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alcohols are repositioned to give allylic alcohols with controlled regioselectivity. The reaction
proceeds most efficiently in an aqueous media. The selectivity in product formation is affected
by the reaction temperature and the amount of the cataiyst being used. A higher reaction
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allylic alcohols. The reaction process was postulated as a tandem olefin migration-allylic

rearrangemem. Under the same reaction condmons, the functional groups of allyhc alcohols
undergo allylic rearrangements. © 1998 Elsevier Science Ltd. All rights reserved.

Summary: Through the catalysis of RuCly(PPhs)s, the functional groups of homoallylic

Selective transposition of the functionalities of organic compounds provides an efficient access to
molecules otherwise more complicated to synthesize. Isomerization of organic compounds through the
catalytic activity of transition metals has been used in a variety of organic transformations, such as the
isomerization of allylic alcohols to ketones.!*!® Isomerization of organic compounds, as in the examples
above usually occurs with some attnuon of the functionalities within the molecule. Examples of

-positioning the functionalities of allylic alcohol
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corresponding homoallylic or higher analogs (2) have not been studied previously. Recently, we reported that
in the presence of a catalytic amount of RuCly(PPh3)3%! and in water, homoallylic alcohols undergo structural

reorganization in which both the hydroxyl group and the olefin have been reshuffled.#?* Under the same
reaction conditions, allylic alcohols were also isomerizaed. Here we report the detailed study on this subject.
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RESULTS AND DISCUSSIONS

Homoallylic alcohols can be prepared by a variety of mecthods through allylation of carbonyl
compounds 43 More recently, Barbier—type ailyialion of carbonyl compounds has been developcd in aqueous
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Isomerization of Homoallylic Alcohols

Previously, several transition metal complexes have been shown to catalyze the migration of terminal
olefins into internal positions.i8 As a siarting point, we chose Ru Ciz(r'rng, }3. The choice was made based on
Cay smrmemnetiac Af rrtharniiimm Aaseealae

Cant that rmithamirim rowmnlavas oro somnatibla with watar and aie
1 QiU All. Dub‘l P(UPCI Ued Ut lul.llcll.lulll Wllll}lc/\m

L".C ialt Uial [ UG UL VGUAHTPIVAGD arc LULLIpPau UL VWil wais.

have been extensively explored by Grubbs in olefin metathesis reactions.*® Previously, it has been shown that
homoallylic alcohols form stable complexes with a ruthenium (II) salt in water that are inert toward olefin
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1somfenz,amms.1 We speculated that the attachment of triphenylphosphine to the metal center would alter its
properties, effecting the desired isomerization. Subsequendy we examined the reaction of the alkyl
homoallylic alcohol 5§ in water catalyzed by RuCl3(PPh3);. When this compound was subjected to the
ruthenium catalyst, a complicated mixture of several olefinic products was generated, which could not
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mixture of several oleﬁmc alcohols demonstrated a lack of regio selectivity. In order to control the product
formation, we would require to introduce, in the reaction substrate, a controlling element which will lock the
location of the double bond. This lead us to investigate the isomerization of benzylic type homoallylic alcohols.

j’\' 2-4 mol% RuCly(PPh3)a
N a R
H20. AIR

a complicated mixture M

Stirring a mixture of the allyl benzyl alcohol 3a with a catalytic amount of RuCl(PPh3)3 in water at
100°C for 3h led to compound 6a together with a very small amount of ketone 7a. Subsequently, a variety of
conditions have been examined for their effect on the reaction. No reaction was observed when the same
reaction was carried out in DMF, THF, DMSO, or toluene. Reactions in organic solvent lead either to no
reaction or ether formations,42b in stead of isomerization. We have also carried out the same reaction by using
aqueous 0.1N HCI (pH=1), RuCl3 (pH=1), or aqueous saturated NH4Cl as the reaction solvent, as well as
using other transition metals, such as FeCly, RhCI(PPh3)3, CoCl; and CuCly, as catalysts for the reaction.

The corresponding product, however, was not observed in any of these cases.

The unusual selectivity of this new process led us to investigate the reactivity of other homaallylic
alcohols. Thus, a variety of homoallylic alcohols prepared previously were subjected to the ruthemum
catalyzed process (Eq. 2). The experimental results are listed in Table 1. It was found that while the presence
of various substituents on the aromatic ring does not affect the rate of the reaction significantly, their presence
affected the amount of ketone product being formed. For example, while 1-phenyl-3-buten-1-ol gives a ratio
of the allylic alcohol/ketone as 13:1 at 90-100°C with ca. 4 mol% catalyst present, other substrates provide a
mixture of products with a ratio from 1.2 to 4.5. The reaction shows a marked dependence on the
Ru(II)/substrate ratio. With each substrate bemg examined, decreasing the amount of the catalyst resulted in an
increased selectivity in product formation. By cutting the amount of the catalyst in half, formation of the
phenyl ketone 7, also an isomerized product, has been sharply decreased or eliminated. A more extended
study was ca.med out on 1-(4-methylphenyl)-3-buten-1-ol. By changing the amount of the catalyst from 2.2 to
4.5 t07.0 to 10.0 mol%, a steady decrease of product selectlvny was observed (from 12:1 to 1.2:1). In the
last case, virtually a 1 to 1 mixture of the allylic alcohol and ketone was obtained. The ratio of product

formations appears to be also dependent on the reaction temperature. A higher reaction temperature both
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increases the rate of the reaction and the selectivity in product formations. For example, no reaction has been
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observed with 1-phenyl-3-buten-1-ol (3a) ata temperature below 70°C, whereas the reaction occurs smoothly
at 80-90°C to give the allylic alcohol and the ketone in 5.4:1 ratio. Increasing the reaction temperature to 90-
100°C provides the same products in a 13:1 ratio. A bath temperature slightly above 100°C provides virtually a

smgle product, with the ketone mmly detectable in the crude reaction mixture Dy {H NMR. A similar
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compounds. Again, increasing the reaction temperature increases the product selectivity. On the other hand, 2-
phenyl-4-penten-2-ol and 1-phenyl-3-buten-1-ol appeared inactive under the reaction conditions. While it is
not clear what suppressed the reactivity of the phenol derivative, the lack of reaction of 2-phenyl-4-penten-2-ol
couid be attributed to increased steric crowdness, which hindered the ruthenium catalysis.

OH OH O
1 - cat. . J ]1 -~ FTYY
3 6 7

Other homoallylic alcohols were also investigated with the ruthenium catalyst under these reaction

condiiions. To SIllCIy the oompauouuy of funciionai groups under the reaction conamons two compounas (5
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correspondmg isomerization product 9 was obtained together with the ketone isomer 10 (Eq. 3) A double
reshuffling product 1 2 is the predominant product together with ketone formations (13, 14) in the reaction of

compound 11 (Eq- 4).

