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A series of tethered phenylene ethynylene oligomers, which undergo a solvent-dependent conformational transition from a random coil to a
helix, has been synthesized. The use of trimethylsilyl ether protecting groups on the (+)-tartaric acid-derived tether results in the formation
of helices with a large twist sense bias. In contrast, an isopropylidene ketal protecting group or no protecting group is not only ineffective
at helical discrimination but may even inhibit helix formation.

The design of oligomers and polymers with well-defined strategies have been used to bias the twist sense of helical
secondary structures is an active area of research, aimed atonformations of chain molecules, including the use of chiral
creating synthetic systems that can mimic biological poly- monomers, additives? and initiators

mers in their ability to derive function from structure. Previous work in our group has demonstrated the ability
Perhaps the most common secondary structural motif identi- of phenylene ethynylene oligomers (3, eq 1) to undergo a

fied in these synthetic systems is the helix, a structure thatsp|yent-dependent conformational transition from a random
can exist in either a right- or left-handed twist sehSeveral
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structure in chloroform to a helical structure in acetonittile.

Herein is reported the preparation of a tartrate-derived
flexible tether that favors the formation of one helical twist
sense over the other, an effect that is highly dependent on
the nature of the tether functionality.

Three tethers, all derived from-}-diethyl L-tartrate were
prepared for this study: one with a hydrophobic isopropyl-
idene ketal protecting group, one with trimethylsilyl ether
protecting groups, and one with no protecting groups on the
hydroxyl functionality (Scheme 1). The preparation of the
tethers commenced with the conversion of diethyl tartrate
to 4'%via protection of the interior hydroxyl groups (acetone,
BF;-OEb) and subsequent reduction of the diester function-
ality (LiAlIH ). Esterification of the resultant primary hy-
droxyl groups with 3-iodo-4-methylbenzoic acid and DCC
afforded the tethered aryl iodidein 84% yield. Subsequent
Pd-catalyzed coupling with 2 equiv of hexamer then
afforded 9 in modest yield. The trimethylsilyl ether-func-
tionalized tethered aryl iodidé was prepared frorb (CFs-
COH, H,O; TMSCI, EtN, 4-DMAP, 86%) and then coupled

In addition, we have demonstrated that a strong bias can bel® 7 In an analogous fashion to give0 in 72% yield.
imparted on the helical twist sense of these oligomers by Following coupling, the trimethylsilyl ethers could be

incorporating an optically active binaphthyl moiety in the

removed to give diol1 (BuyNF, AcOH, 85%). Dodecamer

backbone (1, eq T)Weaker twist sense discrimination has 8’ Was also coupled witlé to give 12 in modest yield:*

been effected through the use of chiral side chaZ)sgnd
by binding chiral guests in the helical cavit@-pinene)’

UV spectra of oligomer®—11 in both chloroform and
acetonitrile are shown in Figure 1a. As expected, all three
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Reagents and conditions: a) 3-iodo-4-methylbenzoic acid, DCC, Et3N, 4-DMAP. b} i. CF3COH,
H,0; ii. TMSCI, Et3N, 4-DMAP. c) Pd(dba),, Cul, PhsP, Et3N, 75 °C. d) BusNF, AcOH
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s signal, calling into question wheth#f even adopts a helical

conformation. When dissolved in chloroform, all three
a compounds displayed very weak CD signals as anticipated
for oligomers in random conformatioA3A slight negative
signal, similar to that of diol1in acetonitrile, was obtained,
presumably due to the asymmetry of the tether proximal to
the interior chromophores. It should be noted that for all the

3.0x10°

2.5x10"

