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Synthesis of New Derivatives of Unsaturated Enol Ether
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M3 “BATEiDYNUST8Y 139N unsaturated enol ether AilViasifudiniafiandniud 9 ansovilay

WuUse avtumey Ap Punvilvu]i3en allylation 989 139N aldehyde Was 13 Grignard reagent MINGE

aaa [

UfAZeTui a9de O-vinylation B89 13WARTUT homoallylic alcohol MfindiuandunauLsnlasyiUiA3eiy ethyl

aaa

vinyl ether Tapd mercury (II) trifluoroacetate Lflutfl"slj'\‘iﬂgﬂiﬂ’l

AN °’lﬁ'qj : unsaturated enol ether, allylation, O-vinylation, homoallylic alcohol

A high vyielding, two-step synthesis of unsaturated enol ether derivatives has been reported. The method
employed the allylation reaction of aldehyde and Grignard reagent followed by O-vinylation of the resulting

homoallylic alcohol using ethyl vinyl ether in the presence of mercury (Il) trifluoroacetate as a catalyst.
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Tuseninen1s@ner  n1s “LAs1Ed 1591man
aslulainsnlaefji3en Cascade Glycosidation-Prins
Type Cyclization (Kopecky and Rychnovsky, 2001)
POINANNIVE Wawmsan 15 REURUUITINBIRTINAN
aslulansaiifigniniedanin  syusinives 13
unsaturated enol ether Faiflu ’liﬁﬁwyjﬁdﬁﬁu alkene
ua ether léignin3oaduiiialéifiu 13 intermediate uay
vJu building block “wuldlunis@nssenain Tu
F89UMSITeE aqﬁuﬁ[wﬂmao 15 unsaturated enol
ether QNIVUNUNIT ATIEALABNIY avtunauFIBAE
fidreuas aan lasinduainniseden homoallylic
alcohol lasl#ji3en allylation 289 19U5znoU
carbonyl (Bernardon and Deberly, 1982) ansaujisen
O-vinylation (Kopecky and Rychnovsky, 2001) 8y
alcohol AldndunauuIn “m3uUARTeN allylation v

19U52nay carbonyl

fiswenddodesigd Tael#ideeg iewau

sudvihiFenlaig i nsld allyitrialkyl stannane
LAzAL3917)"381 Rhenium complex (Nishiyama WazAme,
2005) vhufAsenludviacatsaiasieg 1dndndued
homoallylic alcohol Tut/Sua 0-80% seiliasidud
PpansdandasuTitufusiaresivinas a1l
sl allyl bromide Lz titanium (III) chloride (Jana
HacAne, 2004) Wawnses homoallylic alcohol %@
AaTlWARTUT 76-94% uBNANHTIBNILNIANE
AMzfiming 8 wiuUAAsn allylation lawld allyl
bromide WarinAe indium (I) %38 indium (II1) Tu
Mn/TMSCI (Auge UasAnly, 2003) LAzS18d1UNN5IE Iron
139581 allylation 289 199N aryl aldehyde
Toagldidugvinazats (Chan uazame, 2004) 1L
U381 O-vinylation 2849 alcohol Tudupouil 9 12w
mM3vA3e1 O-vinylation 89 aromatic alcohol laald
tetravinyltin waz copper(Il)acetate Faldnalaifiiin (Otterlo
LaYALE, 2003)

3 Qqﬂn‘m’i

UiAsenaiienuavaeldusssinialulasiau
A% puNaanAniunesUiATelesds  thin-layer
chromatrography (TLC) Toels precoated tlc plates; silica
gel 60F-254 a9U3EN E. Merck Useinaluasaiu WAaAUnN
ﬁ\l,@igmwﬂzﬁu% qﬂﬁrﬁ’mﬁ% column chromatrography lag
1% silica gel 60 (particle size 0.063-0.2) ¥@9U5HN E.
Merck Useimmeasii 'H-NMR uar '°C-NMR spectra
gnﬂ’uﬁnimmﬂ‘%'m Nuclear Magnetic Resonance i;u
BRUKER AVANC-400 (400 MHz “w%5U 'H-NMR uag
100 MHz “w5u °C-NMR)  13ninsiadalugah
aza1y CDCI @1 chemical shifts 789 "H-NMR gn
seeudud & (ppm) Wisuiisuiu tetramethylsilane
(8 0.00) uaz “C-NMR gnassuiiue & (ppm) Wisy
Wisuiy CDCI, (5 77.0) Infrared spectra gﬂﬂuﬁﬂiﬂﬂ
\A389 Infrared Spectroscopy 7a3U3HN PERKIN ELMER
U system 2000FT-IR

