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ABSTRACT: N-Methyl-2-methoxymethylanilines 1 bearing vari-
ous 5-substituted-pyrimidin-2-yl groups were prepared, and their
rotational behaviors were explored in detail. It was revealed that
the rotational barriers around two N−Ar bonds increase in
proportion to the electron-withdrawing ability of substituents X at
the 5-position.

■ INTRODUCTION

Some kinds of diarylamine derivatives have been known to
exhibit unique structural properties.1 For example, Kawabata
and Clayden reported that diarylamines I and II possess
atropisomerism (N−C axial chirality) owing to the rotational
restriction around an N−Ar bond (Figure 1).1 For the stable
atropisomeric structures in I and II, the formation of
intramolecular hydrogen bonding and bulky ortho-substituents
are required, respectively.

We also found that N-aryl-2-tert-butyl-6-methylanilines III
have an atropisomeric structure (Figure 1).2 In anilines III, it
was revealed that the rotational stability depends significantly
on the electronic effect of para-substituents X. That is, the
rotational barriers around an N−C chiral axis increased with an
increase in the electron-withdrawing ability of X.2 Further-
more, on the basis of this structural property due to the
electronic effect, we succeeded in the development of acid-
decelerated molecular rotors with N-(pyridin-4-yl)-2-iso-
propylanilines IV (proton brakes, Figure 1).3−5 The addition
of MeSO3H to N−pyridyl derivative IV led to the selective
protonation of the pyridine nitrogen atom, resulting in a
significant brake (5.5−5.7 kcal mol−1) on rotation about both
N−Ar bonds.3 In the protonated species IV-H+, the double
bond character around an N−pyridinium bond is increased by
the strong resonance of the lone electron pair on the aniline
nitrogen to the electron-withdrawing pyrimidinium ring,
leading to a significant increase in the rotational barrier. The
double bond character around an N−pyridinium bond also
caused an increase in the rotational barrier around another N−
Ar [N-(2-i-Pr)C6H4] bond (relayed proton brake).
The analysis of the rotation about two N−Ar bonds in

diarylamines such as the relayed proton brake IV is rare in
comparison with that about a single N−Ar bond.1b,d Especially,
to the best of our knowledge, there have been no systematic
studies on the relation between the rotational behaviors
around two N−Ar bonds and the electronic effects. Also, in the
medicinal drugs bearing a diarylamine skeleton,6 it has been
pointed out that the dynamic atropisomerism around the two
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Figure 1. Rotational behavior of diarylamine derivatives.
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N−Ar bonds are important for binding with the drug
receptor.1c Thus, studies on the rotational behavior about
two N−Ar bonds in diarylamines are meaningful from the
viewpoint of not only structural organic chemistry but also
medicinal chemistry.
In this article, we report the rotational behavior of N-methyl-

2-methoxymethylanilines 1 bearing various 5-substituted-
pyrimidin-2-yl groups (Figure 1). Two N−Ar bonds in anilines
1 possess suitable rotational barriers for a variable-temperature
nuclear magnetic resonance spectroscopy (VT-NMR) experi-
ment, and through the subsequent line-shape simulation and
Hammett plot, it was found that the electronic effects and the
rotational barriers were closely correlated.

■ RESULTS AND DISCUSSION

In the course of study on N−C axially chiral anilines III, we
found the interesting rotational behavior of N-(4-substituted-
phenyl)-ortho-iso-propylanilines V (Figure 2).2 In 1H NMR
spectra (at rt. in CDCl3) of 4-amino-derivative VA, two methyl
hydrogens of iso-propyl group were observed as an equivalent
signal, while those in 4-nitro-derivative VG were detected as
non-equivalent signals.2 The non-equivalency of two methyl
groups in VG suggests the rotational restriction about the N-
(2-i-Pr)C6H4 bond on the NMR time scale (the formation of
dynamic axial chirality). On the other hand, the aromatic
hydrogens Ha and Hb (Hc and Hd) on 4-substituted phenyl
groups showed an equivalent signal in not only VA but also

Figure 2. 1H NMR signals and rotational behavior of diarylamine derivatives III and 1.

