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The resolution of enantiomers of extended metal atom chains of insuldion —
the type Nis[(CsHsN):NJ,Cl, has been accomplished by chromato- Tom O}@ '3“‘0"3
graphic methods in solution, and the chirality was determined using

am 4| (a) o

vibrational circular dichroism, electronic circular dichroism, optical

rotatory dispersion, and density functional theory calculations. Figure 1. How a normal wire (a) may be reduced to the smallest possible

molecular wire (b).

Chart 1.  Poly(pyridylamide) Ligands

Among the multifarious approacHéso making molecular @ m O (n=03)
wires is one that aims to take the image of a real-life wire SNTONT NN OINTTN
and scale it down to the greatest possible extent, as shown !
in Figure 1. Most efforts to follow this particular approach had to be separated by hand. To determine whether the
have entailed the use of poly(pyridylamide) ligands (Chart conformation wa$ or M4 (Chart 2), each crystal had to be
1). In this way, the metals Cn(= 0—2), Co (i = 0—2), Ni examined by X-ray crystallography. A general, simple
(n=0-3), Cu fp=0), Ru (= 0), and Rh it = 0) have approach for resolving chiral EMAC-type molecular wires,
been incorporated into molecules of the type shown in Figure and establishing their chirality, is presented here for the first
2 for the case ofn = 0, and some of their properties time.
(especially) fom = 0 have been studied in detdiForn = The results given here are for Jpa)XCl molecules,
0, the anion, dpa, is derived from dipyridylamine. One of where X represents C18) or OH (1b). Extensive efforts to
the intrinsic properties of the chirality of extended metal atom obtain single crystals of the individual enantiomers were
chains (EMACs) is that they have a helical winding of the unsuccessful, but a few racemic crystals that appeared
four insulating polypyridyl ligands around the central metal because of incomplete separation revealed that there was a
wire, but these species are typically isolated as racemic roughly 1:1 mixture of Ct and OH axial anions. The
crystals. In one case where chiral crystals are formed, replacement of Cl by OH evidently occurs in the course of
[Cos(dpa)(CH3CN)2](PFs)2, the enantiomorphous crystals  the chromatographic separation. The separation o thed
M isomers was achieved by use of a preparative chromato-
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Figure 2. (a) Schematic drawing of an {tpayX, EMAC. (b) End view . '\ My 'jx,.g_, i
showing the helicity R in this case). 1700 1500 1300 1100
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sodium sulfate was added to each of the enantiomer/ o P
dichloromethane mixtures and then allowed to stand for e s e 0

‘Wavenumber {cm}

several hours to remove excess water. The sodium sulfateFigure 3. VA (panel A) and VCD spectra of. The experimental VCD
was then removed, and the dichloromethane was evaporatedspectra are shown for both enantiomers in panel B. Calculated spectra for
leaving the resolved EMAC enantiomers. P-1a (topmost trace in panels A and C) were obtained with B3LYP/

To determine the absolute Conﬁguration of each enanti- Iéglr\iltl;ZDZ. Calculated spectra in panels A and C have been shifted up for
omer, chiroptical spectroscopic techniques were utilized.

These includef vibrational circular dichroism (VCD), frequency region betweern1238 and 1196 cnt has been
electronic circular dichroism (ECD), and optical rotatory  excluded because the presence of a strong solvent absorption
dispersion (ORD). The final interpretation was assisted by hand in this region makes the solvent subtraction difficult.
density functional theory (DFT) calculations. In this report, OR as a function of the concentration was measured on

tEe labels @589?’“ almd (—_)589ngaRre (?r'rt]1ployed to designat5(389 an Autopol IV polarimeter, using a 1.0 dm cell. Solutions
the signs of optical rotation (OR) of the enantiomers at of (H)ssomnr and ()ssenr1 in @ CHCE solvent were prepared

nrr_1r.h ibrational absorb VA 4 veD ¢ by successive dilutions from a parent stock solution. OR
e vibrational absorbance (VA) an ] spegtra O" measurements were made at all wavelengths accessible by
(F)seonnrl and )seonnrl were recorded in the mid-IR 0 yojaimeter: 633, 589, 546, 436, 405, and 365 nm. These
spectrgl region, from 2000 to _900 cfp with a 1 hdata concentration-dependent studies have resulted in data points
collection time, at 8 cmt resolution® In the absorption and ranging in concentration fronv0.00013 to 0.000013 g/mL
VCD spectra, ShOVY” in Figure 3, th? SOIVent_ Spectra were ¢, he (+)ssonmenantiomer and fron+0.000181 to 0.0000181
subtracted to establish the zero baseline. Additionally, asmallg/ml_ for the (F)ssenm €Nantiomer. The intrinsic rotation

nm . 1
(5) A semipreparative (250« 21.2 mm) Chirobiotic V macrocyclic which represents specific rotation at infinite d!lutlon, was

glycopeptide-based chiral stationary phase was used. The stationaryextracted from the ORs at different concentrations.

phase was obtained from Advanced Separation Technologies (Whip- . . : - .
pany, NJ). The mobile phase consisted of 95/5/0.15 ACN/MeOR/NH The calculations of vibrational frequencies, IR absorptions,
TFA pumped at a flow rate of 8 mL/min. The trinickel dipyridylamido ~ VCD, and ECD were performed with th&aussian 03

complex was dissolved in 60/40 ACN/MeOH before injection. Ahigh- — nroqram? Geometry optimization was first carried out with
performance liquid chromatography (HPLC) system consisting of a

pump (LC-6A; Shimadzu, Kyoto, Japan), a system controller (SCL- the B3LYP functional. The same functional was also used

gﬁ), Cgro;nato(;:)aczgg‘,l_R‘ 501{ ShuTad(zFL;?{ aduv dgtetcttf?r C(/?)F’D-GA: for the VA and VCD calculations. On the basis of previous
Imadzu), ana a Injector valve eodyne, Cotatl, was . 0 . . .

