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Abstract — A simple and convenient protocol for the highly regioselective
synthesis of 3-sulfonylfuran-2(5H)-ones by electrophilic cyclization reaction of
2-sulfonylallenecarboxylates with neighbouring ester group participation is
described. However, the reaction of 2-sulfonylalka-2,3-dien-1-ones with
electrophilic reagents proceeded with formation of 2-sulfonylalka-2,4-dien-1-ones
by addition-elimination reaction. A possible mechanism involving the cyclization
and addition-elimination reaction of 2-sulfonyl-substituted allenic esters and

ketones was proposed.

Unsaturated y-lactones, i.e., butenolides or furan-2(5H)-ones are an important class of compounds because

they often occur in natural products and exhibit a broad range of biological activities.*

These compounds
with different substitution patterns are considered as potential insectides, fungicides, bactericides,
antibiotics, anticancer agents, allergy inhibitors, antiinflammatories, antipsoriasis agents, stimulatory
agents, cyclooxygenase inhibitors, antimutagen agents, phospholipase A2 inhibitors, etc.2
Furan-2(5H)-ones are also important intermediates in organic synthesis due to the presence of the
conjugated C=C bond as well as the five-membered lactone ring. Much attention has been paid to the

development of efficient and diverse synthetic methods for construction of this five-membered ring

“Dedicated to Professor Marko Kirilov from Sofia University, Bulgaria on the occasion of his 90"
anniversary and Professor Toru Minami from Kyushu Institute of Technology, Kitakyushu, Japan on the
occasion of his 75™ anniversary.
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system.2 Among these, cyclization involving allenecarboxylic acids and their derivatives, so called
lactonization reaction, is one of the most efficient pathways.* a-Allenecarboxylic acids and their esters,
disubstituted on the y-carbon atom, underwent electrophilic attack on the central atom and ring closure to
2(5H)-furanones (y-lactones) when treated with electrophile.

On the other hand, the reactions of allenyl and diallenyl sulfones with electrophilic reagents have been
investigated in the 70s years of the last century. It has been shown? that depending on the structure of the
starting allenic compounds the reactions proceed with ring closure to give 5H-1,2-oxathiole 2-oxides
(y-sultines). Recently, different products of the reactions of the allenyl sulfones with bromine have been
reported.®*® The reaction of allenyl sulfones with Br, afforded E-bromohydroxylation- or
E-bromination-elimination products highly regio- and stereoselectively depending on the substitution

pattern of the allene functionality as the five-membered ionic intermediate with Brs as the counter ion was
isolated.®® Highly selective thiiranation of allenyl sulfones with Br, in the presence of NayS;03 leads to
asymmetric synthesis of alkylidenethiiranes.® In contrast, if the 1-bromo-1-sulfonylallenes are treated with
bromine, initially carbenium bromides are generated by attack on the central allenic carbon atom, followed
by hydrogen bromide elimination to yield stereospecifically trans-2,3-dibromo-1-sulfonyl-1,3-dienes.®
As a part of our long-standing studies directed toward the development of efficient electrophilic cyclization
reactions of bifunctionalized allenes,” we become interested in 1,1-bifunctionalized allenes comprising an
ester and a sulfonyl group such as A (Scheme 1). Of particular interest are the applications of these groups
as temporary transformers of chemical reactivity of the allenic system in the synthesis of eventually
heterocyclic compounds. This molecule can be considered as a combination of an allenecarboxylate and an
allenyl sulfone and might have different reactivity profiles in electrophilic reactions. Recently, we
presented a convenient, efficient and varied method for synthesis of 2-sulfonylated allenecarboxylates,
derived by intermediate formation of allenecarboxylates, allenyl sulfones and propargyl sulfinates applying
the relatively high acidity of the hydrogen atom at the allenic C-1 atom and the [2,3]-sigmatropic
rearrangement.®