Scheme 1. Synthesis of N-methyl-2-methoxymethylanilines 1a−g bearing various 5-substituted-pyrimidyl groups

Figure 3. 1H-NMR signals of pyrimidine and methylene hydrogens in 1a−g in Cl2CD−CDCl2.
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VG.2 This result indicates that the rotation about the N-(4-
X)C6H4 bond in anilines V occurs very quickly. Indeed,
although the rotational barrier values about the N-(2-i-
Pr)C6H4 bond in VA and VG could be evaluated, that about
the N-(4-NH2)C6H4 bond in aniline VA was difficult to be
evaluated because the rotational barrier was too low.
As diarylamine probe substrates for exploring the rotational

behavior about two N−Ar bonds, we designed N-methyl-N-(5-
substited-pyrimidin-2-yl)-2-methoxymethylanilines 1 (Figure
2). This was for the following reasons: (1) various N-(5-
substituted-pyrimidin-2yl)aniline derivatives 1a-g can be easily
prepared, (2) the pyrimidine hydrogens and the methylene
hydrogens of the methoxymethyl (MOM) group can act as
sensors for monitoring the rotational behavior around the N−
pyrimidyl and N−Ph bonds, respectively (under cooling, the
equivalent hydrogens in the two sensors should become non-
equivalent as a result of the rotational restriction about N−Ar
bonds), (3) the line-shape simulation is straightforward to
achieve because 1H NMR signals of pyrimidine and methylene
hydrogens are simple and do not overlap with other hydrogen
signals, (4) the pyrimidine would lead to a suitable range of
rotational barriers for VT-NMR experiments, as we have
already disclosed for pyridine derivatives IV,7 and (5) the
steric size of the ortho-MOM group is appropriate for
evaluating the rotational barriers about the N−Ph bond
through a VT-NMR experiment (the enantiomer separation
such as N−C axially chiral anilines III is not required).
N−Pyrimidyl anilines 1a−g bearing various substituents (X

= NH2, MeO, Me, H, Cl, CO2Et, and NO2) were prepared
from commercially available 2-methoxymethylaniline and 2-

chloropyrimidine derivatives in accordance with the reaction
pathway shown in Scheme 1.
Subsequently, 1H NMR spectra of the prepared N−

pyrimidyl anilines 1a−g were measured in Cl2CD−CDCl2.
The NMR signals of pyrimidine and methylene hydrogens in
1a−g are shown in Figure 3. Pyrimidine hydrogens (Ha and
Hb) of amino-derivative 1a were detected as a sharp singlet
signal. The Ha and Hb signals were gradually broadened and
shifted to high frequency as the electron-donating ability of
substituent X (1b−d) decreased. In chloro-derivative 1e
possessing a negative inductive effect, significant broadening
of Ha and Hb was observed. Ha and Hb of ester-derivative 1f
possessing a negative mesomeric effect showed non-equivalent
signals as well as a remarkable high frequency shift. In nitro-
derivative 1g with the strongest electron-withdrawing charac-
ter, the non-equivalency of Ha and Hb signals was fully
achieved. These results clearly show that the rotational rate
about the N−pyrimidyl bond decreases as the electron-
withdrawing ability of substituent X increases.
A similar trend was also observed in methylene hydrogens

(Hc and Hd, Figure 3). The Hc and Hd signals in amino-
derivative 1a showed a sharp and equivalent signal, while their
broadening was observed as the electron-donating ability of
substituents X (1b−d) decreased. In chloro-derivative 1e, Hc
and Hd were detected as two broad signals. Hc and Hd in
ester- and nitro-derivatives 1f,g showed an A,B-quartet,
indicating the rotational restriction about an N-phenyl bond
(these are due to the formation of N−C axial chirality on an
NMR time scale). Thus, a good correlation between the
electronic effect of substituents X and the rotational behavior

