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ABSTRACT: Fluorene has been known as an intercalator of DNA. This paper shows that the flubDi¢Ae
interaction has a relatively large binding constant (c& 8™ at least larger than 20 ~1). This large binding
constant is consistent with the experimental fact that adding fluorenone stoichiometrically ejects the ethidium
bromide that had been beforehand intercalated in DNA. A polyrotaxane was made from polyethylene glycol and
a-cyclodextrin, and the both ends were capped with fluorene (dF-CD-PEG). When we mixed dF-CD-PEG and
DNA, atomic force microscopy showed that the DNA was interlinked with dF-CD-PEG. The present work proves
that DNA intercalators can be useful for a building block to manipulate DNA when they are combined with
polyrotaxanes.

Introduction ethoxy]-fluoren-9-oné)° and 9-fluoren3-O-glycosidé® and its
analogues. Fluorene is a major component of fossil fuels and
heir derivatives and is also a byproduct of coal conversion.

he 9th carbon of fluorine is relatively more active than the
other carbons, and thus it is easy to convert fluorene to
fluorenone. Many chemical techniques are available to attach
functional groups to the carbonyl group of fluorenone, including
alkyl chains or polyethylene glycols (PEG).

Supermolecular chemistry has a unique strategy to build up
molecules to nanoscopic assembly using hydrogen bonds, met
coordination, and inclusion phenomena of callgfenes and
cyclodextrinst2 One of the characteristics is not to use covalent
bonds, therefore, which should provide dynamics and flexibility
to the assembly. Supermolecular chemistry is now merging with

macromolecular chemistry to yield a new field that can be called 13 . . :
“supermacromolecular” chemistiyDNA certainly should be Harada et alf 13 extensively studied a series of polyrotaxanes

a central player in this field, and the DNA-related supermac- made from cyclodextrins (('?D) and polyethylene glycol (PEG).
romolecular chemistry contains great potential in practical % CP caninclude PEG chains to form polyrotaxanes when they

applications such as gene delivery or DNA sequence sensing.are mixed in aqueous solutions. When both ends of the PEG

The present paper demonstrates that DNA intercalators can beVere capped by 9-anthryl groups,CD molecules did not form
a useful building block or tool to manipulate DNAs when they polyrotaxanes becauseCD cannot go through the anthracene

are combined with polyrotaxanes moiety!* On the other hand, the 9-anthryl group capping was
' L made after the.-CD/ PEG polyrotaxane complex was formed;
Intercalators are compounds that can slide into the gaps

! . i the a-CD molecules were trapped on the PEG chain and never
petween DNA bases? Upon intercalation, DNA conformatlon escaped from it. The fullp-CD loaded polyrotaxane shows a
is dramatically altered and generally becomes rodlike due to

. . S . rodlike nature so that it is easy to observe the architecture with
increasing the chain stiffne8sThe essential structural feature 4

. . . electron microscopy?
for the intercalators is possession of an extended planner . .
heteroaromatic ring, typically three fused six-membered rings. Ou.r basic idea is that the fluorene or anthracene that are
Ethidium bromide (EtBr) is the most commonly used interca- capping the end of the polyrotaxanes can _be used as an
lator. EtBr displays a loss of optical density (hypochromicity) intercalator. I so, these pqurotaxanes can bind to DNA to
as well as a dramatic increment of its fluorescence intensity change the DNA conformation.
when EtBr slips between two base pairs of DRAThe
maximum number of intercalators that can bind to the DNA
helix is one intercalator versus two base pairs. This “neighbor-  Materials. Fluorene, PEGNl, = 2000 or 20 000), and-CD
exclusion principle” is one of the characteristic features of the was purchased from Wako (Japan), and salmon sperm DNA was
DNA intercalators$ purchased from Amersham Biosciences (Japan). The molecular
Fluorene is a tricyclic aromatic hydrocarbon and contains a weight distribution MyMy) of PEG was less than 1.1. Three
) , fluorene derivatives; 9,9-dimethylfluorene(b), 3,6-dicyano-9,9-
five-membered ring. Fluorene seems to perfectly possessgimethyifiuorene(c), and 9,9-bis-phenylsulfanyl-fluorene(d) (b, c,
StI‘UCtUI‘a| requ|rements fOI’ DNA |nterca|at0rs, hOWeVer, to the and d in Figure 2' respective|y) were k|nd|y Supp”ed by Osaka
best our knowledge, there has been a few reports for intercalatingGas (Japan). Her#},, andM, are the weight- and number-averaged
fluorene into DNA, except for tilorone (2,7-bis[(diethylamino)- molecular weights, respectively, determined with gel permeation

chromatography.