It should be pointed out that conceptually there exist two distinct modes of cyclization of the
2-sulfonyl-substituted alka-2,3-dienoates if the electrophilic atom forms a new bond with the central carbon
of the allenic system, which seems likely.*® It is evident that these pathways are closely connected with the
intramolecular neighbouring group participation of the ester and/or the sulfonyl groups as internal
nucleophile(s) in the final step of the cyclization. Besides the 5-endo-trig cyclizations® to the
furan-2(5H)-one (butenolide, y-lactone) B or to the 5H-1,2-oxathiole 2-oxide (y-sultine) C, electrophilic
addition might afford the 3,4-adduct D and the 3,2-adduct E (Scheme 1). This is a part of our general

synthetic strategy for investigation of the scope and limitations of the electrophilic cyclization reactions of
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bifunctionalized allenes. Herein, we wish to report our recent results of these investigations.
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We initiated this study with  the electrophilic  cyclization  reaction of the
2-benzenesulfonyl-4-methylpenta-2,3-dienoate 1c¢ with bromine (Table 1). We established that the reaction
occurs with cyclization by neighbouring group participation of the only carboxylic group with formation of
the 3-benzenesulfonyl-4-bromo-5,5-dimethylfuran-2(5H)-one 6. We tried to optimize the reaction
conditions to get a useful selectivity and the best yield for the furan-2(5H)-one 6 by studying the
electrophile equiv., reaction temperature, time and solvent effect. Note that when the reaction was
conducted in CH,Cl, at room temperature, thin-layer chromatography showed that the two reactants still
interacted and the reaction was completed within 4 hours with the formation of the desired product 6. It is
necessary to carry out this reaction under argon atmosphere since the electrophilic reagents are sensitive to
the moisture in air. The desired product 6 was obtained in 42% yield (see Table 1, entry 1). When the
reaction was carried out at reflux, it was complete within 3 hours and the yield was considerably lower
(34%, entry 2). With 1.5 equiv. of bromine in CH,Cl, and CHCIs, the yield is lower (entries 3, 4 and 5).
Polar solvents such as ethanol, acetonitrile, and nitromethane gave low yields, even with longer reaction
times (6-8 hours) and mainly recovered starting materials (entries 6, 7, and 8, respectively). Similar yields
were obtained in hydrocarbons as solvents (entries 9 and 10). Fortunately, when 1,2-dichloroethane was
used as solvent at rt and minus temperatures for 5-8 hours, the yield improved to 77% (entries 11-14). It
should be noted that temperature of -20 °C is the best and most convenient: when the temperature is higher
or lower, the yield is worse (compare entries 1-3, 6 and 9-11 with entries 4, 5, 7, 8, 12-14, Table 1). When

1.2 equiv. of electrophilic reagent were used, the reaction was higher yielding (compare entries 11-14,
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Table 1). We therefore, conducted the remainder of the reactions in 1,2-dichloroethane at -20 °C using 1.0

equiv. of the 2-sulfonylallenecarboxylates 1a-h and 1.2 equiv. of the electrophilic reagent for 5 hours. The

cyclic product 6 was fully characterized by means of NMR (1H, and 13C), and IR spectroscopy.

Table 1. Screening of the reaction conditions for the electrophilic cyclization reaction of the
2-benzenesulfonyl-4-methylpenta-2,3-dienoate 1c¢ with bromine

Pg; S//O .:<Me o, Pg;S//O B
) temg;r:ture O o Me
1c 6
Entry Bromine  Solvent’ Reaction temp.  Reaction time Yield’

(equiv.) (°C) (h) (%)
1 1.0 CH.CI, rt 4 42
2 1.5 CHCl; reflux 3 34
3 1.5 CHCl; -78 5 44
4 1.5 CH.CI, -20 5 50
5 1.5 CHCl; -20 4 45
6 1.2 EtOH -30 6 32
7 1.5 MeCN -20 8 38
8 1.5 MeNO, -20 7 48
9 15 benzene rt 8 40
10 1.2 toluene rt 8 30
11 1.0 CICH,CHCI rt 8 65
12 1.2 CICH,CHCI -20 5 77
13 1.5 CICH,CHCI -20 6 68
14 2.0 CICH,CHCI -20 7 59

®Reaction was carried out in the appropriate solvent (5 mL+5 mL).
° Isolated yields by chromatographical purification on silica gel.

