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Julia olefination between a-alkoxy sulfones 2a—c and a wide variety of ketones or aldehydes afforded substituted vinyl ethers in 46—90%
yields. Sulfones 2a—c were readily prepared in two steps from commercially available reagents in 68—80% yields. Optimization revealed that
the nature of the base, the solvent, and the temperature were crucial to obtaining the desired vinyl ethers.

Vinyl ethers have received considerable attention for their We decided to explore the possibility of usimgalkoxy
utility in many useful organic reactions such as Diefdder heteroaryl sulfones in a Julia olefination reaction as a
reactior? Claisen rearrangemefgind aldehyde homologa- potentially new way to synthesize vinyl ethers from enoliz-
tion,* as well as for their applications in the synthesis of able carbonyl compounds.

polymers and surfactantsFormation of vinyl ethers through The S. Julia olefination was used extensively in the last

olefination of carbonyl compounds may suffer from low gecade for the construction of alkenes present in many natural
yields, the high temperature required, and the PhOSph'”eproducts (Scheme 1, eq )11 However, to our knowledge,
oxide formation, which may be difficult to remove from the 15 such olefination has been achieved with @alkoxy

desired products? Aloxymethyitriphenylphosphorane ylides  gybstituent on the sulfone moiety. In this paper, we wish to
are reportedly unstable and afford low yields of vinyl ethers

with enolizable substraté&® As part of our medicinal
chemistry efforts, we were seeking an efficient method to _

prepare substituted vinyl ethers from ketones and aldehydes. Scheme 1. Extension of the Modified Julia Olefination
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report the first examples of a modified Julia olefination using

a-alkoxyheteroaryl sulfones to yield vinyl ethers (Scheme 1,46 1. Exploration of the Reaction Conditions

1, eq 2).

Syntheses of the starting sulfone substrates were ac-

complished employing a two-step process from commercially
available reagents. Three electronically and sterically dif-
ferent alkylating agents such as BOM@J4-dichloroanisole,
and MEMCI were coupled first with 2-mercaptobenzo-
thiazole (BTSH) to afford the correspondirgralkoxy-
substituted thioethers in quantitative yields (Schemé 2).

Scheme 2. Synthesis ofx-Alkoxysulfones2a—c

RO._Cl  1.BTSH, NaH, DMF
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2a R=Bn, 68%
2b R=4-CIPh, 80%
2¢ R= MeOCH,CH,, 75%

1a R=Bn
1b R=4-CIPh
1¢c R=MeOCH,CH,

Oxidation of these thioethers proceeded smoothly with a
catalytic amount of sodium tungstaten the presence of
hydrogen peroxide to afford the desireehlkoxysubstituted
sulfones2a—cin 68—80% yields.

We first explored the coupling between sulfoBa and

4'-methoxyacetophenone (Table 1). The desired vinyl ether

3 was obtained in low yield with moderateZ selectivity

by using KHMDS or NaHMDS (entries-14). Addition of
HMPA to the reaction mixture increased the yield to 52%
with a decrease i&:Z selectivity (entry 5). We were pleased
to obtain the corresponding vinyl ethgiin 87% yields by
simply changing the base to LIHMDS (entry 6). Furthermore,
we investigated the effect of temperature7@ to 25°C);
reaction timet* amount of sulfone, base, and additive;
solvent (DMF, THF, DME, DCM, toluene); and order of
additiort® (Barbier or premetalate) on the vinyl ether
formation. The best condition was the addition of LIHMDS

(8) For Horner—Emmons—Wadsworth olefination, see: (a) Kluge, A.
F. Tetrahedron Lett1978,19, 3629. (b) Kluge, A. F.; Cloudsdale, I. $.
Org. Chem.1979,44, 4847.

(9) See ref 4 and: Ferwanah, A.; Pressler, W.; Reichardfe@ahedron
Lett. 1973, 3979.

(10) (a) Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, T@trahedron
Lett.1991,32, 1175. (b) Baudin, J. B.; Hareau, G.; Julia, S. A.; Lorne, R.;
Ruel, O.Bull. Soc. Chim. Fr1993,130, 856. (c) Baudin, J. B.; Hareau,
G.; Julia, S. A.; Ruel, OBull. Soc. Chim. Fr1993,130, 336.

