS,
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m/z (I (%)): 340 [M*] (6), 276 (5), 239 (4), 181 (8), 171
(100), 149 (52), 145 (26), 139 (27), 123 (13), 107 (15).
HRMS: found, m/z 340.1709; calculated for CgHq0,S [M™],
m/z 340.1708.

Diastereomer 9b. R; .37 (hexane—AcOEt, 15 : 1), 0027 g
(8%). 'H (CDCly), 8: .10 and 1.16 (both's, 6 H, Me); 1.62 (m,
2 H, CHy); 2.32 (s, 3 H, MePh); 294 (dd, | H, CHLS, /| =
6.8 Hz, J, = 13.1 Hz); 3.13 (dd, | H, CHgS,J; =4.2Hz, J; =
13.1 Hz); 3.35 and 3.39 (both s, 6 H, MeQ); 3.55 (m, 2 H,
2 CHOMe); 368 (s, 3 H, MecOC=0); 7.09 and 7.30 (both d,
4 H arom., J = 8.0 Hz). 13C NMR (CDCly), 5: 20.47, 20.91,
and 21.35 (3 Me); 3592 (CHy); 38.28 (CH,S); 47.28
{MeOC=0); 51.63 (C); 56.25 and 60.79 (2 MeQ); 76.70 and
82.67 (2 CHOMe); 129.60 (2 CH arom.); 130.45 (2 CH arom.);
132,66 and 136.30 (2 C arom.); 177.21 (C=0). MS, m/z
(Lo (%)) 340 [M*] (7), 276 (4), 239 (5). 207 (6), 171 (100},
149 (80), 145 (37), 139 (38), 123 (30), 108 (25). HRMS: found,
m/7 340.1711; calculated for CigH304S (M1, m/z 340.1708.

3,5-Dimethoxy-2,2-dimethyl-6-(4-tolylthio)hexanals
(10a,b). Diastereomer 10a. R, 0.33 (hexane—AcOEt, 20 : 1),
0.020 g (6%). 'H NMR (CDCly), &: 0.99 and 1.07 (both s,
6 H, Me); 1.75 (m, 2 H, CHy); 2.31 (s, 3 H, MePh); 2.96
(dd, | H, CH4S, J, = 6.2 Hz, J; = 13.4 Hz); 3.12 (dd,
I H, CHgS, J; = 5.0 Hz, J; = 13.4 Hz); 3.18-3.28 (m,
1 H, CHOMe); 3.29 and 3.33 (both s, 6 H, McQ); 3.41 (m,
! H, CHOMe); 7.10 and 7.30 (both d, 4 H arom., J =
8.0 Hz); 9.55 (s, | H, CHO). 13C NMR (CDCly), 3: 17.38
and 19.05 (2 Me); 20.95 (MePh); 34.84 (CH,); 38.41 (CH,S);
51.10 (C); 56.86 and $9.21 (2 MeQ); 78.10 and 82.33
(2 CHOM¢c); 129.76 (2 CH arom.); 130.49 (2 CH arom.);
132.52 and 136.54 (2 C arom.); 205.74 (C=0). MS, m/z (1,4
(%)): 310 [M™] (20), 218 (4), 181 (8), 173 (17), 149 (50), 14t
(55), 123 (25), 115 (45), 102 (19), 87 (100).

Diastereomer 10b. R&; 0.27 (hexane—AcOEt, 20 : 1),
0.170 g (55%). 'H NMR (CDCl,), &: 1.00 and 1.05 (both s,
6 H, Me); 1.65 (m, 2 H, CHy); 2.31 (s, 3 H, MgPh); 2.93
(dd, 1 H, CH,S, J; = 7.2 Hz, J; = 13.2 Hz), 3.14 (dd, | H,
CHgS, J, = 3.8 Hz, J; = 132 Hz);, 330—3.42 (m, | H,
CHOMe); 3.34 and 3.38 (both s, 6 H, McO); 3.54 (m, | H,
CHOMe); 7.10 and 7.30 (both d, 4 H arom., J = 8.0 Hz);
9.59 (s, | H, CHO). 13C NMR (CDCly), &: 17.25 and 19.01
(2 Me); 20.87 (MePh); 35.86 (CHj); 38.12 (CH,S); 50.84 (C):
56.40 and 60.77 (2 MeQ); 76.60 and 81.68 (2 CHOMze);
129.65 (2 CH arom.); 130.53 (2 CH arom.); 132.54 and
136.45 (2 C arom.); 205.77 (C=0). MS, m/z (/o (%)): 310
[(M™] (30), 281 (10), 221 (1), 207 (12), 173 (22), 149 (72),
141 (70), 123 (29), 115 (50), 87 (100). HRMS: found, m/z
310.1601; calculated for C;7H,603S {M*}, m/z 310.1603.

