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Abstract: Addition-elimination of an acohol to 1,2-bis(phenylsul-
fonyl)ethylene afforded 3-alkoxyvinyl sulfoneswhich were submit-
ted to reductive elimination with 6% sodium amalgam to produce
the corresponding etheny! ethersin high yields and purity.
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Ethenyl ethers (ROCH=CH,) are widespread compounds
in organic synthesis as they display a high and diversified
reactivity. Indeed, beside being used as dienophilesin ev-
ery type of cycloaddition (hetero [4+2],! inverse-electron-
demand [4+2],2 photochemical or dipolar [2+2],2 dipolar
[3+2]* and cation radical® cycloadditions), they can partic-
ipate as substrates in many reactions such as metathesis,®
Claisen rearrangements,” addition of organometallics,®
metallation at the a-carbon,® etc.1®

Ethenyl ethers are usually obtained either through Reppe
vinylation'® directly from the alcohol and acetylene at
high pressures and temperatures'? or through mercury(l1)
acetate mediated trans-etherification of ethyl vinylether'3
or high temperature base-induced elimination reactions.*
Even though the synthesis of simple ethenyl ethersis no
moreachallenge and direct vinylation is performed indus-
trially in multi-thousand tons scale, at the laboratory scale
al actual methods present drawbacks and disadvantages
especially because of the hazard of handling acetylene at
the drastic reaction conditions which are needed when
dealing with reluctant, hindered alcohols. We now report
anew aternative synthetic protocol for the preparation of
ethenyl ethers which can be applied to highly hindered
substrates and which is based on the use of the safe and
crystaline bis(phenylsulfonyl)ethylene (BPSE)®® via a
rather mild substitution-reductive desulfonylation reac-
tion sequence. In other words, BPSE is utilized as a sub-
stitute for acetylene asit was in other instances to replace
acetylene in cycloaddition reactions.'® This methodology
has been applied to several alcohols with a specia atten-
tion to chira enantiopure alcohols because of prospect-
able work in asymmetric synthesis.®
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The reaction sequence, which has been used for the prep-
aration of ethenyl ethers 2a-i and the yields obtained are
shown in the Scheme.
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Primary, secondary as well as tertiary and phenolic (with
poorer yields, though) hydroxyl groups are represented. It
should be emphasized that even strongly hindered alco-
hols such as fenchol and norborneol efficiently afford the
respective B-alkoxyvinyl sulfones 1f and 1g.1” Asan im-
provement over the formerly reported reaction proce-
dure,’® it was noticed that when the reaction of an al cohol
with BPSE was carried out in THF with LIHMDS® in-
stead of NaH, the addition-elimination product 1 was pro-
duced exclusively and no formation of the pB-
phenylsulfonyl acetal 3 resulting from a second alkoxide
addition to 1 was observed (Figure).
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The configuration of the B-alkoxyvinyl sulfones la-i is
transin any case, i.e. they possess the same configuration
asthe starting BPSE, thus confirming the stereospecificity
of the reaction.

The reductive desulfonylation occurred under mild reac-
tion conditions using the standard sodium amalgam re-
duction of arylsulfonyl derivativesin buffered (NaH,PO,)
methanolic solution.?® After completion, the crude reac-
tion mixture was filtered over Celite and washed with
dichloromethane, then extracted with the same solvent
and washed with 5% aqueous NaHCO;. Careful evapora-
tion of the organic phase afforded the crude enol ether,
which was highly pure in all cases, with the exception of
2c where a comparable amount of cyclopropyldiphenyl-
methane was also formed. In this latter case, the high sta-
bility of the cyclopropyldiphenylmethyl radical may be
responsible for such an observation. It should be noted
that the intrinsic reactivity of enol ethers towards water
even under dightly acidic conditions would inevitably re-
sult in hydrolytic cleavage of the =HC-O- bond. Actual-
ly, purification by silica gel chromatography proved
detrimental asit resulted in very poor recovery of the de-
sired vinyl ether.

Other reducing agents previously reported to promote re-
ductive desulfonylation - lithium naphthal enide,?* magne-
sium in methanol? - were aso tested but led to inferior
results.