Preparation of the Linear-Stranded DNA with the Same

Experimental Section

* Corresponding author. E-mail: sakurai@env.kitakyu-u.ac.jp. Tele-

phone: +81 93-695-3298. Fax:+81-93-695-3390. Contour Length. Plasmid DNA of pEGFP-C1 (4731bp BD
t Advanced Material Business Promotion Department, Osaka Gas Co., Biosciences Clontech) was amplified with. coli XL-1 and
Ltd.. extracted with a HiSpeed Plasmid Maxi Kit (QIAGEN). The
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Scheme 1. Synthetic Procedure of Fluorene-capped Polyethylene Glycol (dF-PEG) and Fluorene-cappe@D/PEG Polyrotaxane
(dF-CD-PEG)
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resultant pEGFP-C1 was cleaved with a restricted enzyme Dra Il added to the solution, and the reaction was carried out &€gor

(Bio Labs). This restricted enzyme cuts pEGFP-C1 in only one 24 h. The reactant was dissolved in a large amount of acetone, and
position. Therefore, the resultant DNAs have the same length. Thisthe solution was filtered and lyophilized to obtain the proddict
was confirmed by gel electrophoresis, and this DNA sample was (14.28 mg). The 300 mL ethanol solution 4fin an autoclave

denoted by dpDNA. _ _ ) (TAIATSU TECHNO CORP, 1000 mL) was catalytically reduced
Measurements of Atomic Force Microscopy (AFM).A dilute with 200 mg of palladium carbon for 6T for 48 h. The reactant
solution (final concentration of DNA were about 2 atj/containing was filtered, lyophilized, and purified with silica gel (Wako, C-300)

2 mM MgCl, was cast onto a piece of freshly peeled mica. The gragient chromatography using chloroform/ethanol to obtaBied
mica surface was washed with distilled water at least ten times. (vield 58%, 8.3 mg). By use of PEG witM, = 20 000, we

The mica specimen was dried by placing in a vacuum desiccator. P ; .
The details were described in elsewh&#&. AFM imaging was m:&irgd another polyethylene glycol diamine with the similar
performed in an AC mode with JSPM-5200 (JEOL). We measured C
the end-to-end distance for the intercalated DNA with fluorene.  Synthesis of Fluorene-Capped PEG (1) and Polyrotaxane (1-
To check the reproducibility of the AFM images, we prepared the CD). As presented in Scheme 1, 8 mg of fluorene and 5 mL of
DNA samples twice, repeating every procedure including the DNA pyridine were added to the 8.3 mg®{M,, of PEG= 2000) toluene
amplification, and four or five AFM specimens were prepared for solution, and the solution was stirred for about 3 days. After toluene
each condition. In some cases, many DNA molecules were attachedwas removed by evaporation, the product was diluted with 50 mL
in some part of the specimen (or sometimes entire specimen), andof DMF, sodium cyanoborohydride (excess) was added, and the
thus we could not measure the length. For these cases, we did notnixture was stirred for 4 days. The reactant was purified with silica
include them in the measurements. gel (Wako, C-300) gradient chromatography using chloroform/
Spectroscopy Circular dichroism (CD) and fluorescence spec- ethanol and Sephadex-LH20 to obtdin6.17 mg). In a similar
troscopy were measured with a Jasco J-720WI spectropolarimetermanner, we madé with M,, of PEG = 20 000. These samples
with a 1.0 cm cell and a Hitachi F-4500, respectively. The detailed were denoted by dF-PEG2000 and dF-PEG20000, corresponding

experimental procedures were described elsewere. to the PEG chain length, respectively.
Synthesis of Polyethylene Glycol Diamine (5)The synthetic ' .
scheme is presented in Scheme 1. PEG (20 mg, 0.01Mypk a-CD (10 mg) was added to 9.8 mg 5f(M,, of PEG = 2000)