used. The wavelength of detection was 270 nm. Chiral detection was eXpe.“enCé' the BHLYP functional, Wh'ch USQS an increased

performed with a Jasco CD-2095 (Easton, MD) circular dichroism admixture of Hartree Fock exchange in time-dependent

detector. See: Warnke, M. M.; Cotton, F. A.; Armstrong, D. W. ; ;
Chirality 2007 19, 179. DFT calculations, was also employed. The LANL2DZ basis

(6) For the chromatographic procedure, the methanol (MeOH) and Set' was used for all computations. A Kramer§ronig
acetonitrile (ACN) used in the mobile phases are HPLC grade and transform of the calculated ECD intensities provided the
were purchased from VWR (West Chester, PA) as well as the 2 . .
dichloromethane used in extraction. Ammonium trifluoroacetate ORD spectrun? The theoretical absorption and VCD spectra
(NH4TFA) was purchased from Aldrich (Deerfield, IL) and sodium  were simulated with Lorentzian band shaped arb cnr?
sulfate was purchased from Fisher (Fair Lawn, NJ). HPLC-grade water i 3 ; : :
from an in-house Milli-Q system was used for extractions. Mobile half Wldth at half peak helght. The calculated vibrational
phases were degassed with helium for 5 min. frequencies have been scaled by a factor of 0.9612. The

(7) For recent reviews in VCD, ECD, and ORD, see: (a) Polavarapu, P. i i i
L.; He, J.Anal. Chem.2004 76, 61A. Freedman, T. B.; Cao, X; theoretlcal. ECD spectrum was .S!mUIate.d from the. first 50
Dukor, R. K.: Nafie, L. A.Chirality 2003 15, 743. Stephens, P. J..  Singlet— singlet electronic transitions using Gaussian band
Devlin, F. J. Chirality 200Q 12, 172. (b) Pecul, M.; Ruud, K shapes and a 20 nm half-width aebf peak height.
Helgaker, TChem. Phys. Let2004 388, 110. Diedrich, C.; Grimme,

S.J. Phys. Chem. R003 107, 2524. (c) Polavarapu, P. Chirality
2006 18, 348. Crawford, T. DTheor. Chem. Acc2006 115, 227. (9) Gaussian 03Gaussian Inc.: Wallingford, CT.

(8) Spectra were measured in a demountable cell containingv@affiows (10) Polavarapu, P. L.; He, J.; Crassous, J.; Ruu@liemPhysChe2005
and a 20Qum path length spacer and at a concentration-6f0126 6, 2535.

M in a CHCk solvent environment using a commercial Fourier (11) Hay, P. J.; Wadt, W. Rl. Chem. Phys1985 82, 270.
transform VCD spectrometer, Chiralir. (12) Polavarapu, P. LJ. Phys. Chem. 2005 109 7013.
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Figure 4. Electronic CD spectra df. Experimental ECD spectra are shown
for both enantiomers in the right panel. The predicted spectrunfba
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Figure 5. ORD spectra ofl. The right panel shows experimental spectra
for the two enantiomers, while the left panel shows a comparison between

(topmost trace in the left panel) was obtained with time-dependent BHLYP/ the predicted ORD for thE enantiomer ofl and the experimental spectrum

LANL2DZ and shifted up for clarity.

for the (—)ssonm enantiomer ofl.

Panel A in Figure 3 shows the observed VA spectrum from not unusual because it is well-kno¥that DFT calculations

1100 to 1750 cm! and the calculated spectrum for tRe

do not yield accurate wavelengths for the electronic transi-

enantiomer. The absorption bands are labeled, and a key tagjons.
the assignments is provided as Supporting Information. The  The agreement between the theoretical and experimental

computation was done fdra, and no account was taken of

the fact that some axial OH groups were present in the

experimental sample. This is why the ND—H bending
mode at ca. 1700 crd is not in the computed spectrum.
The~1190-1240 cm! gap corresponds to strong absorption
interference from the CHglIsolvent. Panel B of Figure 3
shows the mirror-image VCD spectra of the)ésenm and
(—)ssonmenantiomers. In panel C, the VCD spectrum of the
(—)ssenm €Nantiomer is compared with the VCD spectrum
calculated for thé® enantiomer.

The mirror-image ECD spectaof the (+)sgonm and
(—)ss9nm €nantiomers oflb and their comparison to the
predicted ECD spectrum for the enantiomers are shown
in Figure 4. It is clear that the)sgonm €nantiomer ha®
helicity, in agreement with the conclusion from the VCD
results. The experimental ORD spectrum in the 4680
nm region for the £ )ssonm €Nantiomer shown in Figure 5
exhibits a negativepositive-negative feature, which is
reproduced by the ORD predicted for tRéhelical structure.
As for the ECD, the predicted positive ORD maximum at

chiroptical spectra (VCD, ECD, and ORD) leads to the
conclusion that the{)sgonmenantiomer ofl has theP-helical
configuration and, conversely, thé )ssonm€nantiomer ofl
has theM-helical configuration.
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(13) The ECD spectra were recorded on a Jasco J720 spectrometer in the

200—800 nm region, using a 0.01 cm path length cell. The concentra-
tion was~0.00129 M in a CHGJ solvent.
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