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Energies of protonation and of hydrogen-bond complex formation of neutral and protonated forms with one
water molecule were studied by means of ab initio calculations for polyfunctional nitrogen “push-pull” base,
Me2N-CHdN-CtN. Two potential basic sites, theN-imino andN-cyano were considered. Calculations
with the 6-31G* basis set showed that theN-cyano site is more basic than theN-imino one for both reactions,
proton-transfer and hydrogen-bonding in the gas-phase, whereas in water solution, the PCM model indicated
the N-imino as the preferred basic site.

Introduction

Basicities of monofunctionalN1,N1-dimethylformamidines
(Me2N-CHdNR, FDM*R) have systematically been studied
under different conditions during the last 25 years.1-10 Inves-
tigations have been carried out for the proton-transfer reaction
(eq 1) in the gas phase and in polar solvents (water and water-
ethanol solutions), as well as for the hydrogen-bonding reaction
(eq 2) with alcohols and phenols (ZOH) in apolar solvent (CCl4).

In each case the imino nitrogen atom (N-imino) has been
found to be the preferred basic site, and high basicity has been
observed. These facts have been explained by a strong conjuga-
tion of the lone pair of electrons of the amino nitrogen atom
with the π electrons of the imino group (eq 3).11

Exceptional cases are so-called “push-pull” molecules in
which a strong electron-accepting substituent (e.g., RdCOPh,
CN, SO2Ph, 4-pyridyl) is directly linked to theN-imino
atom.4,5,10,12-19 In such type of molecules, then-π conjugation
effect in the amidine group (eq 3) can be transmitted through
resonance to the heteroatom in substituent R decreasing the
basicity of the N-imino and increasing the basicity of the
respective heteroatom in R. For this reason, it is exceptionally
difficult to indicate the preferred basic site in “push-pull”
derivatives from simple basicity measurements. To solve this
problem, theoretical calculations can be performed in parallel
to basicity measurements.16-23

A particular case of the “push-pull” molecules is the cyano
derivative (FDM*CN). It is well-known that for the isolated
monofunctional systems RCN and FDM*R (where R is a simple

alkyl or aryl group), the cyano (N-cyano) is less basic than the
amidino group (N-imino) in the proton-transfer6-8,16,22,24as well
as in the hydrogen-bonding reaction.4,5,25However, direct link
of the amidino and cyano groups (completely opposite in
electronic effects) in FDM*CN (eq 4) strongly changes their
basicities. Due to “push-pull” effect, the basicity of theN-imino
decreases and that of theN-cyano increases in comparison to
the corresponding methyl derivatives (RdMe).10

On the basis of gas-phase and hydrogen-bonding basicity
measurements, it has been postulated26 that theN-cyano atom
was the preferred basic site in FDM*CN. On the other hand,
AM1 calculations showed that the “push-pull” effect in the
cyano derivative led to the equalization of the gas-phase
basicities of both sites, and it was impossible to indicate the
preferred basic site.16 Moreover, the value of the gas-phase
basicity (GBsthe negative value of the Gibbs free energy
change of protonation reaction 1) measured for FDM*CN fit
very well to the Taft and Topsom equation found for FDM*R
(R ) alkyl and heteroalkyl group),8 indicating that the experi-
mental GB value may correspond to theN-imino atom.

For these reasons, we decided to perform ab initio calculations
for each potential basic site (N-imino andN-cyano) in FDM*CN
in the proton-transfer and hydrogen-bonding reactions. In the
calculations, both isomers (E and Z) of FDM*CN were
considered. We calculated the energies of protonation (Eprot)
for isolated molecules, and energies of hydrogen-bond complex
formation of neutral (EHB-neut) and protonated forms (EHB-prot)
with one water molecule using the 6-31G* (and/or 6-31+G*
basis set for comparison). We used the RHF, MP2, and DFT/
B3LYP models in the gas phase and the PCM model with water
as the solvent. For the hydrogen-bonding reaction, the BSSE
error was estimated.

