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EDITORIAL  

 
Presidentõs Letter 

 

We are at the turning point of two important years for photochemistry. This year, we have 

celebrated the 50th anniversary of the laser. Although photochemistry can be done without a 

laser, it is quite evident that our field would have been much less advanced without this 

remarkable source of light. Without lasers, any photoinduced process faster than a few 

nanoseconds would still be beyond reach and would just be considered as quasi-

instantaneous. Similarly, single molecule spectroscopy and microscopy would still be 

science-fiction. If lasers brought a lot to molecular photosciences, the opposite is also true. 

The development of the laser, especially of lasing materials, laser dyes being a nice example, 

has also benefited a lot from the know-how of photochemists. Moreover, our thirst to fully 

understand all the details of photoinduced processes taking place in ever more complicated 

systems has also contributed to the development of lasers with ever better specifications. 

And, to my point of view at least, photochemistry with lasers is much more fun.  

As you probably all know, 2011 will be the International Year of Chemistry. This will be a 

wonderful opportunity to present our science to a large public, to share our enthusiasm and 

curiosity, and to ignite sparkles of fascination in the eyes of young people. Maybe lasers will 

help. 

Meanwhile, I hope you will enjoy this issue of the EPA Newsletters. This is the first issue 

elaborated by the new Editors, Bo Albinsson and Julia Perez-Prieto. As you know, the quality 

of our Newsletter does not only depend on the editors but also on your contributions. So 

please keep sending us technical notes, abstracts of theses, conference reports and anything 

you think should be shared with our community.  

 

 

 
 

Eric Vauthey 

EPA President 
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THE STATUTES OF THE EUROPEAN PHOTOCHEMISTRY 

ASSOCIATION  

 
TITLE I: Name, Headquarters, Permanence and Objects 

 

ARTICLE 1  
 

(a) An incorporated organisation under the name of the European Photochemistry 

Association (EPA) has been set up under the provisions of the Swiss law.  

 

(b) It is a permanent body. 

 

(c) Its headquarters are in Zürich. 

 

(d) In the event that EPA is disbanded, the remaining finances must ultimately be transferred 

to an organisation having the same or similar aims. A distribution of the funds among its 

members is excluded.  

 

ARTICLE 2  

 

(a) The EPA is established to promote and encourage the international development of 

photochemistry and related subjects with special reference to European and neighbouring 

countries. The Association is concerned with all experimental and theoretical aspects of the 

interaction of light with molecular systems. These range from basic knowledge and practical 

know-how to applications in areas such as materials science, biology, medicine and the 

environment. 

 

(b) In particular, the aims to be pursued by EPA are: 

(1) Promotion of co-operation between European photochemists in universities, research 

centres and industry through fostering international contacts and European exchange. 

(2) Encouragement, stimulation and co-ordination of meetings in Europe. 

(3) Educational activities including summer schools, workshops and incorporation of 

photochemistry into the curricula of universities. 

(4) Promotion of photochemical literature. 

(5) Promotion of photochemistry with funding agencies. 

(6) Promotion of awareness of photochemistry and its applications to the wider public. 

 

TITLE II: Membership  

 

ARTICLE 3  
 

(a) Membership of EPA is open to all scientists both from Europe and from countries outside 

Europe. 

 

(b) Membership is annual and is subject to a fee as assessed by the Executive Committee and 

approved by the General Council. Membership fees must be paid according to the rules 

established by the Executive Committee. 

 

(c) It is the responsibility of the members to provide and maintain correct contact details, 

including email addresses. Changes should notified to the General Treasurer. 
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(d) EPA members of a given country may organize, by agreement with the Executive 

Committee, a national EPA section with a designated national representative who serves as a 

contact person. 

 

(e) A national section may lose its status upon the decision of the Executive Committee.  

 

ARTICLE 4  

 

Membership implies compliance with the decisions and resolutions made by the General 

Council and the Executive Committee as provided in the statutes 

 

ARTICLE 5  

 

Membership of EPA may be terminated at the request of the Executive Committee for just 

reason.  

 

ARTICLE 6  

 

Members are not personally liable for the contracted debts of the EPA; liability is limited to 

the assets of the association.  