FBmanasasuacisyantsi atliendnuaizas
WRANUN

1. ABn1Ineaas wmSuUU)isen allylation 999 13
aldehyde
g magnesium (0.0872 g, 3.59 mmol) Tuzn
Aunan Davafunanyinield a1aidfiglulasiau
LANGYINaLa1Y diethyl ether 25 ml aNdqe allyl
bromide (0.15 ml, 359 mmol) autduiian 1 Flae
azld 19azany allyl magnesium bromide Qﬁﬂﬁu
an wﬁm%w‘tﬁﬁaﬂummﬁunau'ﬁmm 198ERNY
aldehyde (0.45 mmol) Tudivhazaie diethyl ether
(15 ml) vhufAsenfigungivies msaa sunisiia
nAmTuTshy TLC Wauffsenin aysal ngaufisen
Fe 19araneduI289 ammonium chloride (NH4C1I)
N7 NRGIBAYINATANY ethyl acetate (EtOAc) 3 A4
Sretuduniddeiuazinde sodium chloride vilwut
f1y sodium sulfate anhydrous (NaZSO4) NIDILRE
sempdiazay hlivihlds nilasnsmnwdnnio

column chromatrography
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N19LA38N 1-(4-benzyloxy-3-methoxy-phenyl)-3-
buten-1-ol (2)

WWIBNAINABNINARNTD 1 (ABN1IMaass WS

U558 allylation 789 13 aldehyde) laald aldehyde @a
3-methoxy-4-benzyloxy-benzaldehyde (1) WAASUTA
NNUFAsowILS vilasmsanwandiaiihazaisethyl
acetate L@HAATUT 1-(4-benzyloxy-3-methoxy-phenyl)-
3-buten-1-ol (2) (94% vyield)
'H NMR (400 MHz, CDCl) & 2.46-257 (2H. m, H-2),
393 (3H. s, OCH)). 469 (1H. t, J = 7.0 Hz, H-1), 5.14-
516 (1H, m, H-4a), 517 (2H, s, OGH Ph), 520-5.22
(1H, m, H-4b), 5.83 (1H, ddt, J = 17.0, 10.0, 7.0 Hz,
H-3), 6.83 (1H, dd, J = 8.0, 2.0 Hz, PhH), 6.87 (1H, d,
J = 8.0 Hz, PhH), 6.97 (1H, d, J = 2.0 Hz, PhH), 7.29-
7.49 (5H. m, PhH): °C NMR (100 MHz, CDCI) & 438,
56.0, 711, 73.2, 1095, 114.1, 118.0, 118.3, 127.2, 127.8,
128.5, 134.5, 137.1, 137.2, 147.5, 149.8; IR (Nujol mull)
VvV 3421, 2923, 2725, 1647, 1456, 1376 Cmi1

NILA3UN  1-(3-benzyloxy-4-methoxy-phenyl)-3-
buten-1-ol (4)

wIBNmNISNImaansdin 1 ABn1Inease sy
U381 allylation 789 13 aldehyde) lnald aldehyde Aa
4-methoxy-3-benzyloxy-benzaldehyde (3) WRAN UM
NNUAsowILS vlasmsanwandisdaihacaisethyl
acetate lFWARAUT 1-(3-benzyloxy-4-methoxy-phenyl)-
3-buten-1-ol (4) (93% vyield)
"H NMR (400 MHz, CDCI) d 246 (2H, t, J = 65 Hz,
H-2), 3.90 (3H, s, OCHS), 466 (1H, t, J = 6.5 Hz, H-1),
5.09-5.22 (2H, m, H-4), 5.18 (2H, s, OGH Ph), 5.69-5.82
(1H, m, H-3), 6.89 (1H, d, J = 8.0 Hz, PhH), 6.93 (1H, d,
J = 80 Hz, PhH), 697 (1H, s, PhH), 7.32 (1H, t, J = 7.0
Hz, PhH), 7.39 (2H, t, J = 7.0 Hz, PhH), 7.47 (2H, d,
J = 7.0 Hz, PhH); °C NMR (100 MHz, CDCI) & 437,
56.1, 71.0, 73.0, 111.6, 112.0, 1182, 118.7, 127.4, 127.8,
128.5, 1344, 136.5, 137.1, 148.1, 149.2; IR (Nujol mull)
VvV 3396, 2924, 2664, 1458, 1376, 1155 cm’

