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ortho-Directed lithiation of some pyrimidines has been investigated. Treatment of 2- and/or 4-alkoxy or
acylaminopyrimidine with lithium 2,2,6,6-tetramethylpiperidide in ether at 0°, followed by quenching with
various electrophiles afforded the corresponding 5-substituted pyrimidines.
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It is well known that ortho-directed lithiation of
aromatics has been a powerful synthetic tool in organic
chemistry due to its high regioselectivity [2]. However it
suffers certain limitations in heteroaromatics except for
pyridine ring [3]. Particularly, in the pyrimidine system,
the lithiation has been carried out by halogen-lithium ex-
change [4] and there are few reports dealing with ortho-di-
rected lithiation of pyrimidine having an ortho-activating
group [5,6]. This paper describes the synthesis of 5-substi-
tuted pyrimidines through ortho-directed lithiation reac-
tions including a full account of the work mentioned in the
previous communication [1].

Treatment of an ether solution of 2,4-dimethoxypyrimi-
dine (1) [7] in anhydrous ether with 1.2 equivalents of lithi-
um diisopropylamide (LDA) at 0° for 5 minutes gave the
ortho-lithio derivative 2, which was quenched with benzal-
dehyde to afford the 5-substituted product 3a in 5% yield
with the recovery of the starting material (60%) (Scheme
1). Although the structure of 3a was speculated on the
basis of spectral data, mainly from an assignment of the
nuclear magnetic resonance (‘"H-nmr) spectra, final estab-
lishment was carried out by the identification with an au-
thentic sample, which was prepared by the halogen-
lithium exchange of 5-bromo-2,4-dimethoxypyrimidine [8],
followed by treatment with benzaldehyde. In order to
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elucidate the most effective conditions for the ortho-lithi-
ated intermediate, we examined under various conditions
changing the reaction temperature, solvent, and the lithi-
ating reagent. These results were summarized in Table 1,
and the best result was obtained using lithium 2,2,6,6-te-
tramethylpiperidide (LiTMP) [9] in ether at 0° (run 6).

Table 1
Yield of 3a Under Various Reaction Conditions

Runs Solvent  Base Reaction Yield
Temperature (°C) (%) [a]
1 Et,0 LDA b] -70 -[e]
2 Ei,O LDA -20 -
3 Et,O LDA 0 5
4 Et,O LDA rt 16
5 Et;0 LDA 40 24
6 Et,O LiTMP [d] 0 65
7 EtO LiTMP rt 52
8 Et,O LiTMP 40 24
9 THF LDA rt 20
10 THF LiTMP rt 24

[a] Isolated yield. [b] Lithium diisopropylamide. [c] Trace. [d] Lithium
2,2,6,6-tetramethylpiperidide.

Table 2
Reactions of 2,4-Dimethoxypyrimidine
with LiTMP and Various Electrophiles

Runs Electrophile Product Yield (%) [a]

1 PhCHO 3a 65
2 MeCHO 3b 44
3 CO, 3c [b] 30
4 Me,NCHO 3d 24
5 CICO,Et 3e 6
6 Me;SiCl 3f 41
7 AcOEt 3g 4

4 13

[a] Isolated yield. [b] After treatment with diazomethane.
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The reactivity of ortho-lithiated pyrimidine 2 with vari-
ous electrophiles such as acetaldehyde, carbon dioxide,
N,N-dimethylformamide (DMF), ethyl chloroformate, tri-
methylsilyl chloride, and ethyl acetate was investigated,
and the results are summarized in Table 2. In the reaction
of ethyl acetate, 5-acetyl-2,4-dimethoxypyrimidine (3g)
and an unexpected S-hydroxy-ester 4 were obtained in 4%
and 13% yields, respectively. 3-Hydroxyester 4 was pre-
sumably produced via the reaction of initially formed 3g
with ethyl lithioacetate.

