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ABSTRACT

Hexadecanaphthalenes ( S,S,S,S,S,5,5,5,S,S,S,S,S,S,5)-4b and (S,S,S,5,5,5,S,R,S,S,S,5,5,S,5)-4b that possess two tetraphenylporphyrins (TPP)
on the upper and lower naphthalene rings were synthesized. Long-range exciton-coupled CD in the Soret region of TPP (about 66 A) was

observed.

Since Nakanishi and Harada proposed the exciton-coupledNakanishi and Matile reported that tetraphenylporphyrin

circular dichroic (CD) method, which is based on the dipole

(TPP) carboxylic acid is about a 10 times more powerful

dipole interaction between two identical chromophores with and sensitive chromophotelhey demonstrated that long-
strongr—a* transitions, this nonempirical method has been range exciton-coupled CD (with an interchromophoric
widely used to determine the absolute configurations of distance of about 50 A) could be observed on a brevetoxin

various chemical compounds4-(Dimethylamino)benzoic
acid was initially used as the chromophdrbut in 1995,
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B derivative3® In a theoretical sense, the total amplitudes of
the CD are inversely proportional to the square of the
interchromophore distané@Although numerous papers have
theoretically and experimentally analyzed porphyoor-
phyrin exciton interactionsthe theoretical limit of a long-
range exciton-coupled CD is unclear. The longest reported

distance between the chromophores is still above “about 50
A,
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Berova, N.; Nakanishi, K.; Fleischhauer, J.; Woody, R. JWAm. Chem.
So0c.1996,118, 5198—5206.



On the other hand, we have been studying the bottom-up

construction of optically active helical oligonaphthalenes and
their propertie$. Through the study, the development of a
versatile method to determine the absolute configuration of
the newly formed central axis chirality of oligonaphthalenes
with any number of naphthalene rings and any kind of side
chains still remains a big issue to be solved (Figure 1).

Figure 1. How does one determine the absolute configuration of

the central axis bond? Blue bold bonds denote absolute-configu-

ration-decided axis bonds.

In the present paper, we propose a convenient method
which is based on long-range exciton-coupled CD, to

determine the absolute configuration of oligonaphthalenes

with two TPPs on the top and bottom naphthalene rings. If
the average dihedral angles of each axis are abduti®én
exciton-coupled CD between the two TPPs should reflect
the torsion of the entire molecule and should decode the
chirality of the target central axis bond (Figure 2). Figure
2A shows §,S,%quaternaphthalene viewed from the top
where each side chain is helically arranged everyifiCa

(A)
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= =
negative split CD
- +
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Figure 2. Application of the exciton chirality method to oligo-
naphthalene skeletons.

(S,R,S)-quaternaphthalene, the two TPPs are positioned in a
clockwise direction (Figure 2C).

clockwise direction. Consequently, the two TPPs are oriented  To confirm this idea, compound$—7b were synthesized

in an anticlockwise direction, which leads to a negative
exciton-coupled CD spectrum (Figure 2B). However, in
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from chiral 1la—7& and TPP carboxylic acié under WSC
and DMAP conditions in 22—80% isolated yields (Scheme
1).
At the same time, two other approaches were also
performed. First, the dihedral angles of three types of
ternaphthalenes and one quaternaphthalene, whose structures
were clarified by X-ray analysis, were scrutinized (Support-
ing Information, Figures S2 and S3). The dihedral angles
defined C(2)—C(1)—C(1')—C(2'), which ranged from 74.7

to 113°, and the average of the nine dihedral angles was

(5) (a) Tanaka, K.; Furuta, T.; Fuji, K.; Miwa, Y.; Taga, Tetrahe-
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1a:n=0,R=Me
2a:n=1,R=Me
3a:n=3,R=Me
4a:n=7,R=Me

5a: n =0, R = CH,CON(EY),
6a: n =1, R = CH,CON(Et),
7a: n = 3, R = CH,CON(EY),
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2b:n=1,R=Me 5h: n=0, R=CHyCON(Et),
3b:n=3,R=Me 6b:n=1, R=CHyCON(Et),
4b:n=7,R=Me 7b:n=3, R=CH,CON(Et),

90.02°. Second, the most stable conformations of the
octinaphthalenes (Supporting Information, Figures-S%)

In contrast, the absorptions of the Soret band (420 nm) of
1b—4b have nearly the same shapes and intensities. In the

were determined through molecular mechanics calculationsCD spectra (Figure 3a), clear split Cotton effects, which are

(CONFLEX-MM2).” In any case, the dihedral angles of the

corresponding binaphthyls were around 73180.9 (aver-

age: 89.4°).

Then, the UV and CD spectra @b—4b (from a 2mer to

Table 1. UV—Vis and CD Data oflb—4k?