MILeIN 1-(3,4-dimethoxy-phenyl)-3-buten-1-ol
(6)

WWIBNANIABNINARBNTD 1 (3BN1INAReY WS
U558 allylation 789 13 aldehyde) lawld aldehyde Ao
veratraldehyde (5) WA NI AZvHLS qm%ﬁmﬂ
MIANNANFAYINazany ethyl acetate lAnARAUT 1-
(3,4-dimethoxy-phenyl)-3-buten-1-ol (6) (93% yield)
"H NMR (400 MHz, CDCI) & 253 (2H, t, J = 65 Hz,
H-2), 390 (3H, s, OCH ), 3.92 (3H, s, OCH ), 472 (1H,
t, J = 6.5 Hz, H-1), 5.13-5.25 (2H, m, H-4), 5.83 (1H, ddt,
J = 14.0, 10.0, 7.0 Hz, H-3), 6.86 (1H, d, J = 8.0 Hz,
PhH), 6.91 (1H, d, J = 8.0 Hz, PhH), 6.96 (1H, s, PhH);
C NMR (100 MHz, CDCI)) & 4338, 559, 732, 1089,
110.9, 118.3, 118.9, 134.5, 136.5, 148.4, 149.0; IR (Nujol
mull) v 3402, 2923, 1645, 1458, 1377 cm’

M3LA3UN 1-phenyl-5-hexen-3-ol (8)

wIBNANITMIneaesdin 1 Bn1Iease sy
U381 allylation 989 15 aldehyde) laald aldehyde
A9 dihydrocinnamaldehyde (7) wandmufna U A3e0
vilius vilasnsuentiu3 wdinAs column chromatro-
graphy TaglF@vinasane 30% EtOAc/hexane lANARADUT
1-phenyl-5-hexen-3-ol (8) (45% yield)
"H NMR (400 MHz, CDCl) & 1.79-194 (2H, m, H-2),
223 (1H, dt, J = 14.0, 8.0 Hz, H-4a), 2.33-2.44 (1H, m,
H-4b), 2.68-2.82 (1H, m, H-1a), 2.83-2.99 (1H, m, H-1b),
3.67-3.75 (1H, m, H-3), 5.15-5.30 (2H, m, H-6), 5.89 (1H,
ddt, J=17.0, 9.0, 7.0 Hz, H-5), 7.20-7.41 (5H, m, PhH);
"C NMR (100 MHz, CDCI) & 29.7,38.4, 42.0, 69.9, 1183,
125 8, 128.1, 128.4, 134.6, 142.0; IR (Nujol mull) v 3375,
3064, 3027, 2914, 1641, 1604, 1496, 1456, 1377 cm’

2. 3BMINAanY WMSUUHA3E1 O-vinylation

11 13 homoallylic alcohol AlFlutumauwsn
91nUfA3e1 allylation 31 (0.42 mmol) T Tumiafiunax
AN mercury (II) trifluoroacetate (0.0178 g, 0.04 mmol)
Davanadunanvinield acidfslulasiaunas iy
ethyl vinyl ether auflgungfiios 599 sunisifin
wAmTuTdy TLC Wiadfisenin wysal nyaufisen
§78 19RERIEANFITEY sodium hydrogen carbonate
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(NaHCO) N3 NAABAINIATANe diethyl ether 3 A
§retudun3fseiuazinds sodium chloride vluks
f18 sodium sulfate anhydrous (Na2804) NIDILLRY
sevpdvinazats  wandudianufisenihlios nd
Tasnsuenlsiud q‘ﬂé@]’?ﬂ%%‘ column chromatrography
Taelsihazate 5% Et O/hexane

N1 “9LAI1=A  1-methoxy-2-benzyloxy-5-(1-
vinyloxy-3-butenyl)-benzene (9)

