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ABSTRACT

1) CHo,=CHSO,CH,Cl
—_
2) KOt-Bu, THF, reflux

X

1) CHp=CHSO,CHC,

——————-.

2) KOtBu/MeS0,CCl,
0°C,1h

Chloromethanesulfonylethene (3a) and dichloromethanesulfonylethene (3b) were prepared by oxidation of the adducts of ethylene and CICH,-
SClI or CI,CHSCI, respectively, followed by NaHCO3 dehydrochlorination. With dienes, 3a gave Diels—Alder adducts that, with base, underwent
Ramberg-Bdcklund reaction, giving products corresponding to the adducts of the dienes and allene. Similarly, 3b gave Diels—Alder adducts
that, with base in the presence of the novel chlorine source MeSO,CCls, cleanly afforded products corresponding to the adducts of the dienes

and 1,1-dichloropropa-1,2-diene.

We have demonstrated the utility of bromomethanesulfonyl lund reaction gives the formal DietAlder adducts of buta-
bromide (BrCHSQO,Br, 1) in one-pot polyene syntheses via 1,2,3-triene (Scheme 2)Do chloromethanesulfonylethene

tandem reactions involving light-induced free-radical addi-
tion, dehydrobromination, and base-induced vinylogous

Ramberg—Bé&cklund reaction (Schemé We also showed

Scheme 1

R/\/\ 1) BrCH,SO.Br (1), hv R/\/\/SOQCHQBI"
KOtBu A

that chloromethanesulfonyl-1,2-propadiene {E8=CHSQ-
CH,CI, 2) upon tandem DietsAlder and Ramberg—Baéck-
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Scheme 2

SO,CH,CI
CH»=C=CHSO0,CH,Cl (2)
60°C, 3 h
— —

(CH;=CHSGCH,CI, 3a), dichloromethanesulfonylethene
(CH;=CHSG,CHCI,, 3b), and 1,2-bis(chloromethanesulfo-
nyl)ethene (CICHSO,CH=CHSQCH.CI, 4) have similar
utility as “prepackaged” Ramber@acklund reagents? Like

1 and?2, 3a,band4 havea-halogen and sulfonyl groups in
place and, following an appropriate first step, might require
only base to give the olefinic end products. We report
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convenient syntheses of new reage3dasb and (E,Z)-4and

with excess dimethyldioxirane (DMDO) (giving 28%)-4

describe their utility as allene synthons in tandem processesand 20% (Z)-4; Scheme 5).

involving Diels—Alder addition (or ene reaction) followed
by Ramberg—Bécklund rearrangemént.
Chloromethanesulfenyl chloride, CIGECI, 5, from reac-
tion of MeS, with Cl,* serves as starting material for
synthesis o8a,b and4. Treatment o6 with ethylene gives
1-chloro-2-chloromethanesulfanyleth&fé6; 90%), which
without purification is oxidized with 2 equiv omCPBA
(giving 7 (not isolated)) and stirred with aqueous NaHCO
giving 3a (99%), a colorless oil (Scheme Bj.A similar

Scheme 3

CQCQ

Te=e CICH2C HESCH,C mCPBA
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CICHQCHZSOQCHQCI S CHz-CHSOQCchl

3

sequence of steps can be used to conve@I@ECI @; from
chlorination of 5)* into 3b (78%} by way of 1-chloro-2-
(dichloromethanesulfanyl)ethan® @nd 1-chloro-2-(dichlo-
romethanesulfonyl)ethan&@ (neither isolated; Scheme 4).

Scheme 4

mCPBA

CHy=CH,
Cl,CHSCl 222 GICH,CH,SCHCI,
8 g

H,0
CICH:CH2SOLCHC |
e o NaHCOg

CHo=CHSOsCHClp
3b

Dehydrochlorination of6 with (i-Pr);SiOK® gives chlo-
romethanesulfanylethene (11; 69%yhich is converted to
(E/Z)-1,2-bis-(chloromethanesulfonyl)ethene ((E/2-By

sequential addition ob (giving 12; 96%), DBU dehydro-
chlorination ofl2to (E/2)-13 (58%; 1:3 E:Z), and oxidation
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Scheme 5

CI{CH,),SCH,CI CHyp=CHSCH,Cl —>
6 1 5
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CICHZSCHQCHCISC HoCl == CICH,SC H—CHSCHZCI
DBU (E2)13

CICH28020H CHSOLCH,Cl
(EZ)-4

We examined the DietsAlder reactivity of new com-
pounds3aand3b, potential allene or chloroallene synthons.
While Diels—Alder adducts of allene are useful synthetic
intermediates, preparation of these compounds using allene
itself is generally impractical because of its cost, low
reactivity, and the experimental difficulties associated with
gaseous reagents. Because of the above problems, a variety
of allene synthons have been devised such as methanesulfo-
nyl-a-bromoethené’? o-bromoacroleif® 2-(benzenesulfinyl)-
propené? ethenyl triphenylphosphonium bromi#é o-me-
thylene-3-propiolacton&? and 2,3-(bis(benzenesulfonyl))-
propene-f