OH OH o
x Ru(ll) PN o @)
HO, I = QN 4 AAYS Ink Ho; ‘ ~ + HO\ l =
NN G0-100 vign N NS N NS

L4 - .
90-100°C/2h @

HO o /°H+ N/ \ . oH e

12:13:14=42:1:1.2

In the case of compound 15, where both an allylic and a homoallylic functional group are involved, the
reaction occurs exclusively by rearrangement of the homoallylic group to give the conjugated dienoi product 16
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double bond by only one carbon, forming compound 17 (Eq. 6). No further double bond migration was able
to be effected.
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Table 1, Ruthanium Catalvzed lsomarization of Homoallylic Alcohols In Water
Entry Homoaldiylic Alcohol Conditions Catalyst Conversion  Alcohol/Ketone Isolated Yield
3 ("Ch) {mol%) (%) 67 (%)
1 60/7 4.0 no reaction
ML Py JU
2 gl 80-90/2 4.0 63 (6a/7a) 5.4:1
3 (T~ = 90-100/2.5 40 72 6a7a)  13:1 63
Z (3a)
4 90-100/2.5 22 18 (6a/7a)  >20:1
5 100-105/3 4.0 87 (6a/78) >20:1
6 90-100/2 22 87 (8bi7b) 12
OoH
7 PN 90-100/2 45 94 (6b/7b)  4.5:1 75
8 o ,”\/) (3b) 90-100/2 7.0 90 (6b/7b)  1.7:1
HaC ™ (3b)
9 90-100/2 10.0 92 (6b/7b)  1.2:1
OH
10 PO 70-80/6 45 82 (6c/7c) 1.4
i A R
11 90-100/1.5 45 9 1
HaCO )\) (3¢) 8 (6c/7c)  3.1:1 84
12 90-100/1.5 2.1 90 (8c/7c)  3.7:
OH
13 /@/\/\ 90-100/1 2.2 82 6d/7d)  4.1:1
Gl (3d) . e
14 ! 90-100/1 47 9i (8di7d)  1.2:1 85
OH
15 Br S X 90-100/2 23 83 (6e/7e)  3.2:1 67
N 3e
16 (3e) 90-100/2 4.0 85 (6e/i7e) 1.4
OH

17 | = = 90-100/2 4.0 no reaction

18 M\/\ 90-100/2 4.0 no reaction
A CHa (ag)

Conversions were based on 'H NMR measurement of the crude reaction mixtures. Yields and recovered starting
materials were isolated ones after column chromatography on silica gel eluted with hexane/ethyl acetate. All reactions
were carried out under an atmosphere of air with 4 to 5% mol of RuClx(PPhg)s.
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OH OH
o~ A 4 moi% Ru(lyH.0 PN
90-100°C/2.5h
15 16
OH OH
| _ 4 moi% Ru(lyH0 [ “ 4 mol% Ru(liyH;0 no reaction )
CHa-Ph™ " - Ph™ N -
3 90-100°Cz5n  CHaPh 90-100°C/5h

17

]
Isomerization of Allyl Alcohols

For the isomerization of homaallyl alcohols, initially, a trace amount of acid generated from the catalyst
was suspected as being responsible. However, the pH of the reaction medium shows a value between 5 and 6
both during and at the end of the reaction. As control experiments, we have carried out the same reactions by
using aqueous O.1N HCI (pH=1), RuCl3 (ph=1), or aqueous saturated NH4Cl as the reaction solvent, as well
as using other transition metals, such as FeClz, RhCl(PPh3)3, CoCl;z and CuCl;. The corresponding product
was not observed in any of these cases. A conjugated diene has also been suspected as being the reaction
intermediate. Such a possibility was ruled out because the reaction of 1-phenyl-13-butadiene with the
ruthenium catalyst did not generate any desired product under the same reaction conditions. A tentative
mechanistic explanation is illustrated in Fig. 1. The ruthenium complex first coordinates to the olefin and
transfers it from a terminal position to an internal position through the usual mechanism,*> 3° providing an
allylicalcohol. The allyl alcohol is then converted to either another allyl alcohol through C-O cleavage (route a)

or a ketone through C-H clmv:me (route b).
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1€ than ¢
homoallylic alcohols, the allylic alcohols rearranged rapidly to the final products 19 in water (Eq. 7) (Table 2).
These results indicate that the rate determining step of the reshuffling of homoallylic alcohols is the initial olefin

migration.
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Tabie 2. lsomerization of Allylic Alcohols in Water

Enty Altylic Alcohol Conditions (catalyst/"C/hr) Product Yield (%)

1 45°Cl2he oH 8(98)
2 _ ?H Y rL/Thr PP 90(97)
s NN c -
s O/V\ (tow) r.t./zhr U (69) 90(97)
4 10% PPhak.t./The/in.r. nr.
5 no cataiysif.L/2.5hr/in.r. fA.r.
e 2% RuClair t 2hr (99)
OH OH
7 45°Crehr . 70(78)
d\’\/\ (18h) r.1./24hr | =z (19b) 46(50)
OH OH
9 P N o 45°C/3hr ‘/\(\/'\/\ 70(79)
10 U (192) r.t.10hr HQC/K/J (1) 74(78)
HyC
OH Ot
1" L N, (188 80°C/3hr r\\/w 65(73)
12 C,IV 45°C/éh ) (13d) (15)
OH
OH
13 Y 45°Cranr r\\/\)\/\ 95(99)
4 " 00 e, AS (1% g
HaCO™ ™ g o
OH oH
15 80°C/8hr /Q/W 72(78)
o (\!AN\ aen e o (199 <5)
19 &M 23 Lionr = Lt
17 q-‘ AC ™ M e I 9“ 7ﬂl71\

LR I il \ LA 4%
18 W\A (18g) rt./24hr OAN(?”) 45(51)

Yieids were isolated ones based on coiumn chromatography on silica gel; | H NMR yieid in parentheses.
RUCL{PPha}s (2 moi%) was used as the catalyst in each case unless otherwisa mentioned.
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An internal allylic alcohol, where only aliphatic substituents are present, is also reactive. However, the
reaction leads to the formation of an approximately 1:1 mixture of starting material 20 and the rearranged
product 2 1, which implies a lack of a controlling element (Eq. 8).

OH 4 mol% Ru(I)/H0 OH

= = (8)
\/\)\/\ 40°C \/\/\)\
20

d
£1

In conclusion, dichlorotris(triphenylphosphine)ruthenium (II) complex is an effective catalyst for
effecting the repositioning of the functionalities of homoallylic alcohols and allylic alcohols in water. The

reaction is compatible with air and is affected by the reaction temperature as well as the amount of catalyst being
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used.
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Air-sensitive reactions were generally conducted under a positive pressure of dry N, within glassware
which had been flame-dried under a stream of dry N;. Anhydrous solvents and reaction mixtures were
transferred by oven-dried syringe or cannula. Zinc powder, ruthenium trichloride, cobalt chloride

ulumur‘ciﬁmmpcnuylph(ﬁ]‘?mﬁe)ﬁﬁwﬁium {iI), cupric Chiorluc, and ferrous chioride were used direcily as
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13C NMR spectra were recorded from G.E. Omega 400 (400 MHz) instrument, with TMS as an internal
standard. Infra-Red spectra were performed on FT-IR (Mattson Cygnus 100). Mass spectra and elemental
analyses were performed at the Center of Instrumental Facility of Tulane University. Water was de-ionized
before use.