Figure 4. VT-NMR chart of pyrimidyl and methylene hydrogens in anilines 1a and 1g in Cl2CD−CDCl2.
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about two N−Ar bonds was demonstrated through the
preliminary 1H NMR measurements.
The VT-NMR experiments based on Ha−Hd in 1a−g were

further conducted in Cl2CD−CDCl2 for evaluating the exact
rotational barriers about the two N−Ar bonds. The VT-NMR
spectra in 1a (X = NH2) and 1g (X = NO2) are shown in
Figure 4 (on the VT-NMR chart of 1b−f, see SI). Ha, Hb and
Hc, Hd in 1a, which were detected as a sharp singlet signal
around rt. (300 K), showed a gradual broadening with
decreasing temperature. Although the non-equivalency of Ha,
Hb and Hc, Hd was not fully achieved even at 220 K, the
change in Ha−Hd signals satisfied the requirement for the line-
shape simulation. In 1g, non-equivalent Ha, Hb and Hc, Hd
signals around rt. (300 K) were broadened with increasing
temperature and were coalesced around 370 K.
On the basis of the VT-NMR spectra of 1a−g, the line-shape

simulation with WinDNMR was subsequently performed,8 and
the rotational barriers around the two N−Ar bonds were
evaluated. These experimental barrier values are shown in
Table 1 (fourth and fifth columns). The experimental values

clearly show that the rotational barriers about both N−Ar
bonds increase as the electron-withdrawing character of the
substituent X increases.9 In all anilines 1a−g, the barrier values
about an N−Ph bond were higher than those about an N−
pyrimidyl bond (ΔG‡

N−PhΔG‡
N−Py = 1.3−2.3 kcal mol−1,

entries 1−7). The low energy process corresponding to the
N−pyrimidyl rotation in 1a (X = NH2, ΔG‡

N−Ph − ΔG‡
N−Py =

1.8 kcal mol−1) is ca. 60 times more rapid than the N-phenyl
rotation. For the 4-NO2-pyrimidyl derivative 1g (ΔG‡

N−Ph −
ΔG‡

N−Py = 1.3 kcal mol−1), the pyrimidyl rotation is still ca. 7
times more rapid than the phenyl rotation (all rate constants
are given in Supporting Information). The appealing concept
of concerted rotation is not working in our compounds 1.10

Furthermore, the differences in rotational barriers about two
N−Ar bonds between 1a (X = NH2) and 1g (X = NO2) were
found to be larger (ΔΔG‡ in N−pyrimidyl and N−Ph bonds =
7.1 and 6.6 kcal mol−1, entries 1 and 7) than that of N−C
axially chiral anilines III (X = NH2 and NO2, ΔΔG‡ of the
chiral axis = 4.6 kcal mol−1, Figure 1).
The Hammett plots based on these experimental barrier

values are shown in Figure 5 (the upper graph). In both N−Ph
and N−pyrimidyl bonds, the rotational barriers in 1a−g
correlated well with σp constants (R2 = 0.97 and 0.96). The
slope of the correlation lines with Hammett’s parameters
accounts for the sensitivity to substituents in the considered
process. The slope values (4.85 and 5.16) for the rotation
about both N−Ar bonds in 1 were higher than that (3.15) for

the rotation about an N−Ar bond in III. This result shows that
the two N−Ar bonds in 1 are more sensitive than the N−Ar
bond in III in terms of the electronic effect. In addition, the
slope (5.16) of the linear plot for the N−pyrimidyl bond
rotation is similar to that (4.85) for the N−Ph bond rotation,
suggesting the existence of a relayed process between the two
aryl rotations. In other words, the electronic effect of
substituents X is transmitted to the remote N−Ph bond via
the N−pyrimidyl bond.
We also calculated the rotational barriers about two N−Ar

