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Abstract: The photochemical isomerization of α,β- to β,γ-
unsaturated ketones through a 1,5-hydrogen atom transfer
mechanism under mild conditions with high efficiency and
selectivity is reported. The reaction is carried out in the
absence of metal catalysts or other additives, and its stereo-
selectivity can be tuned by selecting appropriate solvent
mixtures. The reaction‘s scope and tolerance towards func-

tional groups, including light-sensitive halogens, free acids
and alcohols, were studied, providing reliable access to a
wide variety of β,γ-unsaturated ketones. This methodology
details the deconjugation of a wide range of unsaturated
ketones and, when combined with olefin metathesis, provides
an efficient process for either dehomologation or one-carbon
double-bond migration of terminal alkenes.

Introduction

Light is a valuable energy source for inducing a range of
important and intricate chemical transformations. Notably, most
photochemical transformations occur under relatively mild
reaction conditions, demonstrate good functional group toler-
ance, are usually highly atom economical and favorable to
advance green chemistry principles. As a consequence, there
has been a renaissance of photochemical organic reactions in
academic and industrial research in recent years.[1] Alkenes are
basic structural units present in various biologically active
molecules and crucial intermediates in organic synthesis; thus,
organic chemistry methodologies to produce and transform
carbon-carbon double bonds abound.[2] Most procedures that
make alkenes afford the thermodynamically more stable E
isomers; however, various E to Z photoisomerizations have
been reported (Scheme 1).[3,4] Other forms of alkene isomer-
ization, including the controlled migration of the double bond
along the carbon chain, are well established by using acids,
bases, and transition metal complexes.[5] As noted, the trans-
location of double bonds typically produces the thermodynami-
cally stable E-isomers; nonetheless, a few reactions are also
known to afford the Z-alkenes.[6] Within this framework, olefin
isomerization has also been promoted photochemically, albeit
with limited scope.[7,8] The first example of photoisomerization

of α,β-unsaturated to β,γ-carbonyl compounds was described
by Jorgenson et al. in the early 1960’s[7a] and the mechanism
and kinetics of the reaction was then further investigated by
several research groups.[7] Moreover, even an asymmetric
version of the reaction was developed by Pete and co-
workers.[8a–c] Finally, applications of this photochemical trans-
formation in total synthesis have been reported in the
literature.[8e–g] Notwithstanding these pioneering reports for the
light-induced one carbon migration in unsaturated carbonyl
compounds, they are typically restricted to substrates that
produce either a symmetric regio-isomer, or the more thermo-
dynamically stable E-stereoisomer.[7,8] Thus, taking into account
its great potential and expediency, the controlled one carbon
olefin migration via hydrogen atom transfer with good Z-
selectivity has quite limited scope to date, especially in the
absence of metal catalysts.

In recent years, 1,n photochemical hydrogen atom transfer
(HAT) reactions are receiving considerable attention mainly
because they provide excellent opportunities for the straightfor-
ward activation of chemically inert aliphatic C� H bonds.[9] For
example, a divergent light-mediated methodology for the
synthesis of levulinates via photoinduced cross-metathesis
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Scheme 1. General isomerization of alkenes.
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followed by a photochemical 1,5-hydrogen atom transfer in the
presence of phenanthrene as modulator.[9a]

Herein, we report a catalyst-free, UV� A light-induced
isomerization of α,β-unsaturated ketones into largely Z-β,γ-
unsaturated ketones via a solvent dependent 1,5-hydrogen
atom transfer reaction. Moreover, we also take advantage of
this effective methodology combined with olefin metathesis
reactions to report a proof-of-concept dehomologation process
and a one carbon double-bond migration for a broad scope of
synthetically challenging substituted alkenes.

Results and Discussion

Because of its availability and ease of synthesis, (E)-5-phenyl-
pent-3-en-2-one (1a-E) was selected as the model substrate to
screen the optimal reaction parameters that could afford 2a-Z
(Table 1). After a few optimization experiments, we were
pleased to discover that the reaction efficiently proceeded at
room temperature under the proper conditions. As shown in
Table 1, the solvent and substrate concentration were found to
be crucial factors. In DCM, moderate selectivity and good yields
were obtained at the higher dilutions (entry 1). As it is well
known, dilute solutions lower the possibility of intermolecular
interactions and may also avoid excited state quenching.[10] The
addition of isopropanol or t-butanol was beneficial in increasing
the selectivity ratio, with the optimal result found when a ratio
of 9 :1 DCM:IPA was used (entry 7). Similar reactivity was
observed when isopropanol was replaced with t-butanol, ruling
out the possibility of isopropanol acting as a donor for
hydrogen transfer in this procedure (entry 8).[9i] Notably, irradi-

ation with 315 nm (UV� B) light afforded similar results (entry 9);
however, other wavelengths, such as 254 nm (UV� C) and blue
and green LED light, did not promote this reaction (Table 1,
entries 10 and 11). It is important to mention that during the
optimization studies, classical isomerization reagents such as
KtOBu, DBU, and Ru(OAc)3

[5d] afforded intractable mixtures of
compounds.

