YAKUGAKU ZASSHI 126(9) 779—787 (2006) © 2006 The Pharmaceutical Society of Japan 779

—Reviews—

HFEEA) T T FEOEMERFES)

mAMAN, TR —i, HPahz, =IER, )i R

Synthesis and Optical Properties of the Helical Oligonaphthalenes
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(Received May 25, 2006)

We have developed an efficient synthesis method for optically active oligonaphthalenes (from 2 mer to 16 mer),
which are connected at their 1,4-positions, under oxidative homo coupling with a stoichiometric amount of CuCl, and a-
mines. The absolute configuration of the newly formed axis bond was determined based on the CD spectra of
oligonaphthalenes with 1) two pyrene rings on the central naphthalenes or 2) two tetraphenylporphyrins (TPP) on the
top and bottom naphthalenes. The fluorescence quantum yields increased as the number of naphthalene units increased

in methoxy derivatives 10—12, and the intramolecular energy transfer quantum yields of bispyrene derivatives 7—9 were
around 20% regardless of the number of naphthalene units. Furthermore, the hexadecanaphthalene derivative 4b with
two TPPs exhibited a clear exciton coupling over an interchromophore distance to ca. 66 A.
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Conditions: CHCI, 1.0 x 10 M, light path length =1 mm, 25 °C

Fig. 1. (a) UV-visible Spectra of 7—14 and (b) CD Spectra of 7—9 and 13
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Conditions: GHClg, 2.0 x 10°% M, light path length = 10 mm, 25 °C.
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Conditions: CHCl3, 2.0 x 10°7 M, light path length = 10 mm, 25 °C, %5, = 310 nm.

Fig. 2.

Table 1. Photophysical Properties and Quantum Yields of 10
—12 and 15

Amax,abs » Stoke’s

X102 Amaxen”  “gpipy P

($)-15 240.5(1390) (367)  (84.5) 0.20
282.5( 182)

(S,5,8)-10 241.5(19200 376 77 0.57
299.0( 338)

(S,R,S)-10 241.5(1940) 377 77 0.62
300.0( 332)

(5,5,5,5,5,5,8)-11  241.5(2950) 379 72 0.83
307.0( 726)

(5,S,5,R,S,S,5)-11  241.5(2860) 379 72 0.76
307.0( 692)

all-(S)-12 242.5(4400) 379 70 0.82

309.0(1382)

a) Conditions: CHCl;, 2.0X10-¢m, 25 °C, light path length=10 mm.
b) Conditions: CHCl3, 2.0X 1077 m, 25 °C, light path length=10 mm, Ay
=310 nm. ¢) The fluorescence quantum yields were determined by using a
solution of quinine sulfate in 1 N H,SO, as the reference standard (&=
0.546) .
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(a) UV-visible Spectra of 10—12 and 15 and (b) Fluorescence Spectra of 10—12 and 15
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Conditions: CHClg, 2.0 x 1075 M, light path length = 10 mm, 25 °C.
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)
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i
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Conditions: CHCl3, 2.0 x 107 M, light path length = 10 mm, 25 °C, Lgyt = 310 nm.

Fig. 3.
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Conditions: CHCI,, 2.0 x 10% M.

Fig. 4. Pictures of the Oligonaphthalenes under (a) Natural
Light and (b) UV Light
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MR TRV F—BENEE, RENICE L %S
LTWF 75 L UBRMASE L VEBEAZMZEN L
IRINF—BHNEID, ZOEMZNLEZIRI
F—BHND TEERONEREZREL TVDHD ERE
MU, ZoZEFEREEL THWTWS 310
nm 23 7% L CEOEGANCES 'La B I

(a) UV-visible Spectra of 7—9 and 13—14 and (b) Fluorescence Spectra of 7—9 and 13—14

Table 2. Photophysical Properties and Quantum Yields of 7
—9 and 13
& f(mlaz() abzs) 2 /’Lmax,emb) qsﬂc)
($)-13 243.5( 1690) 381.0 0.18
316.0( 275) 398.0
329.5( 525) 482.0
346.0( 661)
(S,8,8)-7 243.5( 2300) 381.0 0.23
314.5( 419) 398.0
329.0( 606) 482.0
346.0( 692)
(S,R,S)-7 243.5( 2250) 381.0 0.24
314.5( 412) 399.0
329.0( 594) 479.0
345.5( 675)
(s,S,S,S,S,S,5)-8 243.5( 3370) 381.0 0.24
313.0( 853) 399.0
328.5( 871) 483.0
345.5( 768)
(S,S,S,R,S,S,S) -8 243.5( 3130) 381.0 0.25
312.5( 819) 398.0
328.5( 823) 483.0
345.5( 704)
all-(S)-9 243.5( 4110) 381.0 0.21
311.5(13000) 398.0
327.0( 1050) 481.0

345.0( 690)

a) Conditions: CHCI;, 2.0X10-6 M, 25 °C, light path length=10 mm.
b) Conditions: CHCls, 2.0X10-7 m, 25 °C, light path length=10 mm, Ay
=310 nm. ¢) The fluorescence quantum yields were determined by using a
solution of quinine sulfate in 1 N H,SO, as the reference standard (&=
0.546) .
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Fig. 5. Application of the Exiton Chirality Method to
Oligonaphthalene Skeletons
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Scheme 2. Synthesis of Oligonaphthalenes Possess Two TPPs on the Upper and Lower Naphthalene Rings 21—24



No. 9

785

-

7 BV ZEBPIE L, 420 nm {1312 [F 58 EE O Soret 4
PEHBETSEMTER (Fig. 6 F). XIZCD Z
X7 MVZEBFELRE. Soret HITBIT BT FILD
EEENSHRAMSN2EERFIT, L AR
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(Fig. 6 I).