 

ARTICLE 7  

 

The organs of the EPA are the General Council and the Executive Committee. 

 

 

ARTICLE 8  

 

(a) The General Council consists of all members of the EPA and is its supreme organ. 

 

(b) The General Council has the following rights and functions: 

(1) To agree and to alter the statutes. 

(2) To decide about the amounts of the annual contributions (membership fees), 

following the proposal of the Executive Committee. 

(3) To vote on the annual reports of EPA activities and finances presented to it by the 

Executive Committee. 

(4) To elect biennially from among its ordinary members the Executive Committee. 

(5) To elect biennially two auditors who must prepare a report on the financial 

situation of EPA and ensure proper management of financial affairs by the 

Executive Committee. 

 

(c) The General Council should meet at least biennially, usually in connection with an 

international scientific meeting, to discuss the agenda, which may be proposed by all 

members, to determine the general policy of EPA and to exercise its rights according to 

ARTICLE 8b. This meeting should be organised by the Executive Committee. 

 

(d) At the request of 20% of all EPA members, an extraordinary meeting of the General 

Council must be organised, and at least three month's notice given, by the Executive 

Committee. Due provision must be made for those who can not attend the extraordinary 
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meeting of the General Council personally to express their opinion in writing and, if 

necessary, by postal or electronic vote. 

 

(e) A resolution for winding-up or merger of EPA must be put to a meeting of the General 

Council, which if it agrees will instruct the Executive Committee to ballot all members of 

EPA. Such a resolution can only be passed by a majority of not less than two-thirds of the 

votes cast. In winding-up the General Council should decide whether to dispose of the 

balance of the assets of EPA to a similar scientific body. 

 

ARTICLE 9  

 

(a) The Executive Committee administers EPA. 

 

(b) The Executive Committee consists of the President, the past-President, the Vice President, 

the General Treasurer and up to six other members who may be responsible of a specific 

function at the discretion of the President. Exceptionally, additional members can be co-opted 

by the Executive Committee to fulfil specific roles. 

 

(c) The tasks of the Executive Committee include in particular: 

(1) The achievement of the aims of EPA as outlined in ARTICLE 2. 

(2) The management of the property of EPA including gifts and legacies left to EPA. 

(3) The preparation of an annual report on the activities of EPA and on the financial 

accounts which must be presented to the General Council together with an auditor's 

report. 

(4) The convening of the General Council and/or the individual consultation of the 

members in accordance with these statutes. 

(5) The execution of the decisions of the General Council. 

(6) The organisation of the biennial elections for the Executive Committee (as 

outlined in ARTICLE 9f). 

 

(d) Formal decisions of the EPA require the signature of the President or, exceptionally, of 

the Vice-President in order to be binding. The President shall have power to delegate certain 

of his/her powers to other members of the Executive Committee. 

 

(e) The term of office for an elected member of the Executive Committee is normally two 

years. Re-election is permitted up to a maximum of three consecutive terms. 

 

(f)The Executive Committee organizes elections for its own succession 

(1) Elections take place normally by a show of hands at the General Council (or 

exceptionally, by electronic voting). 

(2) The candidate(s) for President must normally be a member of the Executive 

Committee in office. 

(3) The candidate(s) for President will present a program for the EPAôs future 

activities and actions and for the efficient functioning of the Executive Committee. 

(4) Not less than one month prior to the election, the Executive Committee will 

publicise to EPA members the name(s) of the candidate(s) for President and their 

program(s). 

(5) Members may nominate themselves or other EPA members with their consent for 

election to the Executive Committee. Nominations should be made in writing, 
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signed by the nominee, to the Executive Committee any time up to one month prior 

to the General Council. 

 

 

TIT LE IV: Finances 

 

ARTICLE 10  

 

(a) EPA is a non-profit making organisation. 

 

(b) The income of the EPA shall consist of: 

(1) Contributions of members as assessed by the General Council. 

(2) Contributions from governmental bodies or national scientific societies 

representing member countries. 

(3) Gifts, donations, and legacies. 

(4) Grants, which may be accorded to it. 

(5) Royalties from publications. 

(6) Revenues from advertisements in publications. 

 

 

ARTICLE 11  

 

(a) A national section may hold a account to which EPA members pay their dues and where 

other official revenues and expenses are recorded. 