Having determined the optimized reaction conditions in hand, we explored the score of the lactonization
reaction of the 2-sulfonylallenoates 1a-h and the results that we obtained are summarized in Table 2. It
should be noted that the reaction under this set of standard reaction conditions in the favored 5-endo-trig

mode affords the 3-sulfonylfuran-2(5H)-ones 3-12 in good to excellent yields irrespective of the nature of
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the substituents on the allenic system and sulfone group. The reaction scope is wide: R can be methyl, CCls,
or phenyl, R can be methyl, R? can be H or methyl, also R*+R? can be -(CH.)s-, R® can be H, or methyl, and
E can be ClI, Br, PhS, and PhSe.

To establish the generality of this methodology, the reaction of the 2-sulfonylalka-2,3-dien-1-ones
2a,c-e,g,h with different electrophilic reagents such as sulfuryl chloride, bromine, benzenesulfenyl chloride
and benzeneselenyl chloride was examined. To our surprise, when we applied the current standard
conditions to 1,1-bifunctionalized allenes comprising a carbonyl and a sulfonyl group such as 2 (Table 3),
instead of the 3-sulfonylfuran-2(5H)-ones 3-12, the acyclic compounds 13-18 were isolated in 72-76%

yield after stirring for 5 hours at -20 °C and for one hour to rt. The results were summarized in Table 3.

Table 2. Synthesis of the 3-sulfonylfuran-2(5H)-one 3-12 by electrophilic cyclization reaction of the

2-sulfonylallenecarboxylates 1a-h

RS
P _ew  GXL
EtO%: R1 CICH,CH,CI ézzj(‘—Rz
0 O™ ™o "R
1a-h 3-12
Entry  Allene  Product R R! R? R® E Yield,? %
1 la 3 Me Me H H Cl 74
2 la 4 Me Me H H PhS 73
3 1b 5 CCl; Me H H Br 76
4 1c 6 Ph Me H H Br 77
5 1d 7 Me Me Me Me Cl 74
6 le 8 CCls Me Me Me Br 73
7 1f 9 Ph Me Me Me PhSe 70
8 19 10 Me -(CH,)s- H PhS 72
9 1h 11 Ph -(CHy)s- H Cl 77
10 1h 12 Ph -(CHy)s- H PhSe 75

*Isolated yields by chromatographical purification on silica gel.

Interestingly, this protocol can also be successfully applied to the electrophilic reaction of the

2-sulfonyl-substituted allenyl ketones 2a,c-e,g,h which afforded the (22)-2-sulfonylalka-2,4-dien-1-ones
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Table 3. Preparation of the (22)-2-sulfonylalka-2,4-dien-1-ones 13-18 by reaction of the

2-sulfonylalka-2,3-dien-1-ones 2a,c-e,g,h with electrophilic reagents

O: /O E Nu E;S//O_ E R3
%Z Rl CICH,CH,Cl R4~\2_g:<
O R! R?
2a,c-e,g,h 13-18
Entry  Allene Product E R R R? R R*  Yield?%

1 la 13 Br Me Me H H Me 73
2 1c 14 Cl Ph Me H H Me 76
3 1d 15 Cl Me Me Me Me Me 75
4 le 16 Br CCls Me Me Me Ph 74
5 19 17 PhS Me -(CHy)s H Me 73
6 1h 18 PhSe Ph -(CH,)s- H Ph 72

* Isolated yields by chromatographical purification on silica gel.

13-18 highly regio- and stereoselectively, indicating a further elimination reaction following the addition
reaction of electrophiles yielding the second carbon-carbon double bond highly chemoselectively.

Thus, on the basis of the literature data*® and our previous results,” a rationale for this reaction is depicted in
Scheme 2. The initial act is the attack of the electrophile (CI*, Br*, S or Se*) on the most nucleophilic atom
of the allenic system of n-bonds (C%) with the formation of the cyclic onium (chloronium, bromonium,
thiiranium or seleniranium) ions A after attack on the relatively electron-rich C*-C*-double bond.
Subsequently, the ions A are easily transformed into the more stable five-membered cyclic ions B via
neighbouring group participation of the oxygen atom of the carbony! functionality (path a). When R* is OEt,
the intermediates B undergo a nucleophilic attack to the EtO group and elimination of ethyl halide affording
the final cyclic products 3-12 (path ¢). On the other hand, in the case of the sulfonyl-substituted allenyl
ketones 2 (R is Me, CClzor Ph) as starting materials, the formation of the final sulfonyl-2,4-dienyl ketones
13-18 can be considered in terms of the assumptions for the nucleophilic attack on the cyclic
three-membered onium ions A (path b) or on the cyclic five-membered carbenium ions B (path d) and
following elimination of hydrogen halide. The stereoselectivity observed may be explained by the
favorable trans arrangement of the electrophile and the carbonyl group in the
(22)-2-sulfonylalka-2,4-dien-1-ones 13-18.
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Scheme 2