4,6-Dimethoxy-7-(4-tolylthio)heptan-2-ones (12a,b).
Diastereomer 12a. R; 0.38 (hexane—AcOEt, 8 : 1), 0.15t g
(51%). Found (%): C, 64.90; H, 8.32; S, 10.72. C4H2405S.
Calculated (%): C, 64.83; H, 8.16; S, 10.82. 'H NMR
(CDCly), 8: 1.60 and 1.83 (both m, 2 H, CH;); 2.15 (s, 3 H,
MeC=0); 2.31 (s, 3 H, MePh); 2.51 (dd, I H, CH,C=0,
J) =53 Hz, J, = 163 Hz); 2.68 (dd, | H, CHgC=0, /| =
7.2 Hz, J; = 16.3 Hz); 294 (dd, | H, CH,S, J; = 6.6 Hz,
Jy = 133 Hz); 3.1l (dd, ! H, CHgS, J, = 49 Hz, /, =
13.3 Hz); 3.28 and 3.30 (both s, 6 H, MeO); 3.38 (m, | H,
CHOMe); 3.81 (dd, 1 H, CHOMe, J, =53 Hz, /, =7.2 Hz);
7.09 and 7.28 (both d, 4 H arom., J = 8.0 Hz). MS, m/z
(e (%)): 296 [M*) (16), 281 (15), 232 (40). 219 (13), 207
(38), 189 (18}, 155 (90), 149 (100}, 137 (62), 123 (18). HRMS
(for the mixture): found, m/z 296.1447; calculated for
CeH2403S (M*], m/z 296.1446.

Diastereomer 12b. R;0.34 (hexanc—AcOEt, 8 : 1),0.077 g
(26%). Found (%): C, 64.90; H, 8.32; S, 10.72. C 4H1,0,5.

Calculated (%): C, 64.83, H, 8.16; §, 10.82. 'H NMR
(CDCly), &: 1.60 and 1.83 (both m, 2 H, CH>); 2.16 (s, 3 H,
MeC=0); 2.31 (s, 3 H, MePh); 2.50 (dd, | H, CH,C=0,
Jy =53 Hz, J; = 16.1 Hz); 2.69 (dd, t H, CHgC=0, J, =
6.6 Hz, J, = 16.1 H2); 2.91 (dd, 1 H, CH,S, J, = 7.0 Hz,
Jy = 13.2 Hz); 3.10 (dd, 1 H, CHgS, J; = 4.7 Hz, J, =
13.2 Hz); 3.31 and 3.32 (both s, 6 H, McO); 3.49 (m, | H,
CHOMe); 3.85 (m, | H, CHOMe); 7.09 and 7.28 (both d,
4 H arom., J = 8.0 Hz). MS, m/z ({4 (%)): 296 [M*] (15),
281 (9), 264 (2), 232 (11}, 207 (5), 159 (10), 149 (12), 127
(100), 123 (10), 101 (38). HRMS (for the mixture): found, m/z
296.1447; calculated for C|gH,403S [M*], m/z 296.1446.

E-5,7-Dimethoxy-8-(4-tolylthio)oct-2-eunals (15a,b). R,
0.33 (hexane—AcOE¢, 20 : 1), 0.125 g (40%, the mixture of
isomers, | : 1). Found (%):. C, 66.27; H, 7.79; S, 9.90.
C7H,24048. Caleulated (%): C, 66.20; H, 7.84; S, 10.40. 'H
NMR (CDCl;), &: 1.49—1.64 and 1.72—1.89 (both m, 4 H,
2 CHy); 2.31 (s, 6 H, 2 MegPh); 2.37-2.69 (m, 4 H,
2 CH,CH=); 2.94 (dd, 2 H, 2 CH,S, J, = 6.8 Hz, S, =
13 Hz); [3.09]* (dd, | H, CHgS, J; = 6.8 Hz, J, = 13.4 Hz);
{3.13}* (dd, 1 H, CHgS, J, = 4.8 Hz, J, = 13.4 Hz); 3.31,
3.32, and 3.35 (all 5, 12 H, 4 MeO); 3.33-3.62 (m, 4 H,
4 CHOMe); 6.14 (ddt, 2 H, 2 CHCHO, J; = 1.2 Hz, J; =
8.0 Hz, /3 = 16.0 Hz), [6.83] and {6.85} (both dt, 2 H,
2 CH=, [J]] = (4;} = 7.0 Hz, {/;] = {/} = 16.0 Hz); 7.10
and 7.28 (both d, 8 H arom., J = 8.0 Hz), 9.50 (d, 2 H,
2 CH=0, [/] = {/} = 8.0 Hz). MS, m/z 308 {M*].

