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Over the last 40 years the photochemistry of benzene and its Scheme 1
derivatives has been studied in great detail and is now well
documented and understood. The synthetic potential of reactions e M
such as arene meta photocycloaddition are well established and have Jfé
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been applied to notable effect in numerous complex natural product = Me Maleimide [5+2] 4
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syntheses. In contrast, the situation for many heteroaromatic photocycloaddition
systems is much less well develoge#or example, successful
transformations involving pyrroles in the excited state are rare by
comparisor?. Previously reported reactions include the rearrange- Pyrrole equwalent’?
ment of 2-cyano pyrroles and one report of the direct-B3
photocycloaddition of alkenes onto the 2,3-position of 1-methyl-
2-acetylpyrrole Herein we report our findings in the area of pyrrole Scheme 2. Intramolecular Photometathesis of a 2,4-Disubstituted
photochemistry which have resulted in the realization of a novel pyyrole

photometathesis sequence.
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Previously we reportédthat maleimidesl undergo a formal H
[5+2] photocycloaddition sequence resulting in the synthetically ) \32 ;‘r‘ég’;’ﬁg Lzslzyn’;‘m%”’\‘l COzEt
useful production of bicyclic azepine® in a single operation COE N \ 2
(Scheme 1). The mechanism at the time of the present study was 4 . 2h (45%)
postulated to proceed via intramoleculat#{?] cycloaddition across 2

the N1-C2 bond of the maleimide followed by ionic fragmentation Table 1. Photometathesis of N-Pentenvl-2 4-disubstituted Pvirol

: : CR : . : : aole 1. otometatnesis 0 -Fentenyl-£,4-disupstitute yrroles
of the result.ln‘g 2W|tter|on|c.spe0|é’9Ne were |ntr|gueq toseeif ¢ Using Various UV Light Sources
similar reactivity would be displayed by meso electronically related

pyrrole derivatives (e.g.3), potentially broadening the scope of Q
this [5+2] cycloaddition beyond the limitations imposed by the H')h

hv R
maleimide chromophore. N R MeCN
Several electron deficient disubstituted pyrroles were synthe- 6 o~
sized? all of which contained thél-pentenyl chain for cycloaddi- R
tion. Irradiation of these with a number of UV sources led to either yield7  yield8
recovered starting material or decomposition. In the case of the gy, R R R t method? (%) %)
2,4-d|substltuted_ series, however, UV irradiation led to an unex- —; COEt H H 3h A 5
pected but consistent reaction pathway. For example, irradiation 5  coEt H  Me 1.3h A 45 23
of 4 in a Vycor immersion well with a 125 W medium-pressure 3 COEt H CHPh 1h A 20
Hg-lamp yielded a labile product identified as the enamine-enone 4 COEt H CH,Ph 40 min A 12 24
5. This remarkable product appeared to be the result of metathesis > ~ CONHEt H ~ Me 3h A 40 11
. 6 CONHEt H Me 25h B 34 47
of the pendent alkene with the €Z3 bond of the pyrrole as 7 CONHEt H Me 3h c 6 39
indicated in Scheme 2. 8 CN H Me 2h A 25 28
In general, the reaction required electron withdrawing groups in 9 CN H Me 48h B 32
the 2- and 4-positions of the pyrrole. Although the 4-position 10 CONHEt Me Me 45 min A % 3
11 CONHEt Me Me 23h B 60

specifically required ketone/aldehyde substitution, ester/amide/nitrile
were all tolerated in the 2-position (Table 1). In a number of a Method A: 125 W medium-pressure Hg-lamp, Vycor immersion well.
examples it was possible to observe the formation and subsequentlyvethod B: 6 W low-pressure Hg-lamp, quartz immersion well. Method
isolate a cyclobutane intermediate. For example, irradiation of the C: laser irradiation at 222 nm, quartz cuvefi®ased on recovere@l
2-amido pyrrole6 (entry 5; R= CONHEt, R = Me, R' = H)
yielded the photometathesis prodic{R = CONHEt, R = Me,
R" = H) and the cyclobutan8 (R = CONHEt, R = Me, R' =
H), the structure of which was confirmed by X-ray crystallography
(see Supporting Information). Specific short wavelength irradiation
(methods B/C; entries 6 and 7) led to a predominance of the
cyclobutane product, confirming it as the first formed intermediate

