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ALKATRIENYL SULFOXIDES AND SULFONES.
PART IV. SYNTHESIS AND ELECTROPHILE-
INDUCED CYCLIZATION REACTIONS OF
3-METHYL-1-METHYLSULFONYLPENTA-1,2,4-TRIENE

Valerij Ch. Christov and Ivaylo K. Ivanov
Department of Chemistry, University of Shumen,
Shumen, Bulgaria

(Received December 22, 2003; accepted March 1, 2004)

A method for synthesis of 3-methyl-1-methylsulfonylpenta-1,2,4-
triene (3) by [2,3] sigmatropic rearrangement of 3-methylpent-1-
en-4-yn-3-yl methanesulfinate (2), formed in the reaction of 3-
methylpent-1-en-4-yn-3-ol (1) with methylsulfinyl chloride has been
found. Electrophile-induced reactions of the vinylallenyl sulfone (3)
occur in different pathways depending on the used electrophiles.
The halogenation leads to the formation of (1E)-2-halo-3-methylene-
1-methylsulfonylpenta-1,4-dienes (4) and (5). Reactions with phenyl-
sulfenyl and phenylselenenyl chlorides afford only heterocyclic prod-
ucts, 3-methyl-2-[methylsulfonylmethylJthiophene (6) in the case of
sulfenyl chloride, and a mixture of 2,5-dihydroselenophene (7) and se-
lenophene (8) in the case of selenenyl chloride.

Keywords: 2,5-Dihydro-selenophene; electrophile-induced cyclization
reactions; selenophene; thiophene; vinylallenyl sulfone

INTRODUCTION

In the past three decades, synthesis and use of allene derivatives
have been expanded in preparative organic chemistry. An impressive
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number of heterocyclic systems has been prepared from allenic start-
ing materials. One of the characteristic reactions of the allenes is
the electrophilic addition reaction, in which the addition products of
the reagent to the one and/or other double bond of the allenic sys-
tem are usually obtained.? Functionalized allenes are very interest-
ing substrates as a material of choice to study the electrophilic ad-
dition reactions on the carbon—carbon double bonds.242¢ Unlike the
allenic hydrocarbons, the presence of a functional group linked to
the allenic system, considerably changes the course of the reactions
with electrophilic reagents. It has been shown?d-2¢ that the reactions
proceeded with cyclization of the allenic system bearing a functional
group to give heterocyclic compounds in most cases. It makes the in-
vestigations on the functionalized allenes, more specifically in study-
ing their reactions with electrophilic reagents, quite an interesting
and topical task. Literature data on the electrophilic addition reac-
tions to sulfur-containing allenes (sulfoxides, sulfinates, and sulfones)
show that various five-membered heterocyclizations proceed in most
cases.’?344 On the other hand, the reactions of the phosphorylated
1,2,4- and 1,3,4-alkatrienes with electrophiles lead to the synthesis
of various heterocyclic compounds, depending on the kind of the elec-
trophilic reagent as well as on the position of the vinylic group. For ex-
ample, the halogenation reactions afford the 3- or 5-vinyl-substituted
2,5-dihydro-1,2-oxaphospholes,® while the interaction with sulfenyl®d-6
and selenenyl®>547 chlorides gives the thiophene- or selenophene-2- or
3-phosphonates.

There are methods® for the synthesis of sulfur-containing allenes
(sulfoxides,?2 3¢ sulfinates,? sulfinamides,?®3f and sulfones®¢:3"), in-
cluding reactions of «-alkynols with sulfenyl or sulfinyl chlorides fol-
lowed by [2,3] sigmatropic rearrangement. The synthetic utility of the
remarkable and efficient [2,3] sigmatropic rearrangement of propar-
gylic sulfenates has been further demostrated by Okamura and cowork-
ers in a variety of preparations and interesting reactions of allenyl
sulfoxides,2~8d including the preparation of vinylallenes,® which are
useful intermediates in organic synthesis in general® and natural
polyenes, such as vitamins A and D, in particular.®