 

(b) The person in a national EPA section responsible for the finances may be the national 

Local Treasurer. Local Treasurers are appointed by the Executive Committee. 

 

(c) The Local Treasurer of a national EPA section sends a yearly report and justifications to 

the EPA General Treasurer. They transfer official revenues to the account of EPA 

International according to the requirements of the Executive Committee. 
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PHOTOCHEMICAL AND PHOTOBIOLOGICAL SCIENCES  
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PUBLICATIONS  
 

Abstracts of Theses in Photochemistry 

Francisco Manjón 

 

Solar technology for water disinfection in rural areas by photosensitized singlet 

molecular oxygen (
1
O2) production 

 

Department of Organic Chemistry, Universidad Complutense de Madrid, Spain 

 

PhD Thesis: 2010 

Supervisors: Prof. Guillermo Orellana and Prof. David García 

Water is a primary need for the human being. Availability of drinking water is a critical 

problem for an important part of the world population mainly located in less-favored 

countries where over 1 billion people suffer diseases related to waterborne microorganisms. 

Classical water disinfection techniques such as chlorination, and less common alternatives 

based on other oxidizing reagents (ozone, chlorine dioxide, etc.) or physical treatments 

(membrane filtration or UV-C illumination), are typically used in urban or industrial areas. 

However, they are difficult to apply in isolated regions or emergency situations, especially 

those in poorer countries, due to the lack of infrastructures. The so-called solar disinfection 

(SODIS) method is a cheap alternative to obtain pathogen-free water in those areas placed in 

the solar radiation belt. Such method uses the combined effect of the UV-A component of 

sunlight plus the infrared-powered temperature increase to inactivate waterborne bacteria. 

However, it requires plastic bottles (1ï2.5 L) limiting the total amount of water treated per 

day, is not equally effective with all types of bacteria or turbid waters and requires suitable 

weather conditions. 

 

     
Figure 1. CPC solar reactor for water disinfection by photosensitized singlet molecular 

oxygen (
1
O2) production. On the right, a cross-section of the coaxial- and fin-type 

configurations and a detail of the photosensitizing silicone stripes are shown. 
 

Highly efficient sensitizing materials containing hydrophobic Ru(II) complexes immobilized 

on porous silicones have been produced, photophysically and photochemically characterized, 

and successfully tested for inactivation of up to 10
ï4

 CFU mL
ï1

 of waterborne Escherichia 

coli (gram-negative) or Enterococcus faecalis (gram-positive) bacteria. Two solar reactors 

based on compound parabolic collectors (CPC) were built (Figure 1) and optimized for water 

disinfection by photosensitized singlet oxygen (
1
O2) production in heterogeneous phase 

(Figure 2). The main factors determining the performance of the solar reactors are the type of 

photosensitizing material, the sensitizer loading, the CPC collector geometry (fin- vs. coaxial-

type), the fluid rheology and the balance between concurrent photothermal-photolytic and 
1
O2 
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effects on the microorganisms inactivation. In this way, at the 40ºN latitude of Spain, water 

can be disinfected in a sunny day (0.6ï0.8 MJ m
ï2

 L
ï1

 accumulated solar radiation dose in the 

360ï700 nm range, typically 5ï6 h of sunlight) with such CPC-based reactors containing 0.6 

m
2
 of photosensitizing material saturated with tris(4,7-diphenyl-1,10-phenanthroline) 

ruthenium(II) (RD3, ca. 2.0 g m
ï2

). The optimum rheological conditions require laminar-to-

transitional water flow in both prototypes. The fin-type system showed better inactivation 

efficiency than the coaxial reactor due to a more important contribution of the direct sunlight 

effect that adds on top of the photodynamic disinfection. The durability of the sensitizing 

materials was tested and the operational lifetime of the photocatalyst is at least three months 

without any reduction in the bacteria inactivation efficiency. Moreover, recharging of the 

used photosensitizing materials with the photoactive dye leads to higher water disinfection 

efficiency [5]. Solar water disinfection with 
1
O2-generating films is demonstrated to be an 

effective technique for point-of-use water disinfection in isolated regions of less-favored 

countries with high yearly average sunshine. 

