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The thermodynamic parameters for the formation of the 
hydrogen bonding were widely used to understand the pro
tein-ligand interaction.1〜3 We have been interested in the hydro
gen bonding strength of various proton acceptors toward the 
amide in a nonpolar solvent.1,2 This work is in the line of our 
interest.

In drug design, the functional group is often replaced in 
order to enhance or reduce the binding affinity, which 
is usually determined by hydrogen bonding strength.4 
Therefore, to understand this biochemical process the 
knowledge of relative hydrogen bonding strength is of 
importance.

The comparative study on the hydrogen bonding interac
tions of DMA (N,N-dimethylacetamide) and DMTA (N,N- 
dimethylthioacetamide) with TA (thioacetamide), i.e. C=O… 
H-N and C=S …H-N interactions, showed that the sulfur 
atom is a stronger proton acceptor for TA than more elec
tronegative oxygen atom in CCl4 solution.2 Bohm et al. indi
cated that simple correlation with electronegativity or partial 
charges are not sufficient to explain the hydrogen bonding 
ability of proton acceptor.5 Etter et al. also reported that the 
hydrogen bonding properties of functional groups clearly 
depend on the local intramolecular environment.6

In present work, we compared the hydrogen bonding 
strength of the nitrogen atom and the oxygen atom as a pro
ton acceptor. Our previous studies indicated that the carbo
nyl-type oxygen atom in DMA forms a slightly stronger 
1 : 1 hydrogen-bonded complex with TA than the imine-type 
nitrogen atom in pyridine.1(b),(c) Strictly speaking, however, it 
is difficult to compare the strength of hydrogen bonding 
directly under the condition that the chemical environments 
are different. Thus, the structural isomers, N-methylcapro- 

lactam (NMC) and O-methylcaprolactim (OMC), were cho
sen to compare the relative hydrogen bonding ability of the 
oxygen atom and the nitrogen atom as a proton acceptor for 
TA; i.e. C=O・・・H-N and C=N・・・H-N.

TA (Aldrich, 99%) was dried under the reduced pressure 
(10-3 Torr) for 24 hours, and then stored in a glove box. 
NMC (99%) and OMC (99%) purchased from Aldrich were 
used without further purification. CCZ (HPLC grade, J. T. 
Baker inc.) was used after removing the last traces of water 
using 4 molecular sieve. The concentration of TA was 4.8 
mM, and that of NMC and OMC was in the range of 9.4
25.4 mM and 96-296 mM, respectively. The NMC (OMC)/ 
CCl4 solution in a matched cell was placed in the path of a 
reference beam to compensate the absorption of proton 
acceptor and solvent.

The near IR spectrum of TA was obtained by a Cary 5G 
Spectrophotometer (Varian. Inc.), using 1-cm path length 
quartz cells. The sample and reference cells were placed in 
cell holders connected to a constant temperature controller 
(Varian. Inc.), the temperature was varied in the range of 
5oC-55oC. The temperature fluctuation during the measure
ment was less than 0.1 oC. The spectrum was taken after the 
temperature of the sample solution was stabilized at a fixed 
temperature (about 30 minutes). During the measurement, 
the cells were purged by nitrogen gas passed over calcium 
chloride to remove the humidity. All spectra are fitted by a 
Gaussian-Lorentzian product function, as shown using the 
commercially available Peak Fit program (Jandel Scientific 
Software). A detailed experimental method was described in 
our previous works.1,2

The AM1 semiempirical quantum-mechanical calcula
tions were performed to obtain the optimized structure of
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OMC and NMC with a MOPAC V6.0 program implemented 
in SYBYL7,8 on IDIGO 2 workstation.

Near-IR spectroscopy. The near-IR v£_ H + Amide II 
combination band spectra of TA show the isosbestic point 
for the temperature range of 5oC-55oC and the concentration 
range such as TA 4.8 mM, NMC 9.4-25.4 mM, and OMC 
96-296 mM, showing that TA forms an 1 : 1 complex with 
NMC (OMC) in CCI4 solution.

The equilibrium constant (K) for the hydrogen bonding 
formation is represented by the following equations:

TA + NMC (OMC) U TA:NMC (OMC)
K = Ci：i/CmonoCfree, Ci：i/Cmono = C%e K, (1)

where Ci：i is the concentration of the hydrogen-bonded TA, 
Cmono is the concentration of monomeric TA, and Cfree is the 
concentration of the free proton acceptor, NMC (OMC). The 
resolved v £_ H + Amide II combination bands of NMC 
(i6.5 mM)/TA (4.8 mM)/CCl4 and OMC (2i6 mM)/TA (4.8 
mM)/CC» at 25oC are shown in (A) and (B) of Figure i, 
respectively. The ratio of Ci：i to Cmono is obtained directly 
from the area of the two resolved bands, and the linear fit of
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Ci:i/Cmono vs. C%e plot yields the equilibrium constant. 
Although the equilibrium constant should be expressed by 
the activity rather than the concentration, the use of concen
tration can be justified in dilute solution.

