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Efficient Isomerization of Allylic Alcohols to Saturated Carbonyl Compounds
by Activated Rhodium and Ruthenium Complexes
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Keywords: Allylic alcohols / Isomerizations / Rhodium / Ruthenium

A range of readily available rhodium complexes of the gen-
eral structures Rh(PPh3)3

+ PF6
− and RhX(PPh3)3 (X = H, Me,

Ph) have been prepared and used in situ for the isomerization
of allylic alcohols to their corresponding saturated carbonyl
compounds. The isomerization of octen-3-ol, selected as a
model, yielded octan-3-one in good yield. This reaction has
been extended to the corresponding ruthenium complexes of
the general structures [RuCl(PPh3)3]+ PF6

−, RuXCl(PPh3)3 and
RuX2(PPh3)3 (X = H, Me, Ph). It is noteworthy that many of

Introduction

The conversion of allylic alcohols to saturated carbonyl
compounds is a useful synthetic process, and conventionally
sequential oxidation and reduction reactions are required
for this process. A one-pot, catalytic transformation of al-
lylic alcohols to saturated carbonyl compounds equivalent
to an internal redox process (Scheme 1) is a conceptually
attractive strategy. In this regard, a number of methods have
been developed that harness the ability of transition metal
complexes to migrate double bonds.[1] A few examples with
asymmetric catalysis have been developed[2] with moder-
ate[2a,2b] to good[2c] enantioselectivities. A double bond mi-
gration with an allylic alcohol results in the formation of
an enol (or enolate) intermediate[3] which then tautomerizes
to afford the saturated carbonyl compound. However, use
of the catalysts has been restricted by the degree of substitu-
tion on the double bond and the harsh reaction conditions.
Thus, there is a need to develop new efficient catalysts that
are readily available, and easily prepared and used by or-
ganic chemists.

Scheme 1. Isomerization of allylic alcohols to ketones

In our study of enol/enolate intermediates from allylic
alcohols catalyzed by transition metal complexes and their
subsequent trapping,[4] we had to search for new catalytic
species. It is known that Wilkinson’s catalyst in THF does
not perform the desired conversion efficiently. However,
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these complexes have not been employed previously for this
isomerization. The scope and efficiency of the process has
been demonstrated by four representative complexes
[RhH(PPh3)3, RuH2(PPh3)3, RuPh2(PPh3)3, RuCl(PPh3)3

+ PF6
−]

with a wide variety of allylic alcohols. The reaction of prim-
ary allylic alcohols in the presence of RuCl(PPh3)3

+ PF6
− in

methanol yields aldehydes protected as their methyl acetals.
Deuterium labelling experiments are in agreement with a
1,3-hydride shift mechanism.

Boons has reported recently that Wilkinson’s catalyst can
be transformed by reaction with nBuLi to the active catalyst
RhH(PPh3)3 1, which proved to be efficient for the depro-
tection of allyl ethers.[5] Therefore, we have started a re-
search program the purposes of which are i) to check if
this catalyst is also efficient in the isomerization of allylic
alcohols, ii) to extend the reaction with related Rh or Ru
catalysts and iii) to study the scope and limitation of such
catalysts with regard to the substitution of the alcohols.

Results

Firstly, we verified the reactivity of 1 towards the iso-
merization of a simple model, octen-3-ol (19) (Table 1, entry
1). We prepared the hydrido complex 1 under the condi-
tions described by Boons, that is, from Wilkinson catalyst
and nBuli. The resulting catalyst (5 mol %) was used in situ
and proved to be very efficient, a complete transformation
was observed in 30240 minutes. This prompted us to screen
a variety of complexes for the isomerization.

Numerous examples in the literature demonstrate that if
the Y group of the activator MY (Scheme 2) contains an
available β-hydrogen, β-elimination occurs giving the metal
hydride.[5,6a,6b,6c] The complex 1 can also be prepared by
other well-established procedures using such activators.
Therefore, in order to establish unambiguously the structure
of the species involved in the process, we prepared 1 accord-
ing to a known procedure using LDA as an activator,[6a]

and we obtained a comparable result for the isomerization
reaction (Table 1, entry 2).

