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Polymer-supported a.-selenoaldehydes easily obtained by reaction of polymer-supported 4-(phenyl-
seleno)morpholine with aldehydes react with Grignard reagents to form polymer-supported -hydroxyalkyl
selenides, which were treated with thiony! chloride/triethylamine leading to (£)-1,2-disubstituted ethenesin

good yields.
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During thelast few years, solid-phase methodol ogy has
been rapidly and extensively applied to the preparation of
small organic molecules. Polymer-supported reagents have
attracted growing interest because they can provide attractive
and practical methods for combinatorial chemistry and solid-
phase organic synthesis." Organoselenium reagents are now
commonly used as a powerful tool for introducing new func-
tional groups into organic substrates under extremely mild
conditions.? Among them, B-hydroxyalkyl selenides are po-
tentially useful intermediates in organic synthesis.® -Hy-
droxyalkyl selenides can be regio- and stereoselectively ob-
tained by reacting Grignard reagents with o.-selenoal dehydes
which are easily prepared from 4-(arylseleno)morpholine
formed in situ with saturated aldehydes.** Many methods
have been developed for the stereosel ective synthesis of 1,2-
disubstituted ethenes. Among these methods, an important
method involves the conversion of B-hydroxyalkyl selenides.”
However, organic selenium reagents always have afoul smell
and are quitetoxic, whichisoften problematic in organic syn-
thesis. Recently, selenium-based approaches for solid-phase
chemistry have been reported from different research groups.®
Our research group has been interested in the applications of
organi ¢ selenium reagentsin organic synthesisfor many years.
Herein, wewishto report the very simple preparation of poly-
styrene-supported a-selenoaldehydes and their applications
to stereoselective synthesis of (E)-1,2-disubstituted ethenes
on solid-phase (Schemel). A distinct advantage of these new
polymer-supported selenium reagents is the convenience of
handling and totally odorless nature as compared to the non-
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bound reagents, whose toxicity and foul smell are often prob-
lematic.

Simplestirring of polystyrene-supported selenium bro-
mide 1%#with morpholinein CHCl; resulted in nearly quanti-
tative conversion to the polystyrene-supported (4-phenyl-
seleno)morpholine 2 by elemental analysis of nitrogen.
Treatment of resin 2 with saturated aldehydes bearing an o.-
hydrogen gave the corresponding a.-phenylsel enoaldehyde
resins 3 as indicated by FT-IR spectra showing strong car-
bony! absorption at 1700-1710 cm™ and no residual Se-N ab-
sorption at 1252 cm™*. The minimum degree of functionaliza-
tion of resins3 could be cal culated from the nitrogen analysis
of their corresponding aldoximes and corresponded to 1.02,
1.08 and 1.10 mmol of aldehydes functional group per gram
(R*= Ph, n-Pr and Et, respectively). Resin 3 reacted with
Grignard reagents® at room temperature to form polymer-
supported B-hydroxyalkyl selenides 4 and 5 showing large
hydroxy! absorption at 3430-3440 cm™ and no residual car-
bonyl absorptioninitsinfrared spectra. Thereactionsof resin
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Table 1. Preparation of (E)-1,2-Disubstituted Ethenes®

Entry R R? Yield of 6 (%)° EIZ ratic®
1 CeHs CeHs 85 (6a) 97/3
2 CeHs 4-CICgH, 83 (6b) 98/2
3 CsHs 4-CH3CgH4 84 (GC) 94/6
4 CeHs 3-CHyCeHy 82 (6d) 94/6
5 CeHs CHs 80 (6e) 95/5
6 CeHs CH,=CHCH, 85 (6f) 96/4
7 CH4CH, CeHs 76 (69) 96/4
8 CH4CH, 4-CICgH, 80 (6h) 93/7
9 CH4CH, CeHsCH, 81 (6i) 95/5
10 CH5CH,CH, CeHs 78 (6]) 94/6
1 CH5CH,CH, CeHsCH, 82 (6k) 95/5
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@ The products are known and identified by *H NMR and IR spectra.
® | solated yields based on the minimum loading of adehyde of polymer-supported -

selenoaldehydes.

¢ The ratio of £/Z isomers was determined by *H NMR (400 MHz).