In conclusion, we have developed a simple and convenient protocol for the electrophilic interaction of
2-sulfonylallenoates and allenyl ketones affording 3-sulfonylfuran-2(5H)-ones by cyclization with the
neighbouring ester group participation of the 2-sulfonyl-allenecarboxylates and 2-sulfonylalka-
2,4-dien-1-ones by addition-elimination reaction of the 2-sulfonyl-substituted allenyl ketones with
excellent regio- and stereoselectivity. Due to the easy availability of starting materials, the convenient
operation and the usefulness of the butenolide and dienic products, the reaction may show potentials and
will be useful in organic synthesis. Further studies on the synthetic applications of this reaction and the
physiological activity of selected cyclic and acyclic products are now under investigation in our laboratory.
Furthermore, a continuation of these studies towards the synthesis and electrophilic cyclization reactions of

other bifunctionalized allenes is currently in progress in our laboratory.

EXPERIMENTAL

All new synthesized compounds were purified by column chromatography and characterized on the basis of
NMR, IR and microanalytical data. NMR spectra were recorded on DRX Brucker Avance-250 (Bruker
BioSpin GmbH, Karlsruhe, Germany) (*H at 250.1 MHz, *C at 62.9 MHz) and Brucker Avance |1+600
(Bruker BioSpin GmbH, Karlsruhe, Germany) (*H at 600.1 MHz, 3C at 150.9 MHz) spectrometers for
solutions in CDCl3. Chemical shifts are in parts per million downfield from internal TMS. J values are
given in Hertz. IR spectra were recorded with an FT-IRAfinity-1 Shimadzu spectrophotometer (Shimadzu
Corp., Japan). Elemental analyses were carried out by the Microanalytical Service Laboratory of Faculty of
Chemistry and Pharmacy, University of Sofia using Vario EL3 CHNS(O) (Elementar Analysensysteme
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GmbH, Hanau, Germany). Column chromatography was performed on Kieselgel Fz5460 (70-230 mesh
ASTM, 0.063-0.200 nm, Merck). The melting points were measured in open capillary tubes and are
uncorrected. The solvents were purified by standard methods. Reactions were carried out in oven-dried
glassware under an argon atmosphere and exclusion of moisture. All compounds were checked for purity
on TLC plates Kieselgel F25,60, Merck. Benzenesulfenyl chloride was prepared from diphenyl disulfide
and sulfuryl chloride in dichloromethane and distilled in vacuo (bp 80-81 °C/20 mm Hg) before used.’
Diphenyl disulfide, sulfuryl chloride, and benzeneselenyl chloride were commercially available and used

without purification.

General procedure for the reactions of the 1 and 2 with electrophilic reagents.

To a solution of the allene 1 or 2 (3 mmol) in dry 1,2-dichloroethane (5 mL) at -20 °C was added dropwise
with stirring a solution of electrophilic reagent (sulfuryl chloride, bromine, benzenesulfenyl chloride, or
benzeneselenyl chloride) (3.6 mmol) in the same solvent (5 mL). The reaction mixture was stirred for 5 h at
the same temperature and for 1 h to rt. The solvent was removed using a rotatory evaporator and the residue

was purified by column chromatography on silica gel (Kieselgel Merck 60 F,s4) with EtOAc/hexane.