As part of our program! on the synthesis and cyclization reactions
of alkatrienyl sulfoxides and sulfones, we now report the results on
the synthesis of 3-methyl-1-methylsulfonylpenta-1,2,4-triene and the
reactions with some electrophilic reagents (sulfuryl chloride, bromine,
phenylsulfenyl chloride, and phenylselenenyl chloride) for study of the
electrophile-promoted cyclization reactions.
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RESULTS AND DISCUSSION

Since its discovery three decades ago,?2" the reversible interconver-
sion of propargylic sulfinates to allenyl sulfones has become one of
the most studied and synthetically useful [2,3] sigmatropic rearrange-
ments. Numerous synthetic applications of the rearrangement have
been reported, including its use in the total synthesis of a variety of
natural products such as steroids, prostaglandins, and leukotrienes.*?
Our strategy for the synthesis of 3-methyl-1-methylsulfonylpenta-
1,2,4-triene (3), using our experience on the preparation of the
1,2,4-pentatrienyl sulfoxide!? and 1,3,4-hexatrien-3-yl sulfoxide!® and
sulfone’® relies on the well-precedented [2,3] sigmatropic shift of propar-
gylic sulfinates to a-allenic sulfones.?¢3" This compound was prepared
in 31% overall yield by reaction of freshly distilled methylsulfinyl chlo-
ride with 3-methylpent-1-en-4-yn-3-ol (1) in the presence of triethy-
lamine and following [2,3] sigmatropic rearrangement of the formed
3-methylpent-1-en-4-yn-3-yl methanesulfinate (2) in toluene at reflux
according to Scheme 1. After a conventional workup, the resulting com-
pound (3) was isolated by column chromatography as a light yellow oil
and identified by 'H and *C NMR and infrared (IR) spectra as well as
elemental analysis.

Me Me
__EaN _[230] Oy ==
OH * Me— 5% “ether, 40°C. (’ &O Toluene, reflx S >
/\ SCl1  ether, / oluene, reflux e/ \\O Z
1 3
2
SCHEME 1

The alkatrienyl sulfone (8) isolated in preparative amounts al-
lowed us to study its chemical behavior in the reactions with elec-
trophilic reagents. From general considerations as well as from
the literature data on the electrophilic addition reactions to sulfur-
containing allenes,?"344 to phosphorylated alkatrienes,®~7 and to 1,2,4-
pentatrienyl'® and 1,3,4-hexatriene-3-yl sulfoxides! and sulfone,!® the
following pathways of the reactions could be assumed: (1) attack of
the reagent on the C2—C? double bond with formation of 2,3-adduct,
(2) attack of the reagent on the C?—C3 double bond with formation
of 1,3-alkadienic system and preparation of 2,5-adduct, (3) attack of
the reagent on the C2—C? double bond of the trienic system and follow-
ing neighboring group participation of the internal nucleophile (sulfone
group) and ring closure to five-membered cyclic compound, (4) attack
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of the reagent on the C2—C? double bond of the trienic system and fol-
lowing neighboring group participation of the C*—C® double bond and
ring closure to cyclic compound, (5) attack of the reagent on the C1—C?
double bond with formation of 1,2-adduct, and (6) elimination reactions
after realization of some of above-mentioned pathways (1 to 5).

We established that reactions of the trienyl sulfone (3) with sulfuryl
chloride or bromine in dichloromethane proceeded with formation of
(1E)-2-halo-3-methylene-1-methylsulfonylpenta-1,4-dienes (4) and (5)
in 88% yield, according to the reaction sequence outlined in Scheme 2.

Me
0\\ S SO,Cl, or Bry O\\
MC/ S\\O P CH,Cly, -1 0°C MC/ S\\O
3 |
4 X=Cl
5 X=Br
SCHEME 2