     
Figure 2. (A) Survival of waterborne E. faecalis (10

4
 CFU mL

ï1
) in the coaxial-type (Â) and 

the fin-type (̧ ) solar reactors containing the photosensitizing stripes. (B) Singlet molecular 

oxygen (
1
O2) produced by RD3 immobilized in porous silicone  (2 g m

ï2
) when immersed in 

water (tD = 32 ms). 

 

References 
1. M. E. Jiménez-Hernández, F. Manjón, D. García-Fresnadillo and G. Orellana, Solar Energy, 2006, 

80 (10), 1382ï1387. 

2. L. Villén, F. Manjón, D. García-Fresnadillo and G. Orellana, Appl. Catal. B: Environ., 2006, 69, 1ï

9. 

3. F. Manjón, L. Villén, D. García-Fresnadillo and G. Orellana, Environ. Sci. Technol., 2008, 42, 301-

307. 

4. F. Manjón, D. García-Fresnadillo and G. Orellana, Photochem. Photobiol. Sci., 2009, 8, 926ï932. 

5. F. Manjón, M. Santana-Magaña, D. García-Fresnadillo and G. Orellana, Photochem. Photobiol. 

Sci., 2010, 9, 838ï845. 

 

 
  

B 
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Benjamin Probst 
 

Photochemical Hydrogen Production 
 
Institute of I norganic Chemistry, University of Zurich 

 

PhD thesis: 2010 

Research Advisor: Prof.  Robert Alberto  

 
The splitting of H2O by sunlight is an attractive scenario to obtain chemical fuels in the post-

fossil society. Thus research focusing on alternatives to the well established, but indirect 

route, i.e. using photovoltaics and electrolysis, deserves attention. An especially appealing 

way is the mimicking of natural photosynthesis, i.e. photochemical water splitting. Much 

effort has been put into doing so, both in the area of heterogeneous and homogeneous 

photocatalysis. Common to all approaches in the field of homogenous photocatalytic water 

splitting is the separation into an oxidative and a reductive halfreaction, and thus the use of 

sacrificial electron acceptors resp. donors. The idea in doing so is that the two half-reactions 

can be studied and optimised independently, and once successful candidates were identified, 

attempts to combine the systems can be undertaken. In this work we focused on the reductive 

halfreaction to H2. 

This thesis presents the first successful application of rhenium(I) - tricarbonyl diimine ï type 

complexes ([ReX(CO)3diimine]
+
) as photosensitiser (PS) and cobalt tetraene based water 

reduction catalystôs (WRC) for the photo induced up-conversion of triethanolamine (TEOA) 

and protons to oxidised TEOA and H2 (see Figure 1). 

 

 
Figure 1. General representation of the photocatalytic cycle using [ReX(CO)3bipy]

+
 ï type 

PSôs and [CoY(dmgH)2] ï type WRCôs to convert TEOA and H
+
 into H2.  

 

The study focused on various aspects of the new reaction, including the solvent (water, DMF 

and MeCN), the character of the initial reaction of the excited state, quench rates and yields, 

spectrochemical properties of the PS, forward electron transfer rates to the cobalt based 

WRC, kinetics in the WRC cycle, stability of the complexes, influence of pH and quantum 

yields of H2 production.  
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It was shown for systems in DMF
1,2

 by continuous irradiation experiments that 

[ReX(CO)3diimine]
+
 ï type PSôs (X = Br

ī
, NCS

ī
, OH2 or pyridine; diimine = 2,2ô-bipyridine 

(bipy) or 1,10-phenanthroline) are clearly superior to the commonly used [Ru(bipy)3]
2+

 PS in 

terms of catalytic stability. Furthermore, we showed by time resolved IR spectroscopy that 

the initial photoreaction proceeds by reductive quenching of *[ReX(CO)3diimine]
+
 by TEOA 