Sample procedure for isomerization of homoallylic alcohols, formation of 4-(4-
methylphenyl-3-buten-2-0l (6b):

A mixture of 1-(4-methylphenyl)-3-buten-1-ol 3b (60 mg, 0.37 mmol) in water (3.5 mL) was stirred
and heated to 80°C in an oil bath. At that temperature, RuCl3(PPh3)3 (8 mg, 2.2 mol% ) was added. The
temperature of the oil bath was kept between 90-100°C, with efficient stirring. After 2hr, the reaction mixture
was cooled to room temperature, extracted with ether, and dried over MgSQOy4.  After filtration and evaporation
of solvent, the residue was separated by flash column chromatography on silica gel (with gradient eluent:
hexanc/ethyl acetate =15:1 to 10:1) to give the colorless liquids 4—(4~methylphenyl)-3 ~buten-2-ol {6b) (39 mg)
and 1-(4-methylphenyl)-1-butanone (7b) (25 mg) (total yield, 75%), together with recovered starting material

3b (6 mg, 10%). 6b:>2 TH NMR(400MHz, CDCl3, ppm): & 7.12-7.27(m, 4H), 6.52(d, J =16.0 Hz, 1H),
6.18-6.22(dd, J =6.4, 16.0 Hz, 1H), 4.47(t, J =6.4 Hz, 1H), 1.70(bs, 1H), 2.33(s, 3H), 1.36(d, J =6.4 Hz,

™ l’)n "- .v‘,-nnn av ¥ 1~ 1A~ .~

3H) SO NMK( 1UWWUMHZ, LULI3 ppm) § 137.62, 133.98, 132.63, 129.47, 129.40, 126.48, 69.i3, 23. 43,
21.23. 7b:>* iH NMR(400MHz, CDCi3, ppm): 8 7.25-7.85(m, 4H), 2.92(t, J=7.2 Hz, 2H), 2.40(s, 3H),
1 "1(1 . Ea 3 8 AN I\N\/¢ ¥F_ "7 £ 11.. LIV
1.7 , &), UFPAL, J=/7.0 , 3H).

Formation of 4-phenyl-3-buten-2-o0l (6a):

By the sample procedure as described above, isomerization of 1-phenyl-3-buten-1-ol (3a) (54 mg, 0.36
mmol) under the catalysis of RuCla(PPh3)3 (14 mg, 4.0 mol%) in water (4 mL) for 2.5hr at 90-100°C resulted
in 75% conversion of the substrate. Flash column chromatography on silica gel (with gradient eluent:
hexane/ethyl acetate =15:1 to 10:1) gave the colorless liquids 4-phenyl-3-buten-2-0l (6a) (32 mg) and 1-
phenyl-1-butanone (7a) (2.4 mg) (total yield, 63%), together with recovered starting material (3a) (6.5 mg,
12%). 6a:>* 1H NMR(400MHz, CDCl3 ppm): & 7.26-7.39(m, SH), 6.56(d, J =15.6 Hz, 1H), 6.24-
6.28(dd, J=6.4, 15.6 Hz, 1H), 4.50(t, J=6.4 Hz, 1H), 2.15(bs, 1H), 1.38(d, J =6.4 Hz, 3H). 7a>> IH
NMR(400MHz, CDCl3, ppm): & 7.95(d, J=1.6 Hz, 2H), 7.40(m, 3H), 2.95(t, J =7.2 Hz, 2H), 1.76(m,
2H), 1.00(t, J=7.6 Hz, 3H).

Formation of 4-(4-methoxyphenyi) -3-buten-2-ol (6¢):

By the sample procedure as described above, isomerization of 1-(4-methoxyphenyl)-3-buten-1-ol (3¢)
(70 mg, 0.39 mmol) under the catalysis of RuCl(PPh3)3 (17 mg, 4.5 mol%) in water (4 mL) for 1.5hr at 90-
100°C resulted in 98% conversion of the substrate. Flash column chromatography on silica gel (with gradient
eluent: hexane/ethyl acetate =15:1 to 10:1) gave the colorless liquids 4-(4-methoxyphenyl)-3-buten-2-ol (6¢)

(44.5 mg) and 1-(4-methoxyphenyl)-1-butanone (7 ¢) (14 mg) (total yield, 84%). 6c: >® IH NMR(400MHz,
CDCl3_ppm):  6.85-7.30(m, 4H), 6.50(d, J=15.6 Hz, 1H), 6.10-6.14(dd, J =6.4, 15.6 Hz, 1H), 4.46(q,
J=6.4 Hz, 1H), 3.80(s, 3H), 1.65(bs, 1H), 1.35(d, J=6.4 Hz, 3H). 13C NMR (100MHz, CDCl3_ppm): &
159.23, 131.40, 129.41, 129.00, 127.63, 113.99, 69.12, 55.29, 23.46. Te: >’ 'H NMR(400MHz, CDCl3,
ppm): 8 6.92-7.94(m, 4H), 3.86(s, 3H), 2.89(t, J=7.2 Hz, 2H), 1.75(m, 2H), 0.99(t, J=7.6 Hz, 3H).
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Formation of 4-(4-chloro hgny!)

By the sample procedure as dwcnbed above 1somenzauon of 1-(4-chlorophenyl)-3-buten-1-ol (3d)
(70 mg, 0.38 mmol) under the catalysis of RuCly(PPh3)3 (17 mg, 4.5 mol%) in water (3 mL) for 1hr at 90-
100°C resulted in 91% conversion of the substrate. Flash column chromatography on silica gel (with gradient
eluent: hexane/ethyl acetate =15:1 to 10:1) gave the colorless liquids 4—(4—chiorophenyi) 3-buten-2-ol (6d)
(32.5 mg) and 1-(4-chiorophenyl)- 1-butanone (7d) (27 mg) (total yield, 84%). 6d: >® 1H NMR(400MHz,
CDCl3, ppm): & 7.27-7.2%(m, 4H), 6.51(d, J=16.0 Hz, 1H), 6.20-6.24(dd, J =6.0, 16.0 Hz, 1H), 4.48(t, J

=6.4 Hz, 1H), 1.76(bs, 1H), uo(u J =6.4 Hz, 3H). 13C NMR (i00MHz, CDCi3, ppm): & 135.20,
- < 2

134.16, 133.21, 12873, 128.11, 127.66, 68.77, 23.41. 7 IH NMR(400MHz, CDCl3_ ppm): 8 7.42-
7.89(m, J =8.4 Hz, 4H), 2.91(1, J =6.8 Hz, 3H), 1.75(m, 2H), 1.00(t, J=7.2 Hz, 3H).