Subsequently, in order to confirm the scope and limita-
tion of this methodology, we investigated in various pyri-
midines. These pyrimidines 6a-e were easily obtained
from uracil via 2,4-dichloropyrimidine (3). Thus, treat-
ments of 3 with an equivalent amount of the alkoxide gave
2-chloro-4-alkoxypyrimidines 6b,c, and two equivalents of
alkoxide gave 2,4-dialkoxypyrimidine (6a) respectively.
Dechlorination of 6b and 6¢ was achieved by the previous-
ly reported method [10], and 6f was obtained by the reac-
tion of 4-aminopyrimidine with pivaloyl chloride (Scheme
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The ortho-directed lithiation reaction was carried out
using LiTMP in ether and quenched with trimethylsilyl
chloride or benzaldehyde at 0° (Scheme 3), and these re-
sults were summarized in Table 3.

Regarding the substituted moiety on the pyrimidine
ring, the yields of ortho-substituted products of 2,4-disub-
stituted pyrimidines (runs 1-4) were better than those of

4-substituted pyrimidines (runs 5 and 6). These results in-
dicate that the substituent at the 2 position of the pyrimi-
dine ring plays an important role for the ortho-directed li-
thiation due to its inductive effect.

At the time when 4-pivaloylaminopyrimidine was lithi-
ated, the ortho-substituted product was not detectable at
all (run 8) and the 2-substituted product 8 was obtained in
11% yield. This result was easily understandable that the
steric hindrance between the pivaloyl group with LiTMP
inhibited the lithiation of the 5 position, therefore the
reaction was proceeded at the 2 position, which was
regarded to be the ortho position to both of the nitrogen
atoms in the pyrimidine ring [7].

Scheme 3
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Table 3
ortho-Directed Lithiation Reactions of Various Pyrimidines with
Electrophiles
Runs Substrate Electrophile Product Yield (%) [a}
1 6a Me;SiCl 7a 18
2 6b Me;SiCl 7b 15
3 6¢c Me;3SiCl Te 30
4 6¢c PhCHO 7d 35
5 6d Me;SiCl Te 13
6 6d PhCHO Vi 55
7 Ge Me3SiCl g 5[b]
8 of Me3SiCl Th 0

[a] Isolated yield. [b] Reaction temperature was -70°.
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Measurements.

All melting points were determined by using a Yanagimoto mi-
cro melting point apparatus and are uncorrected. Infrared spec-
tra were recorded on a Hitachi 270 spectrometer. Proton mag-
netic resonance spectra were determined on a JEOL JNM.
MH-100 instrument using tetramethylsilane as the internal stan-
dard. Mass spectra were obtained with a JEOL JMS-100 instru-
ment.

The following compounds were prepared according to the pro-
cedure described in the literature: 2,4-dimethoxypyrimidine (1)
[7], 2-chloro-4-methoxypyrimidine (6¢) [10}, and 4-methoxypyrimi-
dine (6e) [10].

2,4-Bis(2-methoxyethoxy)pyrimidine (6a).

This was prepared from uracil (5 g, 40 mmoles) by the same
method for 1 in 55% yield (5.64 g), bp 134-136°/3 mm Hg; ir
(chloroform): 1580, 1555 em™; 'H nmr (deuteriochloroform): 8.29
(1H,d,J = 6 Hz, C6-H), 6.49 (1H, d, ] = 6 Hz, C5-H), 4.7-4.4 (4H,
m, CH, x 2), 3.9-3.6 (4H, m, CH, x 2), 3.45 (6H, s, OMe x 2)
ppm; ms: m/z 228 (M*).

Anal. Caled. for C,H,\N,O,: C, 52.62; H, 7.07; N, 12.27.
Found: C, 52.38; H, 7.11; N, 12.28.

2-Chloro-442-methoxyethoxy)pyrimidine (6b).

This was prepared from uracil (5 g, 40 mmoles) by the same
method for 6¢ in 62% yield (5.24 g), bp 145-148°/28 mm Hg; ir
(chloroform): 1580, 1550 cm™'; 'H nmr (deuteriochloroform): 8.36
(1H, d,J = 6 Hz, C6-H), 6.78 (1H, d, ] = 6 Hz, C5-H), 4.57 (2H,
dd,J = 7,5 Hz, CH,), 3.77(2H, dd, ] = 7, 5 Hz, CH,), 3.42 (3H, s,
OMe) ppm; ms: m/z 188, 190 (M*).