(kq = 5 ³ 10
7
 M

-1
s

-1
; Fcage = 0.5), followed by fast electron transfer to WRC (k1 = 1 ï

 2 ³10
8
 M

-1
s

-1
 for WRC = [Co

II
(dmgH)2]). In the absence of WRC the transfer of a second 

reduction equivalent from the decomposition of oxidised TEOA on the rhenium PS was 

observed (k2.eī = 3.3 × 10
8
 M
ī1

s
ī1

; 70 %). As for the WRC cycle, fast protonation of Co
I
 

occurs, as shown by a distinct pH dependence of hydrogen production. The bottleneck of the 

system appears to be the reaction of Co
III

-H to H2, which we could show to occur 

predominantly in a homolytic fashion for [Co(dmgH)2] in DMF. Addition of excess free 

dmgH2 was required to ensure complete formation of [Co(dmgH)2] (thermodynamic 

stability), but also to increase the turnover number in cobalt (TONCo, H2/Co), possibly due to 

a self -repair mechanism for deactivated WRC (catalytic stability). The maximum TONRe 

(H/Re) was 7500, setting a new benchmark, whereas the maximum TONCo was only 1000. 

This, along with other observations, clearly showed that the performance limiting factor of 

the system was the cobalt based WRC.  

Although these experiments gave a nice proof of principle, drawbacks were, besides the use 

of sacrificial electron donors, the decomposition of the cobalt based WRC, low overlap of PS 

absorption to the solar spectrum and the use of organic solvent instead of H2O. Whereas the 

issue of using sacrificial electron donors instead of oxidising the substrate of choice, i.e. H2O, 

is not yet solved, the progress that has been made recently in the field of photochemical water 

oxidation
3,4

 should allow to link such a system to a reductive counterpart in theory. Problems 

to overcome are the solvent (oxidative half-reactions are performed in H2O, reductive half-

reactions in organic solvents), and the set of initial reactions of the excited state, i.e. whether 

the WOC (water oxidation catalyst) or the WRC interacts with the excited PS.  

To address the former issue we designed a series of water soluble, rhenium based PS bearing 

neutral axial ligands. Initial experiments showed for the fist time that H2 production from 

H2O using the rhenium ï cobalt system is principally possible. Kinetic analysis revealed that 

the initial set of reactions is the same as in DMF solvent, i.e. the reaction proceeds by 

reductive quenching of the excited PS. No oxidative quenching by the cobalt based WRC was 

found. Distinct correlations of turnover numbers to the ligand framework of the WRC were 

observed, allowing the rational design of new catalysts. A systematic screening of 

[ReX(CO)3diimine]
+
 complexes allowed to understand absorption properties and to optimise 

the overlap wit the solar spectrum.  

 

References 

[1]  Probst, B.; Rodenberg, A.; Guttentag, M.; Hamm, P.; Alberto, R., Inorg. Chem., 2010, 

49, 6453-6460. 

[2]  Probst, B.; Kolano, C.; Hamm, P.; Alberto, R., Inorg. Chem., 2009, 48, 1836-1843. 

[3]  Geletii, Y. V.; Huang, Z.; Hou, Y.; Musaev, D. G.; Lian, T.; Hill, C. L., J. Am. Chem. 

Soc., 2009, 131, 7522-7523. 

[4]  Duan, L.; Xu, Y.; Zhang, P.; Wang, M.; Sun, L., Inorg. Chem., 2009, 49, 209-215. 
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Rajinder Singh 
 

Investigations on photochemical and thermal transformations of some 

conjugated carbonyl compounds  
 
Department of Pharmaceutical Sciences, Guru Nanak Dev University, Amritsar, Indi a 

 

PhD thesis: 2010 

Research Advisor: Prof. Mohan Paul S. Ishar 

 

Photochemistry of carbonyl compounds has provided the chemists with a useful set of 

working and exemplar paradigms as carbonyl chromophore undergoes many interesting and 

versatile photochemical reactions. Consequently, photochemistry of carbonyl compounds has 

received more attention than any other single class of organic compounds. Photochemical 

transformations of saturated carbonyl compounds/conjugated carbonyl compounds and their 

mechanistic details have extensively been explored for the past three to four decades,
 

however, the photochemistry of conjugated carbonyl compounds still continues to be the area 

of intense activity. We have investigated the photochemistry of some conjugated carbonyl 

compounds for understanding the nature of phototransformations involved, their mechanistic 

details, and development of new photochemical synthetic pathways.  