Formation of 4-(3-bromophenyl)-3-buten-2-0l (6e):

By the sample procedure as described above, isomerization of 1-(3-bromophenyl)-3-buten-1-of (3 e)
(70 mg, 0.31 mmol) under the catalysis of RuCl(PPh3)3 (6.7 mg, 2.3 mol%) in water (3.5 mL) for 2hr at 90-
100°C resuited in 83% conversion of the substrate. Flash column chromatography on silica gel (with gradient
eluent: hexane/ethyl acetate =15:1 to 10:1) gave the colorless liquids 4-(3-bromophenyl)-3-buten-2-ol (6 e) (38
mg) and 1-(3-bromophenyl)-1-butanone (7e) (9 mg) (total vield, 84%), together with recovered starting

matcrial 3 e (9 mg, 13%) Ge: IR(film): 3368 1591 1562 1474 1423 1215 1142, 1071, 964, 758
683cml. 'H NMR(400MHz, CDCl3, ppm): & 7.52(t, J =1.6 Hz, 1H), 7.35(d, J =8.4 Hz, 1H), 7.28(d, J
=7.6 Hz, 1H), 7.17(t, J =7.6 Hz, 1H), 6.50(d, J =15.6 Hz, 1H), 6.24-6.28(dd, J =6.0, 15.6 Hz, 1H),
4.49(q, J=6.4 Hz, 1H), 1.65(bs, 1H), 1.37(d, J =6.4 Hz, 3H). 13C NMR (100MHz, CDCl3, ppm):
138.91, 135.10, 130.46, 130.09, 129.29, 127.82, 125.14, 122.76, 68.65, 23.40. HRMS: Calc'd for
CioH110Br (M+), 225.9990; Found, 225.9992. 7e: IR(film): 1690, 1566, 1466, 1420, 1208, 787, 679cm-
1. 1H NMR(400MHz, CDCl3, ppm): & 8.08(t, J=1.6 Hz, 1H), 7.87(d, J =7.6 Hz, 1H), 7.66(d, J =1.0 Hz,
1H), 7.33(t, J =7.6 Hz, 1H), 2.91(t, J =7.2 Hz, 2H), 1.75(m, 2H), 1.00(t, J =7.2 Hz, 3H). 13C NMR

(100MHz, CDCl3, ppm): b 198.98, 138.81, 135.73, 131.14, 130.17, 126.56, 122.94, 40.56, 17.59, 13.82.
HRMS: Calc'd for C1oH;10Br (M*), 225.9990; Found, 225.9989.

aration of 1. {4 hvdrn\'vmnth l hen l) -3-buten-1-0l (R\

1)
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To a solution of allyl bromide (O 92 g, 7 6 mmol) in 4 mL of THF was added zinc powder (0.66 g, 10
mmol). The reaction mixture was stirred at room temperature for 30 min. The suspension was added in parts
to the solution of terephthaldicarboxaldehyde (1.55 g, 11.6 mmol) in 12 mL of THF. The mixture was stirred

at room temperature for 1.5 hr followed by quenching with saturated ammonium chloride aqueous solution.
The reaction mixture was extracted with ether and dried over MQQ()A Filtration followed hv e\mmrmmn of the

solvent gave a crude material. The mono-allylation product was isolated by flash chromatography on silica gel
(gradient eluent: hexane/ethyl acetate=15:1 to 10:1) (yield 173 mg, 16%), and was directly used for the next
step.

To a solution of the above mono-allylation product (110 mg, 0.6 mmol) in 8 mL of CH30H, NaBHy4

(458 mo 1 2 mmol) wae added elr“ul\/ at room temperature. The reaction mixture was stirred for 3hr at room
(&2 Mg, 1.4 MMC:) was ageeg s;ov room iemperature. 1N reacuon mixXiure was suirea or snr at room

temperature, quenched with 10% HCl aqueous solution. Methanol was evaporated off; the reaction mixture
was extracted with ether (3x10 mL). The ethereal solution was dried over MgSOy4 and filtered. Evaporation of
the solvent gave a crude product which was purlfled by flash column chromatogmphy on silica gel (eluent
hexane/ethyl acetate = 5:1 to 2:1), to give compound 8 as a colorless liquid (70 mg, yield 61%). IR(film):

3372, 1642, 1514, 1420, 1217, 1041, 1009, 920, 756 cm-!. 'H NMR(400MHz, CDCl3, ppm): & 7.26(s,
4H), 5.71-5.81(m, 1H), 5.09-5.15(m, 2H), 4.67(t, J =6.4 Hz, 1H), 4.58(bs, 2H), 2.60(bs, 1H), 2.55(bs,
1H), 2.45(t, J =6.4 Hz, 2H). 13C NMR(100MHz, CDCl3, ppm): & 143.21, 140.13, 134.41, 27.05,
126.03, 118.37, 73.10, 63.82, 43.73. MS(EI): 178(M+, 2.8), 137(100), 107(18), 91(31), 80(70). HRMS:
Calc'd. for Cy1H140 (M*): 178.0994; Found, 178.0995.
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P_pn aration of 1.4-(hig-1-hvdroxv-3-huten-1 .vhh ene({l11):
ation of 1,4-(hig-1-hvdroxy uten 1)benzene(ll):

To a suspension of terephthalchmrboxaldehyde 08 g, 6 mmol) and allyl bromide (1.73 g, 14 mmol) in
a mixtre water/sat. aq. NH4CI/THF (5 mL/2 mL/ 2 mL) was added zinc powder (1.9 g, 16.8 mmol). The
reaction mixture was stirred at room tcmpemmre for 4hr, extracted with ether, dried over MgSOy4, and filtered.
Evaporaiton of ihe solventi gave a crude product which was purified by flash column chromatography on silica

cvnemlatb o e s T\ e alal e 159 /m 17T AT AT 7 ANNL ST T

gCl (cman ncx.mr,/cmyl acetate = 2: 1), ngvc the title wmpounu L (4045 mg, 10‘70) i IVMK(‘“NMHZ

CDCl3, ppm). & 7.34(s, 4H), 5.75-5.84(m, 2H), 5.14-5.19(m, 4H), 4.73(m, 2H), 2.47-2.54(m, 2H),

~ "IL AT T 11(1 1N Vio T Tas'V 1 AP rainva < r1 AN 10 1 AN NN I‘\ A S 18 I\

2.03(bs, 2H). +°C NMR(100MHz, CDCls, ppm): 0 (143.18, 143.30), 134.39, 125.61, 118.58, (73.00,
M NAN A O i Ae_ £ 13 wTh A - USRI . RPN, TP _

73.04), 43.85. The dataof *>C NMR in paraphrase wer signed to one carbon of two 1somers.