2000,2) was dissolved in 250 mL of chloroform, and 50 mL of in 100 mL of water. After stirring for 24 h, a white precipitant was
pyridine was added to the solution. Under stirring at abof€ formed. The precipitant was collected anq dlssol_ved_ln DMSO, a_nd
5.4 g ofp-toluenesulfonate (0.028 mol, 3 times molar of PEG) was 1.8 mg of fluorenone was added. Reductive amination was carried
added, and after stirring for 3 h, a large amount of cold water was OUt in a similar manner to that mentioned above to obtain 1-CD.
added to terminate the reaction. After lyophilization, the reactant In a similar manner, we made CD-1 wiM,, of PEG = 20 000.

was purified with silica gel (Wako, C-300) gradient chromatography These samples were denoted by dF-CD-PEG2000 and dF-CD-
using chloroform/ethanol. The purified solution was lyophilized to PEG20000*H NMR was performed to assign the chemical structure
obtain the produc8 (yield 86%, 19.8 mg). Produ@ (19.8 mg) of the products with a LNM-ECP500 at the Instrumentation Center
was dissolved in 200 mL of DMF, 1.68 mg of sodium azide was of the University of Kitakyushu. CDV
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Figure 1. (A) Changes of circular dichroism (CD) when fluorene was
added to DNA in a water/THF (1:1 volume) solution. TRED ratio
was changed from 0 to 1.0. (B) The change of CD at 280 nm was
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plotted against=/D, compared with the theoretical values with the %0 00 700 300
different binding constants; from topk, = 1 x 1, 5 x 1P, 1 x Fluorenone/EtBr
10°, 1 x 107, and 1x 108 M1, respectively. Wavelength (nm)
Figure 2. (A) Decrease in the EtBr fluorescence intensity (excited at
Results and Discussion 290 nm) when fluorenone and three derivatives were added at the same
molar amount of EtBr. (B) The fluorescence intensity at 605 nm plotted
Intercalation of Fluorene into DNA: Spectroscopy.Figure against the fluorenone/EtBr molar ratio.

1A shows the CD spectral changes when fluorene was added

to salmon sperm DNA in a tetrahydrofuran (THF)/water (1:1 measurement difficult. Owing to the low concentration of EtBr
volume) solvent. With increase of the fluorene/DNA molar ratio (ca. 10 M) available to measure florescence, we could carry
(F/D), the CD magnitude decreases at both positive (280 nm) out this experiment in water. Figure 2B plots the EtBr
and negative (245 nm) bands. These changes seem saturated #tiorescence intensity against the fluorenone/EtBr molar ratio,
higher F/D values. Figure 1B plots the difference of the CD showing that the EtBr fluorescence completely disappeared
intensity ACD) at 280 nm against/D, where ACD was when fluorenone was added in an equal amount of EtBr. This
obtained by subtracting the CD value B{D = 0 from the means that added fluorenone completely ejected EtBr and
observed one for each/D. There is a clear turnoff point at intercalated into DNA, indicating that the binding constant of
F/D = 0.5, indicating that two base pairs versus one fluorene fluorenone is one or more orders larger than EtBr. This result
are the constitutional unit of this interaction. This stoichiometric is consistent with that of Figure 1, confirming the considerably
number agrees with the neighbor-exclusion principle of inter- largeKp of fluorenone (probably the same as fluorene) in water.
calators. The solid lines in panel B presents the theoretical When a fluorene derivative in which the 9th position was
values, which were calculated on the assumption that the substituted with a dimethyl group (b in Figure 2) was added to
chemical equilibrium is held between DNA and fluorene and the same EtBr-intercalated salmon sperm DNA solution, the
the equilibrium binding constankK() is a function of only the fluorescence intensity was decreased by about 30%. This means
concentrations of them. The data points can be fitted by the that the binding constant of compound b is smaller than that of

theoretical line with &}, value ranging between @nd 10 fluorenone. However, the substitution of the 3rd and 6th
M~L The resultantK, of fluorene seems relatively large positions did not decrease the binding constant so much. When
compared with those of other intercalatdfs. a bulky group was attached at the 9th position (d in Figure 2),