Anal. Caled. for C;H,CIN,O,: C, 44.57; H, 4.81; N, 14.86.
Found: C, 44.68; H, 5.09; N, 14.87.

4{2-Methoxyethoxy)pyrimidine (6d).

This was prepared from 6b (5.24 g, 27 mmoles) by the same
method for 6e in 36% yieid (1.55 g), bp 110-114°/24 mm Hg; ir
(chloroform): 1580, 1555 cm™; 'H nmr (deuteriochloroform): 8.83
(1H, s, C6-H), 8.50 (1H, d,J = 6 Hz, C6-H), 6.81 (1H,d,J = 6 Hz,
C5-H), 4.59 (2H, dd, J = 6, 5 Hz, CH,), 3.78 2H, dd, J = 6, 5 Hz,
CH.,), 3.45 (3H, s, OMe) ppm; ms: m/z 154 (M*).

Anal. Calcd. for C,H,,N,0,: C, 54.53; H, 6.54; N, 18.17. Found:
C, 54.48; H, 6.63; N, 18.25.

4-Pivaloylaminopyrimidine (6f).

A solution of pivaloyl chloride (390 mg, 3.2 mmoles) in chloro-
form (4 ml) was added dropwise over 5 minutes to an ice-cold so-
lution of 4-aminopyrimidine (300 mg, 3.2 mmoles) and triethyl-
amine (320 mg, 3.2 mmoles) in chloroform (20 ml). The reaction
mixture was concentrated in vacuo and partitioned between satu-
rated aqueous sodium bicarbonate (15 ml) and chloroform (150
ml). The organic layer was washed with brine and dried over sodi-
um sulfate. The solvent was removed in vacuo, and the residue
was recrystailized from hexane-chloroform to afford 6f (410 mg,
72%), mp 115-117°; ir (chloroform): 1705, 1590, 1575 cm™; 'H
nmr (deuteriochloroform); 8.83 (1H, s, C2-H), 8.18 (1H,d, J = 6
Hz, C6-H), 7.78 (1H, s, NH), 7.74 (1H, d, J] = 6 Hz, C5-H), 1.28
(9H, s, Me X 3) ppm; ms: m/z 179 (M*).

Anal. Caled. for C;H,,N,0: C, 60.31; H, 7.31; N, 23.45. Found:
C, 60.44; H, 7.42; N, 23.64.

General Procedure for Lithiation of Pyrimidines and Reactions
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with Electrophiles.

A solution of n-BuLi (1.6N, 2.6 ml, 4.2 mmoles) was added
dropwise to a stirred solution of 2,2,4,4-tetramethylpiperidine
(590 mg, 4.2 mmoles) at 0° under nitrogen atmosphere. The mix-
ture was stirred for 15 minutes and then used as an ether solution
of LiTMP. An ether (10 ml) solution of pyrimidine (3.8 mmoles)
was added dropwise to the solution of LITMP over a few minutes.
After stirring an additional 10 minutes, a solution of an appropri-
ate electrophile in ether (4 ml) was added. The reaction mixture
was warmed slowly to room temperature, and then quenched with
saturated aqueous ammonium chloride. The organic layer was
separated and the aqueous layer was extracted with ether (40 ml
X 3). The combined organic layer was washed with brine, dried
over sodium sulfate, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (with
chioroform:ethyl acetate = 9:1 as the eluting solvent).

542,4-Dimethoxypyrimidinyl)}-1-phenylmethanol (3a).

This was prepared from 1 (500 mg, 3.6 mmoles) and benzalde-
hyde (420 mg, 4.0 mmoles) in 65% yield (582 mg), bp 160-165°/3
mm Hg; ir (chloroform): 3500, 1600, 1570 cm™; 'H nmr (deuterio-
chloroform): 8.16 (1H, s, C6-H), 7.28 (5H, br s, Ph), 5.84 (1H, s,
CH), 3.92 (6H, s, OMe X 2) ppm, OH is absent; ms: m/z 246 (M*).