The resulting compounds (4) and (5) were isolated by column chro-
matography as crystals and identified by 'H and *C NMR and IR
spectra as well as elemental analysis. Mechanistic rationale for the
formation of the 1,3,5-trienyl sulfones (4) and (5) in elimination reac-
tion of hydrogen chloride would appear not to be straightforward. The
result reported above can be considered in terms of the following two
assumptions (Scheme 3): (1) intermediate formation of the carbenium
ion (A) and following elimination of hydrogen halide after an attack
of halide anion on one hydrogen of the methyl groups, as has been
shown by Braverman and Reisman? in the case of halogenation of al-
lenyl sulfones; and (2) deprotonation in the stage of the in situ gener-
ated cyclic sulfonium halide (B) as shown by Horner and Binder” in the
reaction of allenyl sulfoxides with electrophilic reagents. The results
reported before!® confirm our second assumption that the reaction of
vinylallenyl sulfone (8) with halogens leading to the preparation of the
3-halohexatrienes (4) and (5) probably proceed through the cyclic sul-
fonium halide (B). Moreover, the configuration of the sulfones (4) and

X X
O =N £\

A\ N @
Me/S\\/O_%CHZ H7 il p— Mojs\b CH, Hj
| NG ¢ /

A B

SCHEME 3
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(5), assigned on the base of the chemical shift value!? of the olefinic pro-
ton at C! atom, is most likely to be (E). In addition, the intermediate
formation of the cyclic sulfonium salts (B) predetermines the (E) con-
figuration of the 2-halo-1-methylsulfonylpenta-1,4-dienes (4) and (5).

Reaction of the vinylallenyl sulfone (3) with phenylsulfenyl chloride
was carried out with electrophile-promoted cyclization by neighboring
participation of the C*—C® double bond and ring closure to give 3-
methyl-2-[methylsulfonylmethyl]thiophene (6) in 71% yield, as shown
in Scheme 4:

Me
Me
O\\S = PhSCI / \
P CH,Cl, -10°C S
MC/ \\O i O:S§O
3 Me”
6
SCHEME 4

In a similar way, a ca. 1:1 mixture of 3-methyl-2-[methylsulfo-
nylmethylene]-2,5-dihydroselenophene (7) and 3-methyl-2-[methyl-
sulfonylmethyl]selenophene (8) was obtained with 65% overall yield
from the reaction of the vinylallenyl sulfone (3) with phenylselenenyl
chloride in dry dichloromethane at —10°C, according to the reaction
sequence outlined in Scheme 5. Resulting dihydroselenophene (7) and
selenophene (8) were isolated by column chromatography and identi-
fied by 'H and *C NMR and IR spectra as well as elemental analysis.
The obtained compounds (7) and (8) contain the isotope "’Se, which is
magnetically active and interacts with other nuclei. This interaction be-
comes evident with the protons and carbons of the neighboring groups,
which exhibit symmetric satelite signals of the main signal in the 'H
and C NMR spectra.®

Me Me
\\ /— % PhSCCl XQ + / \
CH,Cl,, eyl 10°C O= Se O= Se
M¢ Me
7 8

SCHEME 5

The chemical transformations thus observed (Schemes 4 and 5) are
in accordance with the following reaction mechanisms (see Scheme 6).
The initial act is the attack of electrophilic sulfur or selenium on the
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Me Me Me
PhYCl - < 1.5-
X iy Y~  -Phal Y
Me/ \\O Ph OhSQO | Obsto
Cp L Me” Ph Me”
Y=S,Se A A2 ¢ 3
A’ (Y=Se:7)
SCHEME 6

most nucleophilic atom of the trienic system of 7-bonds (C?) with the
formation of the cyclic onium (thiiranium or seleniranium) ions (A!) af-
ter an attack on the C2—C? double bond. The ions (A!) are in the plane
of the 7w-bond of the vinyl group (s-cis conformation), and for this reason
(Al) are easily transformed into the more stable five-membered cyclic
ions (A?). Furthermore, the ions (A?) are transmuted into the inter-
mediate (A®) by elimination of chlorobenzene, which was isolated and
identified. In the case of selenenyl chloride, the 2,5-dihydroselenophene
(7) was isolated as yellow oil in 29% yield. A [1,5] prototropic shift
and aromatization of the formed dihydrothiophene (A?) (not isolated)
or dihydroselenophene (7) occurred to give the thiophene (6) or the
selenophene (8). The realization of the heterocyclization process is con-
nected with introduction of the 1,3-dienic parts of the 1,2,4-trienic sys-
tem into the reaction course. This fact is obviously due to the ability of
the sulfur and selenium atoms to form cyclic ions,'® which are further
transformed into five-membered heterocyclic compounds.
In conclusion, we note the following points from this investigation:

1. The 3-methyl-1-methylsulfonyl-penta-1,2,4-triene (3) is readily
available by reaction of methylsulfinyl chloride with 3-methyl-1-
pentene-4-yn-3-ol followed by [2,3] sigmatropic shift.

