Using Pentafluorophenyl as a Lewis
Acid To Stabilize a Cis Secondary

Amide Conformation

ORGANIC
LETTERS

2001
Vol. 3, No. 22
3595-3598

Christopher C. Forbes, Alicia M. Beatty, and Bradley D. Smith*

Department of Chemistry and Biochemistry, bbsity of Notre Dame,

Notre Dame, Indiana 46556-5670
smith.115@nd.edu

Received September 10, 2001

ABSTRACT

Fs

(0]

D
/= N)\N
LNy

H

N-(Pyrimidin-2-yl)pentafluorobenzamide adopts a cis amide bond in the solid state with a pyrimidyl nitrogen pointing toward the center of the
perfluorophenyl ring. In solution, the compound is a mixture of cis and trans rotamers. The conformational equilibrium is strongly solvent
dependent, and the cis rotamer is entropically favored. It is proposed that the entropic driving force is decreased solvation of the two aryl

groups when in the cis conformation.

The noncovalent interaction of fluorinated compounds with scattered literature evidence in support of this hypothesis.
other organic molecules continues to be an active area ofA previous theoretical study of the interaction between
investigation, with potential applications in pharmaceutical hexafluorobenzene and small electron-donor molecules un-

sciencé, separations, reaction catalysi%, and materials

covered stable complexes with the donors pointing lone pair

science! One of the better known examples is hexafluo- electrons toward the center of the pentafluorophenyl fing.
robenzene which has an electric quadrupole moment similarSimilarly, there is theoretical and experimental evidence of
in magnitude but opposite in sign to the quadrupole moment a favorable interaction between the oxygen lone pairs in
of benzené. The co-facial interaction of benzene with water and hexafluorobenzeheMoreover, this effect is

perfluorobenzene is well-documenteahd is a good example

thought to play a role in the photosplitting of water in the

of the polar nature of aromatic rings. In this Letter we address presence of perfluorophenylerfeginally, a recent X-ray
experimentally the question of whether the center of a crystal structure of the enzyme carbonic anhydrase |1, bound
perfluorophenyl ring can act as a Lewis acid. There is by 2 molar equiv of an inhibitor containing a perfluoropheny!
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Acyclic secondary amides typically prefer a trans Zp
conformation about the amide-QN bond#! however, there
is literature evidence that the conformational equilibrium can
be affected by noncovalent interactions. For example, cis
(or E)*® amides can be stabilized by hydrogen bonding
templates? electrostatic attractiotf, and hydrophobic ef-
fects!# In addition, protein structures show a preference for
one of the amino acid residues involved in a cis amide bond

to be an aromatic group, suggesting that aromatic residues

are able to stabilize the cis conformation via—B...
interactions® Here we present a study of acyclic amides3

and highlight a case were a cis amide is apparently stabilized
by a nitrogen lone pairpentafluorophenyl interaction.
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Amides 1—3 were prepared in straightforward fashibn
and crystallized, and their solid-state structures were deter-
mined by X-ray crystallography. As shown in Figure 1,
the amide bond conformation is trans in compotnehereas
it is cis in compound® and3. In the cases o2 and3, the
plane of the pyrimidyl ring is rotated relative to the
perfluorophenyl ring by 68and 64, respectively, and a
pyrimidyl nitrogen is 3.39 and 3.42 A, respectively, from
the center of the perfluorophenyl ring. It is relevant to note
thatN-(pyrimidin-2-yl)benzamide! has a trans amide bond
in the solid staté®

(10) Even though cis/trans is ambiguous nomenclature, we have chosen
to employ it so as to remain consistent with the majority of papers on amide
bond structure.
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Figure 1. X-ray crystal structures of compounds (top), 2
(middle), and3 (bottom). All crystal structures show 50% ellipsoid
probability. Compound& and3 were analyzed at low temperature
while compound? was analyzed at room temperature.
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The solution-state structures of secondary amitie8
were characterized by variable temperature, multinuclear
NMR spectroscopy. A solution of in CDCl; exhibits a
single set of%F andH resonances down te60 °C. Thus,
it appears that this compound remains as the trans conforma-
tion at all temperatures. CompouBalso maintains a single
set of 1% and'H resonances down te60 °C although the
chemical shifts differ from those df. It appears that this
compound remains as the cis conformation at all temperatures
which is expected for aN-acyl-N-methylarene derivativ¥.
Compound? is a equilibrating mixture of cis and trans
isomers in solution. Thé’F NMR spectrum in CDGlis
broad at room temperature and resolves into two sets of peaks

5.0), 3.70 (s, 3H)¥F NMR (CDCK/CFCk, 25°C) 6 —142.6 (d, 2FJ =
15.3 Hz),—153.9 (t, 1FJ = 22.1 Hz),—162.2 (m, 2F); MSWz 304 (M*);
mp = 88 °C (dec).