Figure 3. CD (a) and UV—uvis (b) spectra dfb—4b. Conditions:

CHCI;, 1.0 x 1075 M, 25 °C, light-path length= 1 mm.
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a 16mer) were measured. Figure 3 and Table 1 show the lalp (CHCls) UVimex € CDA  Ae  Acp®
data. (S)-1b —1380 420.0 758000 427  42.7 79.5
In the UV spectra (Figure 3b), the absorption near 310 419 -36.8
nm is ascribed to the—s* transition moments of the minor ~ (S,S,S)-2b —2030 419.5 736000 427 -36.2 75.4
axis of the naphthalene ring, which increases as the number 417 39.2
of naphtha|ene units increas¥s9 (S,R,S)-2b —-1760 419.5 727000 426 37.5 75.0
416 -37.5
homo-8b* —2640 420.0 725000 428 —10.1 22.7
| 418 126
hetero-3b¢  —2530 420.0 755000 428  10.7 21.8
@co ——(SH1b e 418 -11.1
(5.5.5)-2bx (S.R.S)-2b homo-4b* —3000 420.0 756000 434 —28 5.5
418 2.7
(5,5,5,5,5,5,5-3b (S.5.5,R,5,5,5)-3b hetero-4b/ —2980 420.5 751000 431 41 74
i 417 3.3
0 . @ Conditions: CHG, 1.0 x 105 M, 25 °C, light-path length= 1 mm.
Total amplitude of the CD¢(S,S,S,S,S,9:3b. 4(S,S,S,R,S,9;3b. € (S-
P ,$,8,8,5,5,S,5,5,5,5,S,5,5,8J88,S,S,S,5,S,R,S,S,S,S,S,S,5)-4b.
<
10k (S5.88.8S.S, (5.5.5,5,8.5.S,
R.5 8,8,5,S,5,5-4b §,5,5,8,5,5,5.54b
. attributed to the chiral exciton coupling between the two
Bues TPPs, are observed and the sign patterns are consistent with
-1-50 the assumption described in Figure 2. For exam@3¢e5,S)-
- 5 2b gnd (S,R,S)-2kshould h_ave a_negative and positi\(e
exciton-coupled CD, respectively (Figures 2B and 2C), which
ﬁ coincides with the experimental measurements. Clear split
Cotton effects are detected even in diastereomers of 16mer
4b. The estimated distance between the oxygen atoms on
300 200 wavslength (nm) 500 the top and bottom naphthalenes4df is 66 A. This long-

range exciton-coupled CD is much longer than that of the

(7) Calculations were performed with CONFLEX-MM2 implemented
in CAChe, version 6.1.12 for Windows; Fujitsu Company Ltd.: Japan.
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brevetoxin B derivative (about 50 &)Because the ratio of  Thus, the data indicate that the number of both TPP and
the distances between the top and bottom TPPs of oligo-naphthalene units influences the specific rotations of oligo-
naphthalenegb (4mer)/3b(8mer)/4b(16mer) is about 0.5:  naphthalened&b—4b.

1:2 and the total amplitudes of the CDs are inversely These long-range exciton-coupled CDs are clearly detected
proportional to the square of the interchromophore distance, for oligonaphthalenes with amide side chdiis-7b (Figure

the estimated ratio of the CD amplitudes is 4:1:0.25, 4 and Table 2) and butyl side chains (Supporting Information,
respectively. This ratio is consistent with the observed valuesFigure S1). In all cases, the sign patterns of exciton-coupled
75:22:6 £3.4:1:0.27). Conversely, the data clearly show the CD are congruent with our hypothesis.

long-range exciton coupling ofb (66 A). However, this

relationship is not applicable to 2méb. Currently, we _

speculate that the torsion angle between the transitionTable 2. UV—Vis and CD Data ofbb—7k?

Tbognents of the TPPs ihb is narrower than those &b— [odp (CHCLy) UV Jmas . CD. Ac Ay
' (R)-5b —3460 420.0 720000 426 —51.9 104.8
418 529
_ (S)-5b +3380 420.0 706000 426 50.6 97.7
i 418 -47.1
@co (R,R,R)-6b  —3480 420.0 688000 425 26.0 47.7
418 -21.7
homo-7b° —3570 420.0 680000 425 151 29.6
418 -145

aConditions: CHGJ, 1.0 x 1075 M, 25 °C, light-path length= 1 mm.
b Total amplitude of the CD¢ (R,R,R,R,R,R,R)-7h.

Abs.

In conclusion, the association between exciton-coupled CD
(signs, shapes, and amplitudes) and torsion of the entire
molecule was systematically investigated using a series of
® uv-vis chiral oligonaphthalenes that possessed two TPPs on the
upper and lower naphthalene rings. Hexadecanaphthalene
derivative 4b exhibited a clear exciton coupling over an
R interchromophore distance of ca. 66 A. This method should
conveniently determine the absolute configuration of oligo-
naphthalenes with naphthalene rings (up to 16mer) and
various side chains on the naphthalenes synthesized through
the bottom-up route.
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Figure 4. CD (a) and UV—vis (b) spectra @ —7b. Conditions:
CHCI;, 1.0 x 1075 M, 25 °C, light-path length= 1 mm.
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