bonds through the DFT method (sixth and seventh columns in
Table 1) and subsequently constructed their Hammett plots
(the bottom graph in Figure 5). Although the calculated values
are somewhat different from the experimental values, the
change in the rotational barriers and Hammett’s linear plots
showed a similar trend. That is, the calculated barrier values
correlated well with the electronic character of substituents X,
and linear slopes about the N−Ph and N−pyrimidyl bonds
obtained by the Hammett plots (6.18 and 6.45) mimic the
experimental ones with a higher sensitivity to the substituent
effect.
On the basis of the structural analysis by a DFT method as

well as Table 1 and Figure 5, the rotational mechanism about
two N−Ar bonds in 1a−g would be able to be rationalized as
follows. The most stable conformers in the ground state, which
were evaluated by the DFT calculation, are similar in all aniline
substrates 1a−g (Figure 6). The pyrimidine ring lies in a
coplanar of the C1−N−Me plane, while the 2-methoxyme-
thylphenyl group is largely twisted. This suggests that a lone
electron pair on the nitrogen atom is preferentially donated to

Table 1. Rotational Barriers about Two N−Ar Bonds

entry 1 X
experimental ΔG‡

(kcal mol−1)
calculated ΔG‡ (kcal

mol−1)a

N−pyrimidyl N−Ph N−pyrimidyl N−Ph
1 1a NH2 10.3 12.1 9.5 13.8
2 1b OMe 11.0 12.9 10.4 14.9
3 1c Me 11.9 14.0 11.9 16.5
4 1d H 12.7 15.0 12.9 17.6
5 1e Cl 13.6 15.5 13.2 17.8
6 1f CO2Et 15.5 17.4 16.1 20.6
7 1g NO2 17.4 18.7 18.6 22.4
aBarrier values were evaluated by density functional theory (DFT)
calculation [B3LYP/6-31+G(d,p) level].

Figure 5. Hammett plots based on experimental (up) and calculated
(down) barrier values around two N−Ar bonds in 1a−g.
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the pyrimidyl group but not to the 2-methoxymethylphenyl
group. The transition state structures (1-TS-1) in N−
pyrimidyl bond rotation are also similar in all anilines 1a−g.
In the transition state (1-TS-1), since the hybridization of the
nitrogen atom changes character from sp2 to sp3 resulting in
the disappearance of the resonance stabilization, the rotational
barriers around the N−pyrimidyl bond should increase in
proportion to the electron-withdrawing ability of substituents
X.
In contrast to the N−pyrimidyl bond, the rotational

behavior about the N−Ph bond was heavily dependent on
the substituents X. The N−Ph bond rotation in 1a−e occurs
via a pathway (1-TS-2A) in which the ortho-MOM group
passes through the pyrimidine side, while in 1e and 1g bearing
ester and nitro groups, another pathway (1-TS-2B), in which
the MOM group passes through the Me group side, is
preferred. In 1-TS-2A, the steric repulsion with the MOM
group should be alleviated by the large twisting of the
pyrimidyl group. On the other hand, the energy for the twisting
increases as the double bond character about the N−pyrimidyl
bond increases, leading to the increase in the rotational barriers
around the N−Ph bond (the barriers to the N−Ph bond
rotation correlate well with the electronic effect of substituents
X). In ester and nitro-derivatives 1e,g bearing a negative
mesomeric effect, since the large twisting of the pyrimidyl
group results in considerable instability because of the strong
double bond character about the N−pyrimidyl bond, N−Ph
bond rotation may occur via 1-TS-2B but not 1-TS-2A (the
nitrogen atom in 1-TS-2B has a planar structure).

■ CONCLUSIONS
We revealed that N-(5-substituted-pyrimidin-2-yl)-N-methyl-
2-methoxymethylanilines are an excellent probe substrate for
exploring the rotational behavior around two N−Ar bonds in

diarylamines. The rotational barriers around two N−Ar bonds
in the aniline substrates bearing various C5 substituents on a
pyrimidine ring were evaluated by VT-NMR followed by line-
shape simulation. The evaluated barrier values correlated well
with the electronic effect (Hammett’s σp constants) of C5
substituents and increased in proportion to their electron-
withdrawing ability. Furthermore, it was found that the two
linear slopes obtained by Hammett plots of the barrier values
around two N−Ar bonds were similar. This result and the
transition state structures estimated by DFT calculation show
that the N−Ph bond rotation is significantly influenced by N−
pyrimidyl bond rotation (relayed rotational mechanism). The
present study would also provide a beneficial insight for the
design of rotationally stable N−C axially chiral aniline
derivatives.11