5,7-Dimethoxy-8-(4-tolylthio)oct-2-en-4-olides (16a—d).
Diastereomers 16a,b. R;0.37 (hexane—AcOEt, 10 : 1),0.119 g
(37%, the mixture of isomers, 1 : 1). 'H NMR (CDCly), &:
{1.66—1.80] (m, 2 H, CHjy); {1.87-2.01} (m, 2 H, CHy);
2.32 (s, 6 H, 2MePh); [2.94] (dd, | H, CH,S, /; = 7.0 Hz,
J; = 13.5 Hz); {295} (dd, 1 H, CH,S, J; = 6.7 Hz, J, =
13.4 H2); [3.11] (dd, | H, CHgS, J, =4.6 Hz, J, =135 Hz),
{3.16} (dd, 1 H, CHgS, J; = 4.8 Hz, J, = 13.4 Hz); 3.30,
3.33, 3.34, and 341 (all 5, 12 H, 4 MeO); 3.50 (m, 4 H,
4 CHOMe); [5.03] (ddd, 1| H, CHO, J, = 16 Hz, J, =
2.0 Hz, /5 = 5.0 Hz); {5.11} (ddd, 1| H, CHO, J; = 1.6 Hz,
Jy = 20 Hz, J; = 5.8 Hz); [6.15] (dd, | H, CH=, J| =
2.0 Hz, J, = 5.6 Hz); {6.18} (dd, I H, CH=, J; = 2.0 Hz,
J, = 5.8 Hz); 7.11 and 7.29 (both d, 8 H arom., / = 8.0 Hz);
{7.49] (dd, 1 H, CHC=0, J; = 1.6 Hz, J; = 5.8 Hz), {7.50}
(dd, 1 H, CHC=0, J; = 1.6 Hz, J; = 5.6 Hz). HRMS:
found, m/fz 322.1239; calculated for Cy7Hy,048 [M*Y], m/z
322.1239.

Diastereomers 16c.d. & 0.30 (hexane—AcOEr, 10 : 1),
0.116 g (36%, the mixture of isomers, | : 1). ‘H NMR
(CDCl), & 1.50—1.92 (m, 4 H, 2 CHjy); 2.32 (s, 6 H,
2 MePh); 2.94 (dd, 2 H, 2 CH,S, J; =7.0 Hz, J; = 13.3 Hz);
[3.11] (dd, 1 H, CHgS, J; = 8.6 Hz, /; = 13.3 Hz); (3.1}
(d, 1 H, CHgS, 7 = 13.3 Hz); 3.33, 3.34, 3.41, and 3.45 (all
s, 12 H, 4 MeO); 3.35—-3.80 (m, 4 H, 4 CHOMe); (4.91]
(dd, | H, CHO, J; = 1.8 Hz, J, = 2.2 Hz); {5.06} (dt, | H,
CHO, J; = 2.0 Hz, J, = 3.4 Hz); 6.17 (m, 2 H, 2CH=);
7.10 and 7.29 (both d, 8 H arom., J = 8.0 Hz); {7.44] and
[7.451 (both dd, | H, CHC=0, J, =J'y =18 Hz, /, =J; =
6.0 Hz); {7.58} (&1, 1 H, CHC=0, J, = 2.0 Hz, J, = 6.0 Hz).
HRMS: found, m/z 322.1239; calculated for C7H2,04S [M*],
m/z 322.1239.

4,6-Dimethoxy-7-(4-chlorophenylthio)hept-1-enes (17a,b).
Diastercomer 17a. R; 0.38 (hexane —AcOEt, 10 : 1), 0.093 g

* Here and further in the spectra of mixtures of diastereomers
the chemical shifts and values of J for different isomers arc
given in brackets and braces, respectively.
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(31%). Found (%): C, 60.16; H, 7.15; S, 10.44. C¢H,,CIO,S.
Calculated (%): C, 59.88; H, 7.04; S, 10.66. 'H NMR
(CDCly), & 1.66 (m, 2 H, CHCH,CH); 2.28 (m, 2 H,
CH,CH=);3.02(dd, t H, CH,S,J, =24 Hz, J, =132 Hz):
3.05(dd. I H, CHgS, J; = 1.7 Hz, J, = 13.2 Hz); 3.34 and
3.36 (both s, 6 H, MeQ); 3.42 (m, 1 H, CHOMe); 3.56 (m,
1 H, CHOMe); 5.07 (m, 2 H, CHy=); 5.77 (m, | H, CH=);
7.23 and 7.29 (both d, 4 H arom., J = 9.0 Hz). 13C NMR
(CDCly), &: 37.82, 38.51, and 39.27 (3 CH;); 56.59 and 57.42
{2 McQ); 76.87 (2 CHOMe); 117.36 (CH,=); 12893 (2 CH
arom.); 130.70 (2 CH arom.); 131.95 and 13545 (2 C arom.};
134.19 (CH=). MS, m/z (I (%)): 300 [M*] (7), 259 (3), 236
(8), 227 (10), 201 (22), 169 (60), 143 (20), 111 (12), 108 (16),
85 (100). HRMS (for the mixture): found, m/z 300.0962,
calculated for Cy5H,;ClO,S (M*], m/z 300.0950.

Diaastereomer 17b. R; 0.33 (hexane—AcOEt, 10 : 1),
0.138 g (46%). Found (%): C, 60.16; H, 7.15; S, 10.44.
C,sH;,;CIO,S. Calculated (%): C, 59.88; H, 7.04; S, 10.66.
'H NMR (CDCly), 8 1.79 (m, 2 H, CHCH,CH); 2.28 (m,
2 H, CH,CH=); 3.06 (d, 2 H, CH,S, J = 5.7 Hz); 3.31 and
3.32 (both s, 6 H, MeO); 3.34 (m, ! H, CHOMe);, 3.49
(quint, | H, CHOMe, J = 5.7 Hz); 5.06 (m, 2 H, CH;,=);
5.78 {m, | H, CH=); 7.24 and 7.29 (both d, 4 H arom., J =
9.0 Hz). '3C NMR (CDCly), &: 36.86, 37.61, and 38.20
(3 CH;); 56.21 and 56.86 (2 McQ); 77.06 and 77.14
{2 CHOMe); 117.33 (CH,=); 128.95 (2 CH arom.); 130.63
(2 CH arom.); 131.96 and 135.44 (2 C arom.); 134.21 (CH=).
HRMS (for the mixture): found, m/z 300.0962; calculated for
ClSHZIClOZS [M?I, m/z 300.0950,