(17) X-ray data forl—3 can be retrieved from the Cambridge Crystal-
lographic Data Center using deposition numbers CCDC 17047€CDC
170475 @), and CCDC 1704763].
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Figure 2. 1°F NMR spectra of (34 mM) at different temperatures
in CDCl; (top), acteoneds (middle), and methanal, (bottom).
Referenced to CFglat 0 ppm.

Table 1. 19F Chemicals Shifts in CDGlat —30 °C?

compound

Fortho Fpara Feta

trans-1 —139.9 -149.4 -159.4
trans-N-phenyl pentafluorobenzamide —139.9 —-149.1 —-159.1

trans-2 —139.6 —149.0 —159.5
cis-2 —141.7 —-151.7 -1611
cis-3 —142.3 —-152.6 —161.2

a Referenced to CFglat 0 ppm.

hydrogen bonding donetacceptor-donor triadh (which is
expected to stabilize the cis conformationZytby forming
the supramolecular complex in Figuré’)3 shows that the
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Figure 3. Likely supramolecular complex betweeasis-2 and
template5.

upfield peaks increase substantially in intensity in the
presence of template (iii) The upfield NMR peaks increase
slightly in intensity when the concentration of the sample is
increased 5-fold; this is attributed to stabilization of the cis
rotamer due to weak homodimerizati®n.

The cis/trans ratio fo2 (34 mM) at—30 °C is 1.54 in
CDCls, 1.01 in acetonel, and 0.08 in methanal;. This
strong solvent dependence is in contrast to the situation with
N-methylformamide antl-methylacetamide whose cis/trans
equilibria are essentially insensitive to solvent polaftigut
it is in line with a recent report that the cis rotamer of a
secondary amide with large hydrophobic groups attached to
the nitrogen and carbonyl is stabilized in watelt appears
that in the case 02 there is a significant difference in the
solvation of the cis and trans conformers. The variable
temperature spectra displayed in Figure 2 show that the
fraction of cis conformation decreases as the temperature is
lowered (in general agreement with previous regbeé.
Van't Hoff plots of the trans to cis isomerization data

at lower temperatures (Figure 2). For each pair of resolved ProvidesAH = +0.7 kcal/mol,AS = +3.9 cal/moiK for
peaks, the upfield signal is assigned as the cis conformerCDCl; AH = +0.6 kcal/mol, AS = +2.4 cal/moiK for

for the following reasons: (i) Thé’F chemical shifts for
compounds1—3 are listed in Table 1 and are highly
consistent with the upfield peaks corresponding to the cis
conformation. (ii) An'*®F spectrum acquired in CDght —30

acetoneds; AH = +3.7 kcal/mol,AS = +10.2 cal/moiK
for methanold,. Thus, in all three solvents the isomerization

(21) The homodimerization of acylated 2-aminopyridines is very weak
(Kg ~ 2 M™% in CDCls. Zimmerman, S. C.; Murray, T. Philos. Trans.

°C in the presence and absence of 5 molar equiv of theR. Soc., London A993 345 49-57.
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of trans to cis conformation is entropically favored. Since  In summary, we report experimental evidence for an
cis and trans amide bonds are thought to have similar degreesntramolecular perfluorophenylone pair interaction that is

of solvation?* it is likely that the entropic driving force for  sufficiently strong to bias the cis/trans conformational
compound? is decreased solvation of the two aryl groups equilibrium for a secondary amide. We find that the cis/

when in the cis conformation. o ~ trans ratio is strongly solvent dependent and that the cis
To learn more about the isomerization thermodynamics rotamer is entropically favored. This result is contrary to the
for secondaryN-aryl amides, we examined 2,6-dimett\¥-  |iterature knowledge on secondary amides with very small

acetanilideg, as a cpntrol cqmpound that i_s knoYE\/?n to have groups attached to the nitrogen and carbdaylut it is in
a measurable fraction of cis conformer in CREF The line with a study of amides with larger substitueHt©ur

conformational equilibrium fo? (34 mM) is also solvent g 1ts support the hypothesis that a perfluorophenyl group
dependent. For example,-aB0 °C the cis/trans ratio is 0.26 can act as a Lewis acid.

in CDCl; and 0.03 in acetonds. Van't Hoff plots of the
trans to cis isomerization fa providesAH = +0.6 kcal/
mol, AS = +0.2 cal/moiK for CDCls; AH = +1.7 kcal/
mol, AS= +0.1 cal/moiK for acetoneds. Thus, in the case
of 6 there is negligible entropic effect on cis/trans isomer-
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