If no β-hydrogen is readily available, the chloride [or the
bromide in the case of RhBr(PPh3)3 is replaced by group Y
to yield the σ-bonded RhI complex of the general formula
RhYL3

[6d26g] (Scheme 2). It was of interest to check the
potential of such derivatives as catalysts for the iso-
merization.
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Table 1. Active rhodium catalysts for the isomerization of octen-3-ol 19 to octan-3-one (octan-3-one is the only compound detected by
1H and 13C NMR of the crude reaction mixtures except for entries 3 and 9, where transformation was incomplete)

Entry[a] Formation of active catalyst, Solvent Catalyst Conversion, time

1 RhCl(PPh3)3 1 1 equiv. nBuLi, THF RhH(PPh3)3 (1) 100, 30240 min
2 RhCl(PPh3)3 1 1 equiv. LDA, THF RhH(PPh3)3 (1) 100, 45 min
3 RhCl(PPh3)3 1 1 equiv. MeMgBr, THF RhMe(PPh3)3 (2) 40, 24 h
4 RhCl(PPh3)3 1 1 equiv. PhMgBr, THF RhPh(PPh3)3 (3) 100, 24 h
5 RhCl(PPh3)3 1 1 equiv. MeLi, THF 2 100, 30240 min
6 RhCl(PPh3)3 1 1 equiv. PhLi, THF 3 100, 30240 min
7 RhCl(PPh3)3 1 1 equiv. Li-TMP[b], THF RhTMP(PPh3)3 (4) 100, 30240 min
8 RhClCO(PPh3)2 1 1 equiv. PhLi,[6g] THF RhPhCO(PPh3)2 (5) 100, 40250 min
9 RhClCO(PPh3)2 1 1 equiv. nBuLi, THF RhHCO(PPh3)2 (6) 40, 4 h

10 Commercial RhHCO(PPh3)3,[7] THF RhHCO(PPh3)3 (7) 100, 60270 min
11 RhCl(PPh3)3 1 1 equiv. K2CO3, THF 100, 30240 min
12 RhCl(PPh3)3 1 1 equiv. AgPF6, MeOH Rh(PPh3)3

1, PF6
2 (8) 100, ,10 min

[a] In all experiments 5 mol % of the catalyst was used and the isomerization reaction was performed at reflux of the solvent. 2 [b] TMP 5
2,6-tetramethylpiperidine.

Scheme 2. Reactivity of Wilkinson’s Cat with metal base MY

Therefore, we extended our studies to activators with no
available β-hydrogen, such as MeLi and PhLi, and also to
other complexes (entries 3210, Table 1) which lead to cata-
lysts of the general structure RhYLn. The catalysts 227
were screened in the conversion of octen-3-ol 19 to octan-
3-one (entries 3210). The preparation of complexes 2 and
3 from either Wilkinson’s catalyst and Grignard reagents[6f]

or from RhBr(PPh3)3 and organolithium or Grignard re-
agents[6e] have been reported in the literature. The first
method (entries 3 and 4, Table 1) gave catalysts 2 and 3
which can perform the transformation. The organolithium
reagents are more reactive and readily available. Therefore
they reduced the reaction time in the preparation of 2 and
3, and the isomerization reaction proved to be considerably
faster (entries 5 and 6). With the complex RhClCO(PPh3)2,
we assumed from the results reported above that the reac-
tion with the organolithium reagent occurs in the same
manner[6g] and that the structures of the active catalysts are
those reported in Table 1 (entries 8, 9). With these catalysts
an improvement in reactivity was seen when the activator
was changed from nBuLi to PhLi.

We then tried to extend the reaction to other type of ac-
tivators. Bäckvall[1a] has reported that the isomerization re-
action of allylic alcohols by ruthenium dichloride catalysts
can be activated in the presence of potassium carbonate.
We tried to activate the Wilkinson’s catalyst in such a way
and obtained a comparable result (entry 11). Finally, on the
basis of other analogous reactions in the literature,[8] we
propose that under the conditions reported in entry 12 the
silver salt AgPF6 undergoes a salt elimination reaction with
RhCl(PPh3)3 to give AgCl (removed by filtration) and
[(PPh3)3Rh]1PF6

2 8, which proved to be a very efficient
catalyst.
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We then extended our studies to the related ruthenium
catalysts (Table 2). By analogy with the rhodium complexes,
we postulate that activation of RuCl2(PPh3)3 with one or
two equivalents of MY would give catalysts 9214. Once
again, no difference in reactivity was observed between 9
prepared under these conditions (entry 1) and the catalyst
obtained by a known procedure[9] (entry 2). All the ruth-
enium catalysts show a comparable reactivity with the re-
lated rhodium complexes. A change in ligand was also in-
vestigated. For example, the replacement of the triphenyl-
phosphane for tri-n-butylphosphane resulted in an active
catalyst 15 with comparable results,[10] in spite of the differ-
ence in steric and electronic factors between the two ligands.
With the additive K2CO3 (entry 10), we obtained only a
low yield and a slow rate of conversion contrary to the liter-
ature report.[1a]

From catalysts 1216, derivatives 1, 12 and 14 were
chosen for further studies with a range of allylic alcohols
as they are readily available and easily prepared. The com-
plex 16 was also investigated as a representative cationic
species. Alcohols 19235 (Figure 1) were carefully chosen to
model a large variety of substitution patterns and to in-
crease the scope of this reaction which is usually restricted
to a relatively narrow panel of substrates. The results are
listed in Table 3.