in the whole sequence. Generally, yields of the photometathesis
products in Vycor were maximized using a high power medium-
pressure Hg source (125 W). The disadvantage of this was
photodegradation of the producison prolonged irradiation with
short wavelength UV produced by this lamp. Although high mass
balances (e.g., entry 6) were obtained using low-pressure Hg
sources, conversion t@ was incomplete even on prolonged
lu”wers'ty of Bristol. irradiation tir_nes_ because of the wavelength dependence of the
GlaxoSmithKline. sequence (vide infra).
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Scheme 3
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Scheme 4. Proposed Mechanism for the Wavelength-Dependent
Photometathesis of Pyrroles (R = CONHEt, R' = Me, R" = H)
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As quantities of the thermally stable cyclobutane intermedate
(R = CONHEt, R = Me, R" = H) were available from irradiations
using low-pressure lamps we undertook a study to gain some insight
into the likely mechanism of the photometathesis sequence.
Significantly, it was found that the overall sequence proceeds via
two discrete wavelength-dependent reactions which could be
decoupled and studied by appropriate choice of monochromatic
source. The fact that irradiation 6f(R = CONHEt, R = Me, R’
= H) yields predominantly8 (R = CONHEt, R = Me, R' = H)

respective pathways “a” and “b” as supported by laser irradiation
at 355 nm. Under continuous irradiation with broadband UV, any
pyrrole 6 regenerated fron8 is recycled to the photometathesis
product. Laser irradiation of puré(R = CONHEt, R = Me, R’

= H) at 355 nm showed no reaction, indicating that this final step
is irreversible.

In summary a new photochemically mediated intramolecular
metathesis sequence of pyrroles has been described. The reaction
has been shown to proceed via two sequential wavelength-dependent
reactions involving [2-2] cycloaddition at 226280 nm followed
by aretro-[2+2] of the resulting cyclobutane at wavelengths longer
than this. Reversibility in cyclobutane formation is well documented,
and in the context of metathesis there have been reports of
photochemically mediated {22] followed by thermally mediated
retro-[2+2].° However, to the best of our knowledge the present
study represents the first example of a metathesis sequence where
both steps are photochemically controlled. Notably these two
discrete steps can be decoupled and studied by wavelength selection
from tunable UV lasers.

Acknowledgment. We thank EPSRC (GR/S25593) and GSK
for generous funding of this study and Keith N. Rosser for help
with the lasers. A.J.O.E. thanks the Leverhulme Trust for the award
of a Senior Research Fellowship.

Supporting Information Available: Experimental procedures and
characterization data for pyrroles and photoproducts and X-ray crystal-
lographic data. This material is available free of charge via the Internet
at http://pubs.acs.org.

References

at 222 nm (laser) and at 254 nm (low-pressure lamp) suggests that

the strong UV absorption 6£250 nm exhibited for this pyrrole is
the key region for excitation for the initial {22] cycloaddition.
The cyclobutand8 (R = CONHEt, R = Me, R’ = H) exhibits a
strong absorption feature at 30850 nm in the UV spectrum. It
was found that irradiation of pui@(R = CONHEt, R = Me, R’

= H) with monochromatic 355 nm UV from a Nd:YAG laser gave
equimolar amounts of the starting pyrr@d¢R = CONHEt, R =
Me, R’ = H) and photometathesis produt{R = CONHEt, R =
Me, R' = H).

A more elaborate example involving photometathesis of a fused
pyrrole was realized by submitting cyclohexane-1,4-dione to a Knorr
pyrrole synthesis followed by {dlkylation. Irradiation of the
resulting pyrrole resulted in clean photometathesis to the complex
enone-enamin&0 (Scheme 3).

On the basis of these above findings a general mechanism for

the complete photometathesis sequence using broadband UV light

is proposed in Scheme 4. Absorption of shortwave UV (2280
nm) first results in excitation of the pyrrole nucleusGengaging
the initial [24-2] cycloaddition to8. Continued irradiation X280
nm) likely results in the triplet diradica (initially via n — z*
excitation of the enone €0). This diradical then undergoes
fragmentation to product and back to starting pyrrolé via the
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