Anal. Caled. for C,H, N,0,: C, 63.40; H, 5.73; N, 11.38.
Found: C, 63.62; H, 5.75; N, 11.69.

1-[542,4-Dimethoxypyrimidinyl)]ethanol (3b).

This was prepared from 1 (500 mg, 3.6 mmoles) and acetalde-
hyde (large excess) in 44% yield (290 mg) as a pale yellow oil; ir
(chloroform): 3500, 1605, 1575 cm™; '"H nmr (deuteriochloro-
form): 8.45 (1H, s, C6-H), 5.09 (1H, m, CH), 4.11 (3H, s, OMe), 4.03
(3H, s, OMe), 2.45 (3H, d, ] = 7 Hz, Me) ppm, OH is absent; ms:
m/z 184 (M*).

Anal. Caled. for C,H,N,0,: C, 52.16; H, 6.57; N, 15.21. Found:
C, 52.36; H, 6.45; N, 15.33.

Methyl 2,4-Dimethoxypyrimidine-5-carboxylate (3c).

This was prepared from 1 (500 mg, 3.6 mmoles) and excess
solid carbon dioxide, and then treatment with ethereal diazo-
methane in 30% yield (145 mg), mp 91-93° (hexane-chloroform);
ir (chloroform): 1730, 1595, 1560 cm™'; 'H nmr (deuteriochloro-
form): 8.73 (1H, s, C6-H), 4.04 (3H, s, OMe), 3.99 (3H, s, OMe),
3.82 (3H, s, OMe) ppm; ms: m/z 198 (M*).

Anal. Caled. for C,H,(N,0,: C, 48.48; H, 5.09; N, 14.14. Found:
C, 48.61; H, 5.15; N, 14.31.

5-Formyl-2,4-dimethoxypyrimidine (3d).

This was prepared from 1 (400 mg, 2.9 mmoles) and DMF (400
mg, 5.5 mmoles) in 24% yield (115 mg), mp 120-122° (hexane) (re-
ference [11], 123°).

Ethyl 2,4-Dimethoxypyrimidine-5-carboxylate (3e).

This was prepared from 1 (500 mg, 3.6 mmoles) and ethyl chlo-
roformate (780 mg, 7.2 mmoles) in 6% yield (40 mg), mp 60-61°
{petroleum ether); ir (chloroform): 1725, 1595, 1560 cm™*; 'H nmr
(deuteriochloroform): 8.76 (1H, s, C6-H), 4.32 (2H, q, J = 6 Hz,
CH,), 4.04 (3H, s, OMe), 4.00 (3H, s, OMe), 1.36 (3H, t,] = 6 Hz,
Me) ppm; ms: m/z 212 (M*).

Anal. Caled. for C,H,,N,0,: C, 50.94; H, 5.70; N, 13.20. Found:
C, 51.06; H, 5.76; N, 13.16.

2,4-Dimethoxy-5-trimethylsilylpyrimidine (3f).
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This was prepared from 1 (500 mg, 3.6 mmoles) and trimethyl-
silyl chloride (780 mg, 7.2 mmoles) in 41% yield (310 mg) as an
oil; ir (chloroform):. 1570, 1550 cm™; 'H nmr (deuteriochloro-
form): 8.21 (1H, s, C6-H), 3.94 (6H,s, OMe), 0.26 (9H, s, SiMe;)
ppm; ms: miz 212 (M*).

Anal. Caled. for C;H,(\N,0,S5i: C, 50.91; H, 7.60; N, 13.20.
Found: C, 51.05; H, 7.64; N, 13.41.

S5-Acetyl-2,4-dimethoxypyrimidine (3g).

This was prepared from 1 (500 mg, 3.6 mmoles) and ethy! ace-
tate (635 mg, 7.2 mmoles) in 4% yield (25 mg), mp 82-83° (petro-
leum ether); ir (chloroform): 1680, 1585, 1555 cm™; 'H nmr (deu-
teriochloroform): 8.82 (1H, s, C6-H), 4.08 (3H, s, OMe), 4.04 (3H,
s, OMe), 2.58 (3H, s, COMe) ppm; ms: m/z 182 (M*).

