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Access to vinyloxiranes using aldehydes and allylic bromides
in the presence of 1-5 mol% tetrahydrothiophene is re-
ported. Both aliphatic and aromatic aldehydes work well in
this reaction and the catalyst loading could be reduced as
low as 0.5 mol%.

Sulfur ylides, particularly sulfur benzylides, have been devel-
oped as good reagents for the preparation of oxirane?l
cyclopropane? and aziridine® derivatives since Johnson et al.4
found the reaction of sulfur ylide with aldehydes in 1961.
Although vinyloxiranes are versatile building blocks® and
precursors of functionalized four-carbon segquences,® the reac-
tions of alylic sulfur ylide with aldehydes, imines and electron-
deficient alkenes were less explored than other ylide reactions,
and it is still a challenging problem due to its easy [2,3]7
sigmatropic rearrangement. In order to obviate this rearrange-
ment, typically, diphenyl sulfur ylide was used. Arsenic8 or
tellurium ylides® have been aso employed to avoid the [2,3]
sigmatropic rearrangement. In this way, the desired catalytic
version10 was realized by using 20 mol% diisobutyl telluride.
Recently, Dai and Hou reported a one-pot strategy! for the
synthesis of vinylaziridines and vinyl epoxidesvia sulfur ylides.
In some cases, they found that the stereoselectivities of ylide
expoxidationt!a and/or aziridination3a.11b.c.12 could be tuned by
changing both the reaction conditions and the ligands of sulfur
ylides. In our study of ylide chemistry,13 we documented an
enantiosel ective preparation of vinylcyclopropanes using stoi-
chiometric chiral ylides.14 Very recently, Metzner et al.
described the first enantioselective synthesis of vinyl oxiranes
fromallylic chiral sulfur ylides.15 To the best of our knowledge,
no catalytic ylide epoxidation via allylic sulfur ylide has been
reported, except that Aggarwal et al. reported that benzal dehyde
reacted with (3,3-diphenyl)akenyl sulfonyl hydrazoneto afford
diphenyl vinyl epoxide in the presence of 20 mol% tetra-
hydrothiophene.r Here we report an efficient catalytic route to
vinyloxiranes via allylic sulfur ylide.¥

By careful analysisof thereaction of allylic sulfur ylideinthe
presences of aldehyde (Scheme 1), wethink that it is possible to
realize catalytic ylide epoxidation when high concentrations of
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T Electronic supplementary information (ESI) available: preparation of
vinyloxiranes and chiral catalysts. See http://www.rsc.org/suppdata/cc/b3/
b304443b/
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both aldehyde and allylic bromide are used in aone-pot reaction
because the high concentration of allylic bromide is beneficial
to the formation of sulfur salt and the high concentration of
aldehyde could probably lead to the reaction of aldehydes with
the sulfur ylide before the ylide rearranged. As acoholic
solventswere found to activate the al dehyde probably dueto the
formation of hydrogen bonds between solvent and aldehyde,16
we chose t-BUuOH as the solvent and used 5 mol% tetra-
hydrothiophene as the catalyst to start our study. As expected,
this catalytic reaction proceeded very well. As shown in Table
1, the reaction of 4-chlorobenzal dehyde with allylbromide 2a at
reflux in the presence of 5 mol% tetrahydrothiophene gave the
desired product in quantitative yield when either Cs,COs or
K-CO3 was used as the base. This reaction could also be carried
out without solvent, but the yield was lower than that when t-
BuOH was used asthe solvent (entry 4in Table 1). Gratifyingly,
the yield was still 83% even when the loading of tetra-
hydrothiophene was reduced to 0.5 mol% (entry 6).

Further studies showed that both aromatic and aiphatic
aldehydes worked very well even on the gram-scale. As
described in Table 2, both electron-rich and electron-deficient
aromatic aldeydes gave the desired epoxidesin excellent yields
(entries 1-4). Compared with aromatic aldehydes, aliphatic
aldehydes such as cyclohexanecarboxaldehyde and decyl
aldehyde always are less active in catalytic ylide reactions. But
under our conditions, they worked well (entries 5, 10 and 11).
Although the stereosel ectivity was not good, the isomers could
be separated easily as asingle cis- and/or trans-isomer by flash
chromatography. Noticeably, 3-trimethylsilylallyl bromide also
participated in this reaction to give the corresponding epoxides
in excellent yields using only 1 or 5 mol% of catalyst (entries
6-11).