2. Electrophile-induced reactions of the 1,2,4-trienyl sulfone (3) oc-
cur in different pathways depending on the kind of electrophile.
The halogenation reaction leads to formation of the highly unsatu-
rated (1E)-2-halo-3-methylene-1-methylsulfonylpenta-1,4-dienes (4)
and (5), while interaction with sulfenyl and selenenyl chlorides yields
only heterocyclic products—the thiophene (6) in the case of sulfenyl
chloride and a mixture of the 2,5-dihydroselenophene (7) and the
selenophene (8) in the case of selenenyl chloride.

3. The 3-methyl-1-methylsulfonylpenta-1,2,4-triene (3) is a versatile
synthon for heterocyclic compounds in organic synthesis.

Results of an initial investigation of the physiological activity of the
compounds prepared were encouraging, and the activity of selected
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compounds is now under investigation. A continuation of these studies
towards the synthesis and electrophile-induced cyclization reactions of
other alkatrienyl sulfones is currently in progress.

EXPERIMENTAL

Method of Analysis

'H and '®C NMR spectra were obtained on a BRUKER DRX-250 spec-
trometer for solutions in CDCl3. Chemical shifts are in parts per million
downfield from internal TMS.

IR spectra were recorded with an IR-72 spectrophotometer (Carl
Zeiss, Jena). Elemental analyses were carried out by the University
of Shumen Microanalytical Service Laboratory.

Mps (melting points) were measured in open capillary tubes and
are uncorrected. The solvents were purified by standard methods. All
reactions were carried out in oven-dried glassware under an argon at-
mosphere and exclusion of moisture. All compounds were checked for
their purify on TLC plates.

Starting Materials

Methylsulfinyl chloride was prepared from dimethyl disulfide and sul-
furyl chloride in acetic acid and distilled in vacuo (bp 36°C/20 mm
Hg) before used.!! Phenylsulfenyl chloride was prepared from diphenyl
disulfide and sulfuryl chloride in dichloromethane and distilled in vacuo
(b.p., 80-81°C/20 mm Hg) before used.'® 3-Methylpent-1-en-4-yn-3-ol
and phenylselenenyl chloride were commercially available and were
purified by usual methods.

Synthesis of 3-Methylpent-1-en-4-yn-3-yl
Methanesulfinate (2)

To a solution of 3-methylpent-1-en-4-yn-3-ol (1) (3.36 g, 30 mmol) and
triethylamine (3.34 g, 33 mmol) in dry ether (100 ml) at —40°C was
added dropwise with stirring a solution of freshly distilled methyl-
sulfinyl chloride (2.96 g, 30 mmol) in the same solvent (20 ml). The
reaction mixture was stirred for 1 h at the same temperature and for
3 h at rt and then washed with water, 2N HCIl, extracted with ether.
The extract was washed with saturated NaCl and dried over anhy-
drous sodium sulfate. Evaporation yielded the crude product (2), which
was purified by column chromatography on silica gel with ethyl ac-
etate/heptane (115:50 v/v) as eluent.
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Yield 3.75 g (79%), yellow oil. Anal. Caled for C;H;002S: C, 53.13;
H, 6.37; S, 20.27. Found: C, 53.23; H, 6.34; S, 20.37. 'H NMR (CDCls),
§: 1.71 (s, 3H, Me), 2.41 (s, 1H, HC=), 3.06 (s, 3H, SO;Me), 4.88 (dd,
Jeis 10.8 Hz, Jeem 1.3 Hz, 1H, CH,=CH.Hy), 5.73 (dd, Jians 17.3 Hz,
Jgem 1.3 Hz, 1H, CH,=CH,Hy),), 6.22 (dd, Jeis 10.8 Hz, Jirans 17.3 Hz,
1H, CH,=CH_,H,). 13C NMR (CDCls), §: 26.4, 46.8, 64.4, 72.1, 84.3,
120.7, 140.6. IR (neat), cm~': 1128 (S=0), 1611 (C=C), 2096 (C=C),
3284 (HC=).