■ EXPERIMENTAL SECTION
Melting points were recorded on a melting point apparatus and are
uncorrected. 1H and 13C NMR spectra were recorded on 400 or 500
MHz spectrometers. Chemical shifts δ are given in ppm and coupling
constants J in Hz. 1H and 13C NMR chemical shifts were determined
using residual signals of the deuterated solvents: deuterated
tetrachloroethane (1H δ = 6.00 ppm, 13C δ = 73.78 ppm). HRMS
spectra were recorded on a double focusing magnetic sector mass
spectrometer using ESI-TOF. Column chromatography was per-
formed on silica gel (75−150 μm).

N-Methyl-N-(5-nitropyrimidin-2-yl)-2-methoxymethylani-
line (1g). Under a N2 atmosphere, to 2-methoxymethylaniline (174
mg, 1.27 mmol) in DMF (1.5 mL) were added NaH (60% assay, 102
mg, 2.55 mmol) and subsequently 2-chloro-5-nitropyrimidine (203
mg, 1.27 mmol). After being stirred for 3 h at room temperature, the
mixture was poured into aqueous NH4Cl solution and extracted with
AcOEt. The AcOEt extracts were washed with brine, dried over
Na2SO4, and evaporated to dryness. Purification of the residue by
column chromatography (hexane/AcOEt = 10) gave N-(5-nitro-
pyrimidin-2-yl)-2-methoxymethylaniline containing impurity. Under a
N2 atmosphere, to NaH (60% assay, 50 mg, 1.27 mmol) in DMF (3.0
mL) were added the abovementioned N-(5-nitropyrimidin-2-yl)-2-
methoxymethylaniline and subsequently iodomethane (47 μL, 0.76
mmol). After being stirred for 4 h at room temperature, the mixture
was poured into aqueous NH4Cl solution and extracted with AcOEt.
The AcOEt extracts were washed with brine, dried over Na2SO4, and
evaporated to dryness. Purification of the residue by column
chromatography (hexane/AcOEt = 5) gave 1g (145 mg, total 42%).
1g: yellow solid; mp 104−106 °C; IR (neat) 2926 cm−1; 1H NMR
(400 MHz, CDCl2−CDCl2) δ: 9.21 (1H, d, J = 3.3 Hz), 8.96 (1H, d,
J = 3.3 Hz), 7.57 (1H, m), 7.41−7.46 (2H, m), 7.21 (1H, m), 4.27
(1H, d, J = 12.3 Hz), 4.23 (1H, d, J = 12.3 Hz), 3.57 (3H, s), 3.31
(3H, s); 13C{1H} NMR (100 MHz, CDCl2−CDCl2) δ: 162.0, 154.9,
154.6, 141.9, 135.2, 134.1, 129.5, 129.4, 128.1, 127.1, 70.7, 58.5, 39.6;
MS (ESI-TOF) m/z: [M + Na]+ 297; HRMS (ESI-TOF) m/z: [M +
Na]+ Calcd for C13H14N4NaO3 297.0964; Found 297.0958.