The three complexes 1, 12 and 14 were equally effective
for alcohols 19, 20, 21 and 25, with 100% conversion over
approximately 30240 min, and equally ineffective with pro-
pargylic alcohols 29, 34 and 35, 1,3-diene 28 and primary
alcohol 30 (no isomerization). From the result in entry 18, it
can be concluded that the presence of a propargylic alcohol
completely inhibits the reaction, though the reason for this
observation is not clear.

Although 16 is equally effective for the transformation of
19 and 20, a quick investigation revealed a different be-
havior for this complex. The most striking difference in ac-
tivity was observed with trans-dodec-2-en-1-ol 30 (entry
12). Catalysts 1, 12 and 14 were inactive with 30, whereas
the corresponding saturated acetal 36 (Figure 2) was
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Table 2. Active ruthenium catalysts for the isomerization of octen-3-ol (19) to octan-3-one (octan-3-one is the only compound detected
by 1H and 13C NMR of the crude reaction mixtures expect for entry 10, where transformation was incomplete)

Entry[a] Formation of active catalyst, Solvent Catalyst Conversion, time

1 RuCl2(PPh3)3 1 1 equiv. nBuLi, THF RuClH(PPh3)3 (9) 100, 60270 min
2 RuCl2(PPh3)3 1 20 equiv. Et3N, THF[9] RuClH(PPh3)3 (9) 100, 60270 min
3 RuCl2(PPh3)3 1 1 equiv. LDA, THF RuClH(PPh3)3 (9) 100, 45 min
4 RuCl2(PPh3)3 1 1 equiv. MeLi, THF RuClMe(PPh3)3 (10) 100, 60270 min
5 RuCl2(PPh3)3 1 1 equiv. PhLi, THF RuClPh(PPh3)3 (11) 100, 60270 min
6 RuCl2(PPh3)3 1 2 equiv. nBuLi, THF RuH2(PPh3)3 (12) 100, 30240 min
7 RuCl2(PPh3)3 1 2 equiv. MeLi, THF RuMe2(PPh3)3 (13) 100, 30240 min
8 RuCl2(PPh3)3 1 2 equiv. PhLi, THF RuPh2(PPh3)3 (14) 100, 30240 min
9 Isolated RuH2(PnBu3)4,[10] THF RuH2(PnBu3)4 (15) 100, 30240 min

10 RuCl2(PPh3)3 1 1 equiv. K2CO3, THF[b] 25, 6 h
11 RuCl2(PPh3)3 1 1 equiv. AgPF6, MeOH RuCl(PPh3)3

1 PF6
2 (16) 100, ,10 min

[a] In all experiments 5 mol % of the catalyst was used and the isomerization reaction was performed at reflux of the solvent. 2 [b]

Bäckvall’s conditions (ref.[1a]).

Figure 1. Alcohols 19235.

formed with catalyst 16. Presumably, 16 behaves as a Lewis
acid, and as the reaction is performed in methanol, con-
comitant acetalization occurs. This catalytic system could
therefore be useful when sensitive aldehydes are formed, as
they can be protected in situ. When the reaction of 30 was
performed with catalysts 1, 12 and 14 in methanol, no reac-
tion was observed and when the solvent was changed from
methanol to THF with catalyst 16, the reaction does not
proceed. With conjugated systems 23 and 29, the Lewis acid
behavior of 16 dominates, thus the substrate becomes activ-
ated towards nucleophilic attack and results in the corres-
ponding allylic ether 37 and a mixture (67:23:10) of allylic
ethers (E1Z)-38a and 38b, respectively. However, the two
reactions exhibit a different regioselectivity, the driving
force for the formation of 38a is probably the formation of
a conjugated enyne.