Anal. Caled. for CH, )N,0,: C, 52.74; H, 5.53; N, 15.38. Found:
C, 52.86; H, 5.45; N, 15.31.

Ethyl 2-Hydroxy-242,4-dimethoxypyrimidin-5-yl)propionate (4).

This was prepared from 1 (500 mg, 3.6 mmoles) and ethyl
acetate (635 mg, 7.2 mmoles) in 13% yield (154 mg) as a pale
yellow oil; ir (chloroform): 3500, 1715, 1595, 1570 cm™*; 'H nmr
(deuteriochloroform): 8.41 (1H, s, C6-H), 4.28 (1H, br s, OH), 4.02
(2H, q,J = 7 Hz, CH,), 3.99 (3H, s, OMe), 3.91 (3H, s, OMe), 3.16
(1H, d,J = 15 Hz, HCHCO), 2.78 (1H, d, ] = 15 Hz, HCHCO),
1.55(3H, s, Me), 1.14 (3H, 1, J] = 7 Hz, Me) ppm; ms: m/z 270 (M*).

Anal. Caled. for C,H,,)N,O,: C, 53.32; H, 6.71; N, 10.37.
Found: C, 53.08; H, 6.55; N, 10.30.

2,4-Bis(2-methoxyethoxy)-5-trimethylsilylpyrimidine (7a).

This was prepared from 6a (400 mg, 1.8 mmoles) and trimeth-
ylsilyl chloride (300 mg, 3.0 mmoles) in 18% yield (96 mg) as an
oil; ir (chloroform): 1570, 1550 ¢cm™; 'H nmr (deuteriochloro-
form): 8.16 (1H, s, C6-H), 4.51 (4H, t, ] = 5 Hz, CH, x 2), 3.74
(2H, t,] = 5 Hz, CH,), 3.70 (2H, t, ] = 5 Hz, CH,), 3.42 (6H, s,
OMe x 2), 3.39 (3H, s, OMe), 0.27 (9H, s, SiMe,) ppm; ms: m/z 300
M)

Anal. Caled. for C,,H,,N,0,Si: C, 51.97; H, 8.05; N, 9.33.
Found: C, 52.06; H, 8.12; N, 9.41.

2-Chloro-4<(2-methoxyethoxy)-5-trimethylsilylpyrimidine (7b).

This was prepared from 6b (330 mg, 1.8 mmoles) and trimeth-
ylsilyl chloride (300 mg, 3.0 mmoles) in 15% yield (68 mg) as an
yellow oil; ir (chloroform): 1555, 1535 cm™; 'H nmr (deuteriochlo-
roform): 8.26 (1H, s, C6-H), 4.49 (2H, dd, ] = 5, 7 Hz, CH;), 3.68
(2H, dd,J = 5, 7 Hz, CH,), 3.38 (3H, s, OMe), 0.29 (9H, s, SiMe,)
ppm; ms: m/z 260, 262 (M*).

Anal. Caled. for C H,,CIN,0,Si: C, 46.05; H, 6.57; N, 10.74.
Found: C, 46.31; H, 6.66; N, 10.92.

2-Chloro-4-methoxy-5-trimethylsilylpyrimidine (7c).

This was prepared from 6¢ (300 mg, 2.1 mmoles) and trimethyl-
silyl chloride (450 mg, 4.2 mmoles) in 30% yield (135 mg) as an
oil; ir (chloroform): 1550, 1530 ¢m™; 'H nmr (deuteriochloro-
form): 8.33 (1H, s, C6-H), 3.92 (3H, s, OMe), 0.28 (9H, s, SiMe;)
ppm; ms: m/z 216, 218 (M*).