N-(5-Aminopyrimidin-2-yl)-N-methyl-2-methoxymethylani-
line (1a). Under a H2 atmosphere, the mixture of 1g (145 mg, 0.53
mmol) and 5% Pd−C (50 mg) in MeOH (2.0 mL) and THF (3.0
mL) were stirred for 3 h at room temperature. AcOEt was added to
the mixture, and then Pd-C was removed through filtration. After
evaporation to dryness, purification of the residue by column
chromatography (AcOEt only) gave 1a (108 mg, 84%). 1a: brown
solid; mp 136−137 °C; IR (neat) 3364 cm−1; 1H NMR (400 MHz,
CDCl2−CDCl2) δ: 7.96 (2H, s), 7.54 (1H, dd, J = 7.4, 1.9 Hz), 7.30−
7.38 (2H, m), 7.20 (1H, dd, J = 7.6, 1.4 Hz), 4.27 (2H, s), 3.38 (3H,
s), 3.32 (3H, s), 3.22 (2H, brs); 13C{1H} NMR (100 MHz, CDCl2−
CDCl2) δ: 157.1, 146.0, 144.1, 136.5, 131.2, 128.7, 128.4, 127.8,
126.4, 70.5, 58.4, 38.8; MS (ESI-TOF) m/z: [M + H]+ 245; HRMS
(ESI-TOF) m/z: [M + H]+ Calcd for C13H17N4O: 245.1402; Found
245.1428.

Figure 6. Structural analysis of the ground state and the transition
state about the N−Ar bond rotation based on a DFT calculation
[B3LYP/6-31+G(d,p)] level.
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N-Methyl-N-(5-methoxypyrimidin-2-yl)-2-methoxymethyla-
niline (1b). Under a N2 atmosphere, Pd(OAc)2 (4 mg, 0.018 mmol)
and rac-BINAP (22 mg, 0.035 mmol) in toluene (2.0 mL) were
stirred at 10 min at room temperature. 2-Methoxymethylaniline (61
mg, 0.44 mmol), t-BuONa (64 mg, 0.66 mmol), and 2-chloro-5-
methoxymethylpyrimidine (64 mg, 0.44 mmol) were added to the
mixture, and then the mixture was stirred for 3 h at 130 °C (oil bath).
The mixture was poured into aqueous NH4Cl solution and extracted
with AcOEt. The AcOEt extracts were washed with brine, dried over
Na2SO4, and evaporated to dryness. Purification of the residue by
column chromatography (hexane/AcOEt = 5) gave N-(5-methox-
ypyrimidin-2-yl)-2-methoxymethylaniline containing impurity. Under
a N2 atmosphere, to NaH (60% assay, 18 mg, 0.44 mmol) in DMF
(2.5 mL) were added the abovementioned N-(5-methoxypyrimidin-2-
yl)-2-methoxymethylaniline and subsequently iodomethane (17 μL,
0.26 mmol). After being stirred for 4 h at room temperature, the
mixture was poured into aqueous NH4Cl solution and extracted with
AcOEt. The AcOEt extracts were washed with brine, dried over
Na2SO4, and evaporated to dryness. Purification of the residue by
column chromatography (hexane/AcOEt = 5) gave 1b (36 mg, total
32%). 1b: brown oil; IR (neat) 2926 cm−1; 1H NMR (500 MHz,
CDCl2−CDCl2) δ: 8.11 (2H, s), 7.55 (1H, d, J = 7.1 Hz), 7.33−7.40
(2H, m), 7.21 (1H, d, J = 7.1 Hz), 4.29 (2H, s), 3.81 (3H, d, s), 3.41
(3H, s), 3.33 (3H, s); 13C{1H} NMR (100 MHz, CDCl2−CDCl2) δ:
157.4, 146.3, 144.8, 144.0, 136.4, 128.7, 128.5, 127.7, 126.6, 70.6,
58.4, 56.7, 38.9; MS (ESI-TOF) m/z: [M + Na]+ 282; HRMS (ESI-
TOF) m/z: [M + Na]+ Calcd for C14H17N3NaO2: 282.1219; Found
282.1246.
N-Methyl-N-(5-methylpyrimidin-2-yl)-2-methoxymethylani-