IWIBNANIBNINARBNTD 2 (ABN1INARDY WS
U581 O-vinylation) Teald homoallylic alcohol e
1-(4-benzyloxy-3-methoxy-phenyl)-3-buten-1-ol (2) 16
WARAUT 1-methoxy-2-benzyloxy-5-(1-vinyloxy-3-
butenyl)-benzene (9) (94% vyield)
'H NMR (400 MHz, GDCI) & 2.47-2.57 (1H, m, H-2a)
2.63-2.74 (1H, m, H-2b), 3.93 (3H, 5. OCH ), 4.02 (1H, d,
J=6.5Hz, H-2’a), 431 (1H, d, J = 14.0 Hz, H-2’b), 4.73
(1H, t, J = 65 Hz, H-1), 5.07-5.20 (2H, m, H-4), 5.17 (2H,
S, OCH2Ph), 5.81 (1H, ddt, J = 17.0, 10.0, 7.0 Hz, H-3),
6.33 (1H, dd, J=14.0, 6.5 Hz, H-1'), 6.80 (1H, d, J= 8.0
Hz, PhH), 6.89 (2H, d, J = 4.0 Hz, PhH), 7.34 (1H, t, J =
7.0 Hz, PhH), 7.41 (2H, t, J = 7.0 Hz, PhH), 7.48 (2H, d,
J =70 Hz, PhH); °C NMR (100 MHz, CDCI)) & 42,0,
56.0, 71.0, 81.0, 894, 109.8, 1136, 117.4, 118.8, 127.3,
127.8, 128.5, 134.0, 134.2, 137.2, 147.8, 149.8, 150.6; IR
(Nujol mull) vV 2926, 1462, 1377, 1154 cm”’

N9 “9A31ER 1- benzyloxy -2- methoxy-5-(1-
vinyloxy-3-butenyl)-benzene (10)

wWIBNANATMINeasdn 2 (Bn1Iaase U
U581 O-vinylation) lagl# homoallylic alcohol @e
1-(3-
1HwAnTuT 1- benzyloxy -2- methoxy-5-(1-vinyloxy-3-
butenyl)-benzene (10) (96% yield)
'H NMR (400 MHz, CDCI) & 2.30-252 (1H, m. H-2a).
2.53-2.74 (1H, m, H-2b), 3.89 (3H, s, OCHS), 3.96 (1H, d,
J=6.5 Hz, H-2’a), 422 (1H, d, J = 14.0 Hz, H-2’b), 4.66
(1H, t, J = 65 Hz, H-1), 497-511 (2H, m, H-4), 517
(2H. 5. OCH Ph), 5:64-5.80 (1H, m, H-3), 628 (1H, dd,
J = 14.0, 6.5 Hz, H-1'), 6.83-6.95 (3H, m, PhH), 7.27-

benzyloxy-4-methoxy-phenyl)-3-buten-1-ol (4)

7.35 (1H, m, PhH), 7.39 (2H, t, J = 7.0 Hz, PhH), 7.48
(2H. d, J = 7.0 Hz, PhH); '°C NMR (100 MHz, CDCl)
38.9, 56.0, 71.0, 80.7, 89.4, 111.5, 112.5, 117.0, 119.4,
127.4, 127.8, 1285, 1335, 133.9, 137.0, 148.1, 14922,
150.4: IR (Nujol mull) v 2937, 2748, 2715, 2656, 1454,
1369, 1148 cm’’

119 9LAT1ER  1,2-dimethoxy-4-(1-vinyloxy-3-
butenyl)-benzene (11)

IWIBNAINIABNINARNTD 2 (ABN1IMAaY WS

U581 O-vinylation) Taald homoallylic alcohol e
1-(3,4-dimethoxy-phenyl)-3-buten-1-ol (6) HWNARTUT
1,2-dimethoxy-4-(1-vinyloxy-3-butenyl)-benzene (11)
(70% yield)
'H NMR (400 MHz, CDC)) 8 251 (1H, dt, J = 140, 7.0
Hz, H-2a), 2.67 (1H, dt, J = 14.0, 7.0 Hz, H-2b), 3.87
(3H, s, OCHS), 3.91 (3H, s, OCHS), 399 (1H, d, J=65
Hz, H-2'a), 428 (1H, d, J = 14.0 Hz, H-2’b), 4.72 (1H, 1,
J = 7.0 Hz, H-1), 5.03-5.15 (2H, m, H-4), 5.78 (1H, ddt,
J =140, 100, 7.0 Hz, H-3), 6.33 (1H, dd, J = 14.0, 6.5
Hz, H-1), 683 (3H, s, PhH); "°C NMR (100 MHz, CDCI,)
0 42.0,55.8,80.9, 894, 109.2, 110.8, 117.4, 118.8, 133.6,
134.0, 141.8, 148.5, 150.5; IR (Nujol mull) v 2924, 1635,
1610, 1516, 1464, 1264, 1031 Cmi1