4-Chloro-3-methanesulfonyl-5,5-dimethylfuran-2(5H)-one (3)

This compound was obtained as yellow oil, yield 74%. Eluent for TLC: EtOAc : hexane =4:1,R;0.51; IR
(neat): 1751 (C=0), 1596 (C=C), 1325, 1146 (SO,), 1076 (C-O-C). *HNMR (250.1 MHz): &y 1.69 (s, 6H,
2Me), 3.51 (s, 3H, MeS0,). *CNMR (62.9 MHz): 8¢ 25.5 (Me), 42.7 (Me), 94.8 (C), 135.0 (C), 171.4 (C),
175.3 (C). Anal. Calcd for C;HsSO,4CI requires: C 37.42, H 4.04. Found: C 37.53, H 4.17.

4-Benzenesulfenyl-3-methanesulfonyl-5,5-dimethylfuran-2(5H)-one (4)

This compound was obtained as yellow oil, yield 73%. Eluent for TLC: EtOAc : hexane =4:1, R; 0.68. IR
(neat) (Vmax, cmM™): 1749 (C=0), 1599 (C=C), 1494, 1441 (Ph), 1329, 1153 (SO,), 1079 (C-O-C). *HNMR
(600.1 MHz): & 1.80 (s, 6H, 2Me), 3.41 (s, 3H, MeSO,), 7.10-7.71 (m, 5H, Ph). 3C NMR (150.9 MHz):
Sc 28.6 (Me), 41.9 (Me), 89.1 (C), 125.4, 125.8, 130.1, 135.4 (Ph), 127.4 (C), 169.3 (C), 180.4 (C). Anal.
Calcd for C13H14S,04 requires: C 52.33, H 4.73. Found: C 52.27, H 4.83.

4-Bromo-5,5-dimethyl-3-trichloromethanesulfonylfuran-2(5H)-one (5)

This compound was obtained as light yellow oil, yield 76%. Eluent for TLC: EtOAc : hexane =4:1, R¢ 0.60.
IR (neat) (vmax, cm™): 1748 (C=0), 1603 (C=C), 1330, 1157 (SO,), 1075 (C-O-C). *HNMR (250.1 MHz):
8y 1.75 (s, 6H, 2Me). *C NMR (62.9 MHz): 8¢ 27.4 (Me), 90.2 (C), 109.1 (C), 136.0 (C), 165.7 (C), 166.7
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(C). Anal. Calcd for C;HgSO4ClI3Br requires: C 22.57, H 1.62. Found: C 22.72, H 1.71.

3-Benzenesulfonyl-4-bromo-5,5-dimethylfuran-2(5H)-one (6)
This compound was obtained as pale orange crystals, mp 141-142 °C, yield 77%. Eluent for TLC: EtOAC :
hexane = 4:1, R; 0.56. IR (KBr) (Vmax, cm™): 1753 (C=0), 1595 (C=C), 1490, 1437 (Ph), 1328, 1147 (SO,),
1080 (C-O-C). *HNMR (600.1 MHz): 84 1.77 (s, 6H, 2Me), 7.51-8.30 (m, 5H, Ph). *C NMR (150.9 MHz):
8¢ 27.5 (Me), 90.6 (C), 127.4, 130.7, 134.5, 136.8 (Ph), 137.4 (C), 165.5 (C), 172.4 (C). Anal. Calcd for
C12H11SO,4Br requires: C 43.52, H 3.35. Found: C 43.66, H 3.29.

4-Chloro-5-isopropyl-3-methanesulfonyl-5-methylfuran-2(5H)-one (7)

This compound was obtained as yellow oil, yield 74%. Eluent for TLC: EtOAc : hexane =4:1, R;0.74. IR
(neat) (vmax, cMY): 1754 (C=0), 1597 (C=C), 1330, 1140 (SO,), 1076 (C-O-C). *H NMR (600.1 MHz):
81 0.93 (d, J 1.0 Hz, 3H, CHMe,), 1.16 (d, J 1.0 Hz, 3H, CHMe,), 1.71 (m, 1H, CHMe,), 1.76 (s, 3H, Me),
3.53 (s, 3H, MeS0,). *CNMR (150.9 MHz): 8¢ 17.1 (Me), 17.8 (Me), 22.5 (Me), 38.1 (CH), 44.1 (Me),
96.9 (C), 135.2 (C), 170.8 (C), 171.4 (C). Anal. Calcd for CgH;13SO4Cl requires: C 42.77, H 5.18. Found: C
42.83, H5.17.

