Historically, synthetic organic photochemistry has provided an extremely powerful method for the conversion of simple substrates into often complex products.  In a modern context, as organic photochemistry uses no reagents or catalysts, it is one of the key technologies for clean synthesis.  Over the last 10 years the Booker-Milburn group has investigated a wide range of photochemical transformations, often with serendipitous discoveries providing some of the most interesting and useful results.  The group’s most recent work and publications are summarised below.

Acid-Catalysed Rearrangement of Alkylideneoxetanols

Within the group one major research interest has been the [5+2] photocycloaddition of N-pentenyl-substituted maleimides as a convenient and very rapid method for the synthesis of fused azepine ring systems (Scheme 1)
.
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Scheme 1

More recently, alkoxy-substituted maleimides such as 1 have been found to undergo a cascade sequence of [5+2] cycloaddition followed by a Norrish II 
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cyclisation of the initial major cycloadduct 2.  Overall this provides a rapid route to complex azepine-fused alkylideneoxetanols such as 3 in a single photochemical operation from alkoxymaleimides (Scheme 2).
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Scheme 2

Upon investigating the further reactivity of oxetane derivatives such as 4 (Scheme 3), unusual reactivity under acidic conditions was observed.
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Scheme 4

On treatment with acid a rearrangement reaction (which we think to proceed via a nucleophilic ring-opening of the oxetane ring, followed by transannular amide cleavage, Scheme 4) is observed.  This two step technique allows for the conversion of readily available maleimides into complex lactone-fused azatricycles 5.

Publication: Hickford, P.; Baker, J.; Bruce, I.; Booker-Milburn, K. I. Org. Lett., 2007, 9, 4681.

Use of Temporary Tethers for Asymmetric Control Over Intramolecular [2+2] Photocycloadditions:

We have observed that 3,4,5,6-tetrahydrophthalic anhydride (THPA, 6) and the corresponding imide (THPI, 7) undergo efficient intermolecular [2+2] photocycloadditions with alkenols to give the corresponding cyclobutanes in excellent yields
.  The major product in all cases is the racemic exo isomer 8.  In light of this a series of alkenols tethered via non-chiral and chiral linkers to THPI derivatives were examined with the goal to (a) selectively form the endo isomer 9 and (b) control the absolute stereochemistry during the [2+2] cycloaddition (Scheme 5).
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Scheme 5

Three different tethers were examined, in addition to their cleavage, and the best results for each are summarised below (Scheme 6-8):

Ethanolamine tether
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(R)-(-)-2-Phenylglycinol tether
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L-(+)-Valinol tether
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Publication: Gűlten, S.; Sharpe, A.; Baker, J.; Booker-Milburn, K. I. Tetrahedron, 2007, 63, 3659.

The Intramolecular Photometathesis of Pyrroles

As previously mentioned the [5+2] of N-pentenyl maleimides has been a major focal point to much of the organic photochemistry investigated within our group.  At the time of this study the mechanism was postulated to proceed via an intramolecular [2+2] cycloaddition across the N1-C2 bond of the maleimide followed by ionic fragmentation of the resulting zwitterionic species 11 (recently a new mechanism has been accepted
).

It was this old mechanistic approach that led the group to see if similar reactivity would be displayed by meso electronically related pyrrole derivatives (e.g. 12), potentially broadening the scope of this [5+2] cycloaddition beyond the limitations imposed by the maleimide chromophore (Scheme 9).


[image: image15.emf]N

Me

Me

O

O

N

Me

Me

O

O

N

Me

Me

O

O

N

Me

Me

O

O

10 11

hMeCN

2h,99%

N

COR

COR

N

COR

O

R

N

ROC

ROC

hMeCN

Pyrroleequivalent

12


Scheme 9

Several electron deficient disubstituted pyrroles were synthesized, all of which contained the N-pentenyl chain for cycloaddition.  Irradiation of these with a number of UV sources led to either recovered starting material or decomposition. In the case of the 2,4-disubstituted series, however, UV irradiation led to an unexpected but consistent reaction pathway (Scheme 10). In a number of examples it was possible to observe the formation and subsequently isolate a cyclobutane intermediate 14.
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Scheme 10
Some time after this pyrolle study was undertaken the mechanism of the maleimide [5+2] cyclisation was investigated, results suggested that resonance form 10 had no involvement in the cyclisation therefore in hindsight it is not unexpected that the pyrolle moiety does not undergo the expected photocyclisation.  Interestingly it was observed that specific short wavelength irradiation led to a predominance of the cyclobutane product 14, confirming it as the first formed intermediate in the whole sequence.  Probing the metathesis reaction with monochromatic wavelengths (via laser irradiation) enabled a general mechanism for the complete photometathesis sequence to be proposed (Scheme 11).
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Scheme 11

Absorption of shortwave UV (220-280 nm) first results in excitation of the pyrrole nucleus in 15 engaging the initial [2+2] cycloaddition to 14. Continued irradiation (>280 nm) likely results in the triplet diradical 16 (initially via n(π* excitation of the enone C=O).  This diradical then undergoes fragmentation to product 13 and back to the stating pyrrole via the respective pathways “a” and “b” as supported by laser irradiation at 355 nm. Under continuous irradiation with broadband UV, any pyrolle regenerated from 14 is recycled to the photometathesis product.  To the best of our knowledge this study represents the first example of a metathesis sequence where both steps are photochemically controlled.

Publication: Elliott, L.; Berry, M.; Orr-Ewing, A.; Booker-Milburn, K. J. Am. Chem. Soc. 2007, 129, 3078.
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