Isomerization of 1-(4-hydroxymethyl)phenyl-3-buten-1-0l (8), formation of 9, 10:

By the sample procedure as described for 6b, isomerization of 1-(4-hydroxymethyl)phenyl-3-buten-1-
ol (8) (58 mg, 0.325 mmol) under the catalysis of RuClx(PPh3)3 (12 mg, 2.3 mol%) in water (3 mL) for 3 hr
at 90-100°C resulted in 91% conversion of the substrate. Flash column chromatogmphy on silica gei (with

ea A namt als havamalathel anatata —&:1 ¢t~ D1\ onun v Latne

gradient eluent: nexane/etny: acetate =5:1 1o Z: D gave ~f—\'-r-u_yulu;\ymculyl)pucuyl-o buten-2-ol (%) (26 mg)

and 1-(4-hydroxymethyl)phenyl-1-butanone (10) (17 mg) (total yield, 74%). 9: IR(film): 3356, 1696, 1603,
1456, 1418, 1364, 1215, 758cm-1. 1H NMR(400MHz, CDCl3, ppm): & 7.31-7.37(m, 4H), 6.56(d, J =15.6

Hz, 1H), 6.24-6.27(dd, J =6.4, 15.6 Hz, 1H), 4.67(bs, 2H) 449(_p, =6.4 Hz, lH) 1.66(bs, 1H),
1.62(bs, 1H), 1.37(d, J =6.4 Hz, 3H). 13C NMR(100MHz, CDCl3, ppm): & 136.24, 133.70, 129.13,
127.38, 126.75, 69.02, 65.12, 23.43. HRMS: Calc'd. for C;1H140 (M*): 178.0994; found, 178.1007. 10:
IR(film): 3421, 2961, 1681, 1608, 1460, 1215, 1040, 1002, 812 cm-l. 'H NMR(400MHz, CDCl3, ppm): &
7.45-7.95(m, 4H), 4.77(bs, 2H), 2.94(t, J =7.2 Hz, 2H), 1.76(m, 2H), 1.00(t, J =7.6 Hz, 3H). MS(EI):
176(6%), 147(35), 135(100), 8%(17), 85(23), 50(26). 13C NMR(100MHz, CDCl3, ppm): & 200.29,
145,95, 136.25, 128.38, 126.64, 64.64, 40.58, 17.80, 13.91. HRMS: Calc'd. for C11H150 (M+1):
179.1072; Found, 179.1034.

Isomerization of 1,4-(bis-1-hydroxy-3-buten-1-yl)benzene(11), formation of 12, 13, 14:

By the sample procedure as described for 6b, isomerization of 1,4-(bis-1-hydroxy-3-buten-1-
yl)benzene (11) (64 mg, 0.29 mmol) under the catalysis of RuCly(PPh3)3 (13 mg, 2.5 mol%) in water (3.5
mL) for 2 hr at 90-100°C resulted in quantitative conversion of the substrate. Flash column chromatography

R Y e S el 1{\1AkE1L AN o

on siiica gel (Wlln gl‘dmcm elueni: ncx:memmyl acetate=1U:110>:1 to Z: 1) gave i 4—(015'3 ﬂyﬂroxy—l buten-1-
vnhpﬂ'nam {(12) (28 mo\ A-IA.hntvrnnthvl\ 2-buten-2-0

(94835 w § )

n-
(]’) mg) (total yield, Rﬁ% 12: lR(h]m) 3341, 1684,

2H), 4.49(t, J—64 Hz, 214,\ 160rbs, 2H\ 1.37(:.1, J—4 Hz, 6H.). 13(‘ NMRumMHz (‘D(*la ppm): ﬁ
136.04, 133.47, 129.00, 126.69, 68.98, 23.41. MS(EI): 218(50%), 200(35), 182(59), 173(16), 167(”9),
165(25), 160(66), 155(13), 145(32), 142(98), 128(59), 117(100), 91(21), 47(48). HRMS: Calc'd. for
C14H 1802 (M*): 218.1307; found, 218.1299. 13: IR(film): 3497, 1738, 1684, 1603, 1373, 1244, 1047,

914, 735 cm'!. 'H NMR(400MHz, CDCl3, ppm): & 7.44-7.91(m, 4H), 6.61(d, J =15.8 Hz, 1H), 6.36-
6.40(dd, J =6.4, 15.8 Hz, 1H), 4.52(t, J=6.4 Hz, 1H), 2.93(t, J=7.6 Hz, 2H), 1.76(m, 2H), 1.64(bs, 1H),
1.38(d, J =6.4 Hz, 3H), 1.00(t, J =6.4 Hz, 3H). 13C NMR(100MHz, CDCl3, ppm): & 199.95, 141.20,
136.28, 135.98, 128.51, 128.24, 126.50, 68.71, 40.50, 23.39, 17.83, 13.91. HRMS: Caic'd. for
C14H 802 MH): 218 1307; found, 218.1296. 460 1H NMR(400MHz, CDCl3, ppm): & 8.02(s, 4H),

YOy T A LT I 1.78%m 1.01(t. J=7 o &LIY
.51ty =7.0 r1Z, 4r1j, 1./06(ii, ‘tll} 1.01 (L J=7. Z, 61 1).

Isomerization of l-phenyl-1,5-hexadien-3-0l (15):
By the sample procedure as described for 6b, isomerization of 1-phenyl-1,5-hexadien-3-ol (15) (79
mg, 0.45 mmol) under the catalysis of RuCl(PPh3)3 (17 mg, 4.0 mol%) in water (4 mL) for 2.5 hr at 90-

O NI

100°C resulied in 69% conversion of the substrate. Flash column Cnromal;ograpny on silica gel {Wlll’l eluent:

~}



hexane/ethyl acetate =10:1) gave (E, E)-6-phenyl-3,5-hexadien-2-ol (16) (39 mg, 61% based on recovered
starting matenial) together with recovered 15 (15 mg, 19%). 16: 61 1H NMR(400MHz, CDCl3 ppm): & 7.22-

7.4m, SH), 6.74-6.78(dd, J=10.2, 15.6 Hz, 1H), 6.55(d, J =15.6 Hz, 1H), 6.35-6.40(dd, J=10.2, 154
Hz, 1H), 5.85-5.88(dd, J =6.8, 15.4 Hz, 1H), 4.42(t, J =6.4 Hz, 1H), 1.58(bs, 1H), 1.33(d, J =6.4 Hz,

ALN
on

Isomerization of 1-phenyl-4-penten-1-0l (4):

By the sample procedure as described for 6b, isomerization of 1-(4-methylphenyl)-4-penten-1-ol (4)
(55mg, 0.31 mmol) under the catalysis of RuCl(PPh3)3 (12 mg, 4 mol%) in water (3 mL) for 5 hr at 90-
100°C. Flash column chromatography on silica gel (with eluent: hexane/ethyl acetate =15:1) gave 1-(4-
methylphenyl)-3-penten-1-ol (17) 62(31 mg, 55%j.

Preparation of 1-phenyl-2-buten-1-0l (18a):

To a stirred solution of iodobenzene (2.04 g, 10 mmol) in THF (10 mL) at -78°C, n-BuLi (6.5 mL,
1.6M in hexane) was added slowly over 30 min. Then, a solution of crotonaldehyde (0.7 g, 10 mmol) in THF
(10 mL) was added siowly into the above mixture at -78°C. The reaction mixture was stirred at -78°C for 30

in and at rawym tamnarature far annthear 20 min fiollawaed hy Aananching with gatniratad NI .1 aasanne
min and at room Wiillpuidatuiv (UL GVl OV diil 1UHOUyLa Uy \.iuvu\.«xuué Wil Saturaiea INg 14\/1 aqucuua

solution. The mixture was extracted with ether (30x 4 mL.), dried over NazSQOy, filtered, and evaporated in
vacuo, giving 305 mg of a yellowish oil. Flash column chromatography on silica gel (eluent: hexane:ethyl
acetate = 15:1) gave 1-phenyl-2-buten-1-ol (18:5!)63 (290 mg, yield 20%). IR(film): 3373, 2863, 1673, 1602,
1492, 1426, 1087, 1012, 962, 750, 698 cm-1. H NMR(400MHz, CDCl3, ppm):  7.25-7.40(m, 5H), 5.65-
5.82(m, 2H), 5.15(d, J =6.4 Hz, 1H), 2.05(br, 1H), 1.72(d, J =5.6 Hz, 3H). !3C NMR(100MHz, CDCl3,
ppm): & 143.35, 142.56, 133.60, 128.49, 127.51, 126.12, 75.22, 17.72 ppm.