Both 3a and 3b readily add to a variety of 1,3-dienes
giving high yields of the corresponding Dielélder adducts,
as shown in Table 1 As anticipated, treatment of the
Diels—Alder adducts of3a with KOt-Bu/THF give good
yields of the diene-allene adducts via RambeBgicklund
reaction (entries15). Analogous base treatment of adducts
of 3b gave mixtures of the isomeric adducts of chloropropa-
1,2-diene together with lesser amounts of the adducts of
allene and 1,1-dichloropropa-1,2-diene. The latter two com-
pounds are presumably formed by nucleophilic attack of the
a-sulfonyl-a-chlorocarbanion of the Diels—Alder adduct of
3b on the chlorine of a second adduct molecule (Scheme
6).

Scheme 6

OQN Cﬁj

l KOtBu KOt Bu
SO,CH,CI

~_-SO,CHC @
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l KOt-Bu N S0,CCl;
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OO/ l KOtBu

We reasoned that if base treatment of Diefdder adducts
of 3b were conducted in the presence of an excess of a
suitably reactive source of chlorine, chlorine transfer might
be possibleprior to Ramberg—Bécklund reaction, leading
to exclusive formation of Diels—Alder adducts of 1,1-

Org. Lett.,, Vol. 6, No. 3, 2004



Table 1. Diels—Alder Adducts of3a and3b and the Corresponding RambeiBéacklund Products

.

SO,CHCl,

P

SO,CHCl,

.

92° 72

CCl,

P

CCl,

944 65

# diene Diels-Alder adduct % yield Ramberg-Biicklund product Y% yield
SO,CHCI
X o™t - X -
2 954 51°
© &,SOZCHZCI £6é

SO,CHLCI
3 gees

SO,CH,CI 97¢ 79
a0 ao o

SO,CH,CI

6 :\( SO,CHCl, 93¢ CCly 72

g

agndo:exo= 6.3:1.° Endo:exo= 3:1.°¢Known compound® 9 Conditions:

f Conditions: 60°C, neat, 12 h.

e

100—13CC, toluene, 1216 h.eConditions: 155°C, toluene, 7 h.

dichloropropa-1,2-diene. To test this hypothesis, methyl

trichloromethyl sulfone, MeS§Cl; (14), was used as a
novel chlorine source. This little-studied compotidas
conveniently prepared in 91% yield by bubbling. @ito a
refluxing, UV-irradiated solution of dimethyl sulfone in 3O
Cl,. We were pleased to find that when Dielslder adducts
of 3b were treated at C with KOt-Bu-THF in the presence
of 2 equiv of14, the corresponding Diels—Alder adducts of
1,1-dichloropropa-1,2-diene were formed in good yield
(Table 1, entries €8), despite concerns about competing
sulfonate formation, often seen with 1,1,1-trichloromethyl
sulfones?

Scheme 7
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Both (E)- and Z)-4 readily form Diels-Alder adducts,
e.g.,15a and 15b, respectively, with 1,3-cyclopentadiene
(Scheme 7), as confirmed by X-ray crystallography6a
(Figure 1), which also establishes the stereochemistrig)ef (

Cl22)

Figure 1. Structure of cyclopentadiene adddda of (E)-4.

4. Base treatment df5aor 15b gave unstable 2-chlorometh-
anesulfonylbicyclo[2.2.1]hepta-2,5-dierid) rather than 5,6-
bismethylenebicyclo[2.2.1]hept-2-enEr), e.g., 1,2-elimina-
tion from the activated:-sulfonyl carbanions is favored over
1,3-elimination (RambergBéacklund reaction), even with the
adduct of £)-4, where a coplanar 1,2-elimination transition
state is impossibl&
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Scheme 8
=
=
toluene,|SC2CHCI (E.2)4 20
;ezfi/u % [\ ~SOCHCI KOtBu, heat
° vinylogous
SO,CH,CI Ramberg-Béacklund
SO,CH,CI SO,CH,CI
KOt-Bu, heat (\/
S 1 ,2-elimination
-CICHgSOZ
18

Since compound showed good reactivity as a dienophile,
we examined its reactivity in the ene reaction. WhEj4
was heated with 2 equiv ¢f-pinene in toluene at 135C

for 1.5 h, the ene product 2-(1,2-bis(chloromethanesulfonyl)-

ethyl)-6,6-dimethylbicyclo[3.1.1]hept-2-en&8] was formed

in 72% yield as a crystalline solid. Base treatmesB{OK)

of 18in refluxing THF afforded )-2-(buta-1,3-dienyl)-6,6-
dimethylbicyclo[3.3.1]hept-2-en&() in low yield. If treat-
ment with base was conducted at®©, low yields of 2-(3-
chloromethanesulfonylallyl)-6,6-dimethylbicyclo[3.3.1]hept-

mechanism shown in Scheme 8. While not of synthetic utility
due to low yield, the reaction in Scheme 8 represents the
first example of a tandem reaction sequence incorporating
an ene-reaction with Ramberg—Bé&cklund elimination.
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