Photochemistry of o-alkoxyphenyl ketones has been explored both mechanistically and for 

synthetic applications and has demonstrated that product profile/yields depend strongly on 

the solvent system, involved excited state (n-p* or p-p*) and conformational preferences. A 

plausible role of electron transfer component has also been invoked in cyclization of 1,5-

biradical intermediate to dihydrobenzofuranol products in these phototransformations
1
.  

In order to understand the above referred role of photoelectron transfer, first section of the 

dissertation has been devoted to the photochemistry of o-allyloxy-/crotyloxyacetophenones 

under varied conditions of irradiation (Pyrex-filter and under N2 atmosphere), including 

solvents such as acetonitrile which is known to favour electron transfer and in the presence of 

triethylamine (TEA); the latter is well known to quench the photoexcited carbonyl function 

by charge/electron transfer. The phototransformations in presence of triethylamine were also 

of interest because it has been reported that radical anions generated from reduction of a 

photoexcited carbonyl function can be trapped intramolecularly by an olefinic moiety in a 

synthetically useful manner. We have attempted to characterize complete product profile, 

including some unusual intramolecular arene-olefin addition products obtained by the n-p*  

excitation of the carbonyl function
 
(Scheme 1)

2
.  

Irradiation of 1a,b in dry benzene led to the isolation of (syn)-2-ethenyl/propenyl-3-hydroxy-

3-methyl-2,3-dihydrobenzofurans (2a,b) as the sole product. However, irradiation of 1a,b in 

dry benzene in the presence of triethylamine (0.1ï0.4 mol equiv.) resulted in slightly 

increased formation of 2a,b, besides pinacols (3 and 4) and triethylamine addition products (5 

and 6). Formation of 2a,b was suppressed with increasing molar ratios of triethylamine, with 

increased formation of products (3ï7). On the other hand, irradiation of 1a,b in dry 

acetonitrile resulted in the formation of both syn-(2a,b) as well as anti-isomers of 

benzodihydrofuranols (2ῂa,b), besides some highly unexpected intramolecular arene-olefin 

addition products (8ï10); formation of the intramolecular areneïolefin addition products was 

quenched in the presence of 0.1 mol equiv. of triethylamine. With increasing molar ratios of 

triethylamine in acetonitrile, formation of 2 and 2ῂ was also suppressed with subsequent 

increased formation of products (3ï7) derived from photoreduction of carbonyl function 
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through electron transfer from TEA. No product derived from intramolecular interaction of 

the ketone derived anion radical/ketyl radical with an olefinic moiety was detected. 

The intramolecular H-abstraction by photo-excited carbonyl followed by cyclization of 1,5-

biradical, which is an inefficient process in the case of o-alkenylmethoxyacetophenones, is 

slightly favoured in presence of lower molar equivalents of triethylamine and is quenched at 

higher concentrations.  It has been proposed that the generally accepted limiting condition of 

a three-atom tether between an aryl ring and an alkene moiety for intramolecular photo-

cycloaddition can be surpassed under the influence of polar interactions
2
. These 

investigations have also led to the simple way of identifying diastereomeric pinacols derived 

from o-alkoxyacetophenones by 
1
H NMR spectroscopy

3
. 

 

Scheme 1 

Second section of the thesis deals with the investigations on phototransformations of 

isoxazolidines. Although, there are few reports on the photochemical cleavage of 

isoxazolidine moiety
4
, however no report on the involvement of intramolecular 

photosensitization/photoelectron transfer/H-abstraction affecting such phototransformations 

is available. Guided by our earlier recorded observations on the role of electron transfer in the 

photochemistry of o-allyloxy/crotyloxyacetophenones
2
, it was decided to explore the 

photochemistry of isoxazolidines sensitized by carbonyl functionality. Based on series of 

experiments, a useful methodology for the cleavage of an isoxazolidine moiety, which is 

generally known to be transparent under n-p* excitation, has been developed
5
 (Scheme 2). It 

has been postulated that the facile photo-cleavage of isoxazolidines to ɓ-enaminocarbonyl 

compounds (12a-c, 14, 16) is mediated by carbonyl functionality through the plausible 

involvement of intra- or inter-molecular electron transfer from nitrogen atom of the 

isoxazolidine moiety to photoexcited carbonyl function
5
.         
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Scheme 2       