Table i lists the equilibrium constants for the formation of 
i : i NMC:TA and OMC:TA hydrogen bonded complex in 
the temperature range of 5oC-55oC. Thermodynamic param
eters were evaluated from the van't Hoff equation, -d(lnK)/ 
d(i/T) = AHo/R. The thermodynamic parameters are also 
summarized in the Table i. The plot of R lnK vs. i/T yields 
the values of -AHo, as shown in Figure i(C), indicating the 
intrinsic strength of the hydrogen bonding, are -i3.6 kJ/mol 
and -i4.7 kJ/mol for i : i NMC:TA and i : i OMC:TA com
plex formations, respectively. The results show that OMC 
can form a slightly stronger i : i hydrogen bonded complex 
with TA than NMC in CCl4 solution. The thermodynamic 
data for i : i pyridine:TA and DMA:TA complex formations 
are listed in Table i. The AHo value of the i : i pyridine:TA 
complex is slightly less than that of DMA:TA complex. 
These results indicate that the imine-type nitrogen atom can 
form the hydrogen bonding as strongly as the carbonyl-type 
oxygen atom.

The equilibrium constant (K) for the formation of hydro
gen-bonded i : i NMC:TA and OMC:TA complexes at 25oC 
are 67.92 and 6.77, respectively. The smaller equilibrium 
constant of i : i OMC:TA complex formation than that of 
NMC:TA is due to the entropy effect of complexation. OMC 
which has a flexible methyl group undergoes a large loss in 
entropy upon binding to TA. Whereas, NMC has no flexible 
methyl group should experience less of an entropic change 
and binds more effectively to TA than OMC. The equilib
rium constant at 25 oC for i : i pyridine:TA complex forma
tion is 5 times less than that of DMA:TA due to the entropy 
effect, as listed in Table i, despite the fact that the AHo val
ues is slightly less than that of DMA:TA.

□ OMC:TA
■ NMC:TA

Table 1. Thermodynamic parameters for the i:i hydrogen-bonded 
complex formation of TA with NMC, OMC, DMA, and pyridine in 
CCl4 solution

Proton __________ K (M-')___________  -AHo -ASo
Acceptors 5oC i5oC 25oC 35oC 45oC 55oC (kJ/mol) (J mol-iKT)
NMC 94.0 76.9 67.9 58.3 45.i 37.2 i3.5 i0.8
OMC ii.2 8.0 6.8 5.9 5.0 4.0 i4.6 32.9
DMAa 75.6 65.4 5i.3 42.i 35.3 30.i i4.4 i5.5
Pyridine" i5.2 i2.8 i0.i 8.8 7.3 6.4 i3.3 25.3
a Ref. i(b). 6 Ref. i(c).

1/T*103(K1)
Figure 1. The v" H + Amide II combination band of (A) NMC 
(i6.5 mM)/TA (4.8 mM)/CCl4 and (B) OMC (2i6 mM)/TA (4.8 
mM)/CCl4 at 25 oC. The full line, dashes line (---), and dots (…) 
represent the measured absorption spectrum, resolved band of 
monomeric TA, and resolved band of hydrogen bonded TA, 
respectively. The filled squares (■ ) are the sum of resolved 
monomeric and hydrogen bonded TA bands. (C) The van't Hoff 
plot for the i : i NMC:TA and OMC:TA complex formations in 
CCl4 solution.

1 2 3
Figure 2. The optimized conformers of NMC ⑴ and OMC (2 & 3).
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Semiempiric지 C지culation. We optimized the structure 
of NMC and OMC molecules using AM1 semiempirical 
quantum-mechanical calculations. For OMC, the most stable 
conformer is that the methoxy group is in cis to nitrogen 
atom, as shown as 2 in Figure 2. The conformer 3 of OMC, 
which the methoxy group is in trans to nitrogen atom and 
the oxygen and nitrogen atoms are in the same plane, is less 
stable than the conformer 2 by 36.6 kJ/mol. The lone-pair 
electrons repulsion between nitrogen and oxygen atoms 
becomes large in conformer 3, which may result in the desta
bilization. We expect that the conformer 2 is also favored in 
the solution phase. The complexation of cis OMC with TA 
restricts the free rotation of methyl group, which would yield 
a large loss in the entropy.

From the near IR spectroscopic results and the theoretical 
calculations, we report a remarkable conclusion that the 
hydrogen bonding strength between carbonyl-type oxygen 
atom of NMC and imine-type nitrogen atom of OMC are not 
much different and but the entropy effect reduces the hydro
gen-bonding formation of OMC.
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