Because the solubility of fluorene in water is considerably the decrease of the intensity was less than 10%, suggesting that
low (ca. less than 1@ M), we could not use pure water as the the binding constant of compound d is less thahMO0™. When
solvent; thus, we used a THF/water (1:1 volume) mixture as we carried out the same experiments with dF-PEG or dF-CD-
the solvent. There is a possibility that the mixed solvent might PEG, the intensity was also decreased by about 25%, as shown
increase the binding constant. Nevertheless, this is unlikely in the Figure 2. These results indicate that the end-capping
because DNA intercalation is generally driven by hydrophobic fluorene can intercalate DNA, although tKg is less than that
interactions and hydrophobic interactions should become lessof fluorene or fluorenone. The decreadggdcan be ascribed to
favorable in mixed solvents compared with those in pure water. the attachment of water-soluble PEG chain as well as the steric
Fluorene derivatives such as tilorone (2,7-bis[(diethylamino)- hindrance of the 9th position.
ethoxy]-fluoren-9-oné)° and 9-fluorens-O-glycosidé® have Intercalation of Fluorene into DNA: Microscopy. Figure
been know to intercalate DNA. Anthracene derivatives, which 3 shows the AFM images when we added fluorene to dpDNA.
have similar structures with fluorene, are also an intercatdtor. Here, all DNA molecules should have the same contour length
TheirKp values range around 3$910° M~%, much smaller than  because we prepared dpDNA by cleaving the amplified plasmid
that of fluorene estimated above. By the way, when we carried DNA of pEGFP-C1 with a restriction enzyme, Dra lll. This
out the same experiment for fluorenone, we obtained the samefact was confirmed with gel electrophoresis (see the Supporting

results as those in Figure 1, showing thatof fluorenone is  Information Figure 2S) and AFM observation (Table 1). As

also in the range of $6-10° M4, at least more than #0172, presented in Figure 3, addition of fluorene resulted in changes
EtBr exhibits a tremendous increment in fluorescence emis- in the DNA conformation and DNA chains were considerably

sion upon intercalation and it is about 18 M~ in water? extended. As shown by the bar chart, although there is large

When we added fluorenone to a salmon sperm DNA aqueousexperimental error, the averaged end-to-end distance was
solution, where the salmon sperm DNA had been intercalated increased with increasindg/D. This trend is beyond the
with EtBr beforehand, the EtBr originated fluorescence was experimental error, as indicated by t-test. The result indicates
drastically reduced, as presented in Figure 2A. This is becausethe increment of the chain stiffness of DNA with increasing
fluorenone competed with EtBr in intercalating DNA and F/D. The feature observed in the figure agrees with the general
overwhelmed it. Here, we used fluorenone instead of fluorene results for DNA intercalatioA? The upper inset plot shows the
because the fluorescence inherent in fluorene made accuratesurface height along the white bar of image A. The heigh&i_))fv
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Figure 3. AFM observation for the dpDNA intercalated with fluoreneFdb = 0, 0.5, 1.0, and 2.0. The upper inset show the height distribution
along the white line drawn in image A, and the bar charts represent the end-to-end distance distributions for the four images as well as the averaged
values, the standard deviations, and the t-test values.

Table 1. Numerical Results of AFM

dpDNA o-CD dF-CD-PEG20000
height/nm 0.76£ 0.05 0.62+ 0.05 0.67+ 0.05
contour length/nm ~ 170@ 100 150+ 30
1622 160°

aCalculated from 10.5 bases or 3.6 nm per turn (Lehninger, A. L,;

Nelson, D. L.; Cox, M. M.Principles of BiochemistryW. H. Freeman: 0.8
New York, 2004; Chapter 10, p 336) and 4731 base pairs of dpDNA =
bBased on 0.36 nm for the fully extended PEG unit. 0.4 g
025
o sl WY 2
. o ho 0 100 200 300
[/ 453 ! Je oM OEH CEMH distance (nm)
v on o@H  CH Cg()‘:')“h Figure 5. AFM observation for dF-CD-PEG20000. One rod-like image
. M AT was magnified, and the height was measured along the line.
d a
He/f\ )/\/H ! to the procedure presented in the upper part of Scheme 1. Figure
&2 V% <L, | 4 shows the typicalH NMR spectrum for dF-PEG2000. All of
1 m,=2000 s b (- the peaks can be assigned as presented in the figure, and the
o A v e st EC ok integrgted intensity rgtio-s of the peaks were consistent with the
',jﬂ (0 08ppm) — chemical structure, indicating that the two PEG ends were
2 Y, capped by fluorenéH NMR spectrum for dF-PEG20000 had
1D o . very small fluorene-oriented peaks (see the supplementary)
8 7 5 5 4 3 owing to the dominant amount of PEG, causing no obtaining
opm of an accurate intensity ratio of the PEG to fluorene moieties.