Thus, with the optimized reaction conditions in hand, a
broader scope of substrates was examined first with various
substituted methyl allylbenzene ketones (Scheme 2). Happily,
the reaction was compatible with various photosensitive func-
tional groups on the aromatic ring, such as F, Cl, and Br. It is
significant to mention that the isomerization reaction yields
relatively clean products without noticeable side reactions.
Given the small Rf (retardation factor) difference in thin layer
chromatography analysis between 2-E and 2-Z, the isomers
could only be separated and purified by meticulous column
chromatography procedures (see the Supporting Information).

One of the risks with photochemical reactions is the
frequent occurrence of associated side-reactions, especially with
photosensitive groups. Moreover, long-chain alkyl compounds
may afford mixtures of several products due to multiple
migration over the carbon chain.[5] Thus, substrates that could
undergo recurrent double-bond migration were probed
(Scheme 3). We were pleased to observe that a highly selective
one carbon isomerization took place with excellent yields.
However, compared to derivatives 1a–j, substrates 1k–p were
found to be less Z-selective (close to a 1 :1 ratio). This intriguing
result strongly suggests that electronic factors play a crucial
role in the more prominent Z-selectivity observed with the
aromatic substrates.

Notably, bromide, hydroxy and carboxy substituents were
also found to be compatible with the present reaction
conditions for the long alkyl chain molecules. The scope of the
reaction was augmented by replacing the methyl group in the
series of methyl vinyl ketones by other substituents. Thus,
substrates (1q–1s) containing a phenyl group, a 2-phenylethyl
group and a bulky 1-phenylethyl group were tested. These
experiments readily yielded the desired isomerized products in
excellent yields with good Z-selectivity, highlighting the
versatility of the reaction. Unfortunately, further expansion of
the scope of starting materials to α,β-unsaturated esters or
acids under our reaction conditions was unsuccessful (see the
Supporting Information).

To gain further insight into the mechanism, control experi-
ments were carried out (Scheme 4). At first, we analyzed
whether 2a-Z and 2a-E interconvert during the reaction. Thus,
in separate experiments, isolated 2a-Z and 2a-E were irradiated
with UV� A light under the reaction conditions. Notably, no E/Z
or Z/E isomerization could be observed, indicating that stereo-
chemistry is unchanged after the reaction. In addition, the
kinetics of the reaction of 1a-E were carefully monitored using
1H NMR spectroscopy (see Figure S2). At the early stages of the
reaction, only 1a-Z was formed. Then, the reaction proceeded
further to afford the final product mixture of 2a-Z and 2a-E
(that do not interconvert). These results clearly indicate that the
fastest step is E/Z isomerization of 1a-E, and that both migrated

Table 1. Optimization of reaction conditions.[a]

entry Solvents Conv. of 1a [%] Z : E ratio

1 DCM (0.1 M) 59 46 :54
(0.05 M) 67 49 :51
(0.02 M) 87 53 :47
(0.01 M) 99 68 :32

2 Acetone 89 48 :52
3 CH3CN 84 48 :52
4 IPA 75 80 :20
5 Toluene 85 56 :44
6 DCM:IPA (2 :1) 98 78 :32
7 DCM:IPA (9 :1) 98(85)[b] 80 :20
8 DCM:t-BuOH (9 :1) 99 76 :24
9[c] DCM:IPA (9 :1) 99 79 :21
10[d] DCM:IPA (9 :1) NR –
11[e] DCM:IPA (9 :1) NR –
12[f] DCM:IPA (9 :1) NR –

[a] Reaction conditions: 1a-E (0.15 mmol) in solvent (0.01 M) at rt under
irradiation of UV� A (350 nm) for 10 h. [b] Isolated yield. [c] Irradiation at
315 nm. [d] Irradiation at 254 nm. [e] Irradiated with blue and green LED
light. [f] Without irradiation (dark control). Z/E ratios calculated by 1H NMR
spectroscopy. DCM=dichloromethane. CH3CN=acetonitrile. IPA= isopro-
panol. t-BuOH= tert-butyl alcohol.
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products 2a-Z and 2a-E can be obtained from 1a-Z. For further
confirmation, 1a-Z was purified and subjected to the isomer-
ization reaction conditions (Scheme 4b). As expected, the ratios
of 2a-Z and 2a-E were the same as those obtained when the
reaction was carried out beginning with 1a-E (see Figure S3).
Moreover, by monitoring the reaction, the NMR signals for the
dienol species could be readily identified, naturally disappear-
ing at the end of the reaction following the tautomerization
(see Figure S4). These data strongly support the formation of
dienol intermediates during the reaction procedure.