4,6-Dimethoxy-7-(2,4,6-trimcthylphenyithio)hept-1-enes
(18a,b). Diastereomer 18a. Ry 0.4 (hexane—AcOEt, 8 : 1),
0.046 g (15%). 'H NMR (CDCly), 8 1.66 (m, 2 H,
CHCH,CH); 2.24 (s, 3 H, 4-McPh); 2.26 (m, 2 H, CH,CH=);
2.50 (s, 6 H, 2,6-Mg,Ph); 2.74 (4, 2 H, CH,S, J = 6.4 Hz);
3.29 and 3.33 (both s, 6 H, MeQ); 3.35--3.55 (m, 2 H,
2 CHOMe); 5.05 (m, 2 H, CH,=); 577 (m, | H, CH=),
6.90 (s, 2 H arom.). MS, m/z: 308 [M*].

Diastereomer 18h, R, 0.3 (hexanc—AcOEt, 8 : 1), 0.077 g
(25%). 'H NMR (CDCly), 6: 1.76 (m, 2 H, CHCH,CH); 2.24
(s, 3 H, 4-MePh); 2.28 (m, 2 H, CH,CH=); 2.50 (s, 6 H,
2,6-Mg,Ph); 2.77 (4. 2 H, CH,S, / = 6.0 Hz): 3.26 and 3.27
(both s, 6 H, MeO); 3.25—3.45 (m, 2 H, 2 CHOMe); 5.05
(m, 2 H, CHy=); 5.78 (m, 1 H, CH=); 6.90 (s, 2 H arom.).
MS, m/z 308 [M*].

4,6-Diisopropoxy-7-(4-tolylthio)hept-1-enes (19a,b).
R 0.37 (hexane—AcOQEt, 10 : 1), 0.276 g (82%, the mixture
of isomers, | : 2). Found (%): C, 71.34; H, 9.48; S, 9.65.
CyoH3;0,8. Calculated (%): C, 71.38; H, 9.58; S, 9.53. 'H
NMR (CDCly), &: 1.06—1.15 (m, 24 H, 8 Me); 1.61—-1.82
(m, 4 H, 2 CHy); 2.19—~2.30 (m, 4 H, 2 CH,CH=); 2.31 (s,
6 H, 2 Me¢Ph); [2.97) (dd, 1 H, CH,S, /, = 64 Hz, /; =
13.0 Hz); {298} (dd, | H, CH,S, J; =58 Hz, J; = 13.1 Hz);
[3.03] (dd, 1 H, CHgS, /|, = 4.6 Hz, J; = 13.0 Hz); {3.04}
(dd, t H, CHgS, J; = 5.8 Hz, J; = 13.1 Hz); 3.45, 3.58, and
3.66 {quint and 2m, 8 H, 8 CHO); 5.02 {(m, 4 H, 2 CHy=);
5.80 (ddt, 2 H, 2 CH=, J| = 7.2 Hz, J, = 105 Hz, /3 =
16.8 Hz), 7.07, [7.28], and {7.29} (all d, 8 H arom., J =
7.3 Hz). 3C NMR (CDCly), & (192) 20.99 (MePh); 22.41,
22.46, 2337, and 23.51 (4 Me); 39.36, 40.03, and 40.56
(3 CHy). 69.05 and 69.79 (2 CHMecy); 72.87 and 72.92
(2 CHCHy); 117.00 (CH;=); 129.56 (2 CH arom.); [30.47
(2 CH arom.); 133.18 and 136.08 (2 C arom.); 134.74 (CH=);
(19b) 20.99 (MePh); 22.59, 22.62, 22.89, and 22.95 (4 Mc);
39.28 and 39.83 (3 CH,); 69.38 and 70.04 (2 CHMc,); 73.00
and 73.30 (2 CHCHy); 116.91 (CH,=); 129.62 (2 CH arom.);
130.09 (2 CH arom.); 133.23 and 136.02 (2 C arom.): 134.99

(CH=). HRMS: found, m/z 336.2121; calculated for CypH1,0,5
[M*], m/z 336.2123.