Preparation of 1-phenyl-2-hexen-1-0l (18b):

A mixture of 1-pentyne (0.691 g, 10 mmol) and diiosobutyl aluminum hydride (7.5 mL, 1.5 N tolucne
solution, 11 mmol) in hexane (2 mL) was heated under N2 at 45°C for 4h. Then, the mixture was cooled in ice
bath followed by the addition of benzaldehyde (1.06 g, 10 mmol). After stirred for another 1h at

temperature, the reaction was quenched with 0.1 N agueous HCI, extracted with ether (3x30 mL), washed w1th
saturated sodium bicarbonate (3x30 mL) and water (3x30 mL), dried over MgSQy4, and filtered. The solvent

was evaporated in vacuo.>! Column chromatography on silica gel (eluent: hexane/ethyl acetate=15:1) gave 1-
phenyl-2-hexen-1-ol (18b) (1.06 g, 60% yield). IR(film): 3360, 3100, 2872, 1670, 1602, 1493, 1451, 1010,
967, 750, 698 cm-1.  IH NMR(400MHz, CDCl3 ppm): d 7.20-7.40(m, SH), 5.60-5.80(m, 2H), 5.14(d, J
=6.4 Hz, 1H), 2.57(br, 1H), 2.00-2.10(m, 2H), 1.40-1.50(m, 2H), 0.94t, J =7.4 Hz, 3H). 13C
NMR(100MHz, CDCl3, ppm): 6 143.52, 132.51, 132.43, 128.44, 127.42, 126.24, 75.12, 34.30, 22.28,
13.77. HRMS: Calc'd for C12H160 (M*), 176.1201; Found, 176.1203.

Preparation of i-(4-methyiphenyi)-2-hexen-i-oi (i8c¢):
Rv the same procedure as described for fha preparation of compound 18b. the title compound was
u! LI O RIN l-l AN WA ML W A0 WLWIWEII UG IV V Wl CIVJAE VR LAUsRL lJUullU A RS, lall\l WWN VAR lyU IR YV Qo

obtained from 1-pentyne (0.691 g, 10 mmol), diiosobutyl aluminum hydride (7.5 mL, 1.5 N toluene solution,
11 mmol), and p-tolualdehyde (1.2 g, 10 mmol). Column chromatography on silica gel (eluent: hexane/ethyl
acelate=15:1) gave 1-(4-methylphenyl)-2-hexen-1-of (18¢) (950 mg, 50% yield). IR(film): 3359, 1668, 1600,
1513, 1456, 1103, 1010, 967, 810cm-1. 1H NMR(400MHz, CDCl3_ ppm): d 7.28(d, J =8 Hz, 2H), 7.18(d, J
=8 Hz, 2H), 5.64-5.79(m, 2H), 5.11-5.13(m, 1H), 2.3 (br. 1H), 2.38(s, 3H), 2.02-2.09(m, 2H), 1.40-
1.50(m, 2H), 0.95(t, J =7.4 Hz, 3H). 13C NMR(100MHz, CDCl3, ppm): & 140.51, 137.17, 132.51,
132.34, 129.15, 126.11, 75.08, 34.27, 22.25, 21.13, 13.72. HRMS: Calc'd for C13H;80 (M+), 190.1358;

~

Found, 190.1356.
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Prenara of 1-(4-chlorophenyl)-2-h Agg_q-l-nl {ISd\
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1e
Bythesame ure as described for the
obtained from 1-pentyne (0.691 g, 10 mmol), dii 'osobutyl aluminum hydnde (7.5 mL 1.5 N toluene solution,

11 mmol), and 4—chlorobcnzalddlyde (1.4 g, 10 mmol). Column chromatography on silica gel (elucnt:
Lemermcen fosbcd nmt b TE.TY onnsn elnwn mlencerd) M lnwrae 1 17103\ (1 N & EQUF <r:ialAdy T/ 82\, ADTTE
nexane/ewnyi aCelaic—=1.o1 l) BdVU 1'\%]“ 1 Pll 1Y1)-£-1ICACII-1-VI (10oU) (1.4 B, 2070 ylﬁlu) i1 ). DD /0,
sl* @0l 1££7 1&Q0 1 AGN 1A7IS 1001 1N12 0O45Q ©Q2Q~m-1 11T NNARIANNALL: O TY . Tammem=)l R 7T NOQ
DL, 1OG7, 1007, 14 y 1=%/., 1UZ1, 1V10D, VO, OO HI * 1 INIVIRN\HIUNVITLL, \.41)\.;.[3, Pl)lll} U /.20
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Preparation of 1-(4-methoxyphenyl)-2-hexen-1-0l (18e):
By the same procedure as described for the preparation of compound 18b, the titie compound was
oblained from 1-pentyne (0.691 g, 10 mmol), diiosobutyl aluminum hydride (7.5 mL, 1.5 N toluene solution,

11 el armd e nmionldalhe,da 7 1 2L 5 1) el TAalii;man cheanentAaagranbe, lina ool faluaeds hawo—n /o
11 HEHIKRA), alld PMIIMUCIIJUC (1.0U K, 1V iliiu . ViUl Vilvliiatoglapily On Suica Bl {(CHUCiIt. llcm}clﬁl.”yl
acetate=15:1) gave 1-(4-methoxyphenyl)-2-hexen-1-ol (18e) (1.07 g, 52% yield). [R(film): 3405, 3031,

1 0 1 g
2871, 2835, 1666, 1610, 1585, 1512, 146-4 1250, 1174, 1036, 968, 830cm '1 1H NMR(400MHz, CDC13,
5

ppm) & 7.27(d, J =8.8 Hz, 2H), 6.88(d, J=8.8 Hz, 2H), 5.61-5.75(m, 2H), 5.08(d, J=5.7 Hz, 1H), 3.78(s,
3H), 2.33(br, 1H), 1.98-2.05(m, 2H), 1.41(m, 2H), 0.90(t, J =7.4 Hz, 3H). 13C NMR(100MHz, CDCl3
ppm): & 158.90, 13578, 132.61, 132.03, 127.48, 113.79, 74.67, 55.25, 34.27, 22.28, 13.75. HRMS:

Calc'd for C13H1802(M+), 206.1307; Found, 206.1308.