In conclusion, the above procedure represents anovel pre-
parative method for the production of parent vinyl ethers.
The methodology - which avoidsthe use of acidic reaction
conditions - is of general utility and constitutes avaluable
aternative to the existing intrinsically hazardous and/or
noxious methodologies. The case of enol ether 2i, which
has been recently reported from vinylation of cholesterol
with gaseous acetylene at high pressure and tempera-
ture, 2 isillustrative of the mildness of the method and of
its potentiality. Extension of our methodology to more
complex molecules such as carbohydratesis currently in-
vestigated in our laboratory.
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General Procedure for the Synthesis of b-Alkoxy Vinyl
Sulfones (1a-i): To astirred reaction mixture containing 0.1
g (0.32 mmol) of (E)-BPSE and the alcohol (0.32 mmol) in
anhydrous THF (5 mL) was added 0.32 mL (0.32 mmol) of
LiHMDS (1 M solution in hexane) at —78 °C. The mixture
was allowed to stir overnight, then quenched with water,
extracted with EtOAc and dried over MgSO,. Evaporation of
the solvents left awhite solid which was purified by flash
chromatography (petroleum ether or toluene-EtOAc). The
physical properties of the products matched the reported
data (Ref. 18)or agreed with the proposed structure. For
example: (E)-1-(2-Bornyloxy)-2-phenylsulfonyl
ethylene(1f): Colourless solid; mp 108 °C; [0]p?° =-60 (c =
1.1, CHCl,); *H NMR (250 MHz, CDCl,): § = 7.89-7.87 (m,
2H, Hypno), 7.60-7.48 (M, 4 H, Hypeta Hpras H-1), 5,64 (d, 1
H, H-2, J,. = 12.1 Hz), 4.14 (m, 1 H, CHO), 2.25 (m, 1 H),
1.91 (m, 1 H), 1.72 (m, 2 H), 1.24 (m, 2 H), 1.06 (dd, 1 H, H-
3e,J=3.2,13.6 Hz), 0.87 (s, 6 H, CH3), 0.85 (s, 3H, CHy);
13C NMR (62.89 MHz, CDCl,): = 161.3 (C-1), 143.0
(Civar), 132.9 (Cpaa), 129.4 (Cg0), 127.1 (Coyino), 106.9 (C-
2),89.0(CHO), 49.8,48.2(C,y), 45.1 (CH), 36.3, 28.0, 26.8
(CH,), 19.8, 19.0, 13.7 (CHy); IR (KBr): 1609 cm™ (C=C);
MSmz (19): 321 [M+H]*, 338 [M+NH,]*, 343 [M+Na]".
(E)-1-(2-Fenchyloxy)-2-phenylsulfonyl ethylene (19):
Colourless solid; mp 67 °C; [0]?° = +9 (c = 1.26, CHCl,);
IH NMR (250 MHz, CDCl,): & = 7.88-7.85 (M, 2 H, Hyno)s
7.58-7.48 (M, 4 H, Heta Hoere H-1), 5.76 (d, 1 H, H-2, .
=11.9 Hz), 355 (s, 1 H, CHO), 1.70-1.66 (m, 3 H), 1.54—
1.45 (m, 2 H), 1.21-1.17 (m, 1 H), 1.08-1.02 (m, 7 H), 0.82
(S, 3H, CHg); °C NMR (62.89 MHz, CDCl;): 5 = 162.5 (C-
1), 143.0 (Cyva), 132.9 (Cpara), 1294 (Cera), 127.0 (Coro),
107.0(C-2),97.8 (CHO), 49.5 (C,y), 48.5 (CH), 41.4 (CH,),
40.3 (C,y), 31.0 (CH,), 26.3, 26.0 (CH,), 20.8, 19.6 (CHy);
IR (KBr): 1624, 1602 cm (C=C); MSm/z (1S): 321 [M +
H]*, 338 [M + NH,]*, 343[M + Na]*.
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MeOH (100 mg/5 mL) were added 6% Na/Hg amalgam (8 g,
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0.44 mmol of precursor 1a-i) and phosphate buffer NaH,PO,
(4 g, 0.44 mmol). Thereaction mixture was alowed to stir at
room temperature while monitoring the consumption of the
sulfone by TLC (petroleum ether). After completion
(typicaly 1-2 h) thereaction mixture wasfiltered over Celite
and washed with CH,Cl,. The organic phase was washed
with 5% aqueousNaHCO,, dried over anhydrousK,CO; and
cautiously concentrated under vacuumto givethevinyl ether
whose NMR spectrum showed high purity grade. The
physical properties of known compounds matched the
reported data: 2b (Ref. 23), 2e and 2f (Ref 23, 24), 2g (Ref
25), 2i (Ref 12). Further examples: (Adamantan-1-yl)methyl
ethenyl ether(2a): Colourless oil; *H NMR (250 MHz,
CDCl): 3 =6.48 (dd, 1 H, H-1, J= 6.8, 14.2 Hz), 4.13 (dd,
1H, H-2eE,J=17,14.2Hz),3.92(dd, 1H,H-2Z,J= 17,
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3,5,7); IR (film): 1651, 1645 cm® (C=C); MS mVz (El): 149
[M—OCH=CH,]*, 192 M*. (Cyclopropyldiphenyl)methyl
ethenyl ether (2c): Obtained asaca. 1: 1 mixture with
cyclopropyldiphenylmethane (Ref. 26); *H NMR (250 MHz,
CDCly): § = 7.41-7.17 (m, 10 H, H,), 6.27 (dd, 1 H, H-1, J
=6.2,13.6 Hz), 4.58 (dd, 1 H, H-2E, J = 0.6, 13.6 HZz), 4.01
(dd, 1 H, H-2Z,3=0.6, 6.2 Hz), 1.65 (m, 1 H), 0.62 (m, 2
Hgd), 0.30 (M, 2 Hyno); 2C NMR (62.89 MHz, CDCl): § =
147.8 (C-1), 143.7 (Cv4), 128.6-126.2 (3C,), 91.3 (C-2),
86.3 (Cyv), 19.4 (CH), 2.5 (CH,); IR (film): 1631 cm'*
(C=C); MSm/z (El): 207 [M—OCH=CH,]".
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