3 with Grigard reagents are known to lead predominately to
the major diastereoisomers 4, as predicated by “Cram’s
rule”.” These new polymer-supported selenium reagents are
remarkably stable and may be stored for several months at
ambient temperature without any deterioration. With treat-
ment of B-hydroxyalkyl selenide resins with p-toluenesul-
fonic acid or perchloric acid® the yields of products 6 were
poor. When methanesulfonyl chloride,®® and trifluoroacetic
anhydride/triethylamine> were adopted, the yields are 50-
60%. After some screening, we found that (£)-1,2-disub-
stituted etheneswere obtained in better yields (Table 1) when
thionyl chloride® was used in the presence of triethylamineat
room temperature. Under the described conditions, the con-
version was highly stereosel ective (> 90%) and occurred for-
mally by trans-elimination of the “hydroxyl” and “selenyl”
moieties.?

In conclusion, we have prepared several new polysty-
rene-supported selenium reagents and developed a SPOS
route to synthesize (E)-1,2-disubstituted ethenes. Although
an excess amount of reagents was required, higher yields
were achieved as compared to those of the corresponding so-
lution-phase synthesis. Furthermore, the procedure replaces
the time-consuming isolation and purification stepsin the
corresponding sol ution-phase reaction.

EXPERIMENTAL SECTION

"H NMR spectrawere recorded on a Bruker Avance 400
MHz spectrometer using CDCl3 as the solvent and with TM'S
asinternal standard; IR spectrawere determined on a Bruker
Vector 22 spectrophotometer.

Preparation of polystyrene-supported 4-(phenylseleno)-
morpholine (2)

Polystyrene-supported selenium bromide (1.0 g, 1.18
mmol/g, Br), prepared from 1% cross-linked polystyrene
beads,®® was swelled in CH,Cl, (10 mL) for 30 min, and
morpholine (2.40 mmol) was added. The mixture was stirred
at room temperature for 30 min and filtered. After washing
successively with H20, CH2Cl, (2 x 3 mL of each) and then
drying in vacuum, the resin 2 containing 1.12 mmol N/g was
obtained as yellow beads. IR (KBr): 3058, 3024, 2920, 2849,
1600, 1584, 1492, 1449, 1275, 1252, 1108, 1067, 903, 755,
696 cm™; Anal Calcd for resin2: N, 1.64%. Found: N, 1.57%.

General procedure for preparation of polystyrene-
supported o-selenoaldehyde resin (3)

Resin 2 (1.0 g, 1.12 mmol) was swelled with CH,Cl,
(10 mL) for 30 min, aldehyde (1.15 mmol) was added, and the
suspension wasrefluxed for 5 h, then cooled and filtered. The
resin 3 was washed with CH,Cl, (4 x 3 mL) and dried under
vacuum. The minimum capacity of this resin was calculated
from the nitrogen elemental analysis of its corresponding
aldoxime according to the method described in theliterature.’

General method for synthesis of polystyrene-supported
B-hydroxyalkyl selenides resin

Resin 3 (1.0 g) preswollenin THF (10 mL) was treated
with Grignard reagent (2.0 mmol) in THF. Stirring continued
at 0 °Cfor 1 h, then at room temperature for 5 h under anitro-
gen atmosphere, and then quenched with aqueous NH,Cl and
filtered. This new B-hydroxyalkyl selenides resin was washed
successively with H,O, THF, methanol, CH,Cl5, ether (2 x 3
mL of each), and then dried under vacuum.



The Synthesis of (F)-1,2-Disubstituted Ethenes

General procedure for preparation of (E)-1,2-disub-
stituted ethenes (6)

To asuspension of B-hydroxyalkyl selenidesresin (1.0
g) swollen in CH.Cl, (10 mL) and containing triethylamine
(7 mmol) was added thionyl chloride (2 mmol) at room tem-
perature and stirred for 4 h. After the resin was filtered off
and washed with CH,Cl,, the filtrate was washed with brine,
dried over Na;SO., and evaporated to give the crude product,
which was purified by preparative TLC on silicagel.
(E)-Stilbene (6a)%°

mp 121.5-123 °C (lit. 122-123 °C); *H-NMR § 7.12 (s,
2H), 7.18-7.21 (m, 2H), 7.36-7.43 (m, 4H), 7.48-7.55 (m,
4H); IR vmax (KBr) 3019, 1579, 1468, 1072, 962, 910, 765,
693 cm™.

