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A novel Cu(I)-catalyzed photochemical reaction of diethyl ether with vicinal diols and their ketals is
reported. The most remarkable feature is the transformation of 1,2-diols and their ketals to acetals of
acetaldehyde under totally neutral condition without using acetaldehyde.
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Scheme 1. Cu(I)-catalyzed photochemical reaction of diene–diol in diethyl ether.
Photochemical reactions1 offer a wide range of fascinating and
useful transformations in organic chemistry that are generally
not observed in ground state reactions. Photochemistry of com-
pounds such as alkenes, acyclic and cyclic dienes, ketones, unsatu-
rated ketones, and aromatic compounds having a plethora of
functional groups has been investigated in detail. Of these, [2+2]
cycloaddition2,3 of alkenes to form cyclobutanes is one of the most
widely studied synthetically valuable photochemical reactions.
Metal catalysts3 have profound influence on the course of photo-
chemical reactions. For example, unlike the facile photoaddition
of enones to alkenes, simple alkenes do not add to each other un-
der direct or sensitized irradiation. However, addition of simple
alkenes can be achieved efficiently in metal-catalyzed photochem-
ical reactions. Of the various metal salts investigated, copper(I)
salts especially copper(I) triflate have been found to be very
efficient in accomplishing [2+2] photocycloaddition of simple
alkenes.3,4 This process finds extensive applications in synthetic
organic chemistry.5,6 Herein, we report a new copper(I)-catalyzed
photochemical reaction in which vicinal diols and ketals are trans-
formed to acetals of acetaldehyde on reaction with diethyl ether.

As part of our continued interest7 in the applications of
copper(I)-catalyzed [2+2] photocycloaddition reaction in natural
products synthesis, we required an intramolecular photocycloaddi-
tion of the diene 1 as the key step (Scheme 1). Generally copper(I)
triflate-catalyzed photochemical reactions are carried out in
diethyl ether as solvent. Thus a solution of the diene 1 in diethyl
ether was irradiated7 in the presence of (CuOTf)2�C6H6 complex
ll rights reserved.
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(15–20 mol %) in Ar atmosphere. To our surprise the cyclobutane
derivative 2 was obtained as a diastereoisomeric mixture in 65%
yield8 instead of the desired cyclobutane derivative 3. More sur-
prisingly, when the ketal 4 was irradiated in diethyl ether under
identical conditions the same cyclobutane derivative 2 was ob-
tained in 60% yield. Treatment of the acetal 2 with aqueous acetic
acid led to the diol 3 as a single diastereoisomer indicating that
cycloaddition took place in a stereocontrolled manner.
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Table 1
Cu(I)-catalyzed photochemical reaction of vicinal diols with diethyl ethera
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a Reactions were complete in 4–6 h.
b All products were obtained as a mixture of diastereomers.
c Yields refer to chromatographically isolated pure products.

Table 2
Cu(I)-catalyzed photochemical reaction of ketals with diethyl ethera

Entry Substrate Productb Yieldc (%)
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1 4, R1 = R2 = Me, R3 = H 2, R1 = R2 = H 65
2 20, R1 = R2 = R3 = Me 21, R1 = H, R2 = Me 60
3 22, R1,R2 = –(CH2)5–, R3 = H 2 65
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4 23, R = Bn 9, R = Bn 65
5 24, R = H 25, R = H 60

a Reactions were complete in 3–4 h.
b Products were obtained as diastereomeric mixture.
c Yields refer to chromatographically isolated pure products.
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Addition reactions to the sp2 center at C-3 of diacetone glucose9

derivatives generally take place from the face opposite to the 1,2-
acetonide moiety. Based on this reactivity trend the structure of
the cyclobutane derivative obtained from cycloaddition of the
dienes 1 and 4 was assigned the structure 2.

Transformation of the dienes 1 and 4 to the same adduct 2 in-
volves, in addition to [2+2] cycloaddition, protection of the vicinal
diol unit as acetaldehyde acetal in case of 1 and chemoselective
transformation of the more labile 5,6-acetonide moiety to the ace-
tal in case of 4. Both these transformations generally require acet-
aldehyde or its dimethyl acetal and an acid as catalyst.10 These
transformations accomplished under totally neutral condition
without using any carbonyl compound are spectacular.

To explore the generality of these novel transformations, a
number of vicinal diols and acetonides were subjected to irradia-
tion under copper(I) catalysis and the results are summarized in
Tables 1 and 2, respectively. It may be noted while the diol–dienes
1 and 6 (Table 1, entries 1 and 2) underwent cycloaddition with
concomitant protection of the diol unit, the vicinal diols 8, 10,
12, 14, 16, and 18 (Table 1, entries 3–8) lacking diene units were
protected to give acetals 9, 11, 13, 15, 17, and 19, respectively in
very good yields.

Similarly, the acetonide derivatives 4, 20, and 22 (Table 2, en-
tries 1–3) underwent trans-acetalization with simultaneous cyclo-
addition to afford adducts 2, 21, and 2, respectively. The acetonide
derivatives 23 and 24 (Table 2, entries 4 and 5) lacking any alkene
unit also underwent trans-acetalization to produce the acetals 9
and 25, respectively.

In order to explore the course of these novel transformations,
irradiation of 4 was carried out in benzene. Cycloaddition took
place as expected but amazingly the acetonide unit remained un-
changed to afford the adduct 5 in 70% yield. This clearly indicated
the participation of diethyl ether in the protection of the vicinal
diol unit to the acetal of acetaldehyde. Further, the necessity of
copper(I) catalyst in accomplishing these photo-induced transfor-
mations was established from the failure of 24 to provide 25 in
the absence of CuOTf. To the best of our knowledge there are very
few reports on the photochemical reaction of diethyl ether.11

A possible mechanism for these transformations is depicted in
Scheme 2. Copper(I)-catalyzed photochemical reactions are be-
lieved to proceed through formation of a ground state Cu(I) com-
plex in which alkene as well as hydroxy/alkoxy group acts as
ligand. Thus coordination of diethyl ether with Cu(I) leads to the
complex 26. Photoactivation of this complex initiates ligand (O)
to metal (Cu+) charge transfer (LMCT)12 to generate 27. The latter
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Scheme 2. A plausible reaction course.
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Scheme 3. Probable mechanism for trans-acetalization.
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leads to the radical cation 28 which is then transformed to the
activated acetaldehyde equivalent 29 on loss of one H radical.13

Acetalization of the diol 30 with 29 proceeds in the usual way to
produce the acetal 32 through protonation of 31. Oxidation of
Cu(0) regenerates the catalyst Cu+ with evolution of H2.3

Probably, a sequence (Scheme 3) similar to the one described in
Scheme 2 is responsible for trans-acetalization of the acetonides.
This is accompanied by the expulsion of acetone and ethylene. In-
deed, when the cyclohexylidine derivative 22 was subjected to the
above-mentioned reaction condition cyclohexanone was isolated
in quantitative yield. Regeneration of Cu+ catalyst takes place in
the same way as depicted in Scheme 2.

In conclusion, a new Cu(I)-catalyzed photochemical reaction of
diethyl ether with vicinal diols has been discovered. The most
remarkable feature is the transformation of 1,2-diols and their ke-
tals to acetals of acetaldehyde under totally neutral condition
without using acetaldehyde. It may be noted that acetals can be
cleaved photochemically14 to regenerate diols and aldehydes.
However, to the best of our knowledge there is no report on protec-
tion of diols to acetals under photochemical conditions. The pres-
ent technique eliminates the disadvantages of employing
acetaldehyde for protection of diols under acid catalysis.
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