Anal. Caled. for C,H,,CIN,0Si: C, 44.33; H, 6.04; N, 12.93.
Found: C, 44.41; H, 6.17; N, 12,88,

54{2-Chloro-4-methoxypyrimidinyl}-1-phenylmethanol (7d).
This was prepared from 6¢ (300 mg, 2.1 mmoles) and benzalde-

hyde (445 mg, 4.2 mmoles) in 35% yield (183 mg) as a pale yellow
oil; ir (chloroform): 3500, 1580, 1560 cm™; *H nmr (deuteriochlo-
roform): 8.40 (1H, s, C6-H), 7.28 (SH, br s, Ph), 5.84 (1H, s, CH),
4.02 (1H, br s, OH), 3.96 (3H, s, OMe) ppm; ms: m/z 250, 252 (M*).

Anal. Caled. for CH,,CIN,0,: C, 57.49; H, 4.42; N, 11.18.
Found: C, 57.55; H, 4.38; N, 11.03.

4{2-Methoxyethoxy)-5-trimethylsilylpyrimidine (7e).

This was prepared from 6d (300 mg, 1.9 mmoles) and trimeth-
ylsilyl chloride (410 mg, 3.8 mmoles) in 13% yield (57 mg) as an
oil; ir (chloroform): 1560, 1545 cm™'; 'H nmr (deuteriochloro-
form): 8.81 (1H, s, C2-H), 8.47 (1H, s, C6-H), 4.57 (2H, dd,J = 5,6
Hz, CH;), 3.78 (2H, dd, J = 5, 6 Hz, CH,), 3.44 (3H, s, OMe), 0.28
(9H, s, SiMe;) ppm; ms: m/z 226 (M*).

Anal. Caled. for CH,,N,0,Si: C, 53.03; H, 8.01; N, 12.38.
Found: C, 53.11; H, 8.12; N, 12.48.

5{442-Methoxyethoxy)pyrimidinyl}-1-phenylmethanol (7f).

This was prepared from 6d (300 mg, 2.1 mmoles) and benzalde-
hyde (400 mg, 3.8 mmoles) in 22% yield (120 mg) as a pale yellow
oil; ir (chloroform): 3500, 1575, 1555 cm™; 'H nmr (deuteriochlo-
roform): 8.66 (1H, s, C2-H), 8.64 (1H, s, C6-H), 7.48 (SH, br s, Ph),
6.00 (1H, s, CH), 4.68 (1H, br s, OH), 4.51 (2H, dd, J = 5, 6 Hz,
CH,), 3.63 (2H, dd, J = 5, 6 Hz, CH,), 3.34 (3H, s, OMe) ppm; ms:
m/z 260 (M*).

Anal. Caled. for C H,N,0;: C, 64.60; H, 6.20; N, 10.76.
Found: C, 64.49; H, 6.33; N, 10.93.

4-Methoxy-5-trimethylsilylpyrimidine (7g).

This was prepared from 6e (220 mg, 2.0 mmoles) and trimethyl-
silyl chloride (300 mg, 3.0 mmoles) in 5% yield (18 mg) as an oil;
ir (chloroform): 1560, 1550 cm™; 'H nmr (deuteriochloroform):
8.82 (1H, s, C2-H), 8.44 (1H, s, C6-H), 3.98 (3H, s, OMe), 0.26 (9H,
s, SiMe,) ppm; ms: m/z 182 (M*).

Anal. Caled. for CH,\N,0Si: C, 52.70; H, 7.75; N, 15.37.
Found: C, 52.85; H, 7.79; N, 15.45.

4-Pivaloylamino-2-trimethylsilylpyrimidine (8).

This was prepared from 6f (250 mg, 1.4 mmoles) and trimethyl-
silyl chloride (220 mg, 2.7 mmoles) in 11% yield (30 mg) as an oil;
ir (chloroform): 1705, 1590, 1575 cm™*; 'H nmr (deuteriochloro-
form): 8.76 (1H, d, ] = 5 Hz, C6-H), 8.18 (1H, br s, NH), 8.16 (1H,
d,J = 5 Hz, C5-H), 1.39 (9H, s, CMe,), 0.36 (9H, s, SiMe;) ppm;
ms: m/z 251 (M*).

Anal. Caled. for C,H,,N,0Si: C, 57.33; H, 8.42; N, 16.71.
Found: C, 57.47; H, 8.51; N, 16.69.
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