(E)-1-Phenyl-2-(p-chlorophenyl)ethene (6b)10

mp 127-128 °C (/it. 126-127 °C); *H-NMR & 7.10 (s,
2H), 7.26-7.48 (M, 9H); IR vmax (KBr) 3025, 1585, 1465, 945,
815, 699 cm'™.

(E)-1-Phenyl-2-(p-methylphenyl)ethene (6¢)°

mp 116-117 °C (/it. 116-117 °C); 'H-NMR § 2.35 (s,
3H), 7.04 (s, 2H), 7.10-7.60 (m, 9H); IR vmax (KBr) 3025,
2977, 1595, 1468, 941, 820, 705 cm ™.
(E)-1-Phenyl-2-(m-methylphenyl)ethene (6d)™°

mp 46-47 °C (lit. 47-48 °C); "H-NMR & 2.32 (s, 3H),
7.01 (s, 2H), 7.08-7.65 (m, 9H); IR vma (KBr) 3029, 2970,
1594, 1466, 950, 818, 705 cm™.

(E)-1-Phenyl-1-propylene (6e)*

Colorless oil; *H-NMR & 1.87 (d, J = 1.5 Hz, 3H),
6.21-6.27 (m, 1H), 6.42 (d, J = 16.9 Hz, 1H), 7.0-7.35 (m,
5H); IR vma (film) 3028, 2972, 1600, 1495, 1445, 956, 728
cmt.

(E)-1-Phenyl-1,4-pentadiene (6f)*

Colorless oil; "H-NMR & 2.95-2.98 (m, 2H), 5.05-5.09
(m, 2H), 5.87-5.92 (m, 1H), 6.21-6.26 (m, 1H), 6.43 (d, J =
15.9 Hz, 1H), 7.20-7.37 (M, 5H); IR vma (film) 3026, 2978,
1600, 1496, 1449, 965, 913, 742 cm’™.
(E)-1-Phenyl-1-butene (6g)*

Colorlessoil; "H-NMR & 1.07 (t, J = 7.2 Hz, 3H), 2.21-
2.24 (m, 2H), 6.24-6.30 (m, 1H), 6.40 (d, J = 15.9 Hz, 1H),
7.18-7.35 (m, 5H); IR vimax (film) 3024, 2964, 1652, 1598,
1494, 1377, 963, 909, 738 cm™.
(E)-1-(p-Chlorophenyl)-1-butene (6h)*®

Colorless oil; *H-NMR & 0.89 (t, J = 7.2 Hz, 3H),
2.19-2.21 (m, 2H), 6.20-6.24 (m, 1H), 6.29 (d, J = 15.6 Hz,
1H), 7.12-7.30 (m, 4H); IR vmax (film) 3025, 2964, 1652,
1593, 1490, 1461, 965, 801, 734 cm™.
(E)-1-Phenyl-2-pentene (6i)**

Colorless oil; *H-NMR & 1.01 (t, J = 7.4 Hz, 3H),
2.01-2.06 (m, 2H), 3.33 (d, J = 4.0 Hz, 2H), 5.55-5.57 (m,
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2H), 7.17-7.30 (m, 5H); IR vma (film) 3027, 2963, 1603,
1494, 1453, 1378, 967, 909, 734 cm™.
(E)-1-Phenyl-1-pentene (6j)*3

Colorless oil; *H-NMR & 0.97 (t, J = 7.3 Hz, 3H),
1.45-1.54 (m, 2H), 2.16-2.22 (m, 2H), 6.19-6.26 (m, 1H),
6.40 (d, J = 15.8 Hz, 1H), 7.16-7.35 (M, 5H); IR vimax (film)
3025, 2958, 1653, 1598, 1449, 1378, 963, 738 cm™.
(E)-1-Phenyl-2-hexene (6k)*®

Colorless oil; '"H-NMR & 0.92 (t, J = 7.4 Hz, 3H),
1.35-1.42 (m, 2H), 1.98-2.03 (m, 2H), 3.34 (d, J = 6.1 Hz,
2H), 5.48-5.59 (m, 2H), 7.16-7.30 (M, 5H); IR vmax (film)
3027, 2959, 1653, 1603, 1494, 1378, 965, 744 cm™.
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