M3 “wATER (8-vinyloxy-5-hexenyl)-benzene (12)

IWIBNAINIABNINARNTD 2 (3BN1TINAaY WS
U581 O-vinylation) Teald homoallylic alcohol e
1-phenyl-5-hexen-3-ol (8) lHNARAUT (3-vinyloxy-5-
hexenyl)-benzene (12) (92% yield)
"H NMR (400 MHz, CDCI) 8 1.90 (2H, dt, J = 14.0, 7.0
Hz, H-2), 2.42 (2H, dt, J = 14.0, 7.0 Hz, H-1), 2.62-2.73
(1H, m, H-4a), 2.74-2.86 (1H, m, H-4b), 3.82 (1H, dt, J =
12.0, 6.0 Hz, H-3), 4.04 (1H, d, J = 6.5 Hz, H-2’a), 4.33
(1H, d, J=14.0 Hz, H-2’b), 5.10-5.14 (2H, m, H-6), 5.75-
590 (1H, m, H-5), 6.35 (1H, dd, J = 14.0, 6.5 Hz, H-1),
720-7.22 (5H, m, PhH); "°C NMR (100 MHz, CDCI) &
314, 355, 384, 783, 88.3, 117.6, 125.8, 128.3, 1284,
133.8, 141.8, 151.2; IR (Nujol mull) v 2924, 2725, 1463,
1377, 1154 cm’’
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NANTSNARDILAZITAING

INNINARBIANEIN ﬂ']'):ﬁﬁlLWN']:ﬁ NI‘Nﬂ']iLm%UN
homoallylic alcohol lagt/fji3en allylation 989 15Usznay
aldehyde #8819 aldehyde 71lE@n®1Aa 3-methoxy-4-
benzyloxy-benzaldehyde wuinilald reagent fiidvin
U7A5e1 Aa allyl magnesium bromide fiLa3sxldann
magnesium Waz allyl bromide wazldiuil viufiseni

a

aldehyde Tu amzmeldsssmalulasiau fgungil
20" C \Jwamn 2 Fala IEnansouT 83% yield tiaenin
\fevinugAsenfiqungiivies (94%) degudt 1 dadu
n3@38N homoallylic alcohol ¥iadu Fwiden amel
vufisenfigungiivies Sevhlddeninnmaiigumngi
-20° C fsniu fipsmunugumgiiliiiunasaiian

OH
I~ Br 1) Mg, ether R H,CO N
2) PhH,CO
H,CO H o
1

condition %yield

rt, 2 h 94
-20°C, 2 h 83

sUN 1 m3wiey homoallylic alcohol

aaa [

Wevhnane auyUfA3eNAY aldehyde “iln
F9MN131971 1 1389ANERY entry 1-4 A8 3-methoxy-4-
benzyloxy-benzaldehyde, 4-methoxy-3-benzyloxy-ben-
zaldehyde, veratraldehyde LLa< dihydrocinnamaldehyde
WU W13 “0AIER 138UUS homoallylic alcohol
Iawesimudnisiiandndui snnils 93-94% yield

Taeldaanlunshufasend Suidise sedaluelunsdl

a

289 1304 entry 1-3 vy aldehyde splapnssiuag
aromatic WAlUNIEIA entry 4 Uijn3en allylation 89
dihydrocinnamaldehyde lnaniuiiies 45% yield uay
daslFnaunulumaiinufitonts 44 dalus

K. Peewasarn et al/Burapha Sci. J.11 (2006) 1: 11-18
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@597 1 M3te3ea homoallylic alcohol TapfjA3en allylation wev 151sznay aldehyde