line (1c). Under a N2 atmosphere, Pd(OAc)2 (4.3 mg, 0.02 mmol)
and (tert-Bu)3P (11 μL, 0.05 mmol) in toluene (1.0 mL) were stirred
at 10 min at room temperature. 2-Methoxymethylaniline (66 mg, 0.48
mmol), t-BuONa (69 mg, 0.72 mmol), and 2-chloro-5-methylpyr-
imidine (61 mg, 0.48 mmol) were added to the mixture, and then the
mixture was stirred for 23 h at 130 °C (oil bath). The mixture was
poured into aqueous NH4Cl solution and extracted with AcOEt. The
AcOEt extracts were washed with brine, dried over Na2SO4, and
evaporated to dryness. Purification of the residue by column
chromatography (hexane/AcOEt = 5) gave N-(5-methylpyrimidin-
2-yl)-2-methoxymethylaniline containing impurity. Under a N2
atmosphere, to NaH (60% assay, 21 mg, 0.52 mmol) in DMF (2.5
mL) were added the abovementioned N-(5-methylpyrimidin-2-yl)-2-
methoxymethylaniline and subsequently iodomethane (19 μL, 0.31
mmol). After being stirred for 3 h at room temperature, the mixture
was poured into aqueous NH4Cl solution and extracted with AcOEt.
The AcOEt extracts were washed with brine, dried over Na2SO4, and
evaporated to dryness. Purification of the residue by column
chromatography (hexane/AcOEt = 5) gave 1c (60 mg, total 51%).
1c: brown oil; IR (neat) 2922 cm−1; 1H NMR (400 MHz, CDCl2−
CDCl2) δ: 8.17 (2H, s), 7.56 (1H, dd, J = 7.1, 1.9 Hz), 7.33−7.40
(2H, m), 7.21 (1H, dd, J = 7.1, 1.9 Hz), 4.28 (2H, s), 3.41 (3H, s),
3.32 (3H, s), 2.13 (3H, s); 13C{1H} NMR (100 MHz, CDCl2−
CDCl2) δ: 160.3, 157.7, 143.7, 136.4, 128.7, 128.5, 127.8, 126.6,
118.7, 70.6, 58.4, 38.6, 14.6; MS (ESI-TOF) m/z: [M + H]+ 244;
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C14H18N3O: 244.1450;
Found 244.1436.
N-Methyl-N-(pyrimidin-2-yl)-2-methoxymethylaniline (1d).

N-(Pyrimidin-2-yl)-2-methoxymethylaniline was prepared from 2-
methoxymethylaniline (614 mg, 4.5 mmol) and 2-bromopyrimidine
(712 mg, 4.5 mmol) in accordance with the experimental procedure
for the synthesis of 1b. Purification of the residue by column
chromatography (hexane/AcOEt = 10) gave N-(pyrimidin-2-yl)-2-
methoxymethylaniline containing impurity. 1d was prepared from the
abovementioned N-(pyrimidin-2-yl)-2-methoxymethylaniline in ac-
cordance with the experimental procedure for N-methylation in 1b.
Purification of the residue by column chromatography (hexane/
AcOEt = 2) gave 1d (410 mg, total 40%). 1d: yellow oil; IR (neat)
2924 cm−1; 1H NMR (400 MHz, CDCl2−CDCl2) δ: 8.33 (2H, brs),
7.56 (1H, dd, J = 7.3, 1.8 Hz), 7.34−7.41 (2H, m), 7.23 (1H, dd, J =
7.3, 1.8 Hz), 6.59 (1H, t, J = 4.3 Hz), 4.30 (1H, s), 4. 27 (1H, s), 3.44

(3H, s), 3.32 (3H, s); 13C{1H} NMR (100 MHz, CDCl2−CDCl2) δ:
161.5, 157.7, 143.4, 136.3, 128.8, 128.6, 127.8, 126.9, 110.4, 70.6,
58.4, 38.6; MS (ESI-TOF) m/z: [M + H]+ 230; HRMS (ESI-TOF)
m/z: [M + H]+ Calcd for C13H16N3O: 230.1293; Found 230.1280.