X7z CD 27 MIVOIRNIE (Acp) EF 75 L
> 4,8, 16 B1K22—24 1B W TENZTHND TPP [

S5)-21 1%
—(S)-
(8,8,8)-22 (SR.S)-22
(5,55 55525823 (5,8,5R 5 55)-23
0
4
<L
10k (S.85858,5s, (5558585,
: R 55,555,858 5)-24 55555555)-24
150
05+ 3
300 400 wavelength (nm) 500

Condition: CHCl3, 1.0 x 105 M, light path length = 1 mm, 25 °C.

Fig. 6. CD and UV-visible Spectra of 21—24

DIEHED 2 FIZBBLZREHFI L T/ (Table
3). —HFT7HL2EER2IBZIIOFEANICERL
THSTFHEIOD/NSI M0, ZHIF75 L
C2EROEBE—AL NOZHEANLDERDT
THLEDNINWZ EITERL TS SRR
. IHICFTIHYL 16 81824 D2 DD TPP %
AL RS OMmE—MEMOEEIIN 66 A 2%
BN THD, BEEBICBNTAEN#EETE
(Fig. 7). TR INETHEIN TSI REDH
HPMHEER (50A) Z2kE< B2, REDH
ETHEEROR ERE5HDTH S,
ZZWRLETPP ZHWEMETF YU 571 —
FEEHOOERTNICE L L 2B ATER, VKR
EOREVWIHZFOA) T FTIH L VICHIAL<#H
ICCEDMHEMENDDHZEEZRTHDTH 5.

5. ¥& &
2EEHRVOEBETRNLTY v TR E SR ET
VY, BIPER S — S T 1,4 ALE S R SRR
FUAFTHLEI0—12 ZE8K L= EmRAY
TFT75 L DHOEMMEAFDOREX, EXEL K
79, 13D CD AR MLDaw b REREET
52 ETITok. FRGHRUEARMFEIIRK10—12
FOEZAE L K T—9, 13 O F R 2 F{~X 7.
ARNFIARI0—12 TIIF 75 L D=y NN
WADIZONHENARETINEN LAL, &K 80% %
wLe. FEEAEL RT3 TEF 75 L

Table 3. UV-visible and CD Data of 21—24

uv CD

Amax e A Ag Acp?

(8)-21 420.0 758000 427 42.7 79.5
419 —36.8

(S,S,8)-22 419.5 736000 427 —36.2 75.4
417 39.2

(S,R,S)-22 419.5 727000 426 37.5 75.0
416 —37.5

(s,s,S,S,S,S,5)-23 420.0 725000 428 —10.1 22.7
418 12.6

(S,S8,S,R,S,S,S)-23 420.0 755000 428 10.7 21.8
418 —11.1

(s,s,s,s,s,s,8,8,8,8S,S,S,S,S,S) -24 420.0 756000 434 —2.8 5.5
418 2.7

(s,s,s,s,s,S,S,R,S,S,S,8S,S,S,S) -24 420.5 751000 431 4.1 7.4
417 —3.3

a) Conditions: CHCl;, 1.0X 1075 M, 25°C, light path length=1 mm. b) Total amplitude of the CD.
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Long-Range Exciton-Coupled CD

Fig. 7. Long-Range Exiton-Coupled CD

SOy NIRRT 20-25% D TR I)LF —
BEIshREZRL7Z. I 5ICEX TPP K 24 Tl3E
< HFEDH ST 66A [T 2 Do) & T4
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W TEICBIT 28 U< EUCZ#MEARFOREND I
AR EE A NS, RNFHERAVTF TS L >
FT MR 2 T2 EREE, RBEAMZBEATL LI
KO kkA IHEREE AT G L2 MO T2 — U Inatg
THO, HRDEERENHIEFINS.

BiEE EANYEYE I F—ICBNWTEFIER
FEEZTDENTERD, BELEMFENED
HFEPFETH D, TP L, ARFHOEELEHALD
AT, £FAMEHE2EELL, SANEELSZNR
RHLUTHEZTO EWOBEASETHWE, %4
THHHETHREZIDE I BEEEHEATWEEEE
U7t HE N B A E2I R UE S BILH L B
T, RBITATE O —IE H AR AR SR 2 5E
Hwighd (#53F, 17659004) OEIZLDITHhNE
U7z, WL £9.
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