4,6-Dimethoxy-3,5-dimethyl-7-(4-tolylthio)hept-1-enes
(24,b). Diastereomer 24a. R; 0.32 (hexane—AcOEt, 30 : 1),
0.173 g (56%). 'H NMR (CDCly), 8: 0.83 and 0.94 (both s,
6 H, Me); 2.03—-2.38 (m, 2 H, CH,CH=); 2.30 (s, 3 H,
MePh); 2.89 (dd, 1 H, CH,S, J; = 9.1 Hz, J, = 13.7 Hz);
3.07 (dd, 1 H, CHOMe, J; = 3.4 Hz, J, = 7.8 Hz); 3.21
(dd, 1 H, CHgS, J; = 3.6 Hz, J, = 13.7 Hz); 3.32 and 3.50
(both s, 6 H, MeO); 3.36 (m, 1 H, CHOMe); 5.05 (m, 2 H,
CHy=); 590 (ddt, 1 H, CH=, J; = 70 Hz, J; = 10.2 Hz,
Jy = 17.0 Hz); 7.09 and 7.29 (both d, 4 H arom., J =
8.0 Hz). C NMR (CDCly), 8: 19.7! and 19:85 (2 Me): 20.95
(MePh); 35.44 (CH,); 37.31 (CH,S); 44.17 (C); 59.76 and
61.15 (2 MeQ); 85.49 and 85.81 (2 CHOMe); 116.00 (CH,=);
129.58 (2 CH arom.); 130.02 (2 CH arom.); 133.46 and 137.08
(2 C arom.); 135.97 (CH=). MS, m/z (4 (%)): 308 [M*] (6).
267 (3), 244 (1), 212 (2), 191 (4), 181 (24), 149 (70), 137 (8),
123 (20), 85 (100). HRMS: found, m/z 308.1812; calculated
for C gH 0,5 [M*], m/z 308.1810.

Diastereomer 24b. R; 0.28 (hexane—AcOFt, 30 : 1),
0.117 g (38%). 'H NMR {CDCls), 6: 0.84 and 0.85 (both s,
6 H, Me); 2.08—235 (m, 2 H, CH,CH=); 2.30 (s, 3 H,
MePh); 291 (dd, | H, CH,S, J; = 7.7 Hz, J, = 13.4 Hz);
3.1 (dd, + H, CHgS, J; = 3.1 Hz, J, = 13.4 Hz); 3.17 (dd,
t H, CHOMe, J; = 3.9 Hz, J;, = 7.8 Hz); 335 (dd, 1 H,
CHOMe, J; = 3.1 Hz, J/, = 7.7 Hz); 3.36 and 3.48 (both s,
6 H, MeO); 5.05 (m, 2 H, CHy=); 5.90 (ddt, | H, CH=,
Jy = 7.0 Hz, J, = 10.2 Hz, J3 = 17.0 Hz); 7.08 and 7.28
(both d, 4 H arom., J = 8.0 Hz). YC NMR (CDCly), 5: 18.67
and 18.80 (2 Me); 20.89 (McPh); 35.14 (CH;); 36.93 (CH,S);
4384 (C); 59.4! and 60.37 (2 MeO); 84.31 and 84.88
(2 CHOMe); 116.02 (CHy=); 129.80 (2 CH arom.); 130.19
(2 CH arom.); 133.50 and 137.27 (2 C arom.); 136.10 (CH=).
MS, m/z (I, (%)): 308 [M™] (2), 276 (5), 267 (4), 244 (1),
212 (3), 191 (8), 181 (36), 149 (100), 137 (12), 123 (40).

4,6-Dimethoxy-5,5-dimethyl-7-(4-chlorophenylthio)hept-
1-enes (25a,b). Diastereomer 25a. R; 0.30 (hexane—AcQOEt,
30 : 1), 0.168 g (51%). Found (%): C, 62.13; H, 7.70; S, 9.65.
C7H45ClO;5S. Caleulated (%): C, 62.08; H, 7.66; S, 9.75. 1y
NMR (CDCly), 6: 0.85 and 0.95 (both s, 6§ H, Mec); 2.05—
2.41 (m, 2H, CH,CH=); 292 (dd, | H, CH4S,/; =9.3 Hz,
Jy; = 13.8 Hz); 3.07 (dd, 1 H, CHOMe, J, = 34 Hz, /L =
8.2 Hz); 3.24 (dd. | H, CHgS, J, = 2.3 Hz, J; = 13.8 Hz);
3.34 and 3.49 (both s, 6 H, MeO); 3.38 (m, | H, CHHOMe).
5.05 (m, 2 H, CHy=); 591 (m, 1 H, CH=); 7.24 and 7.31
{both d, 4 H arom., J = 9.0 Hz). MS, m/z (/4 (%)): 328
[M™] (3), 287 (2), 232 (1), 212 (5), 281 (45), 169 (70), 157
(8), 143 (18), 108 (10), 85 (100).

Diastereomer 25b. Ry 0.27 (hexanc—AcOEt, 30 : 1),
0.131 g (40%). Found (%): C, 62.13; H, 7.70; S, 9.65.
C|;H;5Cl10,S. Caleulated (%): C, 62.08; H. 7.66; S, 9.75.
'H NMR (CDCly), 5: 0.84 (s, 6 H, 2 Me); 2.05~2.43 (m.
2 H, CH;CH=); 295 (dd, | H, CH,S, J, = 8.1 Hz, /; =
13.4 Hz); 3.14 {(dd, | H, CHgS, J; = 3.0 Hz, /;, = 13.4 Hz),
3210 (m, | H, CHOMe); 3.36 (m, 1 H, CHOMe); 3.38 and
3.48 (both s, 6 H, MeO); 5.05 (m, 2 H, CHy=); 591 (m,
| H. CH=); 7.24 and 7.30 (both d, 4 H arom., J = 9.0 Hz).
MS. m/z (I (%)) 328 [M*] (1), 296 (4), 287 (3), 264 (2).
201 (77), 169 (95). 157 (10), 143 (30), 121 (17), 85 (100).