4-Bromo-5-isopropyl-5-methyl-3-trichloromethanesulfonylfuran-2(5H)-one (8)

This compound was obtained as yellow oil, yield 73%. Eluent for TLC: EtOAc : hexane =4:1, R;0.72. IR
(neat) (vmax, cMY): 1752 (C=0), 1598 (C=C), 1336, 1142 (SO,), 1076 (C-O-C). *H NMR (600.1 MHz):
814 0.94 (d, J 1.0 Hz, 3H, CHMe»), 1.15 (d, J 1.0 Hz, 3H, CHMe,), 1.60 (m, 1H, CHMe,), 1.84 (s, 3H, Me).
3C NMR (150.9 MHz): 8¢ 16.8 (Me), 17.7 (Me), 21.9 (Me), 37.0 (CH), 97.2 (C), 108.4 (C), 136.5 (C),
163.7 (C), 166.8 (C). Anal. Calcd for CgH10SO4Cl3Br requires: C 26.99, H 2.52. Found: C 27.05, H 2.67.

4-Benzeneselenyl-3-benzenesulfonyl-5-isopropyl-5-methylfuran-2(5H)-one (9)

This compound was obtained as yellow crystals, mp 148-149 °C, yield 70%. Eluent for TLC: EtOACc :
hexane =4:1, R;0.79. IR (KBr) (vmax, cm™): 1751 (C=0), 1600 (C=C), 1493, 1441 (Ph), 1320, 1139 (SO,),
1076 (C-O-C). *HNMR (600.1 MHz): 84 0.86 (d, J 1.0 Hz, 3H, CHMe,), 1.09 (d, J 1.0 Hz, 3H, CHMe,),
1.49 (m, 1H, CHMe,), 1.71 (s, 3H, Me), 7.40, 7.58, 7.80, 7.93, 8.13 (m, 10H, 2Ph). *C NMR (150.9 MHz):
5c 15.3 (Me), 16.0 (Me), 20.4 (Me), 33.4 (CH), 100.1 (C), 126.5, 128.7, 129.1, 129.5, 131.1, 133.9, 137.4,
138.4 (2Ph), 129.4 (C), 173.6 (C), 183.4 (C). Anal. Calcd for CaoH2SO,Se requires: C 55.17, H 4.63.
Found: C 55.22, H 4.76.
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4-Benzenesulfenyl-3-methanesulfonyl-1-oxaspiro[4,5]dec-3-en-2-one (10)

This compound was obtained as orange crystals, mp 161-162 °C, yield 72%. Eluent for TLC: EtOAC :
hexane = 4:1, Ry 0.82. IR (KBr) (Vmax, cm™Y): 1754 (C=0), 1597 (C=C), 1318, 1138 (SO.), 1487, 1440 (Ph),
1077 (C-O-C). *HNMR (600.1 MHz): 84 1.50-2.08 (m, 10H, -(CH,)s-), 3.42 (s, 3H, MeS0,), 7.18, 7.70,
7.91 (m, 5H, Ph). *C NMR (150.9 MHz): 8¢ 20.9 (CH,), 23.4 (CH,), 38.2 (CH,), 43.2 (Me), 85.4 (C),
125.4, 125.9, 131.7, 137.3 (Ph), 127.4 (C), 170.6 (C), 182.8 (C). Anal. Calcd for CysH155,04 requires: C
56.78, H 5.36. Found: C 56.87, H 5.49.

3-Benzenesulfonyl-4-chloro-1-oxaspiro[4,5]dec-3-en-2-one (11)

This compound was obtained as yellow oil, yield 77%. Eluent for TLC: EtOAc : hexane =4:1, R;0.75. IR
(neat) (Vmax, cm™): 1751 (C=0), 1594 (C=C), 1489, 1429 (Ph), 1320, 1146 (SO,), 1079 (C-O-C). *HNMR
(600.1 MHz): 84 1.48-2.10 (m, 10H, -(CHy)s-), 7.40, 7.58, 8.24 (m, 5H, Ph). *C NMR (150.9 MHz):
8¢ 22.9 (CHy), 23.7 (CH,), 37.5 (CH,), 90.6 (C), 129.1, 131.0, 134.7, 138.1 (Ph), 127.4 (C), 170.5 (C),
178.5 (C). Anal. Calcd for C15H15SO4ClI requires: C 55.13, H 4.63. Found: C 53.22, H 4.71.

