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Conformational Analysis of Chiral Helical Perfluoroalkyl Chains by VCD
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Conventionally, perfluoroalkane has been frequently used in the (a) (b)
polymer represented as poly(tetrafluoroethylene) (PTFE), although 921 opserven
recently, perfluoroalkane has been utilized in a variety of research A0 [o Ao N
fields, such as organic synthesislighly fluoro-substituted mol- 0.025¢ el K
ecules or fragments display an affinity for fluorous media and are 4 o ¥ "‘““'\/‘\(J"V‘ o WiIN o)

; I \Y

soluble in perfluoroalkane solvents, such as perfluoromethyl -0.02 \4 U\I 002
cyclohexane. To utilize this selective solubility, environmentally I '
friendly methodologies for liquid organic synthesis are being J\v~
developed as the fluorous chemistiyerfluorinated carbon chains 1600 1500 1am0 130 1200 1100 &q
are known to adopt a helical structure due to electrosteric repulsion Wavenumber (c) Ccwes N 1000
of fluorine atoms in the relative 1,3-positions of the crystalline state, e T e T
which was first demonstrated by Bunn and Howells using X-ray Figure 1. (a) IR (lower frame) and VCD (upper frame) specica=( 0.04

crystallography. It has also been hypothesized that perfluorinated M, | = 71 um) of the perfluorinated glycolipid1) in DMSO-ds. (b)
carbon chains adopt a helical structure in solution, while linear Comparison of IR (lower frame) and VCD (upper frame) spectra observed

hydrocarbons have a zigzag conformation. In 1992, Hatada et al.(CDCls, ¢ = 0.06 M,1 = 100um) for (R)-(-)-2 (solid line) and §-(+)-2
observed conformational asymmetry of a linear perfluoroalkyl chain (dotted line) with one calculated foR}-2. The peak around 1240 crh
. . . ’ . could be an artifact of complicated interpretation.
in optically active compounds by usid®F NMR 2 which suggested
the possible helical conformation of perfluoroalkyl chains in into the corresponding benzoate esters8and ()-3, respectively.
solution. However, no other experimental evidence for the helical Their CD spectra indicate their absolute configurationsRdsr
structure in solution has been reported. In this communication, we (+)-3 and S for (=)-3 by comparison to the previously reported
report the synthesis of biased helical perfluorinated side chains by method” On the basis of these results, the absolute configuration
the addition of chiral headgroups and observe helical structures inof the first eluted enantiomer)-2 was assigned a8, while the
solution by vibrational circular dichroism (VCD). In particular, the configuration of the second eluted one)(2 was assigned as
VCD technique successfully revealed the absolute configuration y,cp measures the differential absorption of left versus right
of the biased simple helix in solution with the aid of theoretical e jarly polarized IR radiation by molecular vibrational transifion.
calculations! Due to the recent availability of commercial equipment, various
v OH fields of research have begun investigating biomacromolecules as
§ o B, Fr Fo F b F Fy well as determining their absolute configurations with the aid of
> OO OO Ot pioCrg O CogCFs theoretical calculation$Figure 1a shows the IR and VCD spectra
P2 P2 F2 P F2 B2 P of the fluorous glycolipid ). Its IR spectrum shows the extremely
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1 strong € = 1600) C-F stretch absorptidAaround 1210 cm' and
RO H (F:z Ez (Ff oF the relatively weak absorption contributed by its sugar Parhe
©)< e R VCD spectrum corresponding to the—€ stretch contains a
2 2 2 2 .

moderately negative peak, suggesting the chiral environment around
the fluorine and carbon atoms. The VCD spectra of enantiomers

Chiral compounds possessing a chiral headgroup and a per-g (_y > and ©)-(+)-2 demonstrate a mirror image couplet pattern
fluorinated chain were synthesized via standard methods. With thefor the characteristic EF absorption peaks at1250 cn, while

goal ofsupramolgcule con.struction, afluolrinateq artificial glycolipid their IR spectra were almost identical, showing stroregfGstretch

(1) was synthesized by direct glycosidation with a peracﬁty#_ absorption () = 1240 (1900), 1220 (1500) cri Figure 1b).
galactopyranose and &{11H,9H-hexadecafluoro-1-nonanol with g0 opservations clearly indicate that the VCD signals around
catalysis of boron trifluoride following deacetylatiéif.o simplify 1200 cnt could be attributed to their helical structures. Moreover,
its theoretical VCD calculgélon, a model compound, 1-perfluoro- the IH NMR signal of the benzy! proton has two different-
octyl-1-phenylmethanol),>®was also prepared from a perfluoro- o \oing constant (3J, = 17.7 and 5.7 Hz), demonstrating that

octyl _|od|de and a benzalde_hyde acc_ordlng o the previously o 1o fluorine atoms attached to the carbon next to the benzyl
described metho#® The resulting racemic perfluorinated alcohol carbon are in different environments with a relatively rigid
was successfully resolved optically to each enantiome):J conformation. To elucidate the absolute configuration of the helix

25 — _ 25 — i . . . . e .
([a]o® = —13.2) and )-2 ([a]o® = +13.3), by the chiral HPLC . - firm the helical structure in solution, an ab initio theoretical
system on a CHIRALCEL OD column. To elucidate their absolute ., \1ation was performed

configurations, the enantiomers; X2 and ()-2, were transformed VCD has an advantage in its sensitivity for chiral conformations,

 Division of Biological Sciences and VCD spectra can be reliably calculated using methods available
* Division of Chemistry. in the Gaussian program. To utilize this advantage, conformational
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calculated above (Figure 3b). This result agreed well with the
predicted biased structure and the right-handed helical structure in
solution by the VCD study. However, the helical structure in the
solid state was broken at the end part of the perfluoroalkyl side
chain, possibly due to packing effects in crystals, especially due to
e the tightly fixed molecular arrangement of strong intermolecular
2000 O—H---O hydrogen bonds between the neighboring hydroxyl
s ousered J\\J\ groups (Q--O distance= 2.787(6) A).
I A . In conclusion, we have succeeded in controlling the biased
e o ‘I';:n"":mun helicity of perfluoroalkyl chains by the simple addition of a chiral

) . ., headgroup. In addition, for the first time, we determined its helicity
Figure 2. (a) Comparison of IR (lower frame) spectra for observed (solid O . . .
line, CCk) and calculated (dotted line)sEss (4), and a calculated virtual Y Utilizing the C-F characteristic VCD band with the aid of an
VCD (upper frame) spectrum for an artificial right-handed heli¢a(b) ab initio calculation, which was supported by an X-ray crystal-
The most stablé (right-handed) helical conformer df lographic study. The €F VCD band shows promise to be a good

marker for the verification of €F helicity in future chiral
(@ (b) perfluoroalkane studies. Many scientists have generated magnificent

synthetic helical assemblié3put to the best of our knowledge,
this is the most basic chiral helix. Perfluorinated and semi-
fluorinated compounds have been widely used in the formation of
superstructures, such as micelles and self-assembled monolayers.
This VCD study could also be found to be applicable to helical
supramolecular chemistry.
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