Preparation of 1-(3-bromophenyl)-2-hexen-1-o0l (18f):

By the same procedurc as described for the preparation of compound 18b, the title compound was
obtained from 1-pentyne (0.691 g, 10 mmol), diiosobutyl aluminum hydride (7.5 mL, 1.5 N toluene solution,
11 mmol), and 3-bromobenzaldehyde (1.85 g, 10 mmol). Column chromatography on silica gel (eluent:
hexane/ethyl acetate=15:1) gave 1-(3-bromopheny!)-2-hexen-1-0l (18f) (1.53 g, 60% vyield). IR(film): 3347,
3043, 2871, 1683, 1609, 1569, 1474, 1426, 1010, 967, 882, 781, 696cm-1. 1H NMR(@MHZ CDCl3,

ppm): & 7.49(s, 1H), 7.37(d, J =7.8 Hz, 1H), 7.23(d, J =7.8 Hz, 1H), 7.15-7.19(m, 1H), 5.67-5.74(m,
1H), 5.54(dd, J =15.2, 6.9 Hz, 1H), 5.03(d, J =6.9 Hz, 1H), 3.03(br, 1H), 1.98-2.03(m, 2H), 1.35-
1.45(m, 2H), 0.90(t, J =7.4 Hz, 3H). 13C NMR(100MHz, CDCl3, ppm): & 145.75, 133.24, 131.85,
130.36, 129.99, 129.25, 124.83, 122.51, 74.43, 34.25, 22.20, 13.79. HRMS: Calc'd for CjpHsOBr

(M), 254.0306; Found, 254.0303.

Preparation of 2-phenyl -3- hepten -2-0l (18g):

By the same procedure as described for the preparation of compound 18b, the iitle compound was
obtained from 1-pentyne (0.691 g, 10 mmol), diiosobuty! aluminum hydride (7.5 mL, 1.5 N toluene solution,

11 mmol), and acetophenone (1.2 g, 10 mmol). Column chromatography on silica gel (eluent: hexane/ethyt
acetate=15:1) gave 2-phenyl-3-hepten-2-ol (18 g) (950 mg, 50% yield). IR(ﬁlm) 3398 1669, 1616, 1492,

1446, 1100, 972, 763, 686 cm-l. 'H NMR(400MHz, CDCl3, ppm) & 7.26-7.45(m, 5H), 5.79(d, J =15.7
Hz, 1H), 5.68(dt, J=15.7, 6.6 Hz, 1H), 2.02-2.08(m, 2H), 1.97(s, 1H), 1.64(s, 3H), 1.38-1.47(m, 2H),
0.91(t, J =7.4 Hz, 3H). 13C NMR(100MHz, CDCl3, ppm): & 137.06, 128.95, 128.19, 128.13, 126.77,
125.22, 74.44, 34.30, 29,93, 22.39, 13.73. HRMS: Calc'd for C13H1gO(M™), 190.1358; Found, 190.1362.

isomerization of i8a:
A mixture of 1-phenyl-2-buten-1-ol (74 mg, 0.5 mmol)

£ IARICOR Praval Y AT AT iRl 21s, Ve 122N

8a) and RuCl>(PPh)z (9.58 mg, 0.01 m

2275\ 720 gy VL mm

(18 uCly ol)
in water (5 mL) was stlrred at 45°C for 2hr. After cooled to room tempera re, the reaction was extracted h
ether (3x10 mL) the cther solution was washed with water (3x10
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solvent was evaporated in vacuo. The 'H NMR spectrum showed 99% conversion of the starting material.
Flash column chromatography on silica gel (eluent: hexane/ethyl acetate=15:1) gave 4-phenyl-3-buten-2-ol (6a)
(65.8 mg, yield 89%).

Isomerization of |Rh formation of I.Phnnyl -1-hexen-3.0l Ilgb):

By the same pmcedure as described for the isomerization of compound 18a, isomerization of 1-
phenyl-2-hexen-1-ol (18b) (88 mg, 0.5 mmol) under the catalysis of RuCla(PPh3)3 (9.58 mg, 0.01 mmol) in
water (5 mL) for 2hr at 45°C resulted in 78% conversion of the substrate. Flash column chromatography on
silica gel (eluent: hexane/ethyl acetate =15:1) gave 1-phenyl-1-hexen-3-ol (19b) (61.6 mg, yield 70%).

Ty s P g -

iR(film): 3387, 3095, 2872, 1657, 1618, 1586, 1494, 1464, 1138, 1029, 980, 750, 696cm-i. IH

NMR(400MHz, CDCl3, ppm): 6 7.07-7.24(m, 5H), 6.41(d.J =16.2 Hz, 1H), 6.07(dd, J =16.2, 6.9 Hz,

1H), 4.11-4.16(m, 1H), 1.63(br, 1H), 1.38-1.54(m, 2H), 1.20-1.36(m, 2H), 0.81(t, J =7.4 Hz, 3H). 13C
NMR(100MHz, CDCl3, ppm): 6 136.75, 132.61, 130.20, 128.58, 127.61, 126.46, 72.86, 39.46, 18.69,
14.03. HRMS: Calc'd for C12H160 (M), 176.1201; Found, 176.1200.

iratinn nf 1Rr Ffaormatinn nf 1=fd=mnfhv|nhnnvl\ havan.1.nl 710
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he same procedure as described for the isomerization of compound 18a, 1somenzat10n of 1-(4-
methylphenyl)-2-hexen-1-ol (18¢) (95 mg, 0.5 mmol) under the catalysis of RuCl2(PPh3)3 (9.58 mg, 0.01
mmol) in water (5 mL) for 10hr at room temperature resulted in 78% conversion of the substrate. Flash
column chromatography on silica gel (eluent: hexane/ethyl acetate =15:1) 1-(4-methylphenyl)-1-hexen-3-ol

PP Yt | ~ 2 o~ o~ ~ 1< -

(19¢) (70.3 mg, 74% yield). IR(fiim): 3366, 3100, 1445, 1660, 1606, 1514, 1456, 1006, 969, 800cm- 114
NMR(400MHz, CDCl3, ppm): 8 7.28(d, J=7.6 Hz, 2H), 7.13(d, J=7.6 Hz, 2H), 6.53(d, J =16.2 Hz, 1H
4 ~ A i’

£ 1733 ¥y 1N L M T ¥ R B AY A A NV 1TTIN ™ DES o3 B Y h My ¥ -~V P 1LY\ 1 AN 1 ™Ns AY IN n nes
6.16(dd, J =16.2, 6.9 Hz, 1H), 4.24-4.27(m, 1H), 2.35(s, 3H), 1.75(s, 1H), 1.30-1.70(m, 4H), 0.9

e 4 TV 1T ]qf‘ AIAAD /71NN AL Y el e N 2 a2 )} ! 1177 ALZ 199 O I ~( n 177 0 "0 1M N
=/ UL INIVIR TVUNVITEZ, ULAL]] Ppl 1}). O 125/7.40, 1233.7 uU.17, . L0 1£0.07,

Isomerization of 18d, formation of 1-(4-chlorophenyl)-1-hexen-3-ol (19d):