Overall, catalyst 1 is active for the transformation of 1,1-
and 1,2-disubstituted allylic alcohols (e.g: 22, 24), this has
been reported for very few cases in the literature[3,11] (entries
4, 6). It is also noteworthy that for the first time the iso-
merizations of 1,2-disubstituted allylic alcohol 24 and func-
tionalized substrate 32 (entries 6 and 14) are reported. The
isomerization of derivative 26 is also reported for the first
time, this is a particularly challenging case as the electron-
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withdrawing trifluoromethyl group was expected to inhibit
the oxidation of C-1 (entry 8). Among the four catalysts
studied, complex 1 is the most effective in the transforma-
tion of geraniol to citronellal which is, according to the lit-
erature,[1d][11b,12] also a challenging case (entry 13). Surpris-
ingly, catalysts 1 and 12 are far more efficient with the aro-
matic conjugated model 23 although the reasons for this are
not immediately apparent. Finally, in the case of the dial-
lylic alcohol 27, the nonconjugated double bond is select-
ively reduced to give 39 (entry 9).

A number of mechanisms have been proposed for this
process, one involves the transfer of molecular hydrogen to
the activated double bond, the hydrogen is formed from the
oxidative addition and subsequent elimination of the alco-
hol on the low valent transition metal.[1a,13] The trans-
formation of deutero allylic alcohol 41 (.90% deuterium
content) by catalysts 1, 3, 9, 12, and 14 does not give any
compounds with the D atom on the C-2 (d-43), and thus
the former mechanism is excluded (Scheme 3). Other mech-
anisms proposed require π-coordination of the alkene to the
metal, which then facilitates a 1,3 hydride shift, to yield an
enol/enolate or π-oxyallyl intermediate.[1b,3][11c,14]

When the catalyst is a rhodium complex (1 or 3) no signi-
ficant loss of deuterium content is observed (Table 4). When
the catalyst is a ruthenium complex (9, 12 or 14), some loss
in deuterium content is observed during the reaction. The
extent of the deuterium loss depends on the ligand on the
catalyst (Table 4). The explanation of these results will re-
quire more detailed studies on the reactivity of such cata-
lysts.

Conclusion

In conclusion, we have developed a range of effective
catalysts for the conversion of allylic alcohols to their cor-
responding saturated carbonyl compounds. These active
catalysts are easily prepared in one step, from off-the-shelf
starting materials, and can be used in situ. Though known
catalysts 1,[6c] 2,[6f] 3,[6f] and 9[15] have been isolated in a
pure form, it proved to be far more convenient to prepare
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Table 3. Yields in the reactions of complexes 1, 12, 14 and 16 with various allylic alcohols.

Entry[a][b][c] Alcohol Catalyst 1 Catalyst 12 Catalyst 14 Catalyst 16

1 19 91% 91% 90% 89%
2 20 92% 92% 90% 90%
3 21 96% 95% 93% -
4 22 89% no reaction[d] no reaction[d] -
5 23 89% 95% 70%[e] 37[f], 90%
6 24 40[f], 96% 40[f], 98% no reaction[d] -
7 25 92% 90% 89% -
8 26 69% n.a.[g] - -
9 27 39[f], 78% no reaction[d] no reaction[d] -

10 28 no reaction[d] no reaction[d] no reaction[d] -
11 29 no reaction[d] no reaction[d] no reaction[d] 38a(E1Z)138b[f], 98%
12 30 no reaction[d] no reaction[d] no reaction[d] 36[f], 72%
13 31 61%[h] - 40%[i] -
14 32 88% 71%[j] - -
15 33 - 35%[k] - -
16 34 no reaction[d] no reaction[d] no reaction[d] no reaction[d]

17 35 no reaction[d] no reaction[d] no reaction[d] no reaction[d]

18 19 1 35 no reaction[d] no reaction[d] - -

[a] In all reactions the starting material was completely consumed unless otherwise stated. Consumption of starting material was confirmed
by analyses of 1H NMR spectra of crude reaction mixtures. 2 [b] All the reactions were conducted at solvent reflux and complete in less
than 3 hours. 2 [c] Except 29, 38a and 38b all compounds (19240) were known, and gave 1H, 13C NMR spectra in accordance with
literature data. 2 [d] The starting material was intact. 2 [e] Based on recovered starting material (90% conversion). 2 [f] See Figure 2. 2
[g] A maximum of 40% conversion can be obtained. 2 [h] Based on recovered starting material (50% conversion). 2 [i] Based on recovered
starting material (45% conversion). 2 [j] Based on recovered starting material (75% conversion). 2 [k] Based on recovered starting material
(40% conversion).

Figure 2. Structure of compounds 36240.