Last section of thesis deals with the photochemistry of arylidene-b-ionones under varied 

irradiation conditions (Scheme 3, Pyrex-filter). It has been demonstrated that the irradiation 

of (E,E)-arylidene-b-ionones (17a-f) in anhydrous solvents afford 1,7,7-trimethyl-3-(E-2¡-

arylethenyl)-2-oxabicyclo-[4.4.0]deca-3,5-dienes (19a-f) in high yields. Further irradiation of 

pure 19a-f in aqueous methanol resulted in Z,E-arylidene-b-ionones (18) through retro-

electrocyclization, which underwent an intramolecular, exo-selective [4 + 2] 

photocycloaddition leading to 11-(exo)-aryl-1,7,7-trimethyl-tricyclo[4.4.0.1
2,4

]undec-5-ene-3-

ones (20a-f, 60-80%) except in case of 19f, wherein formation of tricyclic ketones 23f was 

also observed. It is worth to mention that the tricyclic-butanones (20) rearranged over silica 

gel quantitatively to 5-aryl-7,11,11-trimethyl-tricyclo[5.4.0.0
3,6

]undec-1-ene-4-ones (21)
6
 and 

the latter underwent a facile unusual uncatalysed air oxidation to butyrolactones (22 &  22¡)
7
.  

A direct irradiation of 17a-f in aqueous methanol led to 20a-f (reduced yields compared to 

the irradiation of corresponding 19), along with the formation of novel tricyclic-ketones 23c 

(55%) and 23f (80%), in case of the irradiation of 17c,f. The tricyclic-ketones (23c,f) have 

been proposed to be derived from photodeconjugation in 18, followed by intramolecular [4 + 
2] cycloaddition

6
.  

In view of the known ability of triethylamine to quench triplet photoexcited ketones through 

charge transfer/electron transfer and speculated role of intramolecular photoelectron transfer 

in photo-conversion of arylidene-b-ionones (17) to tricyclic cyclobutanones (20)
6
, it was 

decided to carryout irradiation of arylidene-b-ionones in presence of triethylamine. 

Therefore, arylidene-b-ionones (17a,b,d,e) were irradiated in aqueous methanol in the 

presence of triethylamine (excess) to afford tricyclic-butanones (20a,b,d,e) along with 

bicyclic-esters (24a,b,d,e, ~20%, Scheme 3). Formation of 24 by the photochemical or 

thermal transformation of 20 was ruled out by the prolonged irradiation of 20e in aqueous 

methanol in presence of triethylamine (no phototransformation was observed) and by 

refluxing the solution of 20e in aqueous-methanol in presence of triethylamine for 4h 

(afforded 21e quantitatively). Further investigations will be necessary to unravel the 

mechanistic details of the phototransformation leading to 24.  
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 Scheme 3 

 

In light of the reports that certain electron rich systems react with dioxygen without use of 

any singlet-oxygen-sensitizer to generate endoperoxides8a and known thermal routes to 

endoperoxides under electron-transfer conditions8b, it was decided to irradiate arylidene-b-

ionones under an oxygen atmosphere, to investigate the possible cycloaddition of electron 

rich conjugated-p system in 18 (generated in situ) with molecular oxygen under photo-

electron-transfer conditions. Irradiation of arylidene-b-ionones (17a,b,e) in dry benzene under 

oxygen atmosphere afforded highly valuable stable endoperoxides (25a,b,e, Scheme 3) 

through the regio-selective [4+2] photo-addition of oxygen to a pyran in high yields (85-

90%)9. It has been proposed that reaction occurs through an electron-transfer interaction 

between photoexcited 18 and molecular oxygen. 

Investigations of the photochemistry of arylidene-b-ionones have provided an easy access to 

different tricyclic-butanones, stable endoperoxides and led to the discovery of an alternative 

mode of phototransformation to complex molecular frame-works such as tricyclic-ketones 

(23). 

In conclusion, carbonyl chromophore has been crafted into different matrices for some 

unusual photo-transformations, utilizing some fundamental reactions such as H-abstraction, 

photo-electron transfer, cycloadditions and rearrangements, to develop new transformations 

of general interest and high synthetic significance. 

 






















