4-Benzeneselenyl-3-benzenesulfonyl-1-oxaspiro[4,5]dec-3-en-2-one (12)

This compound was obtained as pale orange crystals, mp 172-173 °C, yield 75%. Eluent for TLC: EtOAC :
hexane = 4:1, R; 0.78. IR (KBr) (Vmax, cm™2): 1748 (C=0), 1604 (C=C), 1487, 1429 (Ph), 1322, 1139 (SO,),
1077 (C-O-C). *HNMR (600.1 MHz): &4 1.49-2.06 (m, 10H, -(CHy)s-), 7.20, 7.51, 7.77, 7.82, 7.92, 8.50
(m, 10H, 2Ph). *C NMR (150.9 MHz,): 8¢ 21.7 (CH,), 24.2 (CH,), 38.4 (CH,), 85.5 (C), 125.0, 125.7,
128.1,131.4,131.8,134.7, 137.5, 137.8 (Ph), 124.7 (C), 172.1 (C), 188.2 (C). Anal. Calcd for C21H»0S0,Se
requires: C 56.37, H 4.51. Found: C 56.48, H 4.66.

(32)-4-Bromo-3-methanesulfonyl-5-methylhexa-3,5-dien-2-one (13)

This compound was obtained as yellow oil, yield 73%. Eluent for TLC: EtOAc : hexane = 3:1, R; 0.66. IR
(neat) (vmax, cm™): 1673 (C=0), 1625, 1606 (C=C), 1308, 1137 (SO,). "H NMR (600.1 MHz): &y 2.20 (dd,
Jeis 1.4 Hz, Jyans 0.9 Hz, 3H, Me-C=C), 2.64 (s, 3H, Me-C=0), 3.27 (s, 3H, MeS0,), 5.42 (m, 1H, =CH),
5.51 (m, 1H, =CH). *C NMR (150.9 MHz): 8¢ 21.4 (Me), 28.2 (Me), 41.4 (Me), 129.1 (C), 137.4 (C),
143.0 (C), 148.5 (C), 187.4 (C). Anal. Calcd for CgH1;SO3Br requires: C 35.97, H 4.15. Found: Found: C
36.12, H 4.27.

(32)-3-Benzenesulfonyl-4-chloro-5-methylhexa-3,5-dien-2-one (14)
This compound was obtained as yellow oil, yield 76%. Eluent for TLC: EtOAc : hexane = 3:1, Rf0.72. IR
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(neat) (vmax, cM™): 1677 (C=0), 1624, 1608 (C=C), 1479, 1437 (Ph), 1313, 1138 (SO2). *H NMR (600.1
MHz,): 8 1.98 (dd, Jeis 1.5 Hz, Jyrans 0.9 Hz, 3H, Me-C=C), 2.63 (s, 3H, Me-C=0), 5.22 (m, 1H, =CH), 5.60
(m, 1H, =CH), 7.60-8.10 (m, 5H, Ph). *C NMR (150.9 MHz): 8¢ 20.2 (Me), 28.6 (Me), 128.5 (C), 130.5,
131.1, 134.5, 137.6 (Ph), 140.5 (C), 142.5 (C), 146.5 (C), 189.3 (C). Anal. Calcd for C13H13SO5Cl requires:
C 54.83, H 4.60. Found: C 54.95, H 4.75.

