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Exciton Coupling of the Phthalimide Chromophore:
Application to Configurational Assignments?
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Abstract: The absolute configuration of chiral B-phenyl substituted primary amines is
readily comrelated with the exciton Cotton effects resulting from the intramolecular
interaction of the clectric transition moments of the phthalimide derivative (220 nm n-n*
band) with the benzenc chromophore (L band), compounds 1-3. Similar correlation is
applied to the exciton coupling between the n-m* band transition moments of the
phthalimide and the benzoate chromophores derived from chiral vicmal amino alcohols,
compounds 8-13.

The primary amino group is present in a large number of chiral molecules, including amino alcohols and
phenyl substituted amines, both of natural and synthetic origin. Despite the increasing mterest in the synthesis
and applications of such compounds, there is no generally accepted chromophoric derivative of the amino
group for chiroptical studies, which would allow configurational and conformatonal assignments in cyclic and
acyclic molecules. Exciton coupling of the benzamide and the benzoate chromophores has been used for
configurational assignments of amino alicohols!:Z. In this communication we report that the phthalimide
group, widely used as a protective group or a masked amino group in organic synthesis, is also an excellent
chromophonc derivative of the amino group for circular dichroism studies.

The advantage of usmg the phthalimide chromophore is that its n-n* intramolecular charge-transfer band at
ca. 220 nm (¢ 36000) has the electric dipele transition moment colinear with the C-N bond, i. ¢. its dircction is
independent on the rotation of the phthalimide chromophore? Thus exciton coupling? is observed even with
the pheny! chromophore (1L, transition at ca. 206 nm) in B-phenyl substituted phthalimides, resulting in strong
CD maxima at 219-223 nm and 205-211 nm. For example, phthalimide derivatives of (R)-phenylalanine 1 and
its anihde 2, give positive exciton Cotton effects, resubing from the interaction between the phenyl and the
phthalimide chromophores in the conformation shown (planar carbon chain)®.
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The cyclic B-phenylphthalimide 3, derived from (18,28)-2-amino- 1-phenyl-1,3-propanediol® shows strong
positive exciton Cotton effect (Fig. 1). This allows to establish its absolute configuration at C(2) as (R).

Ace
Fig. 1 40 + Ar_+ 358 (221 am) |

1 _#NPht

30 T
Ph

20 3
10

A & o @
...10 - O_N

|

On the other hand weak non-cxciton type Cotton cffccts around 220 nm are observed for a-phenyl
phthalimides 4-7 in which the electric dipoletransition moments of the phenyl L, transition and the phthalimide
intramolecular charge-transfer band are coplanar, cf. X-ray determined molecular structure of 6 (Fig. 7.
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Fig.2. A perspective view of 6.
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Exciton coupling between the electric transition moments of the phthalimide (220 nm n-n* band) and the
benzoate (227 nm n-n* band) chromophores reflects the absolute configuration of vicinal amino alcohols. For
example, strong negative Cotton effect at 224-227 nm followed by a positive Cotton effect at 212-217 nm js
obtained for derivative 8 of (R)-1-amino-2-propanol, (Fig. 3).
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Phthahmide-benzoate derivatives of other amino alcohols give strong exciton Cotton effects reflecting

either positive (9-11) or negative (12, 13) dihedral angles between the transition moments, and hence their
absolute configuration?,

NPht 9 R=Me, At -7.4 (240 nm), +26.2 (226 nm). -7.4 (214 nm)
/\/ OBz 10 R=Ph,  Ae -8.0 (240 nm), +19.7 (227 nm), -7.3 (216 nm)
R

Ph/\/NPm 11 At -3.2(241 am), +24.1 (227 nm), -13.7 (217 nm)
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R : 12 R-H, At +4.2 (240 nm), -28.9 (224 um), ~7.1 (212 nm)

COOMe 13 R = Me, Ag +7.9 (240 nm), -20.4 (225 nm), +9.6 (212 nm)

Compounds 9, 10, derived from L-aminoacids, and 11, denved from L-mandelic acid, show positive
exciton Cotton effects, while 12, derived from L-serine, gives negative exciton Cotton effect, as expected (CD
maxima at 224-227 nm and 212-217 nm). Denivative 13 of L-threonine also gives negative exciton Cotton
effect. evidently due to the preference for a bent conformation of the aminoacid chamn, as shown As
expected, non-benzoylated precursors of phthalimides 8 and 9 do not show exciton-type Cotton effects®.

In conclusion we have demonstrated that CD measurements allow to determine the absolute configuration
of chiral phthalimides, derived from primary amines bearing (3-phenyl or 3-benzoyloxy substituents!® Further
studies in this area are in progress.
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