2,0x10°

e — oligomers the intensities of the CD signals were linearly
s dependent on concentration over a 10-fold range, thus ruling
© o0’ out contributions due to aggregation.
! The CD signal of tethered dodecamiE? in acetonitrile
00 was more intense than that of tethered hexafrerCom-
ood : : : : ' : , parison of the CD spectra dDand12in acetonitrile to the
2o 20 N0 %0 M0 3,0 S0 40 signals of the binaphthyl tethered oligome&)-(L (n = 6,
Wavelength (nm) 12, eq 1) reveals that the intensities are nearly identical for
“1 b oligomers of the same length (Figure 2). It is possible that
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Figure 1. (a) UV spectra oB—11in chloroform and acetonitrile. ]
(b) CD spectra 0B—11in acetonitrile. ~1000 -]
~1500-
compounds exist in a random conformation in chloroform, 260 280 300 320 340 380 380 400
as evidenced by the comparable intensities of the absorption Wavelength (nm)

bands at 313 and 295 nm. In acetonitrile the intensities of

the 313 nm bands relative to the 295 nm bands are Figure 2. CD spectra of $)-1 (n = 6, 12), 10, and12 in
diminished, indicating that the oligomers reside in a helical acetonitrile®

conformatiorf This evidence of helix formation is notewor-
thy, as the untethered hexamers are too short to form helices. o o o ) )

Thus, the tether is clearly enabling interaction of the two Fhe similar intensities indicate gcoquentally identical, but
oligomers. incomplete, excess of one helical twist sense over the other.
With evidence of helix formation in hand, we obtained A More likely explanation is that complete twist sense
the CD spectra to determine whether any bias in the helical S€lectivity has been achieved with these two dissimilar

twist sense could be observed (Figure 1b). Indeed, the cD€thers.

signal of bis-trimethylsilyl ethe.0 in acetonitrile was very The use of a flexible chain to tether two oligomers
large, having a bisignate shape typical of what we have necessitates the consideration of alternative conformations
previously observed for these helical oligomérslsopro- to the simple single helix15, Scheme 2). Some possible

pylidene9, however, had a very weak bisignate signal, a

surprising result considering the similar, hydrophobic nature _
of both the isopropylidene ketal i&rand the trimethylsilyl Scheme 2

ethers in10. Furthermore, diol1 had a weak, nonbisignate
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interactions of the tethered oligomers include no interaction |||l NG_G_—cNGGEGEEEEEEEEEEE

(13), aromatic stacking into a parallel stranti4), and
threading of two helices into a double helix (16). The
similarity of the CD signals 010 and12to those ofl, which
is constrained to a single helix conformation, implies that
10and12also reside in a single helix conformation. By the
same token, the absence of a bisignate shape in the CD
spectrum ofl 1 raises the possibility that it resides in one of
the alternative conformations.

We turned to molecular modeling in an attempt to gain
insight into the structures df0 and11, as well as the manner
in which the silyl ethers influence the helical conformation
(Figure 3)¥* The minimum energy structure identified for
17, an analogue af0 in which the ester side chains were
omitted, was one in which the trimethylsilyl groups were
placed in the hydrophobic interior of the helix. Such an
intramolecular templating event could conceivably give rise
to the large signals observed. In contrast, the lowest energy
structure found for the diol analogue8 was not helical.
Rather, the oligomers appear to have stacked into a parallel
strand structure analogous to that Bf (Scheme 2). It is
plausible that this stacking interaction leads to the significant
hypchromicity of the UV spectrum of acetonitrile solutions
of 11 (Figure 1la). More work is needed to verify these
conclusions; however, the modeling results do point to
significant differences in the conformations preferred by
oligomers10 and11, consistent with experimental observa-
tions.

On the basis of the preceding discussion, at least two
possibilities exist for the conformation 8fin acetonitrile.
The weak bisignate CD signal 8fin acetonitrile could be
a result of a nearly unbiased single helix conformation. Figure 3. Minimized structure of an analogue @0 in which the
Alternatively, a small portion could reside in a biased, single ©€Ster side chains were omittéd.
helix conformation, while the majority exists in unbiased

parallel strand conformations. _ ~ butthe isopropylidene-protected or unprotected diol is unable
In conclusion, we report the ability of an optically active g pias the conformation. Studies are currently underway to

tartrate-derived tether to impart a large bias on the helical getermine which structures are actually present in these
twist sense of tethered oligomers in acetonitrile. The sensitiv- gystems.

ity of this system to substitution on the tether is remarkable,
as the bis-trimethylsilyl protected diol is extremely effective, ~ Acknowledgment. This research was funded by the
National Science Foundation (Grant DMR 98-08433).
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