2.4-Dimethoxy-3,3-dimethyl-5-(4-tolylthio)pentyl cyclo-
propyl ketones (26a,b). Diastereomer 26a. R 0.38 (hexanc—
AcOEL, 10 : 1), 0.163 g (47%). Found (%): C, 68.53; H, 8.75;
S, 9.04. CyH10;5. Calculated (%): C, 68.53; H, 8.63;
S, 9.15. 'TH NMR (CDCly), &: 0.83 and 0.94 (both s, 6 H,
Me); 0.85—0.96 and 1.01—1.09 (both m, 4 H, 2 CH, ring).
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1.96 (m, 1 H, CH ring); 2.31 (5, 3 H, MePh); 2.63 (dd, 1 H,
CH4C=0, J, = 7.2 Hz, J; = 16.6 Hz); 2.74 (dd, | H,
CHyC=0, J, =34 Hz, J; =16.6 Hz); 2.89 (dd, | H, CH,S,
Jy =9.2 Hz, /; = 13.5 Hz); 3.23 (5, 3 H, Me0); 3.19-3.40
(m, 2 H, CHOMe, CHgS); 3.51 (s, 3 H, McO); 3.70 (dd,
I H, CHOMe, J, = 3.4 Hz, J/, = 7.2 Hz); 7.09 and 7.30
{both d, 4 H arom., J = 8.0 Hz). 13C NMR (CDCly), &: 10.92
(2 CH, ring); 19.80, 20.08, and 20.95 (3 Me); 21.24 (CH ring);
37.28 (CH,S); 43.73 (C); 44.89 (CH,C=0); 59.01 and 61.30
(2 MeQ); 81.50 and 85.38 (2 CHOMc); 129.58 (2 CH arom.);
130.11 (2 CH arom.); 133.45 and 136.00 (2 C arom.); 209.88
(C=0). MS, m/z (I, (%)): 350 [M™*] (2), 213 (30), 195 (29),
191 (20), 181 (15), 163 (6), 149 (57), 137 (14), 127 (100),
123 (16).

Diastereomer 26b. R; 0.32 (hexane—AcOEt, 10 : 1),0.162¢
(46%). Found (%): C, 68.55; H, 8.70; S, 9.04. CyoH3;0;S.
Calculated (%): C, 68.53; H, 8.63; S, 9.15. 'TH NMR (CDCl3),
5: 0.81 and 0.84 (both s, 6 H, Me); 0.82—0.94 and 0.99—1.09
(both m, 4 H, 2 CH, ring); 1.96 (m, [ H, CH ring); 2.30
(s, 3 H, MePh); 2.64 (m, 2 H, CH,C=0); 2.92 (dd,
I H, CH,S, /, = 8.1 Hz, J, = 13.4 Hz); 3.15 (dd,
| H, CHgS, J; = 2.9 Hz, J, = 13.4 Hz); 3.27 and 3.48 (both
s, 6 H, MeQ); 3.31 (dd, | H, CHOMe, J, = 2.9 Hz, J;, =
8.1 Hz); 3.80 (dd, | H, CHOMe, J, = 4.6 Hz, J, = 6.2 Hy),
7.08 and 7.27 (both d, 4 H arom., J = 8.0 Hz). 13C NMR
(CDCly), 8: 11.03 (2 CHj ring); 19.15 and 21.00 (3 Me); 21.26
(CH ring); 37.12 (CH,S); 43.50 (C); 44.78 (CH,C=0), 53.84
and 60.61 (2 McQ); 81.07 and 84.66 (2 CHOMe); 129.68
(2 CH arom.); 130.21 (2 CH arom.); 13349 and 136.13
(2 C arom.); 209.92 (C=0). MS, m/z (I, (%)): 350 [M*} (5),
312 (20), 217 (17), 189 (8), 163 (19), 150 (30), 147 (27, 137
(100), 125 (57), 111 (60).

2,4-Dimethoxy-3,3-dimethyl-5-(4-tolylthio)pentyl phenyl
ketones (27a,b). Diastereomer 27a. R; 0.35 (hexane—AcOEt,
8 : 1), 0.116 g (30%). 'H NMR (CDCly), &: 0.87 and 0.93
(both s, 6 H, Mec); 2.24 (s, 3 H, MePh); 2.83-3.36 (m, 5 H,
CH,C=0, CH,S, CHOMe); 3.25 and 3.50 (both s, 6 H, MeO);
4.00 (dd, 1 H, CHOMe, J, = 3.2 Hz, J; = 7.5 Hz); 7.00~—
8.00 (m, 9 H arom.). MS, m/z: 286 [M*].