N-(5-Chloropyrimidin-2-yl)-N-methyl-2-methoxymethylani-
line (1e). N-(5-Chloropyrimidin-2-yl)-2-methoxymethylaniline was
prepared from 2-methoxymethylaniline (139 mg, 1.0 mmol) and 2,5-
dichloropyrimidine (153 mg, 1.0 mmol) in accordance with the
experimental procedure for the synthesis of 1b. Purification of the
residue by column chromatography (hexane/AcOEt = 5) gave N-(5-
chloropyrimidin-2-yl)-2-methoxymethylaniline containing impurity.
1e was prepared from the abovementioned N-(5-chloropyrimidin-2-
yl)-2-methoxymethylaniline in accordance with the experimental
procedure for N-methylation in 1b. Purification of the residue by
column chromatography (hexane/AcOEt = 5) gave 1e (50 mg, total
19%). 1e: brown oil; IR (neat) 2924 cm−1; 1H NMR (400 MHz,
CDCl2−CDCl2) δ: 8.26 (2H, brs), 7.56 (1H, dd, J = 7.1, 1.9 Hz),
7.34−7.42 (2H, m), 7.20 (1H, dd, J = 7.1, 1.9 Hz), 4.30 (1H, d, J =
10.9 Hz), 4.25 (1H, d, J = 10.9 Hz), 3.42 (3H, s), 3.33 (3H, s);
13C{1H} NMR (100 MHz, CDCl2−CDCl2) δ: 159.8, 155.9, 143.0,
136.1, 129.0, 128.9, 127.6, 127.2, 118.9, 70.5, 58.4, 38.9; MS (ESI-
TOF) m/z: [M + H]+ 264; HRMS (ESI-TOF) m/z: [M + H]+ Calcd
for C13H15ClN3O: 264.0904; Found 264.0894.

N-(5-Ethoxycarbonylpyrimidin-2-yl)-N-methyl-2-methoxy-
methylaniline (1f). Under a N2 atmosphere, Pd(OAc)2 (9 mg, 0.04
mmol) and (tert-Bu)3P (23.5 μL, 0.1 mmol) in toluene (3.0 mL) were
stirred at 5 min at room temperature. 2-Methoxymethylaniline (137
mg, 1.0 mmol), K3PO4 (318 mg, 1.5 mmol), and 2-chloro-5-
ethoxycarbonylpyrimidine (187 mg, 1.0 mmol) were added to the
mixture, and then the mixture was stirred for 5 h at 130 °C (oil bath).
The mixture was poured into aqueous NH4Cl solution and extracted
with AcOEt. The AcOEt extracts were washed with brine, dried over
Na2SO4, and evaporated to dryness. Purification of the residue by
column chromatography (hexane/AcOEt = 15) gave N-(5-ethox-
ycarbonylpyrimidin-2-yl)-2-methoxymethylaniline containing impur-
ity. 1f was prepared from the abovementioned N-(5-ethoxycarbo-
nylpyrimidin-2-yl)-2-methoxymethylaniline in accordance with the
experimental procedure for N-methylation in 1b. Purification of the
residue by column chromatography (hexane/AcOEt = 10) gave 1f
(42 mg, total 14%). 1f: brown oil; IR (neat) 2930, 1711 cm−1; 1H
NMR (400 MHz, CDCl2−CDCl2) δ: 8.99 (1H, s), 8.75 (1H, s), 7.56
(1H, dd, J = 6.6, 2.4 Hz), 7.37−7.43 (2H, m), 7.21 (1H, dd, J = 6.6,
2.4 Hz), 4.32 (2H, q, J = 7.1 Hz), 4.27 (1H, d, J = 12.3 Hz), 4.23 (1H,
d, J = 12.3 Hz), 3.50 (3H, s), 3.31 (3H, s), 1.35 (3H, t, J = 7.1 Hz);
13C{1H} NMR (100 MHz, CDCl2−CDCl2) δ: 164.7, 162.4, 159.8,
159.6, 142.5, 135.8, 129.1, 129.0, 127.50, 127.47, 113.3, 70.6, 60.7,
58.4, 39.0, 14.3; MS (ESI-TOF) m/z: [M + H]+ 302; HRMS (ESI-
TOF) m/z: [M + H]+ Calcd for C16H20N3O3: 302.1505; Found
302.1479.
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