Based on our experimental results, and precedent literature
reports,[7e] a plausible reaction mechanism for the isomerization
reaction is proposed in Scheme 5. First, substrate 1-E undergoes
isomerization into 1-Z in the presence of light. Subsequently,
the carbonyl oxygen abstracts the allylic hydrogen atom via a
1,5-hydrogen atom transfer to afford the mixture of enols,
which finally undergo keto-enol tautomerism to produce the
mixture of 2-E and 2-Z.[7]

Higher Z-selectivity was obtained in the isomerization
reaction of benzyl substituted alkenes (1a–1 j and 1q–1s)
compared to other alkyl substituted alkenes (1k–1p). A possible
explanation for the observed final stereoselectivity can be the
existence of secondary orbital interactions during the stereo-
determining 1,5-hydrogen atom rearrangement. While the
more stable E isomer is obtained when the aromatic group is
pointing away from the carbonyl group (preventing secondary
orbital interactions), the more energetic Z isomer requires that
the aromatic group be closer to the carbonyl; thus, this

interaction could explain the unusual stereoselectivity observed
in the process.[9f]

Having shown the efficiency of the isomerization reaction,
we envisioned a simple application for dehomologation of
terminal olefin carbon chains by combining the light-induced
migration process with olefin metathesis. We envisioned that
cross-metathesis of a terminal alkene substrate with methyl
vinyl ketone, followed by photochemical one carbon isomer-
ization and ethenolysis could become a practical methodology
to achieve dehomologations in a wide variety of terminal long
chain alkenes (Scheme 6). Thus, alkenes containing bromo,
alcohol and carboxylic acid functional groups were converted
into the corresponding α,β-unsaturated conjugated ketones
(1 l–1p) via olefin cross-metathesis with methyl vinyl ketone.
Next, the products were irradiated (UV� A) under the optimal
conditions to afford the corresponding β,γ-unsaturated ketones
(2 l–2p). Finally, ethenolysis in the presence of Grubbs’ second-
generation catalyst, selectively afforded the dehomologated
product with good overall yields (even before any careful
optimization procedures were developed, detailed experimental
procedures are given in the Supporting Information). Another
important concern is the isomerization of terminal olefins to
form internal olefins. Generally, this process requires costly
precious metal catalysts, and enormous solvent volumes.
Furthermore, by substituting 2-butene for ethylene in the final
step of our reaction sequence, we were able to achieve a
selective one-carbon migration of long-chain alkenes contain-
ing sensitive functional groups with good yields (even with
internal olefins). When combined with stereoselective olefin

Scheme 2. Substrate scope for photoisomerizations of substituted (E)-5-arylpent-3-en-2-one.[a] [a] Reaction conditions: 1a–1 j (0.15 mmol, 0.01 M) at room
temperature under UV� A (350 nm, distance from lamp ca. 5 cm). [b] Isolated combined yields of Z & E isomers (by column chromatography). [c] Isolated yield
of pure Z-compound. [d] 1H NMR yields of 2 (both isomers) in parentheses. Z/E ratios were calculated by 1H NMR spectroscopy.
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metathesis, this procedure could potentially provide the desired
stereochemistry in the final product (Scheme 6).

Conclusion

In conclusion, we show a mild and efficient UV-light induced
method for the regioselective one-carbon double-bond migra-
tion of α,β-unsaturated ketones without the need for external

additives or metal catalysts. Various unsaturated ketones with
broad functional group compatibility are tolerated in this
protocol to provide the desired isomerized products in
moderate to high yields with good selectivity. Mechanistic
investigations determined that the E to Z isomerization is the
first step in the reaction, followed by a 1,5-hydride shift and
consequent tautomerization to produce the corresponding
isomerized products. A dehomologation and olefin migration
reactions of synthetically challenging linear alkenes shows an

Scheme 3. Substrate scope for ketone isomerizations.[a] [a] Reaction conditions: 1k-1s (0.15 mmol, 0.01 M) at room temperature under UV� A (350 nm, distance
from lamp ca. 5 cm). [b] Isolated combined yields of pure Z & E (by column chromatography). [c] 1H NMR yields of 2 (both isomers) in parentheses
(dibromomethane as internal standard). Z/E ratios were calculated by 1H NMR spectroscopy.

Scheme 4. Preliminary mechanistic investigations.
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important practical application for this method. Moreover, a
high Z-selectivity was observed for the allyl benzene com-
pounds (e.g., 1a–1 j) which may be further utilized in future Z-
selective cross-metathesis reactions to afford more complex
final products. Further explorations of light-induced isomer-
izations involving 1,n-migration of different olefin substrates is
currently underway in our laboratory.

Experimental Section
General procedure for olefin migration of vinyl ketones with
light: In a 25-mL vial with a septum containing the solution of vinyl
ketone 1 (0.2 mmol) in 0.01 M of DCM and Isopropanol (9 :1 ratio)
was evacuated and purged with nitrogen gas three times. Then the
septum was covered with Teflon, and the vial was irradiated with
350 nm light in a Luzchem photo reactor for 10–36 h. The reaction
was monitored by GC, after completion of the reaction solvent was
removed under reduced pressure. The NMR yields and E/Z ratios
were calculated by analyzing the crude products by 1H NMR using

Scheme 5. Proposed mechanism.

Scheme 6. Dehomologation and olefin migration procedure.
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dibromomethane as an internal standard. The residue could be
purified through column chromatography on silica gel to provide
the desired products with good, isolated yields.
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