(11) For an excellent review on the modified Julia olefination, see:
Blakemore, P. RJ. Chem. Soc., Perkin Trans.2D02,23, 2563.

o | OBn
/©)‘\ v BnO”S0,8T Base, Additive
- Solvent
MeQ MeQO
2a 3

entry base?2 solvent  additive® vyield (%)¢ (E:2)®
1 KHMDS DME 13 84:16
2 KHMDS THF 16 85:15
3 NaHMDS DCM 39 86:14
4 NaHMDS THF 21 80:20
5 NaHMDS THF HMPA 52 58:42
6 LiHMDS THF 87 50:50
7 LiHMDS THF 70¢ 50:50
8 LiHMDS THF 84f 50:50
9 LiHMDS THF 12-C-4 61 50:50
10 LiHMDS THF DMPU 35 42:58
11 LiHMDS THF HMPA 86 37:63
12 LiIHMDS THF TMEDA 74 50:50
13 LiHMDS THF 759 58:42
14 LiHMDS DMF 44 42:58
15 LDA THF 44 50:50

aBase was added to a solution of ketone and sulf@aeat 0 °C.

b Additive was added in the reaction mixture prior to badsolated yields
after purification.d E:Z ratio determined byH NMR spectroscopyt Per-
formed with 1.5 equiv of baséLiHMDS (1 M)/hexanes was used.
9 Reaction was run at78 °C.

to a mixture of sulfone and a carbonyl compound in THF at
0 °C.

To evaluate the scope and limitations of this method, we
performed the modified Julia olefination between sulf@ae
and a variety of carbonyl compounds under the optimized
reaction conditions (Table 2).

Enolizable carbonyl compounds bearing electron-donating
and electron-withdrawing substituents afforded vinyl ethers
3—7 in 75-90% vyields (entries 45).17 Trifluoroaceto-
phenone also underwent olefination in 82% yield (entry 6).
Furthermore, a variety of enolizable aliphatic ketones,
including a functionalized cyclopentanone and cyclo-
hexanone, were successfully employed in this Julia

(16) Barbier = base added to a mixture of sulfone and carbonyl;
premetalate= base added to sulfone and then carbonyl added. Addition of
base using a syringe pump over 30 min did not increase the yield or the
E:Z ratio of vinyl ether3.

(17) Representative Procedure for the Synthesis of Vinyl Ether 3.

To a solution of sulfone2a (498 mg, 1.56 mmol, 1.2 equiv) and
4'methoxyacetophenone (195 mg, 1.3 mmol, 1.0 equiv) in THF (15 mL,
0.085M) at 0°C was added LIHMDS (3.1 mL, 3.1 mmol, 2.4 equiv, 1 M

(12) Other heterocycles have been used. For PT, see: (a) Blakemore, Pin THF) dropwise over 2 min. The reaction was stirred 460for 90 min,

R.; Cole, W. J.; Kocienski, P. J.; Morley, ASynlett 1998, 26. (b)
Bellingham, R.; Jarowicki, K.; Kocienski, P.; Martin, \Bynthesisl996,
285. For PYR, see: Charette, A. B.; Berthelette, C.; St-Martin, D.
Tetrahedron Lett2001,42, 5149 and 6619. For TBT, see: Kocienski, P.
J.; Bell, A.; Blakemore, P. RSynlett2000, 365.

(13) (a) Schultz, H. S.; Freyermuth, H. B.; Buc, S. R.Org. Chem.
1963,28, 1140. (b) Blacklock, T. J.; Sohar, P.; Butcher, J. W.; Lamanec,
T.; Grabowski, E. J. JJ. Org. Chem1993,58, 1672.

(14) Progress of the reaction was followed using a React-IR instrument,
and all the reactions were completed between 15 and 90 min.

(15) Addition of 12-C-4, TMEDA, and DMPU failed to improve the
yields and theE:Z selectivity.
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quenched with 20 mL of saturated NEl, extracted three times with 50

mL of EtOAc, washed with 20 mL of brine, dried over MggCand
concentrated. The product was purified by flash chromatographg @@
EtOAc/Hex) to give vinyl etheB (287 mg, 87% yield) as a 1#:Z mixture.

IH NMR (500 MHz, acetonel): o (trans) 7.42—7.34 (m, 5H), 7.23 (d,

= 7.2 Hz, 2H), 6.84 (m, 2H), 6.66 (s, 1H), 4.94 (s, 2H), 3.74 (s, 3H), 1.96
(s, 3H); 6 (cis) 7.63 (d,J = 7.3 Hz, 2H), 7.42-7.29 (m, 5H), 6.84 (m,

2H), 6.33 (s, 1H), 4.91 (s, 2H), 3.76 (s, 3H), 1.86 (s, 3% NMR (125

MHz, acetone-g): 6 (mixture of cis and trans) 153.03, 158.68, 143.69,
143.19, 139.06, 138.90, 133.72, 131.77, 129.39, 128.25, 128.59, 128.31,
128.23, 126.59, 114.49, 113.90, 110.88, 74.86, 74.39, 55.40, 55.33, 18.46,
12.93. HRMS (FAB) calcd for §H140, 255.1385, found 255.1385.
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Table 2. Synthesis of Vinyl Ethers Using Sulfon@a

