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ABSTRACT

o

crystalllne state

asymmetric
induction

Photoreactivity of seven 9-anthryl-N-(naphthylcarbonyl)carboxamide derivatives, 1a—g, in their intramolecular [4 + 4] photocycloadditions in
solid state is discussed on the basis of their single-crystal X-ray analyses. The distances (d; and d;) between the two carbon atoms to be
reacted, the angles (6, and 8,), and the torsion angle (#;) between the anthracene and naphthalene rings were chosen as structural parameters
for reactivity. For 1a and 1e, the first example of absolute asymmetric synthesis in [4 + 4] photocycloaddition was attained.

Asymmetric induction using chiral crystals that consist of

is a typical photocycloaddition of aromatic compourdis.

achiral substrates has been known as absolute asymmetrithis paper, we report on the first example of an absolute

synthesis. Since the first example of this category of
asymmetric induction was achieved by Elgavi efalver a
dozen examples have been repoftethwever, the reactions
have been limited to rearrangemeht®orrish type Il
photocyclizatiorf, and [2 + 2] cycloaddition® and no
example of [4+ 4] cycloaddition has been reported, which
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asymmetric synthesis in [4 4] photocycloaddition and
demonstrate the usefulness of an iminodicarbonyl group in
crystal engineering as a linker to place two moieties in
suitable positions to be reacted each other.

Even for achiral or diastereoselective solid-state photo-
cycloadditions, the examples of {4 4] cycloadditiong were
limited compared to the vast examples of422] cycload-
ditions? To have an efficient overlap of twounits in a
crystalline environment for intramolecular # 4] photo-
cycloadditon, the choice of a functional group as a linker to
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connect these A units and its length are very important. [4 + 4] cycloadducta, 2e, and2gin an almost quantitative
According to the rule of fivé? the linker should have the vyield after complete conversion, atfigave2f in 9% yield.
length of three atoms to construct a five-membered ring, However, 1b, 1c¢, and1ld were unreactive. Melting of the
which is the most favorable ring formation in intramolecular powdered crystals was not observed during and after the
photocycloaddition. Aming and propylen# linkers were jrradiation. The crystals ofa, 1b, andle have the chiral
reported to be improper for this purpose because two moietiesspace group$2,2,2;, P1, andP2,, respectively, and the

state. It is known thalN-methyl aromatic amides ard,N'-

dimethyl aromatic ured$have thecis favorable conforma- _
tion. By analogy with these, we employed an iminodicar-

bonyl, which is considered to be a sequence of two amide Table 1. Distances and Angles in Carboxamide©btained
units, as a linker to connect twardunits. Two carbonyls ~ [rom the X-ray Crystallographic Analysis

are expected to be located nearly on the same plane with space di d» 6 62 O3 01462+ 63
the W-shape, which results in an overlapping of twoudits. compd group (A) (A) (deg) (deg) (deg) (deg)
To haye an asymmetric system, gnthracene and naphthalene 15, pp2.0, 284 422 1038 96.2 385 2385
moieties were introduced as 4mits to be reacted. 1b  P1 285 4.68 108.8 98.3 46.0 253.1
lc P1 2.85 476 1108 99.0 475 257.3
1d P2/n 285 468 109.4 98.8 487 256.9
le P2 2.88 431 108.8 943 348 237.9
Scheme 1

1f P2i/c 2.86 4.47 106.2 100.6 36.0 242.8
19 P2i/n 2.84 435 104.0 981 404 2425

Thus, we could expect asymmetric induction in the photo-
cycloaddition of 1a and le in single crystals if their
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1a: CoHeCH, H conformations were preserved during the reaction. This was
: ;g:;g:::g:; : confirmed by the measurement ofl§, of the crude2a (o] %%

d: pFCsH,CH,  H = +60° (CHClIz, ¢ 0.50)) and2e ([o]?°> = —84° (CHCl, ¢

P SR 0.50)). The optical purity oPa was determined to be 82%

g: iso-Pr CHs ee by HPLC analysis with a chiral column (Daicel Chiralcel

QJ; solvent, 10:3n-hexane/i-PrOH, containing 0.1% of
diethylamine). The optical yield dfe was almost quantita-
tive.l* Single crystal of the cycloaddu@a has the chiral
space group oP2;.

The absolute configuration &fa was determined to be
1R and 4Sfrom the comparison of their CD spectra with
those of the similar diastereomeric 4 4] cycloadducts3
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Scheme 2. Structural Parameters for Photocycloaddition:
Distances (dandd,), Angles (64 and#,), and a Torsion Angle

anthracene moieties in suitable positions to be reacted. To
rationalize the reactivity of the carboxamides, distartes
andd,, anglesf; and#f,, and a torsion anglé; (the torsion
angle between the naphthalene and the anthracene planes)
Figure 1. CD spectra oRa, 3, and4. were selected as the parameters for photocycloaddition from
their X-ray structures. These values are summarized in Table
1. The distanca,; between two carbon atoms, C1 and' C9
and 415 with known absolute configurations as shown in is nearly the same, 2.842.88 A, in all compounds. However,
Figure 1. The signs of Cotton effect fAn agreed with that  the distanced, (C4—C10') varies from 4.22 to 4.76 A. It

of 4. Figure 2 shows the ORTEP diagram Iaf in which has been known that the distance between twbonds
should be within 4.2 A for their efficient overlapping to be
reacted in [2+ 2] photocycloaddition in solid stafé.In our

[4 + 4] photocycloaddition, the distana® of ca. 4.5 A
seems to be the limit for cycloaddition. In the caseléf

the cycloaddition was inefficient as a result of the relatively
large value ofi, (4.47 A). The efficacy of ther-overlapping

can also be estimated from the sum of anglg®),, andés.

The unreactive imidedlb, 1c, andld, have a value off]

+ 6, + 03) over 250°.

As we demonstrated, an iminodicarbonyl group is useful
as a linkage to connect two moieties in suitable positions to
be reacted in crystalline state. We have established a novel
absolute asymmetric synthesis for44] photocycloaddition
in crystalline state and determined the parameters for
cycloaddition.

300 nm

Figure 2. ORTEP diagram foga. Acknowledgment. We thank JASCO Co. for the mea-
surements of CD spectra.

the naphthalene and the anthracene rings face each other. In i:pggrgrfwg;zgozrrja)tét_)rgA\é?rl:ik;ter. al ?r?fi?%jt?oarﬁg;:—
all cases, a similar arrangement of the two aromatic rings 9 an’dZa{ in,CIF fogr'mat 'IYhis material is available free of
was found in the crystalline structures. An iminodicarbonyl gh ia the Int t. t htto://oub

linkage worked very well to locate the naphthalene and charge via the fnternet at ntp-/pubs.acs.org.
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