Figure 4. 1H NMR spectra ofa-CD, dF-PEG2000, and dF-CD- However, we can presume that the majority of the compounds

PEG2000. The numerically and alphabetically marked peaks correspond@Ve capped fluorene at both ends because the synthetic
to a-CD and fluorene, respectively. The ethylene peak in PEG was procedure was the same as that of dF-PEG2000.
shifted toward the lower field upon the polyrotaxane formation. Figure 4 also shows théH NMR spectrum for dF-CD-
PEG2000. As reported by Harada et!alypon the formation
DNA ranges 0.6-0.8 nm, and these values are much smaller of the inclusion complex from PEG andCD, the methylene
than the diameter of DNA (2.0 nm at dry state). Lower heights peaks shift by 0.05 ppm to the lower magnetic field. There is
than real objects are often observed with AFM after the mica a small amount of unshifted methylene peaks observed in
surface was washed with water. Figure 4B, and the intensity ratio of the unshifted to shifted
Synthesis of dF-PEG (1) and dF-CD-PEG (1-CD)Fluo- peaks is less than 5%. This fact indicates that most of the PEG
rene-capped polyethylene glycol has been prepared accordingchain is included ire-CD. This concludes that we obtainedczbv
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Figure 6. Typical AFM images for the mixtures of dpDNAJF-PEG2000 (upper) and dpDNAIF-CD-PEG2000 (lower) and the magnification
of the images. The left illustrations show how the images can be interpreted.
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Figure 7. Typical AFM image for the mixtures of dpDNAdF-PEG20000 and its magnification (A and B). The height of the image was measured
along the white bar (C). The inset illustration (D) shows how dpDNA and dF-PEG20000 are connected to show the magnified image. In the B
image, (i) shows another example of the bridging and (ii) shows artificial images.

fluorene-capped polyrotaxane, as schematically presented inwhoseheights were much larger than the expected diameter of
Scheme 1. a-CD. When the heights were more than 1.0 nm, we excluded
Conjugation between dF-CD-PEG and DNA.Figure 5 them from the counting. We observed these images only when
shows an AFM image for dF-CD-PEG20000, showing that we examined the cyclodextrinpolyrotaxane. We suppose that
rodlike architectures are scattered on the mica surface. Thethese images were made from bent df-CD-PEG20000 and
height of the image was evaluated to be 0460.05 nm after aggregates of them, or simply from aggregate of CDs them-
averaging more than 10 objects (see Table 1). This value smallerselves.
than the diameter ai-CD (ca. 1.5 nm), however, agrees with We carried out AFM observation for the mixtures of dF-CD-
those observed for polyrotaxanes in the previous studliekis PEG2000 (or dF-PEG2000) and dpDNA at variéuB ratios.
discrepancy can be explained by the same reason for water\When theF/D ratio was lower than 2, any appreciable change
washed mica mentioned above. The contour length of this was not observed for the conformation of dpDNA. On the other
rodlike image is 180 nm, consistent with the value (160 nm) hand, in the case of mixing with fluorene, the DNA conforma-
estimated from the fully extended PEG chain length. The tion was extended in the range BfD > 1(Figure 3). This
averaged length of the rodlike image including other samples difference may be related the difference in the binding constant
was 150+ 20 nm. When we observed dF-PEG20000 with AFM, between fluorene and dF-PEG2000 (see Figure 2A), i.e., the
there were only dots. This can be ascribed to the flexibility of binding constant of dF-CD-PEG2000 (or dF-PEG2000) is
the PEG chain, probably causing gathering of the segments andsmaller than that of fluorene. To induce the conformational
the fluorene moieties attached at the both ends. dF-PEG2000changes, we had to add dF-CD-PEG2000 (or dF-PEG2000)
and dF-CD-PEG2000 did not show any significant images more thanF/D = 2.
because of the short chain length of the PEG (ca. 16 nm nm). Parts A and B of Figure 6 show the AFM images after mixed
We always observed the clusterlike images, whose lengthswith dF-PEG2000 (A) and dF-CD-PEG2000 (B) with dpDNA
were shorter than the fully extended df-CD-PEG20000 and at F/D = 2, respectively. The addition of both dF-PEGZOgBV
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and dF-CD-PEG2000 led the DNA molecules to partially larger than 10 M~1), and the ethidium bromide beforehand
aggregate with each other. They were bound at a certain points,intercalated in DNA can be ejected by adding fluorenone. By
seemingly to form a flowerlike architecture. The high of the applying this advantage to manipulate DNA, we prepared the
junction points were about 2 nm for dF-PEG2000 and 4 nm for PEGhH-CD polyrotaxanes with both end-capped with fluorene
dF-CD-PEG2000, suggesting that a few DNA chains were (dF-PEG2000 and dF-CD-PEG20000). AFM showed that the
stacked with each other at this point. It should be emphasized DNA was interlinked with the polyrotaxane only when we added
that these bundled DNA were more frequently observed when dF-CD-PEG20000. The present work proved that DNA inter-
we added dF-PEG2000 or dF-CD-PEG2000, compared with calators can be a useful building block to manipulate DNAs
dpDNA itself and fluorene-added dpDNA (Figure 3). These when they are combined with polyrotaxanes.