Diastereomer 27b. R;0.29 (hexane—AcOEt, 8 : 1),0.116 g
(30%). 'H NMR (CDCly), 8: 0.90 and 0.99 (both s, 6 H, Me);
2.29 (s, 3 H, MePh); 2.82—3.45 (m, 5 H, CH,C=0, CH,S,
CHOMe); 3.20 and 3.52 {both s, 6 H, MeQO}; 3.90 (dd, | H,
CHOMe, J, = 3.2 Hz, J, = 6.8 Hz); 7.00—8.00 (m,
9 H arom.). MS, m/z 286 [M™].

5,7-Dimethoxy-2,2,8,8~tetramethyl-8-(4-tolylthio)octan-
3-ones (31a,b). Diastereomer 31a. R; 0.33 (hexanc—AcOE,
10 : 1), 0.110 g (30%). Found (%): C, 68.91; H, 9.44; S, 8.74.
C,)H3405S. Calculated (%): C, 68.81; H, 9.35; S, 8.75.
'H NMR (CDCly), &: 1.15 and 1.22 (both s, 6 H, Me); 1.16
(s, 9 H, 3 Me); 1.53 (ddd, 1 H, CH,, J, = 3.1 Hz, S, =
10.1 Hz, J; = 14.2 Hz); 2.16 (ddd, | H, CHy, J; = 1.6 Hz,
J; = 9.6 Hz, J; = 142 Hz); 2.35 (s, 3 H, MgPh); 2.55 (dd,
1 H, CHAC=0, J; =57 Hz, J, = 17.2 Hz); 292 (dd, i H,
CHgC=0, J, = 6.1 Hz, J, = 17.2 Hz); 329 (m, | H,
CHOMe); 3.37 and 3.46 (both s, 6 H, MeQ); 3.97 (m, 1 H,
CHOMe); 7.12 and 7.44 (both d, 4 H arom., J = 8.0 Hz).
13C NMR (CDCly), 8: 21.16 (MePh); 23.76 and 26.52 (2 Me);
26.20 (3 Me from Bu!); 37.58 (CH,); 42.00 (CH,C=0); 44.35
and 5293 (2 O); 57.08 and 6131 (2 MeO); 74.81 and 84.55
(2 CHOMe); 128.20 (C arom.); 129.17 (2 CH arom.); 137.68
(2 CH arom.); 138.7t (C arom.); 213.96 (C=0). MS, m/z
366 [M*].

Diastereomer 31b. R; 0.28 (hexane—AcOEr, 10 : 1),
0.139 g (38%). Found (%): C, 68.75; H, 9.29; S, 8.88.
C,;H340:S. Caleulated (%) C, 68.81; H, 9.35; S, 875

IH NMR (CDCly), &: 1.16 (s, 9 H, 3 Me); 1.18 and 1.25
(both s, 6 H, Me); 1.74 (ddd, 1 H, CH,, J, =48 Hz, J, =
8.7 Hz, J; = 144 Hz); 2.12 (ddd, | H, CHp, J; = 2.4 Hz,
J, =74 Hz, J; = 144 Hz); 235 (s, 3 H, MePh); 2.50 (dd,
1 H, CHA,C=0, J| = 4.5 Hz, /, = 17.2 Hz), 2.90 (dd, | B,
CHgC=0, J; = 76 Hz, J; = 17.2 Hz); 3.05 (dd, | H,
CHOMe, J, = 2.4 Hz, J;, = 8.7 Hz); 3.34 and 3.44 (both s,
6 H, Me0); 3.90 (m, t H, CHOMe); 7.12 and 7.42 (both d,
4 H arom., / = 8.0 Hz). BC NMR (CDCly), §: 21.21 (MePh);
24.18 (Me); 26.24 (4 Me); 3595 (CHy); 41.73 (CH,C=0y,
4433 and 53.51 (2 C); 57.08 and 60.51 (2 MeQ); 75.66 and
85.20 (2 CHOMe); 128.26 (C arom.); 129.31 (2 CH arom.);
137.53 (2 CH arom.); 138.84 (C arom.); 214.28 (C=0).
MS, m/z 366 [M*]. '

trans-2-(2-Methoxypent-4-enyl)- 3-(4-tolylthio)tetrahydro-
pyrans (32a,b). Diastereomer 32a. R; 0.37 (hexane—AcOEt,
10: 1), 0.101 g (33%). Found (%). C, 70.63; H, 8.49;
S, 10.35. CgH,50;S. Calculated (%): C, 70.54; H, 8.55;
S, 10.46. 'H NMR (CDCl;), &: 1.31—1.70 (m, 4 H,
2 CH, ring); 2.3t (s, 3 H, MePh); 2.00—2.42 (m, 4 H,
2 CH, chain); 2.71 (dt, 1 H, CHS, J, = 3.9, J; = 10.6); 3.35
(s, 3 H, MeO); 3.23—-3.55 (m, 3 H, CH,OCH ring, CHOMe);
3.89 (m, t H, CH,O ring); 5.01 (m, 2 H, CH;=); 5.78 (ddt,
t H, CH=, J| =70, /;, =100, /3 = 17.0); 7.07 and 7.32
{both d, ¢ H arom., / = 8.0}. }3C NMR (CDCly), &: 20.92
{(MePh); 27.07 and 31.65 (2 CH, ring); 38.43 and 38.76
(2 CH; chain); 49.49 (CHS); 56.83 (Me0); 67.58 (CH,0);
76.50 and 78.02 (CHOMe, CHO ring); 116.83 (CH,=), 129.39
(2 CH arom.); 129.66 (C arom.); 133.65 (2 CH arom.); 134.63
(CH=); 137.32 (C arom.). MS, m/z (I (%)): 306 [M™] (8),
274 (7), 265 (12), 233 (3), 215 (4), 207 (100), 189 (57), 16!
(37), 123 (22), 85(50). HRMS: found, m/z 306.1651; calcu-
lated for CygHy0,S [IM*], m/7 306.1654.

