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Abstract: Density functional theory has been employed to investigate the effects of hydrogen bonding on the
aminolysis of 6-chloropyrimidine, i.e., the reaction of Nkvith 6-chloropyrimidine to give HCl and
6-aminopyrimidine. The isolated aminolysis of 6-chloropyrimidine requires 138.1 kd'niblkhe electron-
donating species #€0 is hydrogen bonded to the Nkhoiety during aminolysis, the barrier is reduced to
112.2 kJ motl. When HNCHO is added to NI+ 6-chloropyrimidine, the electron-donatirgCHO group

is able to hydrogen bond to the Nlsoiety while the electron-acceptingNH, group hydrogen bonds to the

N of the pyrimidine ring that is adjacent to the carbon at which substitution occurs. This results in the barrier
to aminolysis of 6-chloropyrimidine being reduced to 95.3 kJthdlhus, the aminolysis of 6-chloropyrimidine,

as mediated by hydrogen bonding, provides a clear and simple example of the catalytic possibilities of well-
chosen hydrogen bonding.

Introduction Scheme 1.Schematic Illustration of the Aminolysis of

6-Chloropyrimidine

The use of hydrogen bonds in enzymes and supramolecular a NH
2

chemistry to bind substrates in favorable reaction positions and
to stabilize reaction intermediates and transition structures, thus C C
- . . . . . N/ N/
assisting in accelerating reactions, is now well establidhgd. o] i - I . HO
C C H

It has also been suggested that hydrogen bonds may in fact be\Hs i .
able to “activate” some species, thus enhancing their reactfvity. Y N
Recently, Tominaga, Konishi, and Aldaeported the catalysis

of aminolysis of 6-chloropurine and related species by deriva- Computational Methods

tives of the nucleobase uracil. The reactions were performed in
the nonpolar solvent, benzene. This catalytic behavior was
proposed to occur as a result of multiple hydrogen-bonding
interactions between the uracils and 6-chloropurine derivatives,

giving rise tQ_a reactive intermediate and possible stabilization geometrie¥ were obtained using the B3-LYP functional in conjunction
of the transition structure. with the 6-31G(d,p) basis set. Harmonic vibrational frequencies and

In this present study, density functional theory is employed zero-point vibrational energy (ZPVE) corrections were also calculated
to provide a rationalization for the role of the hydrogen-bonding at this level of theory. Relative energies were calculated by performing
interactions, by considering the model reaction: aminolysis of single point energy calculations at the B3-LYP/6-313(2df,p) level
6-chloropyrimidine, Scheme 1. Possible solvent effects have also
been considered.

Density functional theory calculations were carried out using the
Gaussian 98 suite of programs. The B3 exchange functiolidt,as
implemented in GAUSSIAN 98 was used in combination with the
correlation functional of Lee, Yang, and Parr (LY®)Optimized
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Figure 1. Schematic energy profile for the “isolated” aminolysis of  Figure 2. Schematic energy profile for aminolysis of 6-chloropyrim-
6-chloropyrimidine (see text). idine, with H,CO hydrogen bonded to the Nhhoiety (see text).
using the above geometries and corrected with the appropriate ZPVE, 2001 YT — T35
i.e., B3-LYP/6-311G(2df,p)//B3-LYP/6-31G(d,p} ZPVE. All bond " (k) mol™) /
lengths are in angstroms (A) unless otherwise specified. Optimized 150k 1.sss\c'~\ S
structures and charges on atoms in the various transition structures (from r AN N ]
Mulliken population analyses) are given in Table S1 and Figure S1, r 1766 PN N—ch 2
respectively, of the Supporting Information. 100[_ % 1~9‘f/ HCI ]
The effects of the solvent on the aminolysis reactions were r H' HIN/'
investigated using the Onsager mo#felwo solvents were consid- r o ' \gv“\\'m
ered: benzene with a dielectric constant of 2.28, and water with a 501 = Il o=t 5
dielectric constant of 78.34. The results are summarized in Figures S2 [ 5 Cl-CNoH; - N H ]
and S3, respectively, of the Supporting Information. [ 234
0 N H,NCHO + HCI ]
Results and Discussion X . *"zN'E‘?;"s ]
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The “isolated” aminolysis of 6-chloropyrimidine (hereafter r "’c{\o‘ “C%NE\C“ '
denoted by CGFC4N,H3) is shown schematically in Figure 1. L HN 3¢
Initially, the reactants, N+ Cl—C4N2H3, can form hydrogen- -100 C
bonded complexa, lying just 5.4 kJ mot?! lower in energy. Figure 3. Schematic energy profile for aminolysis of 6-chloropyrim-
Aminolysis can then proceed viza with a sizable barrier of idine, with HFNCHO hydrogen bonded to both the Mlifoiety and
approximately 138.1 kJ mot, to eventually give HCH H,N— the pyrimidine ring (see text).
C4N2Hs3. The G--Cl and G--NHj3 distances irRa (see Figure
1) are 2.016 and 1.788 A, respectively. lower by 23.4 kJ moit. Aminolysis of C-C4N,H3 is then able

