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The kinetics of thesyn/antiisomerization of 1,8-bis(2;2liphenyl-4,4-dipyridyl)naphthalenel, was investigated

over a wide temperature range using variable-temperature NMR spectroscopy in conjunction with dynamic
HPLC and computer simulation. Rate constants obtained utilizing both methods bet@Bdhand 40.3C

were found to be in excellent agreement and allowed for the determination of the Gibbs standard activation
energyAG°* for the diastereoisomerization a@fas 70.4 kJ/mol. The rotational activation enthalpi* and

the rotational activation entropy¥S’ were calculated from the Eyring plot as 57.5 kJ/mol a8.4 J/K mol,
respectively. Cryogenic chromatography using an achiral HPLC columi@@tC allowed the first separation

of a stereolabile perisubstituted diarylnaphthalene intsyite andanti-diasterecisomers, which interconvert

at room temperature.

Introduction

A profound understanding of the structuractivity relation-
ship of pharmaceuticals has become an integral part of today’s
drug development. Since the coexistence of conformational or
configurational isomers of chiral compounds can have a
significant impact on their pharmacological profile, it is

important to study the stereodynamics of promising drug

candidates. The striking differences in the pharmacologicaland ™ ™ N N N T
toxicological effects of the enantiomers of thalidomide, which 1 M

undergoes rapid racemization under physiological conditions, Crr 1 T ]
are well-known. Similarly, the stereochemical integrity of |

compounds that exhibit rotamers due to hindered rotation about |::_:| Lrr ]
a single bond needs to be carefully investigated. The intercon- -

version of axially chiral, stereolabile compounds that afford a anti-1 syn-1

mixture of heavily populated conformations, such as atropiso- _. o . . .

. L . . . Figure 1. Isomerization of the two conformational diastereoisomers
meric naphthalene derlvz.atNes,. have received increasing atten- 1,8-bis(2,2-diphenyl-4,2-dipyridyl)naphthalenel, exhibing either
tion! In particular, 1,8-disubstituted naphthalenes exhibiting parallel gyr) or antiparallel anti) 2-phenylpyridy! rings.
alkyl,? aryl 2 and hetaryl groups have been synthesized to study
stacked aryl interactions and the stereodynamic properties ofgerived atropisomers based on kinetic measurements over an
these compounds. The design of axially chiral 1,8-diarylnaph- extensive temperature range is still elusive.
thalenes exhibiting conformational stability at ambient temper-
ature has been an ongoing challenge to orga_nic chemists. Thesegylts and Discussion
development of stableC,-symmetric anti-1,8-dihetarylnaph-
thalenes would afford a new class of bidentate ligands with  We have recently developed a synthetic route toward 1,8-
various applications in chiral Lewis acid or chiral Lewis base- bis(2,2-disubstituted-4,4dipyridyl)naphthalenes and their cor-
catalyzed asymmetric reactions. All attempts to incorporate respondingN,N-dioxides and investigated the conformational
severe steric strain into the 1,8-disubstituted framework to stability of these atropisomers using variable-temperature NMR
prevent atropisomer isomerization of this class of compounds spectroscopy. Herein, we report the investigation of the
have not been successful to date. A profound understanding ofisomerization of 1,8-bis(2,2liphenyl-4,4-dipyridyl)naphtha-
the stereodynamics of the interconversion process includinglene, 1, over a temperature range of more than 2@0using
enthalpic and entropic factors seems essential for developingdynamic HPLC and computer simulation (DHPLC) in conjunc-
stable 1,8-diarylnaphthalene-derived atropisomers. However, thetion with dynamic NMR spectroscopy (DNMR). The first
determination of the activation enthalpyH* and activation separation of thesyn and anti-isomers of this class of

entropyAS for the isomerization of 1,8-disubstituted naphthalene- compounds under cryogenic conditions is also reported, Figure
1.

*To whom correspondence should be addressed. E-mail: cw27@ Rot_atio_n of either pyridyl moiety_ Of_ 1,8-bi_s(23-ﬂiphenyl-
georgetown.edu. 4,4-dipyridyl)naphthalenel, results in isomerization between
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Figure 3. Experimentally obtained (left) and simulated elution profile
(right). Computer simulations were obtained for a 1:1 diastereoisomer
ratio using MimesisXP.
TABLE 1: Rotational Energy Barrier AG* of 1 Determined
: —T 1 by DHPLC and DNMR
¢ $min e entry condition3 temp (K) AGH¥ (kd/mol)  k(1/s)
1 hexanes/EtOH= 3:2  208.2 678 8.310°
T=2082K T=2182K T=2252K 2 hexanes/EtOH=3:2  218.2 68.3 4.010*
3 hexanes/EtOH= 3:2  225.2 685 1.2210°%
4  hexanes/EtOH=3:2  230.2 687 2510°
5 CDCk 3135 73.0 9.03
a All chromatographic separations were achieved using a YMC CN
j column (column dimensions 250 x 4.6 mn?, flow rate= 1 mL/
- min, UV detection= 280 nm).°’Determined by computer simulation
& 10  lomn : 10 min J T min of HPLC elution profiles. Average value of the isomerization in the