Synthesis of 3-Methyl-1-methylsulfonylpenta-1,2,4-
triene (3)

A solution of sulfinate (2) (3.75 g, 23.7 mmol) in dried toluene (30 ml)
was refluxed for 5 h. After evaporation of the solvent, the residue
was chromatographied on a column (silica gel, ethyl acetate-heptane
(124:65 v/v)) to give the pure product as light yellow oil.

Yield 39%. Anal. Caled for C;H1909S: C, 53.13; H, 6.37; S, 20.27.
Found: C, 53.22; H, 6.42; S, 20.13. 'H NMR (CDCls), é: 1.74 (s, 3H,
Me), 2.96 (s, 3H, SO;Me), 4.90 (dd, Jis 10.6 Hz, Jeem 1.3 Hz, 1H,
CH,=CH,Hy), 4.97 (dd, Jirans 17.2 Hz, Jgem 1.3 Hz, 1H, CH,=CH,Hy,,),
6.11 (s, 1H, =C'-H), 6.27 (dd, J4is 10.6 Hz, Jyans 17.2 Hz, 1H,
CH,=CH,H,). *C NMR (CDCly), §: 17.8, 43.7, 98.4, 104.15, 119.5,
128.3, 206.7. IR (neat), ecm~!: 1118, 1299 (SO3), 1609 (C=C), 1954
(C=C=C0).

Electrophile-Induced Reactions of the
3-Methyl-1-methylsulfonylpenta-1,2,4-triene (3)

General Procedure

To a solution of triene (3) (1.58 g, 10 mmol) in dry dichloromethane
(20 ml) at —10°C was added dropwise with stirring a solution of elec-
trophilic reagent (sulfuryl chloride, bromine, phenylsulfenyl chloride,
phenylselenenyl chloride) (10 mmol) in the same solvent (10 ml). The
reaction mixture was stirred for 1 h at the same temperature and for
3 h at rt. The solvent was removed using a rotatory evaporator, and the
residue was purified by column chromatography on silica gel (Kieselgel
Merck 60 Fgo54) with ethyl acetate/heptane (200:90 v/v) as eluent. The
pure products had the properties detailed below.

(1E)-2-Chloro-3-methylene-1-methylsulfonylpenta-1,4-diene (4).
Yield 88%, pale yellow crystals, m.p. 88—89°C (from benzene/ethyl ac-
etate 2:1). Anal. Caled for C;HgO2ClS: C, 43.63; H, 4.71; S, 16.64, Cl,
18.40. Found: C, 43.69; H, 4.82; S, 16.43; Cl, 18.64. 'H NMR (CDCls),
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5: 2.87 (s, 3H, SO;Me), 4.44 (m, J 0.7 Hz, Jye1.6 Hz, 1H, C=CH,Hy),
5.08 (m, J1.1 Hz, Jgem 1.6 Hz, 1H, C=CH,Hy), 5.19 (m, Jyem1.3 Hz,
Jeis 9.7 Hz, 1H, CH=CH,Hy), 5.24 (m, Jyem 1.3 Hz, Jirans 16.8 Hz, 1H,
CH=CH,H,), 6.67 (m, Jis 9.7 Hz, Jyrans 16.8 Hz, 1H, CH=CH,Hj), 6.81
(m, J 0.7 Hz, J 1.1 Hz, 1H, =C'—H). 13C NMR (CDCly), 8: 43.5, 123.65,
132.4, 135.7, 141.45, 143.3, 146.6. IR (nujol), cm~': 1121, 1296 (SO,),
1600-1628 (C=C).