Computational Details

For ab initio quantum chemical calculations, the 6-31 G* basis
set (split valence basis with polarization functions on the heavy
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atoms)27 was chosen and applied to the E and Z isomers of
FDM*CN. This basis set was found recently to be suitable for
prediction of the protonation energies.28 Calculations were
realized using the GAMESS 98 program29 for the planar and
NMe2 tetrahedral structures of the neutral,N-imino andN-cyano
protonated forms, and their monohydrates. TheN-amino pro-
tonated and hydrated forms were not considered due to strong
n-π conjugation effect in FDM*CN. In all cases (except the
neutral Z isomer), only planar structures were stable. For the
neutral Z isomer two stable structures, planar and NMe2

tetrahedral were found (Figure 1). However, the tetrahedral
structure has a larger energy than the planar one by 14 kcal
mol-1, and thus it has not been taken for our analysis.

The geometries of all species were fully optimized without
symmetry constraint and the stationary point on the potential
energy surface found. The calculated harmonic vibrational
frequencies indicated that the optimized structures correspond
to the energy minima. The most stable planar conformations
obtained for all investigated species are given in Figures 2 and
3. Their energies calculated at the HF/6-31 G* level are
summarized in Table 1.

Geometries optimized at the HF/6-31 G* level were used for
computations of the thermodynamic parameters of reactions 1
and 2. For these calculations, three methods were applied: the
RHF (restricted Hartree-Fock),28 MP2 (second-order Mo¨ller
Plesset perturbation),30,31and DFT (density functional theory)32

with the B3LYP functional (the combination of the Becke three-
parameter hybrid exchange functional with nonlocal correlation
functional of Lee, Yang, and Parr).33,34For each approximation
the 6-31 G* basis set was taken (in some cases the 6-31+G*
basis set was also applied). RHF and MP2 calculations were
realized with the GAMESS 98 program,29 and DFT/B3LYP
calculations with the GAUSSIAN 94 program.35

Energies of protonation (Eprot) for each potential basic site
of isolated FDM*CN were calculated according to eq 5. In these
calculations, the energy of isolated proton was taken as equal
to zero. The effect of solute-solvent interactions in an aqueous
solution was studied using the PCM model (polarizable con-
tinuum method, which partially includes specific solvation),36-41

and the geometries optimized at the HF/6-31 G* level.Eprot in
water was estimated from eq 6. In this model, the energy of a
proton was calculated as the difference between the energy of
H3O+ (-76.4232408728 au) and water (-76.0209107822 au).
Energies of hydrogen-bond complex formation with one water
molecule for the neutral (EHB-neut) and protonated forms of

FDM*CN (EHB-prot) were obtained from eqs 7 and 8, respec-
tively. The energies of water in RHF, MP2, and DFT/B3LYP
models were equal to-76.0107465158,-76.1959590517, and
-76.4190876970 au, respectively.

In the RHF calculations, the thermal corrections to the
enthalpy and entropy were evaluated and included to the Gibbs
free energies (Gprot andGHB) according to procedures described
previously.28 In these calculations, the ideal gas equation-of-
state, temperature of 298 K, and pressure of 1 atm were
assumed.

To estimate the BSSE (basis set superposition error) for the
energies of hydrogen-bond complex formation with one water
molecule at HF/6-31 G* level, counterpoise calculations were
performed using the method of Boys and Bernardi.42-44 BSSE
energies of the neutral (EHB-neut,BSSE) and protonated monohy-
drates (EHB-prot,BSSE) were obtained from eqs 9 and 10,
respectively. In the BSSE free energies, the thermal corrections
were included.

Figure 1. Planar and NMe2 tetrahedral structures found for the Z
isomer of FDM*CN.

Figure 2. The most stable planar structures found at the HF/6-31G*
level for the neutral and protonated FDM*CN.