. . . . mobile and stationary phaseDetermined by the coalescence method
Figure 2. Cryogenic HPLC separations of tlsgn andanti-isomers using variable-temperature NMR spectroscépy.
of 1 on a CN column at various temperatures.

the mesayn and the axially chiraanti-isomers. NMR studies 20 y =-6916.4x- 52194

2
revealed an almost equimolar ratio of the diastereometsof o 2 RE=09998
§o|ytio_n?’ The ratio did not change with time or after heating £ -30 M
indicating a system at equilibrium. Apparently, the energies of £ 35
the syn and anti-diastereoisomers are not as different as one = 40
would intuitively expect since the pyridyl rings splay away from 45 4 ;
each other causing the phenyl groups not be in close contact, 0.003 0.0035 0.004 0.0045 0.005
vide infra. The similar stability observed for the syn- andi- UT

isomers ofl is in good agreement witbyn/antiratios reported Figure 4. Eyring plot for the isomerization of.
for similar 1,8-dihetarylnaphthalen&s.The interconversion
between the almost equienergetic rotamer4 ofas found to
proceed fast at ambient temperature and the energy barrier t
rotation about the chiral naphthylpyridyl axis was determined
as 73 kJ/mol at 40.3C by DNMR. The separation of
atropisomerl and structural analogues into enantiomers and
diastereomers, respectively, proved to difficuficreening of

a variety of achiral and chiral HPLC columns revealed that the
separation of the diastereoisomersilotan be accomplished
under cryogenic conditions. In addition, we observed temper-
ature-dependent plateaus between the two separated peaks
elevated temperature, Figure’ ZThese elution profiles are
known to be a consequence of simultaneous interconversion an
separation of isomers during the chromatographic run. Similar
to variable-temperature NMR spectroscopy, computer simulation
of the experimentally obtained HPLC elution profiles provides
the rate constants of the observed stereomutation at the
corresponding temperatuféds a consequence of fast isomer-
ization of 1 relative to the HPLC time scale, peak coalescence
was observed at39.0°C.

Computer simulation of the chromatograms obtained between
—65.0 and—43 °C allowed us to determine the rate constants
of thesyn/antiisomerization ofL. The experimentally obtained
and calculated elution profiles are in excellent agreement, Figure
3. The energy barrier to isomerization bfvas determined as
67.8 kd/mol at—65.0 °C. Comparison of our DHPLC and k = ks T/h[exp(AS /R)exp(—AH™/RT)] 1)
DNMR studies shows that the rotational energy barried of
steadily enhances with increasing temperature to 73 kJ/mol at The ground state conformations of the diastereoisomets of
40.3°C due to an unfavorable entropy of activation. The results were calculated by PM3 computations, Figure 5. Isomerization

of the computer simulations are summarized in Table 1. Since
the isomerization ol proceeds slowly under cryogenic condi-

Qtions, we were able to achieve a baseline separation dytihe
andanti-isomers by HPLC at temperatures belew0 °C. The
separation of rapidly interconverting 1,8-disubstituted naphtha-
lenes into diastereoisomers in solution reported herein is
unprecedented. It should be noted that sosye- and anti-
isomers of 1,8-diarylnaphthalenes have been isolated in the solid
state?

Our results demonstrate that DHPLC and DNMR are
%Bmplementary methods that allow kinetic investigations of
tereolabile compounds over a wide temperature range, i.e., more
han 100 C. Employing the Eyring eq 1, we were able to
determine the activation enthalgyH* and activation entropy
ASF of the isomerization of atropisomdr. The Eyring plot
demonstrates the excellent agreement of both methods, Figure
4. Since the experiments were conducted in chloroform and
mixtures of hexanes and ethanol, respectively, one can conclude
that solvent effects including hydrogen bonding on the rotational
energy barrier ofl are negligible. The activation enthalpy and
entropy of the interconversion process were determined as 57.5
and —43.4 J/K mol, respectively. Accordingly, the Gibbs
standard activation energyG°* for the syn/antiisomerization
of 1 was calculated as 70.4 kJ/mol.
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goes isomerization through a highly ordered T-shaped transition
state.
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