(32)-4-Chloro-3-methanesulfonyl-5,6-dimethylhepta-3,5-dien-2-one (15)

This compound was obtained as yellow oil, yield 75%. Eluent for TLC: EtOAc : hexane = 3:1, R;0.71. IR
(neat) (Vmax, cM™): 1679 (C=0), 1628, 1610 (C=C), 1314, 1142 (SO,). *H NMR (600.1 MHz): & 1.77 (m,
3H, Me), 1.81 (m, 3H, Me), 1.94 (m, 3H, Me), 2.63 (s, 3H, Me-C=0), 3.31 (s, 3H, MeS0,). *C NMR
(150.9 MHz): 8¢ 15.5 (Me), 20.8 (Me), 21.9 (Me), 28.3 (Me), 42.5 (Me), 135.6 (C), 138.5 (C), 140.3 (C),
144.7 (C), 187.4 (C). Anal. Calcd for C19H15CIO3S requires: C 47.90, H 6.03. Found: C 48.03, H 6.12.

(22)-3-Bromo-4,5-dimethyl-1-phenyl-2-trichloromethanesulfonylhexa-2,4-dien-1-one (16)

This compound was obtained as yellow oil, yield 74%. Eluent for TLC: EtOAc : hexane = 3:1, R; 0.67. IR
(neat) (Vmax, cM™): 1679 (C=0), 1625, 1611 (C=C), 1308, 1143 (SO,). *H NMR (600.1 MHz): 8 1.81 (m,
3H, Me), 1.88 (m, 3H, Me), 2.01 (m, 3H, Me), 7.81, 7.84, 8.15 (m, 5H, Ph). *C NMR (150.9 MHz): 8¢ 15.3
(Me), 20.4 (Me), 21.8 (Me), 108.2 (C), 130.5, 131.4, 134.7, 143.3 (Ph), 132.5 (C), 138.0 (C), 139.1 (C),
141.4 (C), 177.4 (C). Anal. Calcd for C15H14SO3Cl3Br requires: C 39.11, H 3.06. Found: C 39.22, H 3.17.

(32)-4-Benzenesulfenyl-4-cyclohex-1-enyl-3-methanesulfonylbut-3-en-2-one (17)

This compound was obtained as yellow oil, yield 73%. Eluent for TLC: EtOAc : hexane = 3:1, R;0.61. IR
(neat) (Vmax, CMY): 1678 (C=0), 1627, 1609 (C=C), 1475, 1434 (Ph), 1309, 1140 (SO,). *H NMR (600.1
MHz): 84 1.56, 1.87, 2.22, 2.39 (M, 8H, -(CH.)s-), 2.44 (s, 3H, Me-C=0), 3.22 (s, 3H, MeS0,), 6.87 (m, 1H,
H-C=), 7.14, 7.63, 7.77 (m, 5H, Ph). >.C NMR (150.9 MHz): &¢ 22.3 (CH.), 23.8 (CH,), 26.5 (CH,), 28.5
(CHa), 29.6 (CH,), 43.3 (Me), 126.3, 128.0, 133.6, 136.4 (Ph), 135.1 (C), 136.2 (C), 140.4 (C), 142.3 (C),
184.7 (C). Anal. Calcd for C17H20S,03 requires: C 60.68, H 5.99. Found: C 60.80, H 6.12.

(22)-3-Benzeneselenyl-2-benzenesulfonyl-3-cyclohex-1-enyl-1-phenylpropenone (18)

This compound was obtained as yellow crystals, Mp 164-165 °C, yield 72%. Eluent for TLC: EtOAC :
hexane = 3:1, R 0.60. IR (KBr) (Vmax, cm™Y): 1681 (C=0), 1623, 1609 (C=C), 1475, 1434 (Ph), 1311, 1144
(SO.). *HNMR (600.1 MHz): 814 1.47, 1.56, 1.95, 2.26 (m, 8H, -(CH.)4-), 6.67 (m, 1H, H-C=), 7.46, 7.60,
7.69, 7.75, 7.81, 7.84, 7.87, 7.97, 8.01 (m, 15H, 3Ph). *C NMR (150.9 MHz): ¢ 21.5 (CH,), 23.2 (CH,),
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24.1 (CH,), 29.5 (CHy), 112.2 (C), 131.4 (C), 139.6 (C), 129.3, 129.8, 130.5, 131.4, 131.5, 131.6, 132.0,
133.6, 135.7, 138.1, 139.4, 140.1 (3Ph), 149.3 (C), 191.4 (C). Anal. Calcd for Cp7H24S0:Se requires: C
63.90, H 4.77. Found: C 63.82, H 4.88.
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