0OBn

Table 3. Steric and Electronic Effects of Sulforgb for the
Formation of Vinyl Ethers

o o~ LIHMDS
+ BnO” "SO.BT —_—
ri gz e THF, 0°C, 1.5h R1/[R2 i Cl\@\ LIHMDS JIO\@\
+ e —
1 2 o~ THF, 0°C, 1.5h 1 >
entry carbonyl product yield (%2 (E2)P ROR 2p O SOBT RUR cl
o) OBn entry carbonyl product yield (%)? (E:Z)P
|
1 /©/k J@/L 3 87 50:50 o o
MeO MeO /©/ |
o | OBn 1 @ﬁ COEt ¢ COEt15 76 67:33
2 J@* Q/Q 4 86 50:50
o “é /©/ ]
Me O Me | OBn 2 COzEt Cl CO,Et 16 75 50:50
3 5 79 68:32
¢ RO
OB
2 e 3 /@A H /@j Cl 17 83 5545
4 /@A 6 75 50550 Me Me
I I
[e] OBn o | (8]
| L
S @A O/Q 7 9 5248 4 @ (5 c 18 71 5743
F F
o OBn Br Br cl
cF ! cl cl Q
6 3 CF3 g 82 64:36 5 \_ O N o 19 65 74:26
N N
MeC O MeO A 0Bn
7 86 60:40 alsolated yields after purification, average of two ruh&:Z ratio
determined by*H NMR spectroscopy.
fo) OBn
8 éA | 10 70 50:50 ) )
COEt CO,Et We then turned our attention to a phenol substituent on
o the sulfone moiety in order to explore electronic and steric
9 i | ] effects on the olefination reaction (Table 3).
ij/\cozEt COzEt11 71 67:33
Sulfone2b was first reacted with ethyl (2-oxocyclohexyl)
o 0Bn acetate to afford vinyl ethet5 in 76% vyield (entry 1).
10 WH ! 12 46 50:48 Similarly, the cyclopentanone analogue gave vinyl eftter
in 75% yield (entry 2). Vinyl ethel7 was obtained in 83%
o | 0Bn yield from the corresponding 4-methylbenzaldehyde (entry
11 /@)LH /©)/ 13 73 50:50 3). Furthermore, an,3-unsaturated cyclohexenone was
Me Me converted smoothly to vinyl ethek8 in 71% yield (entry
4). Finally, we explored the Julia olefination with an indolone
O . .
12 @15/)4 WOB"14 1 7 and were pleased to form the corresponding vinyl eftger
H

alsolated yields after purification, average of two rubg:Z ratio
determined by*H NMR spectroscopy.

olefination to afford vinyl etherd0and11in 70 and 71%
yields, respectively (entries 8 and 9). In our hands, conven-

in 65% yield with anE:Z ratio of 74:26 (entry 5). All
attempts to form vinyl ethers from indolones using conven-
tional methods (Wittig or HornerEmmons-Wadsworth)
gave only low yields in our hands. The electronic and steric
nature of the sulfoneb did not affect the yield or the
selectivity of the Julia olefination.

tional methods using phosphonate or phosphorane reagents It was reported that substituted vinyl ethers could be

gave only low yields (1640%) for the synthesis of vinyl

generated in moderate yields (38—63%) from the coupling

ethers from cyclopentanone substrates. Finally, aliphatic andof ketones with a MEM-phosphorafielherefore, we then

aromatic aldehydes gave vinyl ethet®—14 in 46—73%
yields (entries 10—12¢

(18) Purification of vinyl ethers from aldehydes was conducted wigNEt
treated silica gel to avoid decomposition to the homologated aldehydes.
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decided to compare these results with our modified Julia
olefination using sulfon@c (Table 4). Reaction of sulfone
2c with acetophenone afforded the desired vinyl et@mn
86% yield (entry 1). This represents an improvement over
the reported 37% using the MEM-phosphorane. Again,
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Table 4. Effect of a MEM Substituent on the Sulfone Moiety

J(J)\ O LIHMDS /[0\/\0/
A O~ "SO,BT o >

R!TR2 2¢ THF, 0°C, 1.5h RTR2

entry carbonyl product yield (%)? (E:Z)b

(0] [ O\/\O/
(j/K ©/Q 20 86 5743
0] [ O\/\O/
2 /©)\ /©/L 21 87 6238
Cl cl
o

3 Q)K 22 76 57:43
o 0
o] [O\/\O/
4 w w 23 83 57:43

a|solated yields after purificatiorf.E:Z ratio determined byH NMR
spectroscopy.
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electron-rich or electron-poor acetophenone reacted well to
afford the desired vinyl ether8l and 22 in 87 and 76%
yield, respectively (entries-23). The reaction with aliphatic
ketone afforded produ@3in 83% vyield (entry 4).

In summary, we have demonstrated that substituted vinyl
ethers are readily available from enolizable and nonenolizable
carbonyl compounds in moderate to good yields{26%).

We are currently extending this methodology to include other
heterocycles on the sulfone moiety as well as attempting to
improve theE:Z selectivity of this transformation.
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