1) Mg, ether
A~ Br 5 > M
2
R H
entry aldehyde reaction time (h) product %yield
O OH
H,CO H,CO
PhH,CO PhH,CO
1 2
0 OH
PhH,CO H PhH,CO X
2 2 93
H,CO 3 H,CO 4
O OH
X
I oI e aalE
H,CO
3 5 H,CO 6
OCH;, OCH,
O OH
. @/\)kH a4 ©/\)W 45
7 8

\inléinansiouri homoallylic alcohol Mndunauiinily wanld “siassieyiuszes 15 unsaturated enol ether
Taefji3e1 O-vinylation 1% reagent @e ethyl vinyl ether waz mercury (II) trifluoroacetate Lfufai591ii5eN
WUisen amemeliivsssmalulpsiauiigungivies Wniasusidusyiusing “sliages 13 unsaturated enol ether

aaa

deafisudnsifiandadug 9 70-96% laalfialunsinjise 17-30 Falus dou alunised 2

16 nauan 11 13 wATAME/A1T 1FINEIAT ATYIW. 11 (2549) 1: 11-18



aaa

a159il 2 UfATE1 O-vinylation winw3enpyiusinsioee 13 unsaturated enol ether

fi:/«\ Hg(OCOCF,) 0
R
R X + O/\ EL,O. rt. R/l\/\
entry  homoallylic alcohol reaction time (h) product %yield
OH o
H,CO
PhH,CO 5 PhH,CO 9
OH o
PhH,CO PhH,CO N
2 @)\/\ 30 2 D)\/\ %
H,CO 4 H,CO 10
OH o
x
3 S 24 70
H,CO H,CO
6 11
OCH,
o

N
o]
(@]
I
w
o0 O
T
/

24 ©/\M 92
12

Qﬂwanﬂsmmaao

INNIMARDIRNIMIASENaYILSINsiuny 1591WIN unsaturated enol ether Wudn NansaLA3EalaABTvY
figungfivies Tiwesifudnsifowdnds o Tasvisuufien esdunou @s U4A3e0 allylation 289 1591Wan
aldehyde muegUjisen O-vinylation 789 13 alcohol g aqﬁuﬂwmm 1391WIN unsaturated enol ether W19
18U 15 intermediate waziu building block “W3ulHlun13@nEIN1g 1A 19BuN3ENlAe Sedudiou
fifigndnietanm

ARRNIsNUseNA

va a a a

AnziITeTeTeUAUNMAIT AT AuINEIm #F anAnedyIn war anuddieminsal Alins Wy yu

[
[ 6 =

T pgunsainmameasslunisinided

K. Peewasarn et al/Burapha Sci. J.11 (2006) 1: 11-18

17



18

N 1591999

Auge, J., Lubin-Germain, N., Marque, S., and
Seghrouchni, L. 2003. Indium-catalyzed Barbier
allylation reaction. Journal of Organometallic
Chemistry 679: 79-83.

Bernardon, C., and Deberly, A. 1982. New approach
to the mechanism of the reaction between
benzyl grignard reagents and carbonyl
compounds. Journal of Organic Chemistry 47:
463-468.

Chan, T.C.,, Lau, C.P., and Chan, T.H. 2004. Iron-
mediated allylation of aryl aldehydes in aqueous
media. Tetrahedron Letter 45: 4189-4191.

Jana, S., Guin, C., and Roy, S.C. 2004. Mild and
efficient allylation of aldehydes mediated by
titanium(III) chloride. Tetrahedron Letter 45:
6575-6577.

Kopecky, D.J., and Rychnovsky, S.D. 2001. Mukaiyama
aldol-prins cyclization cascade reaction: A
formal total synthesis of leucascandrolide A.
Journal of American Chemical Society 123: 8420-
8421.

Nishiyama, Y., Kakushou, F., and Sonada, N. 2005.
Rhenium complex-catalyzed allylation of
aldehydes with allyltributylstannane. Tetrahedron
Letter 46: 787-789.

Otterlo, W.A.L., Ngidi, ELL., and Koning, C.B. 2003.
Sequential isomerization and ring-closing
metathesis: masked styryl and vinyloxyaryl groups
for the synthesis of benzo-fused heterocycles.
Tetrahedron Letter 44: 6483-6486.

nauan 11 13 wATAME/A1T 1FINEIAT ATYIW. 11 (2549) 1: 11-18