Eprot(gas)) EBH+(gas)- EB(gas) (5)

Eprot(aq)) EBH+(aq)- EB(aq)- EH+(aq) (6)

EHB-neut) EB‚‚‚H2O
- EB - EH2O

(7)

EHB-prot ) EBH+‚‚‚H2O
- EBH+ - EH2O

(8)

EHB-neut,BSSE) EHB-neut- EBSSE,B- EBSSE,H2O
(9)
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Results and Discussion

Geometries.Due to geometrical isomerism around the Cd
N bond,11,45 two structures E (1) and Z (2) are possible for the
neutral molecule of FDM*CN (Figure 2). Each of these
structures may be protonated on theN-imino andN-cyano, and
thus four additional structures(3-6) are considered. Similarly,
hydrogen-bonding complexes with one water molecule may take
place on theN-imino andN-cyano (Figure 3). Therefore, four
complex structures are possible for the neutral FDM*CN: two
E (7 and 8) and two Z structures (9 and 10). There are also
four hydrogen-bonding complex structures with one water
molecule for the protonated forms(11-14).

Generally, the E isomer is most stable for the neutral,
protonated, and complexed form. This configuration (E) has also
been found as the preferred one for other neutral formamidines
(FDM*R, R ) alkyl, aryl, arylalkyl, heteroalkyl, heteroaryl)

by different experimental methods (X-ray,1H and 13C NMR,
dipole moment measurements).3,11,13-15,46-51

Some selected geometrical parameters for structures1-14
are summarized in Table 2. For each type of planar structures
(see values of the N1-C1dN2-CN angle) of the neutral,
protonated, and complexed forms, the C-N, CdN, and CtN
bond lengths in the E isomer are slightly different from those
in the Z isomer. The differences are not larger than 0.01 Å.
This indicates that the configuration around the CdN double
bond does not influence the geometrical parameters of the
respective planar forms.

Comparison of the C-N and CdN bond lengths in planar
FDM*CN with the standard single (C-N) and double (CdN)
bond lengths (1.465 Å in CH3-NH2 and 1.269 Å in CH2d
NH,52 respectively) confirms strongn-π conjugation in FDM*CN.
The C-N bonds in the neutral forms (1.328 and 1.335 Å in E
isomer, and 1.335 and 1.333 Å in Z isomer) shorten and the
CdN bond (1.282 and 1.278 Å in E and Z isomers) lengthens
in comparison to the respective standard C-N and CdN bond
lengths. The same behavior has been observed for benzoyl
derivative (FDM*COPh) in the gas phase by ab initio calcula-
tions.19 The C-N bonds (1.330 and 1.388 Å in E isomer)
shorten and the CdN bond (1.283 Å) lengthens. For FDM*SO2-
Ph, an equalization of the C-N (1.315 Å) and CdN (1.307 Å)
bond lengths has been observed in the neutral crystal E structure
by X-ray measurements.13 This confirms that the SO2Ph group
has a stronger electron-accepting effect than the COPh and CN
group, and thus strongern-π conjugation effect has been found.
The CtN bond length calculated for the planar neutral E and
Z isomers of FDM*CN (1.141 Å) is close to that found by X-ray
measurements for (FDM)2CdN-CtN (1.147 Å).14 To our
knowledge, there are no crystallographic data for FDM*CN,
and no other comparison can be performed.

Protonation on theN-imino or N-cyano atoms strongly
changes the C-N and CdN bond lengths, but has only a slight
influence on the CtN bond length. The C1-N1 bond shortens
to the length of the double bond (1.28-1.29 Å), and the C1d
N2 bond lengthens to the length of the single bond (1.33-1.34
Å) independently of the site of protonation. The C4-N2 bond
shortens to the length of the double bond (1.26 Å) only in the
case of theN-cyano protonated forms. For theN-imino
protonated forms, the C4-N2 bond slightly lengthens (1.35-
1.36 Å) in comparison to the neutral molecule. This confirms
that then-π conjugation in the amidine group (structures a and
b in eq 4) is stronger in the protonated than the neutral forms.