Scheme 3. Isomerization of deutero allylic alcohol 41.

Table 4. Isomerization of deutero allylic alcohol 41

Entry Catalyst Deuterium content (%) Overall yield (%)

1 1 90 85
2 3 90 99
3 9 60 90
4 12 75 85
5 14 80 90

and use them in situ since they are very sensitive towards
oxygen and water. Our procedure does not require any spe-
cial equipment or expertise and can be easily carried out by
an organic chemist.
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Scope and limitations studies show that catalyst 1 is effi-
cient for the isomerization of a wide range of substrates. In
addition, the catalyst 16 transforms nonconjugated primary
alcohols, into the corresponding aldehydes, and protects
them in situ. Finally, the extension to catalysts which can
bring about asymmetric induction could in principle be de-
veloped.[2]

Experimental Section

General: All reactions were carried out under dry nitrogen or ar-
gon. Standard syringe techniques were employed for the transfer
of dry solvents and air-or moisture-sensitive reagents. 2 IR spectra
were recorded on a Nicolet 205 FT-IR spectrophotometer and ab-
sorption bands are given in cm21. 2 NMR spectra were obtained
at 400 MHz (1 H) or 100 MHz (13C) on a Bruker ARX 400 instru-
ment using deuteriochloroform as solvent. Chemical shifts (δ) are
given in ppm relative to tetramethylsilane (δ 5 0) or to an internal
standard of residual protons in the solvent. 2 High-resolution
mass spectra (HRMS) were measured at the ‘‘Centre Régional de
Mesure Physique de l’Ouest’’ on a Varian MAT 311 spectrometer
operating at 70 eV. 2 Merck silica gel 60H was used for column
chromatography. Tetrahydrofuran (THF) was freshly distilled from
sodium benzophenone ketyl before use. Methanol was freshly dis-
tilled from sodium. Petroleum ether (40260 °C) and diethyl ether
were distillated before use.

General Procedure for the Isomerization of Allylic Alcohols to Cor-
responding Ketones with Catalyst 1: To a stirred suspension of
(PPh3)3RhCl (46 mg, 0.05 mmol, 5 mol %) in 5210 mL of dry
THF, under an atmosphere of nitrogen, was added one equivalent
(32 µL, 0.05 mmol) of nBuLi (1.6  solution in hexane) at room
temperature. A wine red solution was quickly formed and this mix-
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ture was allowed to react for about 10215 min before a solution
of the allylic alcohol 19 (154µL, 1 mmol) in dry THF was added.
The reaction mixture was heated at reflux and the progress of the
reaction was monitored by thin layer chromatography. Upon com-
pletion of isomerization, the reaction mixture was cooled to ambi-
ent temperature and THF removed under reduced pressure. The
crude reaction mixture was purified by column chromatography
(silica gel, pentane/ether, 9:1) to afford pure octan-3-one.

General Procedure for the Isomerization of Allylic Alcohols to Cor-
responding Ketones with Catalyst 12: To a stirred suspension of
(PPh3)3RuCl2 (48 mg, 0.05 mmol, 5 mol %) in 5210 mL of dry
THF, under an atmosphere of nitrogen, were added two equivalents
(63 µL, 0.1 mmol) of nBuLi (1.6  solution in hexane) at room
temperature. A wine red solution was quickly formed and this mix-
ture was allowed to react for about 10215 min before a solution
of the allylic alcohol 19 (154 µL, 1 mmol) in dry THF was added.
The reaction mixture was heated at reflux and the progress of the
reaction was monitored by thin layer chromatography. Upon com-
pletion of isomerization, the reaction mixture was cooled to ambi-
ent temperature and THF removed under reduced pressure. The
crude reaction mixture was purified by column chromatography
(silica gel, pentane/ether, 9:1) to afford pure octan-3-one.

General Procedure for the Isomerization of Allylic Alcohols to Cor-
responding Ketones with Catalyst 16: To a mixture of (PPh3)3RuCl2,
(48 mg, 0.05 mmol, 5 mol %) and AgPF6 (13 mg, 0.05 mmol) in a
Schlenk tube was added 5210 mL of freshly distilled MeOH and
refluxed in the dark, under an atmosphere of nitrogen, for 2 hours.
The reaction mixture was cooled to room temperature during
which time the precipitated silver salts settled. The supernatant so-
lution was filtered through a small Celite pad under nitrogen using
Schlenk equipment. To the filtrate was added allylic alcohol (154
µL, 1 mmol) in MeOH (3 mL) and refluxed under a nitrogen atmo-
sphere. The progress of the reaction was monitored by thin layer
chromatography and upon completion, the reaction mixture was
cooled to room temperature. Removal of MeOH under reduced
pressure and column chromatography (silica gel, pentane/ether, 9:1)
afforded pure octan-3-one.

