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The cycloaddition reactions of photoexcited benzene deriva­
tives with olefins and other TT-systems are among the most 
exciting recent developments in organic photochemistry.2 While 
mechanistically intricate, these cycloadditions, in particular the 
meta variant, have proven to be an exceptionally powerful tool 
for the synthesis of complex molecules.3 Paradigms developed 
from earlier investigations on the arene—olefin photocycload­
dition have uniformly emphasized the degree of polarization 
between arene and olefin in the excited state as the critical factor 
in determining the mode (course) and the regio- and stereo­
chemistry of these reactions.2 The extent of charge transfer is, 
in turn, controlled by the nature of the substituents present on 
the reacting ^-systems.2 Cycloaddition between excited aryl 
groups and simple alkyl-substituted olefins generally leads to 
the formation of meta cycloadducts, while ortho photocycload­
dition predominates from the singlet state when excited state 
charge transfer is energetically favorable; this is perhaps best 
exemplified by the selective ortho photocycloaddition between 
anisole and acrylonitrile.4 Intramolecular ortho photocycload­
dition from the triplet excited state of aryl ketone derivatives 
has also been extensively documented.5 In accord with these 
charge transfer models, Wender has reported that irradiation of 
bichromophores having an anisole ring tethered to an alkyl-
substituted olefin affords only products derived from meta arene 
olefin photocycloaddition.6 We felt that the course of photo­
cycloaddition in these anisole bichromophores could be diverted 
from meta to ortho by making charge transfer in the excited 
state energetically favorable, as would be expected in donor/ 
acceptor bichromophores 1 and 2.7 Herein we report our efforts 
to more thoroughly describe the stereochemistry and regio-
chemistry of the intramolecular ortho photocycloaddition orig-
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inating from the singlet excited state, as well as the reactivity 
of the resulting ortho cycloadducts. 

This hypothesis is verified by experiment, as direct irradiation8 

of donor/acceptor bichromophore (F)-I affords no meta cy­
cloadducts, but leads to the efficient formation of two photo-
products 3 and 4 (58% and 14% yields, respectively, at 85% 
conversion, eq 1, Scheme I).9 The (£)-olefin geometry of 1 is 
preserved in the cis, anti adduct 3 (no products having H7 and 
H8 in a syn arrangement are formed).10 Similarly, irradiation 
of (E)-2 under identical conditions8 affords the two diastereo-
meric adducts 5 and 6 in 50—55% isolated yield (in a 1.9:1 
ratio) and tetraene 7 in 17% yield (at 85—90% conversion of 
2, eq 2).n The (£)-olefin geometry of 2 is also incorporated in 
each tricyclic adduct 5 and 6. Again, no meta photocycload-
ducts are produced.10 It is noteworthy that tetraenes 4 and 7, 
which can be thought of as arising from formal metathesis of 
the aryl ring with the pendant olefin, have heretofore only been 
observed in intermolecular arene—olefin cycloadditions.43'2 

The formation of these adducts can be explained by invoking 
a cascade of pericyclic reactions initiated by a regio- and 
stereoselective intramolecular ortho arene—olefin photocycload­
dition (Scheme 2). The regiochemistry of this cycloaddition is 
consistent with an excited state in which the substituents on 
the olefin and arene maximize stabilization of the developing 
charges, as only products resulting from cycloaddition across 
the 1 and 2 positions of the aryl ring (9) are produced.2 

Stereoelectronic considerations dictate that the olefin must 
approach the aryl ring in an exo facial manner, i.e., 8a or 8b, 
since an endo facial approach (8c) would result in the formation 
of an excessively strained cycloadduct.2efl3 Cycloadducts 9 
are labile and undergo facile thermal electrocyclic ring opening14 

to the bicyclo[6.3.0]undecatrienes 10; photochemical disrotatory 
ring closure affords the tricyclics 3, 5, or 6 while the trienes 4 
or 7 arise from electrocyclic ring opening and subsequent olefin 
isomerization.14 It should be noted that in contrast to Wagner's 
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Heathcock, C. H. Synth. Commun. 1980, 10, 509. 

(8) Typical photolysis conditions: Hanovia 450 W medium-pressure Hg 
lamp, Vycor filter, 20 0C, [1] or [2] = 5 mM in 02-free CH3CN. 
Acetonitrile has proven to be the most effective solvent for this reaction; 
photolysis in other solvents such as hexane, benzene, and terf-butyl alcohol 
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lack thereof for Hl 1 —H8. Also, anti H7—H8 coupling constants generated 
with Macromodel v. 4.5 under MM3 conditions are in agreement with the 
NMR data for 5 and 6 (calculated to be 1.0 Hz for the singlet seen in 5 and 
12.6 Hz for the observed 12.2 Hz doublet in 6; coupling constants generated 
if H7—H8 were in the two possible syn configurations were 2.9 and 5.7 
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results in the aryl ketone triplet photocycloadditions, where both 
the initial photoadduct and its thermal opening to a very stable 
cyclooctatriene were isolable,5ab ' if intermediates 9 and 10 are 
not isolable.15 The tricyclic photoproducts 3, 5, and 6 do not 
open to cyclooctatrienes upon extended thermolysis; the tet-
raenes 4 and 7 are also thermally stable. 

The stereoselective incorporation of the (£)-olefin geometry 
in the tricyclic adducts during this reaction sequence provides 
supporting evidence for a process initiating from the first excited 
singlet state (Si) of the anisole chromophore; this high level of 
stereoselectivity has also been observed in intramolecular meta 
photocycloadditions arising from the singlet state.2ef The 
modest benzylic diastereoselection (1.9:1) observed in the 
photolysis of 2 stands in contrast to related meta cycloadditions, 
which typically exhibit ca. 5-fold higher levels of benzylic 
stereoselection.2ef-5 This attentuation may reflect the small 
energetic difference between two reactive exo conformers 8a 
and 8b, each having the benzylic substituent in a favorable 
pseudoequatorial orientation; these then afford diastereomeric 
ortho photoadducts 9 (epimeric at C-Il). Ring opening of these 
C-Il epimers and subsequent photochemical ring closure yields 

(13) This aspect of the intramolecular meta arene—olefin photocycload-
dition has been discussed by Wender: Wender, P. A.; Howbert, J. A. J. 
Am. Chem. Soc. 1981, 103, 688. See also refs 2e,f. 
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3 R - H ; R ' - C H 3 4 R - H ; R 1 - C H 3 
5a, 6a R - OTBDMS; R1 - H 7a R - OTBDMS; R1 - H 

5 and 6, respectively. It is interesting to note that it appears as 
though each diastereomeric ortho photocycloadduct (deriving 
from exo conformers 8a and 8b, respectively) leads to a different 
"torquoselectivity" in the final disrotatory electrocyclization (10 
to 5 and 6).1 4 '6 The factors controlling the stereochemistry of 
these reactions continue to be investigated. 

In conclusion, these studies have demonstrated the profound 
influence of substituents on the course of the arene—olefin 
photocycloaddition and have begun to address several critical 
aspects of the ortho variant of this reaction, including the 
preferred mode and the regio- and stereochemical pathways of 
donor/acceptor bichromophores. The cascade of reactions 
initiated by the photocycloaddition leads to a striking increase 
in the molecular complexity of these systems, producing highly 
functionalized adducts which should have considerable potential 
for further elaboration. Further investigations in this area will 
be reported in due course. 
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