Based on the hydrogen-bonding motif of uracil, the effect O proceed vig2c with a substantially reduced barrier of just

on the above aminolysis reaction (see Scheme 1) of adding H 95-3 kJ mot™. In 2¢, H,NCHO is hydrogen bonded tooththe
CO or HN—CHO was considered. incoming NH; moiety, via a short and strong-GHN bond
Addition of H,CO, an electron-donating species, to \NH (1.766 A), and to N of the pyrimidine ring, by a short NHN
Cl—CaN,Hs (Figure 2) forms compleb, lying approximately bond (1.906 A_), see Figure 3. Bz, the G--Cl dlstgnce is shorter
8.5 kJ mot? lower in energy. If HCO remains bound to NH (1.889 A) while the €-NH; bond (1.838 A) is longer than

via an O+-H—N hydrogen bond, aminolysis of EC,N,H; can that found in2b, i.e., when HNCHO is used the transition

proceed viazb at a cost of 112.2 kJ mot, i.e., the barrier is ~ Structure occurs even earlier than whepCR is used (see
25.9 kJ mot™ less than that of the isolated system. From Figure 2P0Ve). Within2cwe note that the magnitude of the charges of

2 one can see that i2b the G--Cl bond (1.945 A) is shorter the leaving Cl and incoming N are smaller than those observed

while the G--NH3 bond (1.819 A) is longer than that calculated " 2b and2a (Figure S1). Thus, the electron-donatir@HO

for 2a (2.016 and 1.788 A, respectively). TheGD-+-HNH group promotes the electron-donating ability of N of the
hydrogen bond ir2b is remarkably strong with a quite short INcOming Nk moiety while, simultaneously, the electron-
O-+-H length of approximately 1.876 A. We also note that in 2¢CePting—NH; group stabilizes the negative charge of the N
2b, the charges on the leaving Cl and incoming N are smaller " the pyrimidine ring that is adjacent to the carbon at which
in magnitude than those found #a (Figure S1). This suggests ~ Substitution is occurring.

that if H,CO is hydrogen bonded to the NHnoiety, the As previously mentioned, Tominaga and co-workéisb-
transition structure for aminolysis occurs earlier, i.e., the served the catalytic behavior of uracils in benzene. Inclusion
electron-donating ability of N of the NHmoiety is enhanced of the effects of the solvent benzene on the above aminolysis
by hydrogen bonding to $CO. reactions by use of the Onsager mé#leésults in only minor

The HNCHO moiety contains both electron-donatirgGHO) dt_ecreases in the rea}ction barriers of less than 1 kJ'inste
and electron-accepting-(\NH,) groups. HNCHO interacts with Figure S2. The reaction barriers are decreased to a larger extent
NHs + Cl—C4N,H; (Figure 3) to form complesc, which lies when the polar solvent water is used. However, this decrease is
still only of the order of 1 to 2 kJ mol, see Figure S3. Thus,

(18) Onsager, LJ. Am. Chem. S0d.936 58, 1486. the effect of the solvent on the barrier to aminolysis is much
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less than that due to specific hydrogen-bonding interactions water is considered, the barriers for aminolysis are lowered by

between the uracil, 6-chloropyrimidine, and ammonia. 1 to 2 kJ mot™. These effects are much less than those observed
due to the specific strong hydrogen-bonding interactions noted
Conclusions above.

Thus, the aminolysis of 6-chloropyrimidine, as catalyzed by
The aminolysis of 6-chloropyrimidine has been investigated the hydrogen-bonding moieties;6O and HNCHO, provides
by use of the density functional theory method B3-LYP. a simple and clear example by which to illustrate the catalytic
The “isolated” aminolysis of 6-chloropyrimidine, i.e., without  possibilites of hydrogen bonds.
any additional neutral hydrogen-bonding moiety present, is
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