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ABSTRACT
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The decarboxylative photocyclization of potassium 2-azabicyclo[3.3.0]octanoate ethylene-linked to phthalimide leads to a mixture of two
diastereoisomeric products. The overall noninduced diastereoselectivity is remarkably high, indicating a preference of spin—orbit coupling
controlled 1,7-biradical combination process. Memory of chirality vanished due to free rotation about the connecting spacer bonds.

The concept ofmemory of chirality as originally defined genic center inl is planarized after Cg) extrusion but a

by Fuji and Kawabata, operates for short-lived and/or remarkably high degree of chirality memory was retained.
conformationally restrained intermediates such as carban- The simple diastereoselectivity of the radical combination
ions? carbenium cationdmonoradical$,and singlet biradi- ~ Process was very high>©8%), and only thecis-fused
cals* Recently, we described the first example of high diastereoisomer was detected in the crude reaction mixture.
memory of chirality for a photochemical reaction which With the stereolabeled substre@ederived from (all-R)-2-

involves most probably a 1,7-triplet biradidahs substrate, ~ 2zabicyclooctanoate, the induced as well as the simple
we used the proline-based accepttinker—donor couplel diastereoselectivity was remarkably high (Scheme 2). From

which, after electronic excitation and decarboxylation, cy- tcr;emxgr?syo;tg;?;uerifsregf epgg\?:%%—aez?:isor?gﬂirgﬁ:n t:(ra]ﬁav—
clized to give the [1,4]pyrrolobenzodiazepi@ewith 86% P P y

Sch 1). Thi h tior,7 it could be concluded that the photodecarboxylation/
ee (Sc eme )'_ IS PrOCESS SEIVes as a New approac 8yc|ization had occurred witmyersionof configuration at
these highly active DNA-alkylating reageritg.he stereo-

the stereogenia-center.

The 2-azabicyclo[3.3.0]octan-3-oic acid has been widely
applied in the enantioselective synthesis of chiral tafgets
Scheme 1 and in stereoselective catalytic reacti@ndone of these
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processes involvedirect modification of the stereogenic
center at C-3 coupled with decarboxylation. The absolute
configurationR at C-3 can, however, easily be inverted into
S10 From simple model inspections we expected énelo
side of a 3-hicyclo[3.3.0]octyl radical to be strongly shielded
due to its rooflike configuratiod* Thus, the high induced
diastereoselectivity i4 could originate from a simple
shielding effect. Furthermore, one might argue that the
memory of chirality effect withl could also result from a
bond formation process which proceeds more or less

F:oncerted Vr\]"th the extrusmn” of Ci;)ln this case(,j the | we interpret these results? First, due to the flexible ethylene
|c|j’1_ve:5|on pler;pn:ena as \{vef as i € pronou_ncc—i- t.s'mgechain connecting the electron-accepting phthalimide and the
lastereoselectivity accounts for a strong preorientation. 10 bicyclooctanoate, chirality memory completely vanished and

evaluate these arguments, we appllgd the ethylenel—llnkedthe cyclization product witlretention of configuration at
donor-acceptor couplé as a conformationally more flexible C-8a slightly dominated. This clearly shows that the bond

substraté? The photodecarboxylation proceeded with mod- formation step is not concerted with Gextrusion. Second
- h : . . ,
erate chemoselectivity (ca. 40% of simple decarboxylation), the noninduced diastereoselectivity of the biradical combina-

f”md two_d|as£ere_0|somer§a and 6b (0.9:1 ratio), were tion step remains high even for the unusual reaction from
isolated In 22% yield (Scheme 3). the endoside of the 3-bicyclo[3.3.0]octyl radical. A mecha-
nistic model developed by us for the photocycloaddition of
_ triplet excited carbonyls with cycloalkenes connects (non-
Scheme 3 induced) product diastereoselectivity with the spambit
coupling controlled geometry of the 1,4-biradical during the
triplet—singlet crossing (ISC) proce¥sLikewise, the 1,7-
triplet biradicals after extrusion of G@pproach a reactive
conformation which allows rapid crossing in to the singlet
potential energy surface. Spin inversion is directly coupled

(Scheme 4). The most significant chemical shifts were these
of the endo hydrogens at C-2 and C-3 of the anellated
cyclopentane ring: irba they were uninfluenced by the
chemical modification and appeared around 1.4 ppm, whereas
in the diastereoisomeric structufd both hydrogens ap-
peared strongly upfield-shifted at 0.78 an€®.03 ppmdue

to the anisotropic effect of the benzoate ring. A complete
set of NOE effects corroborated theans arrangement
between the hydroxy group at C-8 and the bicyclooctane ring
skeleton as well as thexoandendoconfiguration. How do
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acetone  H 4 HO with bond formation, and thus the product configuration
5 2% reflects the reactive configuration of the 1,7-triplet biradical.
Iy N0 To learn more about the effect of ring size on the direction

6b o)\// and degree of stereocontrol, we investigated a much simpler

substrate with the stereolabel incorporated into the linker
chain: the alanine-connected phthalimig®oline coupler.

The relative configurations of the newly formed stereo- This substrate gave a diastereocisomeric mixtureistind

genic centers were determined by NOESY SpeCtrOSCOpytranSprOdUCtS (with respect to the newly formed stereogenic
centers)8a and 8b (Scheme 5). Thus, both sterecisomers
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Figure 1.

o ) ) ) o reactions® An approach of the two radical centers as
dine in high chemical yields exclusively as one diastereoi-

somer,10 (Scheme 6}
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inversion, combines (the induced torque is indicated by the

These remarkable differences in noninduced radical arrow) to give the product with the two small substituents
radical combination stereoselectivity are probably due to (S= phenyl and hydroxy) at one side of the five-membered
different reactive I-triplet biradical geometries which  ring.
represent crossing points from the triplet to the singlet energy  The increase in chain length separating the radical centers
surface. The assumption of pronounced stereoselectivityincreases the conformational flexibility and, for the inter-
differences between singlet and triplet photocycloadditions mediate situatiom, reduces the simple diastereoselectivity.
was recently corroborated by a study of concentration The triplet 1,7-biradicalC, however, seems to regain
effects!’” The examples described herein involve highly stereochemical directivity due to the near-orthogonal align-
diastereoselective 1,7-cyclization, nonselective 1,6-cycliza- ment of the hydroxybenzyl plane and the linking groop (
tion and again selective 1,5-cyclization. In all of these cases, phenylene or ethylene). Several X-ray analyses of substrates
the hydroxybenzyl radical is formed from the phthalimde analogous tdl or 3 proved this assumption for the solid-

part (Figure 1). state structure¥. Due to the increased conformational
The cis selectivity of the 1,5-biradical cyclization corre- flexibility of the ethylene spacer iB (compared with the
sponds to thendoselectivity found in triplet PaterreBuchi aryl spacer ir8), the approach of the-amino radical occurs

from there as well as thei side of the hydroxybenzyl radical
(14) For stereoselective 1,6-photocyclization, see: Griesbeck, A. G.; ; il irali
Heckroth. H.: Schmickler. HTetrahedron Lett1990 40, 3137, center with _comparable probability and the chirality memory
(15) Experimental Conditions. A: Photocyclization of 1, 3, 5, and 7. effects vanishes.
A 15 mM solution of the potassium alkylcarboxylate in acetone/water (1:1
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