(E)-1-Phenyldec-1-en-4-yn-3-ol (29): FT-IR (neat): ν̃ 5 3350 cm21

(OH), 2235, 1947, 1877, 1802, 1599, 1495, 1451. 2 1H NMR: δ 5

0.90 (t, J 5 7.1 Hz, 3 H, CH3), 1.2721.42 (m, 4 H, CH2), 1.54
(pent, J 5 7.2 Hz, 2 H, CH2), 2.23 (br. s, 1 H, OH), 2.25 (dt, J 5

2.0, 7.1 Hz, 2 H, CH2-CC), 5.04 (br. s, 1 H, CHOH), 6.29 (dd, J 5

6.1, 15.8 Hz, 1 H, CH2CH-OH), 6.74 (br. d, J 5 15.8 Hz, 1 H,
CH5CH2CHOH), 7.2227.41 (m, 5 H, Ph). 2 13C NMR: δ 5

14.0, 18.8, 22.2, 28.3, 31.1, 63.1, 79.1, 87.5, 126.8, 128.0, 128.6,
128.8, 131.4, 136.2. 2 HRMS (m/z) calcd. for C16H20O: 228.1514;
found 228.1520.

(E)-1-Methoxy-1-phenyldec-2-en-4-yne [(E)-38a], (Z)-1-Methoxy-1-
phenyldec-2-en-4-yne [(Z)-38a] and (E)-3-Methoxy-1-phenyldec-1-
en-4-yne (38b). 2 Compound (E)-38a: 1H NMR: δ 5 0.88 (t, J 5

7.1 Hz, 3 H, CH3), 1.2321.62 (m, 6 H, CH2), 2.26 (dt, J 5 7.0,
2.3 Hz, 2 H, CC2CH2), 3.31 (s, 3 H, OCH3), 4.62 (br. d, J 5

6.8 Hz, 1 H, CH2OCH3), 5.71 (ddt, J 5 16.0, 2.3, 1.3 Hz, 1 H,
CH5CH-CC), 6.08 (dd, J 5 16.0, 6.8 Hz, 1 H, CH(OCH3)2CH5

CH), 7.2227.41 (m, 5 H, Ph).

Compound (Z)-38a: 1H NMR: δ 5 0.91 (t, J 5 7.3 Hz, 3 H, CH3),
1.2321.62 (m, 6 H, CH2), 2.38 (dt, J 5 6.9, 2.3 Hz, 2 H,
CC2CH2), 3.38 (s, 3 H, OCH3), 5.28 (br. d, J 5 9.0 Hz, 1 H,
CH2OCH3), 5.65 (ddt, J 5 10.5, 2.3, 0.8 Hz, 1 H, CH5CH-CC),
5.88 (dd, J 5 10.5, 9.0 Hz, 1 H, CH(OCH3)2CH5CH), 7.2227.41
(m, 5 H, Ph).
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Compound 38b: 1H NMR: δ 5 0.90 (t, J 5 6.9 Hz, 3 H, CH3),
1.2321.62 (m, 6 H, CH2), 2.28 (dt, J 5 5.0, 2.0 Hz, 2 H,
CC2CH2), 3.41 (s, 3 H, OCH3), 4.67 (ddt, J 5 6.0, 2.0, 1.5 Hz, 1
H, CH2OCH3), 6.25 (dd, J 5 16.0, 6.0 Hz, 1 H, Ph2CH5CH),
6.76 (d, J 5 16.0 Hz, 1 H, Ph-CH), 7.2227.41 (m, 5 H, Ph).

Compounds (E)-38a 1 (Z)-38a 1 38b: 13C NMR: δ 5 13.9, 13.95
(2), 18.7, 19.3, 19.4, 22.1, 22.15, 28.25, 28.3, 28.35, 31.0 (2), 31.05,
55.3, 56.3, 56.4, 71.4, 76.7, 76.75, 78.2, 80.5, 83.6, 88.4, 91.7, 96.3,
111.8, 126.2, 126.7, 126.8, 127.5, 127.7, 127.9, 128.4, 128.45 (2),
132.7, 136.2, 140.2, 141.0, 141.3, 141.5. 2 HRMS (m/z) calcd. for
C17H22O: 242.1671, found 242.1671.
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