(1E)-2-Bromo-3-methylene- 1-methylsulfonylpenta-1,4-diene (5).
Yield 88%, pale brown crystals, m.p. 81-82°C (from benzene/ethyl ac-
etate 2:1). Anal. Caled for C;HgO2BrS: C, 35.45; H, 3.83; S, 13.52; Br,
33.67. Found; C, 35.41; H, 3.87; S, 13.43; Br, 33.81. 'H NMR (CDCly),
8:3.02 (s, 3H, SOyMe), 4.80 (m, J 0.7 Hz, Jpem 1.7 Hz, 1H, C=CH,H,),
4.99 (m, Jeem 1.3 Hz, Jis 9.9 Hz, 1H, CH=CH,Hy), 5.05 (m, J1.1 Hz,
Jeem 1.7 Hz, 1H, C=CH,Hy,), 5.12 (m, Jyem 1.3 Hz, Jyans 16.5 Hz, 1H,
CH=CH_H,), 6.58 (m, ;s 9.9 Hz, };.ns 16.5 Hz, 1H, CH=CH_,H,)), 7.32
(m, J 0.7 Hz, J 1.1 Hz, 1H, =C!—H). 13C NMR (CDCly), §: 43.5, 122.15,
131.1, 136.1, 149.25, 149.8, 150.9. IR (nujol), cm~1: 1124, 1300 (SOy),
1597-1622 (C=C).

3-Methyl-2-[methylsulfonylmethyljthiophene (6). Yield 71%, pale yel-
low crystals, m.p. 75—76°C (from hexane/ethyl acetate 3:1). Anal. Calcd
for CtH1902Ss: C, 44,18; H, 5.30; S, 33.70. Found: C, 44.30; H, 5.26; S,
33.48. 'TH NMR (CDCly), 8: 2.10 (s, 3H, Me), 3.07 (s, 3H, SOsMe), 4.31
(s, 2H, CHsy), 6.41 (d, J 5.3 Hz, 1H, BH), 6.95 (d, J 5.3 Hz, 1H, «H).
13C NMR (CDCly), §: 14.5, 43.1, 59.95, 130.25, 131.2, 132.1, 143.4. IR
(nujol), em~1: 1127, 1300 (SOy), 1468, 1556 (thiophene).

3-Methyl-2-[methylsulfonylmethylene]-2,5-dihydroselenophene (7).
Yield 29%, yellow oil. Anal. Caled for C;H1¢002SeS: C, 35.45; H, 4.25; S,
13.52. Found: C, 35.50; H, 4.23; S, 13.69. 'H NMR (CDCl3), §: 1.98 (s,
3H, Me), 2.79 (s, 3H, SO;Me), 3.71, 3.80 (dd, J 2.0 Hz, J 20.2 Hz, 2H,
CH,), 5.84 (t, J 2.0 Hz, 1H, =C*—H), 7.30 (Z), 6.94 (E) (Z:E = 3:1) (ss,
1H, =C—H). 13C NMR (CDCly), §: 23.1, 24.9 (J 38.2 Hz), 38.7, 119.5,
127.4(Z),125.2 (E) (Z:E = 3:1), 142.6 (£), 140.1 (E) (Z:E = 3:1) (J 68.5
Hz), 149.4. IR (nujol), ecm~1: 1124, 1294 (SO,), 1468, 1578, 1599 (C=C).

3-Methyl-2-[methylsulfonylmethyljselenophene (8). Yield 36%, yel-
low oil. Anal. Caled for C;H1¢002SeS: C, 35.45; H, 4.25; S, 13.52. Found:
C, 35.52; H, 4.31; S, 13.38. 'H NMR (CDCly), §: 2.46 (s, 3H, Me), 2.88
(s, 3H, SO3Me), 4.08 (s, 2H, CHy), 6.19 (dd, J 4.8 Hz, J 9.7 Hz, 1H,
BH), 7.38 (dd, J 4.8 Hz, J 46.7 Hz, 1H, «H). 13C NMR (CDCly), §: 18.4,
38.2,59.7,120.15(J66.1 Hz), 132.8, 138.9 (J 53.8 Hz), 143.2. IR (nujol),
em~1: 1119, 1291 (SOy).
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