Hydrogen bonding on theN-imino or N-cyano has a similar
effect to protonation, but the C-N, CdN, and CtN bond

Figure 3. The most stable planar structures found at the HF/6-31G*
level for the neutral and protonated monohydrates of FDM*CN.

EHB-prot,BSSE) EHB-prot - EBSSE,BH+ - EBSSE,H2O
(10)

TABLE 1: Energies of Neutral and Protonated Forms of
FDM*CN and Their Monohydrates Calculated at the
HF/6-31G* Level (in Hartree)

no.
struct. isomer

isolated
moleculea

no.
struct. isomer

hydrogen-bonded
complex

Neutral Forms
1 E -318.86994 7b E -394.88923

8c -394.89381
2 Z -318.85796 9b Z -394.88211

10c -394.88322

N-Imino Protonated Forms
3 E -319.21896 11 E -395.25893
4 Z -319.21603 12 Z -395.25669

N-Cyano Protonated Forms
5 E -319.23047 13 E -395.26937
6 Z -319.23047 14 Z -395.25860

a Planar structure.b Water molecule hydrogen-bonded to theN-
imino. c Water molecule hydrogen-bonded to theN-cyano.
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lengths change even less. The N‚‚‚H-O bridge length depends
on the configuration around the CdN bond and on the type of
the basic site. It is slightly longer for the E than Z isomers for
both the neutral and protonated forms. It is also longer for the
N-imino thanN-cyano protonated forms. The later geometrical
feature suggests that theN-cyano atom is more basic than
N-imino one. It is interesting to mention that in7-10 three (or
four) centered hydrogen bonds are possible with one water
molecule. Two types of hydrogen bonds can be formed, one
between theN-imino or N-cyano and HOH (N‚‚‚H-OH), and
the other between the CH-formamidine (methine or methyl) and
OH2 (C-H‚‚‚OH2). In these cases, the hydrogen-bonding
bridges are not linear.

Theoretical Infrared Spectra and Dipole Moments.Theo-
retical infraredν(CdN) andν(CtN) frequency shifts, and the
CdN and CtN bond orders calculated according to the pro-
cedure from ref 53 (Table 3) give additional information on
geometrical behavior in the neutral, protonated, and complexed
forms of FDM*CN. Protonation on theN-imino (structures3
and4) strongly decreases the frequency of theν(CdN) band in
comparison to the neutral molecules (1 and 2), whereas the
frequency of theν(CtN) band increases. This confirms the
“push-pull” effect in FDM*CN (eq 4). During protonation of
the N-imino, the CdN bond lengthens, and behaves almost as
a single bond, whereas the CtN bond shortens slightly (see
structure b in eq 4). Protonation of theN-cyano (structures5
and6) changes the frequency of theν(CdN) andν(CtN) bands
to a considerably smaller degree than that of theN-imino. The
same behavior is observed for the hydrogen-bonding complexes
of protonated forms with one water molecule (structures11-
14).

Changes of the infraredν(CdN) andν(CtN) frequency shifts
for the hydrogen-bonding complexes of neutral FDM*CN with
one water molecule (structures7-10) in comparison to the neu-
tral forms (structures1 and2) would be exceptionally interesting
if the ab initio results could be compared with those found by
experiment for the hydrogen-bonding complexes of FDM*CN

with 4-fluorophenol. It has been shown by infrared measure-
ments4,5,12,54that the hydrogen-bond formation increases both
theν(CdN) andν(CtN) bands. However, the ab initio results

TABLE 2: Selected Geometrical Parameters of Neutral and Protonated Forms of FDM*CN and Their Monohydrates (at the
6-31G* level)a

Bond Length in Å Angle in Degree

no. struct. isomer C1sN1 C1dN2 C4sN2 C4tN3 N‚‚‚H‚‚‚O ∠N1sC1dN2sCN

Isolated Molecules

Neutral Forms
1 E 1.328 1.282 1.335 1.141 178.53
2 Z 1.335 1.278 1.333 1.141 -0.46