Diastereomer 32b. Ry 0.27 (hexane—AcOE:, 10 : 1),
0.150 g (49%). Found (%): C, 70.55; H, 8.63; S, 10.37.
CisH0,S. Calculated (%) C, 70.54; H, 8.55; S, 10.46.
'"H NMR (CDCly), 5: 1.43—-1.83 (m, 4 H, 2 CH, ring); 2.32
(s, 3 H, McPh); 2.03—2.47 (m, 4 H, 2 CH; chain); 2.81 (dt,
1l H, CHS, J; =40 Hz, J; = 10.6 Hz): 3.34 (s, 3 H, MeQ);
3.19-3.55 (m, 3 H, CH,OCH ring, CHOMe); 3.90 (m, | H,
CH,O ring); 5.10 (m, 2 H, CH;=); 5.88 (ddt, 1 H, CH=,
Jy =170 Hz, J, = 10.0 Hz, /; = 17.0 Hz); 7.09 and 7.3t
(both d, 4 H arom., J = 8.0 Hz). 3C NMR (CDCly), §: 21.06
(MePh); 27.02 and 31.92 (2 CH, ring); 36.98 and 37.55
(2 CH; chain); 49.82 (CHS); 56.32 (MeO); 67.71 (CH,0),
77.64 and 78.63 (CHOMe, CHO ring); 116.75 (CH,=); 129.60
(2 CH arom.); 129.87 (C arom.); 133.49 (2 CH arom.); 135.01
(CH=); 137.47 (C arom.). MS, m/z (I (%)): 306 [M*] (12),
274 (5), 265 (15), 233 (4), 215 (10), 207 (100), 189 (67), 161
(173, 123 (32), 85 (97). HRMS: found, m/z 306.1657; calcu-
lated for CgH,0,S [M*], m/z 306.1654.

2,4-Dimethoxy-3,3-dimethyl-1-(4-tolyl)thiophanium per-
chiorate (21). To a stirred solution of 4-TolSCl (0.159 g,
1 mmol) in CH,Cly (10 mL) at ~20 °C were added scquen-
tially a solution of vinyl ether 1 (0.058 g, 1 mmol) in CH,Cl,
(2 mL), an anhydrous LiClO,4 suspension (0.426 g, 4 mmol) in
CH,Cly (5 mL), and methy! isobutenyl ether 20 (0.103 g,
1.2 mmol) in CH,Cl, (5 mL). During addition of the ether 20
a white precipitate of LiCl was observed. After stirring at room
temperature for 30 min the reaction mixture was filtered and
poured into a mirture of absolute diethyl ether and hexane
(1 : 1, 40 mL), precooled 10 —20 °C and left in the retrigera-
tor overnight. Then the oil-like precipitate that formed on the
walls and bottom of the flask was decanted from the solution,
and the residue was washed with cold absolute ether (2x20 mL)
and evaporated in vacuum without heating. The thus isolated
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salt 21 (0.275 g, vield 75%) in the form of a pale-yellow
viscous oil was characterized by spectral methods. 'TH NMR
(CDCly), & 1.18 and 1.33 (both s, 6 H, Me); 2.46 (s, 3 H,
MePh); 3.52 and 3.57 (both s, 6 H, MeQ); 4.05 and 4.32
{both m, 3 H, SCH,CH); 590 (s, 1 H, CHOMe); 7.4% and
7.85 (both d, 4 H arom., / = 8.0 Hz). 3C NMR (CDCly), &
19.21 and 19.33 (2 Me); 21.34 (MePh); 46.89 (CH,); 50.78
(C); 58.38 and 62.83 (2 MeQ); 87.65 (CHOMe); 120.65
(CS arom.); 125.03 (SCHOMe); 131.30 (2 CH arom.); 132.29
(2 CH arom.); 145.84 (CMe arom.).

Interaction of 2,4-dimethaxy-3,3-dimethyl-1-(4-tolyl)thio-
phanium perchlorate (21) with trimethylallylsitane (5). To a
stirred sotution of the sait 21 (0.183 g, 0.5 mmol) in MeNG,
(10 mL) at =20 °C allylsilane 5 (0.115 g, 1 mmol) was added,
the temperature was allowed to rise to ambient, and the
reaction mixture was stirred overnight. The usual workup and
preparative isolation carmried out after 24 h gave a mixture of
products 6a,b in a ratio 1.0 : 1.4 (0.091 g, yield 65%).
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of the National Science Foundation (Grant No.
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