By the same procedure as described for the isomerization of compound 18a, isomerization of 1-(4-
chlorophenyl)-2-hexen-1-ol (18d) (105.3 mg, 0.5 mmol) under the catalysis of RuCl,(PPh3)3 (9.58 mg, 0.01
mmol) in water (5 mL) for 3hr at 80°C resulted in 73% conversion of the substrate. Flash column
chromatography on silica gel (eluent: hexane/ethyl acetate =15:1) 1-(4-chlorophenyl)-1-hexen-3-ol (19d) (68.4

e L& ial AN Y‘le'lm\ 22 &80 ‘SQ"I'S |K:’) 14N 1401 1ALK 1A1& 1NQ1 1NNA QL7 0{\0,,._7' !'L!
mg, 05% Yi€id). 11l 3357, £O0/4, 1004, 10UD, 1471, 14090, 1410, 1UZL, 1UU4, 50/, ouol ~. n
NMDR/ANMALI, TW . nrnY R 72947 900m AN £ &WA T—=187 W, 1L\ &£ 1Q/rdd T —1&"7 £ A LI,
INIVIRUSRIUVLIVIETL, CLACLE, PIIL). U 7 459722001, a0l), U R, J —10./ 1L, 11}, O.10\lu, J =1.5./7, U.% 1z,
1L, 424.4200m. 1HY 1.91(s. 1HY. 1.37-1.64(m. 4H). 0.94(t J =7.4 Hz 3H) 13 NMR{100MH7
101j, et oo, 101y, 1.71\5, 101j, 1.0/7=1.091ix, 911, V.74, v — /7.9 114, O11). o INIVIR{ 1UUIVITLL,
CDCl3, ppm): & 135.26, 133.26, 133.16, 128.84, 128.71, 127.64, 72.65, 39.45, 18.67, 14.01. HRMS
Malald €awm M. 1T W AAEY DIITNANCTT Daniemd 71N NQ1172

CaiCa ior Ciarijsi i uvl ), <1U.uol1 1, r'OuUinG, 21u.uois

Isomerization of 18e, formation of 1-(4-methoxyphenyl)-1-hexen-3-o0l (19e):

By the same procedure as described for the isomerization of compound 18a, isomerization of 1-(p-
methoxyphenyl)-2-hexen-1-ol (18e) (103 mg, 0.5 mmol) under the catalysis of RuCla(PPh3z)3 (9.58 mg, 0.01
mmol) in water (5 mL) for 4hr at room temperaturc resulted in 96% conversion of the substrate. Flash column

nk.-,\ stoncrranh atlina aal faliiant: havana/athyl anatata =18 1Y 1_/A mathAavurnhanul) 1 _havan. 2 A1 /11Qa)
Ll GLUEIGPII)’ Ull Dlll\/a 501 Dlu\;lll ll\.«/\ﬂ.llblbl.ll.yl acvuelaiv —1i.1) 1 \'TFIIIV‘IIUA‘VPIIULI_)‘I} THCACIIT ™ \l IC}
(92.2 mg, 89.5% yield). IR(film): 3400, 1651, 1607, 1584, 1511, 1465, 1251, 1174, 1032, 967, 815cm"\.
IH NMR(400MHz, CDCl3, ppm): & 7.28(d, J =8.3 Hz, 2H), 6.8(d, J =83 Hz, 2H), 6.47(d, J=15.7 Hz,
1H), 6.06(dd, J =15.7, 6.9 Hz, 1H), 4.18-4.25(m, 1H), 3.76(s, 3H), 2.47(s, 1H), 1.38-1.63(m, 4H),

z, ), 4 , 3.76
NMR(100MHz, CDClz  ppm): & 159.15, 130.56, 129.67, 129.60, 127.63,
M%), 2

L

¢
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Isomerization of 18f, formation of 1-(3-bromophenyl)-1-hexen-3-0l (19f):

By the same procedure as described for the isomenization of compound 18a, isomerization of 1-(3-
bromophenyl)-2-hexen-1-ol (18f) (127.5 mg, 0.5 mmol) under the catalysis of RuCl2(PPh3)3 (9.58 mg, 0.01
mmol) in water (5 mL) for 9hr at 80°C resulted in 78% conversion of the substrate. Flash column

chromatography on silica gel (eluent: hexane/ethyl acetaie =15:1) gave 1-(3-bromophenyl)-1-hexen-3-ol (191)
01 Q tne "L wianldy TD/Filar). 224N WYY 1£47 180N 18AL 1477 10771 Q7N QOK TON  £@%--1 111
\71L.0 lllg, 14770 lelU). IDNQ(LEEL ). J2OWY, DU 7Y, 1O/, LIV, 109, 1477, 171, /U, oz7Q, [/ VOIUIN n
\YK‘DIAM“'UH T MR meeale R 7T &1/ 1LIN "7 A&A -7 Ur-. 1IN 7 D773 4 ’70 j & 9 TLIV 77 147 ua
NMR{aUUMGZ, ULRL3 ) ppintgyt © 7.0i0d8, iy, 7.53Q, v =/.6 iz, inj, 7.2/, v =/.0 nz, inj, /.15{m,
1H), 6.48(d, J =15.7 Hz, 1H), 6.23(dd, J =15.7, 6.4 Hz, 1H), 4.25-4.30(m, 1H), 1.89(br. 1H), 1.34-
1.65(m, 4H), 0.94(t, J =7.4 Hz, 3H). 13C NMR(100MHz, CDCI3_ ppm): & 138.97, 134.21, 130.41,
13009 129 26 128 55, 125.14, 122.76, 72.52, 39 43, 1864 14 01. HRMS: Calc'd for Cy12H150Br

(M*), 254.0306; Found, 254.0302.

Isomerization of 18g, formation of 2- phenyl -2- hepten -4-0l (E and Z) (19 ):
by the same procedure as described for the isomerization of compound i

abaed 2 hantan A A1 /182 /08 g ) S ndar tha antalucie of R A(DDL - /0 €9 5 N N1 Al i
pnenyi- 3- nepwen-2-c1 (s o g) (¥yo> mg, u.o mmol) under the cCatarysis Of nutiwurens)3 (¥.o0 mg, U.U1 mmoi) in
water (5 mL) for 2hr at 45°C resulted in 71% conversion of the substrate. Flash column c..romamg.,phy on
silica gel (eluenL hexane/ethyl acetate =15:1) gave 2-phenyl-2-hepten-4-ol (19g) as a mixture of E and Z

isomers (66.5 mg, 70% yield, E: Z= 10: 2). IR(film): 3360, 1646, 1598, 1575, 1493, 1445, 1020, 850, 756,
697 cm-l. 1H NMR(400MHz, CDCl3 ppm): (E-isomer): 8 7.18-7.42(m, 5H), 5.76(d, J =8.3 Hz, 1H),
4.53-4.59(m, 1H), 2.10(s, 3H), 1.20-1.78(m, 5H), 0.95(t, J =9.3 Hz, 3H). (Z-isomer): d 7.18-7.42(m,
SH), 5.47(d, J =9.3 Hz, 1H), 4.05-4.11(m, 1H), 2.05(s, 3H), 1.20-1.78(m, 5H), 0.84(t, J =7.4 Hz, 3H).
13C NMR(100MHz, CDCl3, ppm) & 143.01(Z-, 142.69), 141.36(Z-, 142.56), 139.58(Z-, 136.92),
131.01(Z~-, 130.23), 128.27(Z-, 128.19), 127.26(Z~, 127.74), 125.83(Z~, 127.00), 68.81(Z-, 68.96),
39.85(Z~, 25.78), 18.69, 16.33, 14.13. HRMS: Calc'd for C;3H180 (M*), 190.1358; Found, 190.1359.
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