N-Imino Protonated Forms
3 E 1.279 1.337 1.355 1.133 -179.99
4 Z 1.278 1.341 1.353 1.133 -2.47

N-Cyano Protonated Forms
5 E 1.285 1.327 1.260 1.141 179.63
6 Z 1.285 1.326 1.260 1.141 179.97

Hydrogen-Bonded Complexes

Neutral Forms
7b E 1.320 1.288 1.337 1.140 3.130 -177.61
8c 1.325 1.288 1.330 1.143 3.193 -179.86
9b Z 1.329 1.286 1.333 1.141 2.991 -3.28

10c 1.328 1.284 1.326 1.142 3.055 4.17

N-Imino Protonated Forms
11 E 1.282 1.332 1.353 1.134 2.813 179.94
12 Z 1.282 1.334 1.351 1.134 2.785 -0.73

N-Cyano Protonated Forms
13 E 1.289 1.320 1.271 1.139 2.709 179.94
14 Z 1.297 1.312 1.264 1.140 2.710 0.34

a Planar structure.b Water molecule hydrogen-bonded to theN-imino. c Water molecule hydrogen-bonded to theN-cyano.

TABLE 3: Infrared ν(CdN) and ν(CtN) Frequency Shifts
(in cm-1),a Bond Orders of the CdN and CsN and Dipole
Moments (in Debyes) Calculated for Structures 1-14 at the
6-31G* Level

Frequency Shift Bond Order Dipole Momentno.
struct. isomer ν(CdN) ν(CtN) CdN CtN µ

Isolated Molecules

Neutral Forms
1b E 1841 2576 1.6 2.8 8.09
2 Z 1850 2564 1.7 2.8 7.61

N-Imino Protonated Forms
3 E 1440 2646 1.2 2.8 6.93
4 Z 1433 2645 1.2 2.8 6.63

N-Cyano Protonated Forms
5 E 1872 2551 1.3 2.1 2.61
6 Z 1872 2551 1.3 2.1 2.61

Hydrogen-Bonded Complexes

Neutral Forms
7c E 1831 2576 1.6 2.8 6.74
8d 1830 2550 1.6 2.8 6.55
9c Z 1830 2567 1.6 2.8 6.34

10d 1834 2551 1.6 2.7 5.87

N-Imino Protonated Forms
11 E 1454 2644 1.2 2.8 6.27
12 Z 1456 2644 1.2 2.8 6.64

N-Cyano Protonated Forms
13 E 1860 2535 1.3 2.3 2.62
14 Z 1827 2530 1.4 2.3 2.08

a For an HF/6-31G* theoretical frequency scaling factor see in ref
56. b Experimental12 ν(CdN) ) 1638 andν(CtN) ) 2201 cm-1 in
CCl4 solution; use a scaling factor56 of 0.8929 givesν(CdN) ) 1644
andν(CtN) ) 2300 cm-1 at the HF/6-31 G* level.c Water molecule
hydrogen-bonded to theN-imino. d Water molecule hydrogen-bonded
to theN-cyano.
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for the most stable E isomer indicate that the hydrogenbonding
with one water molecule decreases theν(CdN) and ν(CtN)
bands. This observation suggests that experimental IR results
for hydrogen-bonding complexes are not well described by
theoretical ones at the HF/6-31G* level. Similar behavior has
been found for some other molecules.55,56

Theoretical dipole moments are exceptionally high, except
theN-cyano protonated forms as isolated as hydrogen bonding
with one water molecule (structures5, 6, 13, and 14). This
indicates that the electronic effect of the cyano group is very
strong. Theµ value (8.08 D) calculated for the E isomer of
FDM*CN (1) is close to that measured for the E isomer of
4-nitrophenyl derivative (FDM*4-NO2C6H4) in benzene solution
(7.69 D).48

Possible and Preferred Basic Sites.FDM*CN may be
considered to be a polyfunctional nitrogen base with three
nitrogen sites, theN-amino,N-imino, andN-cyano (Figure 4).
The n-π conjugation effect (see structure c in eq 4), strongly
decreases the basicity of theN-amino and increases the basicity
of the N-cyano. Indeed, the AM1 calculations16 showed that
the N-amino is the less basic site in FDM*CN (its basicity in
the gas phase is smaller than those of theN-imino andN-cyano
by more than 20 kcal mol-1), and thus it has not been considered
in our ab initio calculations for the proton-transfer (eq 1) as
well as for the hydrogen-bonding reaction (eq 2).