results can be explained by the fluorene moieties at both ends

of the dF-PEG2000 or dF-CD-PEG2000 intercalating dpDNA  Acknowledgment. This work is financially supported by JST
to result in forming the inter- or intramolecular bridge between SORST program and Grants-in-Aid for Scientific Research
DNAs (D and E), as schematically illustrated in the figure, and (16350068 and 16655048). We thank Dr. Lee at the University
the resulting bridge should lead to flowerlike architecture as of Kitakyushu for helpful discussion for AFM. This paper is
presented in (C). dedicated to Prof. William J. MacKnight (University of Mas-

When we added dF-CD-PEG20000 to dpDNA, characteristic sachusetts, Amherst, MA) on his 70th birthday.

AFM images were observed (Figure 7). The difference between

Figures 6 and 7 is that a short rod (with a length of about  Supporting Information Available: 'H NMR for dF-CD-
150 nm) connects the dpDNA, as presented in the magnified PEG20000, gel shift assay to confirm the uniform length of dpDNA,
images (panel B). When we measured the height of the rods,further AFM images to construct the bar chart in Figure 3, gel shift
the averaged value was 0.67 nm, which is almost equal to that@ssay for dF-PEG2006@pDNA and dF-PEG2068dpDNA. This

of dF-CD-PEG20000 itself (panel C). The contour length of material is available free of charge via the Internet at http://
the short rod also agreed with that of dF-CD-PEG20000 itself. pubs.acs.org.

Consequently, the characteristic feature in the panels A and B
of Figure 7 can be interpreted by assuming that the fluorene
moieties at both ends of the dF-CD-PEG20000 intercalate (1) Ikeda, A.; Shinkai, SChem. Re. 1997, 97, 1713.

dpDNA and the stiff polyrotaxane appears as a rod connecting (2) Nepogodiev, S. A.; Stoddart, J. Ehem. Re. 1998 98, 1959.

DNA, as schematically illustrated in Figure 7D. (3) Amabilino, D. B.; Stoddart, J. RZhem. Re. 1995 95, 2725.

We have to accept that there is ambiguity in interpreting the (4 gv: ngigd VIL/“SCOWBV(;/)-/EH; Vg/a\’}gj YAH;éﬁiﬁ’nm%o%;g%hfg%jrZSZSara”'
AFM images in _Flgure 7, a.nd the microscopic data Wa$ n.Ot (5) Géller, K’.; Rein’ert, K. E’.; Schulze, VBiomed. Biochim. Ac’t3985
enough to lead firm conclusions. One reason for the ambiguity 44, 1095,
should be that AFM observation was carried out for ultradiluted (6) Berge, T.; Jenkins, N. S.; Hopkirk, R. B.; Waring, M. J.; Edwardson,
conditions (2 ngil of DNA and the mica surface was washed J. M.; Henderson, R. MNucleic Acids Re2002 30, 2980.
with distilled water at least ten times), which should change (7) McMurray, C. T.; Van Holde, K. EBiochemistry1991, 30, 5631.
the number of the intercalated fluorene. Another reason is that, (8) Kumar, C. V.. Asuncion, E. HJ. Am. Chem. S0d993 115 8547.

B : - (9) Bischoff, G.; Gromann, U.; Lindau, S.; Skolziger, R.; Witkowski, W.;
becausex-CD can include fluorené?® the fluorene moieties at Bohley, C.. Naumann, S.: Sagi, J.; Meister, W. V.. Hoffmanny.S.
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