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The development of synthetic receptors for neutral sub-
strates is an important goal in the field of molecular recogni-
tion. Several synthetic receptors for the binding of aliphatic
carboxylic acids through hydrogen bonds have been develop-
ed in recent years.'™® In these receptors, the aminopyridine
derivatives have been mainly incorporated into the approp-
riate spacer groups to form multiple hydrogen bonds with
di- or tricarboxylic acids.? Especially, enantioselective comp-
lexation of chiral dicarboxylic acids has been achieved by
connecting two aminopyridines with dissymmetric molecules
such as binaphthyl, spirobifluorene and helicene.* We here
report the synthesis and binding property of new chiral re-
ceptors, 7 and 8, in which more neutral lactam functionality
is exploited to form complementary hydrogen bonds with
carboxylic acid.
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Optically pure lactam acid 6, which is a key molecule for
the preparation of bislactams in this study, was prepared
from Kemp’s triacid 1* (Scheme 1) Coupling of imide acid
chloride 2* with (S)-a-methyl-2-naphthalenemethanol (3)
gave imide ester 4 (91%), which was reduced with excess
NaBH, to afford hydroxylactam ester 5 as a diastereomeric
mixture. After separation of two diastereomers (total isolated
yield 82%, less polar/more polar isomer=1:4) by flash chro-
matography (hexanes/EtOAc/CHyCl;=2:1:2), each isomer
was treated with Et;SiH/CF;COOH to give quantitatively the
corresponding optically pure lactam acid 6a or 6b (major
isomer 6a [0],®= +51.1°, minor isomer 6b [o]y*= —52.2°
(c=0.67 in EtOH)).

It has been reported that activation of lactam acid with
SOCI; followed by addition of nucleophiles such as alcohols
and amines resulted in racemic product.® With this in mind,
bislactams 7 and 8"® were prepared in a 59-70% yield by
directly reacting (+)-lactam acid 6a with m- and p-xylene
dibromides (Scheme 2). In this Sy2 displacement condition
(K,CO3/CH;CN, or Cs;COs/DMF at 70-80 C for 6-30 h), no
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Table 1. Binding Constants (K,* 10%, M™") of Bislactams 7
and 8 with Dicarboxylic Acids in 10% Acetone-d¢/CDCl; at 297+
1K

Binding constant (K,, M™")

Guest m-xylene bislactam 7 p-xylene bislactam 8
glutaric acid 2230 975
t-Boc-L-Asp 1860 580
t-Boc-D-Asp 4720 832
t-Boc-L-Glu 1600 980
t-Boc-D-Glu 2320 2850
t-Boc-L-GIn 310

t-Boc-D-GIn 194

racemization was observed.

The relatively rigid m- and p-xylene spacers were chosen
to prevent a collapse of the binding cavity by intramolecular
hydrogen bonds between two lactam groups. In addition,
CPK molecular modelling suggested that these xylene moie-
ties would provide the correct spacing for four and five car-
bon diacids such as succinic and glutaric acids. The binding
properties of bislactams 7 and 8 to diacids were first exami-
ned in CDCl;. Addition of glutaric acid (3 mM) to a CDCl;
solution (2 mM) of bislactams 7 and 8 caused the large dow-
nfield shifts (>2 ppm) of lactam NH signals with a sharp
break of saturation curves on one equivalent addition of
guest, affording K,>10* M~1° This indicates that complexes
are highly stabilized by four hydrogen bonds between two
carboxylic acids of guest and two lactam groups of host. Si-
milar behaviors were observed in titrations with the acidic
amino acids, {-Boc-Asp and -Glu. The binding constants (K,>
10* M~1!) were too high to be determined accurately in pure
CDCl; by '"H NMR spectroscopy.' Addition of 10% acetone-
ds into CDCl; reduced the binding constants by ~ one order
of magnitude and thus more reliable values could be obtai-
ned in this condition.

The binding constants listed in Table 1 were obtained by
nonlinear least-squares fits of the 'H NMR titration curves
in 10% acetone-ds/CDCl;. As a typical example, saturation
curves observed for the titrations of m-xylene bislactam 7
(2 mM) with #-Boc-L-Asp and -D-Asp (10 mM) are shown
in Figure 1 in which the lactam NH resonance is shifted
from 545 ppm up to 6.98 (L-Asp) and 7.62 ppm (D-Asp).
These give the binding constants 1.7X10° M ! for L-Asp
and 4.7X10° M ! for D-Asp, corresponding to AAG=0.55
kcal/mol.

All of the binding constants between bislactams and dia-
cids are >5X10* M}, which is much greater than that (K,=
52 M) of the corresponding monotopic system, benzyl ester
lactam 9 and butyric acid, in the same condition. This refle-
cts that two lactams cooperatively bind to dicarboxylic acids
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Figure 1. Titration curves of m-xylene dilactam 7 with ¢-Boc-
L-Asp and #-Boc-D-Asp in 10% acetone-de/CDCls.

through four hydrogen bonds of 1:1 complexes as shown
in 10. The Job’s plots clearly demonstrated 1:1 stoichiome-
try between bislactams and diacids, in which maximal comp-
lex formation occured at 0.5 mol fraction of diacids.’ As
seen in Table 1, m-xylene bislactam 7 generally shows higher
binding affinities toward four and five carbon diacids, relative
to p-xylene bislactam 8, and both bislactams prefer binding
D-isomers with a modest enantioselectivity (AAG=0.22-0.63
kcal/mol).

It is worthwhile to note that the binding constant of {-Boc-
Gln to 7 is lower approximately by one order of magnitude
than that of f£-Boc-Glu, even though two complexes could
form the same number of hydrogen bonds. The large differe-
nces in binding energy might be mainly attributed to the
difference in hydrogen-bonding stabilities between acid-lac-
tam and amide-lactam groups. To confirm this explanation,
we examined the binding abilities of butyric acid and butyra-
mide to benzyl ester lactam 9. The binding constant of buty-
ric acid, as mentioned earlier, is 52+ 2 M ! in 10% acetone-
de/CDCl; at 297 K while that of butyramide is 41 M},
indicating hydrogen bonding of lactam-acid pair is much st-
ronger than that of lactam-amide pair.

In conclusion, this study shows that neutral lactam group
forms strong complementary hydrogen bonds with carboxylic
acid. Chiral bislactams strongly bind the acidic amino acid
derivatives with a modest enantioselectivity (AAG =0.22-0.63
kcal/mol). Further study is underway to increase the chiral
discrimination and to find the origin of enantioselectivity.
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