Calculations were carried out only for theN-imino and
N-cyano sites in the proton-transfer and hydrogen-bonding
reactions in the gas phase with use of the RHF, MP2, and DFT/
B3LYP models. The hydrogen-bond complexes with one water
molecule were studied for the neutral and protonated forms. In
these complexes, water displays the same dual character as in
solution, hydrogen-bond donor for neutrals (B) and hydrogen-
bond acceptor for cations (BH+). This approach permits one to
study the proton-transfer reaction for solvated species with only
one water molecule. The proton-transfer reactions were also
studied in water using the PCM model. Energies of protonation
and hydrogen-bond complex formation calculated according to
eqs 5-8 are summarized in Table 4.

The results indicate that independently of the method of
calculation (RHF, MP2, or DFT/B3LYP) theN-cyano site is
more basic than theN-imino for both isomers (E and Z) in the
proton-transfer and hydrogen-bonding reactions in the gas phase.
The N-cyano atom as a more basic site is conjugated with a
weaker acidic site, and thus the weaker hydrogen bond with
water is formed on theN-cyano (smaller absolute∆EHB-prot)
thanN-imino protonated forms.

In water solution, it is well-known that monofunctional nitriles

are very weak bases (pKa ≈ -10),57 while N1,N1-dimethylfor-
mamidines (FDMs) exhibit exceptionally high basicities (pKa

> 4)1,9,58 in comparison to other imines.57 Strong electron-ac-
cepting groups decrease the basicity of FDMs below pKa ) 4,
but are not smaller than those of nitriles.10,11,58Calculations for
FDM*CN with the PCM model for an aqueous solution confirm
that theN-imino is the preferred site of protonation for both
the E and Z isomers.

The Gibbs free energies of protonation and hydrogen-bond
formation calculated for potential basic sites in the most stable
E isomer of FDM*CN at the HF/6-31 G* level are summarized
in Table 5. The BSSE-corrected HF/6-31G* energies for the
neutral and protonated monohydrates are also given in this table.
The results obtained for the proton-transfer reaction indicate
that theN-cyano is more basic than theN-imino. Taking into
account definition of the gas-phase basicity{GB ) -(Gprot -
GH+)},24 the calculatedGprot (Table 5) and the literatureGH+
which include mainly the translational contribution (-7.7 kcal
mol-1),24,59 the following gas-phase basicities for theN-imino
andN-cyano are calculated: 193.5 and 203.8 kcal mol-1, res-
pectively. Comparison of these values with the measured gas-
phase basicity of FDM*CN (GB) 204.9 kcal mol-1)24 indicates
that the calculated GB of the preferredN-cyano site is slightly
lower than the experimental one (by ca. 1 kcal mol-1). Such
kind of error confirms an earlier conclusion28 that the 6-31 G*
basis set is suitable for theEprot (or Gprot) prediction in the gas
phase.

Difference obtained for theN-imino and N-cyano sites
between their calculated Gibbs free energies of the hydrogen-
bond complex formation of the E-neutral FDM*CN with one
water molecule (GHB-neut) may be compared with that found
on the basis of infrared measurements in an apolar solvent (CCl4)
for the hydrogen-bonding complexes of FDM*CN with 4-fluo-
rophenol. Although 4-fluorophenol is a stronger hydrogen-bond-
ing donor than water and larger formation constants with nitro-
gen bases should be observed, the relative hydrogen bonding
basicities obtained for bases with 4-fluorophenol should be si-
milar to those with water. For comparison of computational with
experimental results, the measured formation constants for
FDM*CN with 4-fluorophenol (logKHB) were expressed as the
free Gibbs energies changes of reaction 2:-∆GHB(N-imino)
) RT ln KHB(N-imino) e 0.7 and-∆GHB(N-cyano)) RT ln
KHB(N-cyano)) 2.9 kcal mol-1.12,60 The difference between
the calculatedGHB-neut of the N-imino andN-cyano sites for