We also tried catalytic asymmetric ylide epoxidation by the
use of chiral sulfides 4, 5 and 6 as the catalyst. Only moderate
yields were achieved in the presence of sulfide 4 or 6. The
enantiosel ectivities were low to moderate (entries 1 and 3 in
Table 3). Sulfide 5 could not catalyze this reaction probably
because the formation of salt is very difficult.

In conclusion, we have developed an efficient catalytic ylide
route to vinyloxiranes via allylic sulfur ylides. The cheap and

Table 1 Effects of reaction conditions on catalytic ylide epoxidation

S
0
ﬂ, p-CICgH /QJH\

p-CICH,CHO + BrCH,CH=CH, ;

base
1a 2a 3a
Loading
Entry Solvent (mol%)2 Base Yielde
1 t-BuOH 5 Cs,CO3 100
2 t-BuOH 5 K2CO3 100
3 t-BuOH 1 K2COs3 100
4 — 1 K2CO3 58
5 t-BuOHc 1 K2C03 51
6 t-BuOH 05 KoCO3 83

a Tetrahydrothiophene loading. P Determined by GC. ¢ Trace amount of
water was added.

| This journal is © The Royal Society of Chemistry 2003



Table 2 Reactions of aldehydes with alylic bromides catalyzed by
tetrahydrothiophene2

10r 5 mol% ii]

o
RCHO+ B~ N “R! r” Ly R’
K,CO,, t-BUOH, reflux
1 2 3
Entry Loading® R R1 cistranse  Yield (%)d
1 1 4-CICgH4 H 36/64 94
2 1 CsHs H 33/67 85
3 1 4-NO,CgH4 H 38/62 96
4 5 4-CH30CgHs H 30/70 85
5 5 n-CoH1g H 55/45 75
6 1 4-CICgH4 T™MS 25/75 83
7 1 CeHs T™MS 24/76 89
8 1 4-NO,CegHs  TMS 30/70 85
9 1 2-CICgH4 T™MS 27173 85
10 5 n-CgH1g T™MS 42/58 88
11 5 cyclo-CgHiz  TMS 50/50 78

aAll reactions were carried out in one-pot at reflux using tetra-
hydrothiophene (0.06 mmol), -trimethylsilylallyl bromide (9.75 mmol) [or
alylbromide (19.4 mmol)], adehyde (6.5 mmal), K,COs3 (7.8 mmal), t-
BuOH (2 mL) under dry N, atmosphere. ® mol%. ¢ Determined by GC.
d |solated yield.

Table 3 Asymmetric ylide epoxidations of 1a2

CHO
cat.

K>CO4 TMS
t—BuOH
reflux

Cl 1a

SMe
OMe

_
+ B N s

6
Loading ee (Yo)c for
Entry Cat. (mol%) cigtrans® trans-3f  Yield (%)
1 4 20 40 : 60 37 40
2 5 20 — — 0
3 6 5 34:66 25 51

a All reactions were carried out in one-pot at reflux using catalyst, -
trimethylsilylallyl bromide (0.6 mmol), aldehyde (0.5 mmol), K,COs (0.6
mmol), t-BuOH (0.5 mL) under dry N, atmosphere. b Determined by GC.
¢ Determined by HPLC.

readily available catalyst, the simple procedure, the mild
conditions and the high catalytic efficiency together with the
easy separation of cis/trans-isomers, make this method poten-
tially useful in organic synthesis.

Thisresearch was supported by the National Natural Sciences
Foundation of Chinaand * The Talent Scientists Program’ from
Chinese Academy of Sciences.

Notes and references

$ General procedure: To a Schlenk tube were added tetrahydrothiophene
(5.7 mg, 0.06 mmal), alylbromide (1.68 mL, 19.4 mmol), 4-chlor-

obenzaldehyde (907 mg, 6.5 mmol), dry K,CO3 (powdered, 1.07 g, 7.8
mmol ) and t-BuOH (2 mL, distilled over sodium) under N, atmosphere.
The resulting mixture was refluxed for 12 h, and then filtered rapidly
through a short silica gel column (ethyl acetate eluent). The filtrate was
concentrated and the residue was purified by chromatography (hexane/ethyl
acetate, 200/1, v/v) on silica gel to afford the desired product, 1.09 g
(94%).
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