TABLE 4: Energies of Protonation (Eprot, in kcal mol-1) in the Gas Phase (RHF, MP2, and DFT/B3LYP) and Aqueous Solution
(PCM), and Energies of Hydrogen-Bond Formation (EHB-neut and EHB-prot in kcal mol-1) in the Gas Phase (RHF, MP2, and
DFT/B3LYP) Calculated According to Equations 5-8 for the N-Imino and N-Cyano Sites in FDM*CN with the 6-31G* (or
6-31+G*) Basis Set

Eprot EHB-neut EHB-prot

isomer basic site RHF MP2 DFT/B3LYP PCM RHF MP2 DFT/B3LYP RHF MP2 DFT/B3LYP

E N-imino -219.1 -214.1 -215.8 -17.9 -5.4 -7.7 0.3 -18.3 -21.7 -14.3
(-15.1) (-20.1)

N-cyano -226.3 -222.3 -229.0 -11.5 -8.2 -10.3 -3.1 -17.7 -20.7 -13.5
Z N-imino -224.8 -220.0 -215.2 -23.3 -8.4 -10.9 2.8 -18.8 -21.7 -14.7

(-16.2) (-20.1)
N-cyano -233.8 -220.6 -230.0 -11.8 -9.1 -11.6 1.8 -10.9 -23.1 -7.3

Figure 4. N sites in FDM*CN.

TABLE 5: Gibbs Free Energies of Protonation and
Hydrogen-Bond Formation (Gprot, GHB/neut, and GHB/prot in
kcal mol-1) Calculated in the Gas Phase for theN-Imino
and N-Cyano Sites in E-FDM*CNa

HF/6-31G* HF/6-31G* BSSE

isomer basic site Gprot GHB-neut GHB-prot GHB-neut GHB-prot

E N-imino -201.2 7.6 -4.5 4.8 -7.2
N-cyano -211.5 4.9 -4.7 2.8 -6.5

a Thermodynamic corrections included.
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complexes with one water molecule [GHB-neut(N-imino) - GHB-

neut(N-cyano)) 2.7 kcal mol-1] is of the same order of magnitude
as experimentally obtained for 4-fluorophenol (g2.2 kcal
mol-1). Slightly smaller difference give the BSSE energies (2.0
kcal mol-1). This comparison indicates that the HF/6-31G*
method is also suitable for prediction of the preferred basic site
in polyfunctional nitrogen bases in the hydrogen-bonding
reaction.

Conclusions

Calculations performed by RHF, MP2, and DFT/B3LYP me-
thods with the 6-31G* basis set for each potential basic site
(N-imino andN-cyano) of Me2N-CHdN-CtN (FDM*CN)
in the proton-transfer and hydrogen-bonding reactions indicate
that theN-cyano site is more basic than theN-imino one for
both reactions in the gas phase. The experimental gas-phase
basicity value (GB 204.9 kcal mol-1) is close to that calculated
for theN-cyano site in the E isomer (the most stable at the HF/
6-31G* level) of FDM*CN (GB 203.8 kcal mol-1) and larger
by 11.4 kcal mol-1 than that of theN-imino site (GB 193.5
kcal mol-1). Good agreement of the computational and experi-
mental results indicates that the HF/6-31 G* method can be
used for prediction of the preferred basic site in polyfunctional
nitrogen bases in the gas phase. In an aqueous solution, cal-
culations with the PCM model confirm that theN-imino atom
is the preferred basic site in FDM*CN. In the E isomer of FD-
M*CN, its basicity is by 8 kcal mol-1 larger than the other one.
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