
HETEROCYCLES, Vol. 41, NO. 6,1995 1275 

DIRECT INTRODUCTION OF ACYL AND ETHOXYCARBONYL 

GROUPS INTO PYRIMIDINE RING THROUGH THE TRIMETHYL- 

STANNYL DERIVATIVES 

Yutaka Yamamoto*, Hidekazu Ouchi, Takuo Tanaka, and Yasuo Morita 

Tohoku College of Pharmacy, 4-1, Komatsushima 4 chome, Aoba-ku, Sendai 981, 

Japan 

Abstract - The reactions of acylformyl chlorides with 2- and 4-trimethylstan- 

nylpyrimidine derivatives proceeded more smoothly than those of acyl chlorides 

giving the corresponding 2- and 4-acylpyrimidines. Employing ethyl chlorogly- 

oxylate instead of the acylating agent yielded the ethoxycarbonylpyrimidines. 

Similarly, the stepwise acylation and ethoxycarbonylation of bis(himethylstanny1)- 

pyrimidines provided pyrimidines having two different carbon functional groups. 

Organostannyl groups have been playing an increasingly important role in synthetic chemistry,' especially inn- 

electron deficient N-heterocyclic compounds as a method for carbon-carbon bond formations.2 Previous work3 

from this laboratory demonstrated that the replacement of himethylstannyl (TMSn) groups at the a-position of the 

pyridine ring readily takes place by the reaction with acyl chlorides giving the corresponding a-acylated deriva- 

tives, whereas those of the TMSn groups at the other positions require a Pd catalyst. Recently? the characteristic 

reactivity of the a-TMSn groups was extended to the effective acylation and ethoxycarbonylation using acyl- 

formyl chlorides and ethyl chlomglyoxylate, which react more smoothly with 2-(TMSn)py~idine, -quinoline, and 

1-(TMSn)isoquinoliine than acyl chlorides giving the corresponding acyl derivatives with loss of carbon monox- 

ide. Undheim et al.5 reported the synthesis of acetylpyrimidines from halopyrimidines. Namely, they obtained 

2-, 4-, and 5-acetylpyrimidines through the cross-coupling reaction between the halopyrimidines and (1- 

ethoxyetheny1)tributylstannane. followed by acid hydrolysis of the thus formed a-ethoxyethenylpyrimidines. 

They also reported6 the synthesis of 5-acylpyrimidines from 5-trialkylstannylpyrimidines and acyl chlorides in 
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the presence of a Pd catalyst. In the present paper, we describe the direct introduction of acyl and ethoxycarbonyl 

groups at the 2- and 4-positions of the pyrimidine ring through the mono- and bis(TMSn)pyrimidines. The 

starting mono- and bis(TMSn)pyrimidines (2a-d) were prepared from the corresponding chloro- and dichloropy- 

rimidines (la-d) and (TMSn)sodium according to a previously reported method2 (Scheme 1). Benzoyl- (3a), 

cyclohexanecarbonyl- (3b). benzoylformyl- (3c). pymvoyl chlorides (3d), and ethyl chloroglyoxylate (3e) 

were used as the acylating and ethoxycarbonylating agents. 

la :  ~2 = CI, R4 = R6 = Me 2a: R* = SnMes. R4 = R6 = Me 
lb: R~ = R6 = Me, R4 = CI 2b: R2 = R6 = M ~ : R ~  = SnMe3 
lc: R' = R4 = CI, R~ = Me 2c: R~ = R4 = SnMea, R6 = Me 
Id:  R2 = Me, R4 = R6 = CI 26: ~2 = Me, R4 = R6 = SnMe3 

Scheme 1 

First, the acylation of the 2- and 4-(TMSn)pyrimidines (2a,b) with 3a-e was canied out. The treatment of 2- 

(TMSn)pyrimidine (2a) with 3a and 3b in benzene under reflux produced the corresponding 2-benzoyl(4a) and 

2-cyclohexylcarbonyl derivatives (4h) in 52% and 89% yields, respectively (Table I, entries 2 and 4). When 3c- 

e were employed, the reactions with 2a took place at room temperature with the loss of carbon monoxide to af- 

ford the corresponding 2-acyl(4a,c) and 2-ethoxycarbonyl derivatives (4) in 8&97% yields (Table I, entries 5- 

7). The acylformyl chlorides are more reactive than the corresponding acyl chlorides. This observation is similar 

to that for the reaction of 2-(TMSn)pyridine, -quinoline, and 1-(TMSn)isoquinoline with acylformyl chlorides.4 

Analogously, the reaction of 2b with 3a-e afforded the corresponding 4e-h (Table I, entries 8-14). 

A probable pathway for the acylation at the a-positions to nitrogen on the pyrimidine ring would involve the for- 

mation of the quaternary salt as an intermediate and subsequent migration of the acyl group to the a-carbon as il- 

lustrated in Scheme 2. 

Next, the mono- and diacylation (or ethoxycarbonylation) of 2,4-bis(TMSn)pyrimidine (2c) and 4.6-bis(TMSn)- 

pyrimidine (24 was examined. Selective monoacylation of 2c took place at the 4-position of 2c; the reactions of 

2c with 1 equivalent of 3c-e at room temperature provided the 4-substituted 2 - ( ~ ~ ~ n ) ~ ~ r i m i d k e s  (6a-c) in 68- 

84% yields (Scheme 3, Table 11, entries 1-3). The use of 2 eq&alentsof 3c-e in these reactions brought about 
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Q 
RCCI/ benzene 
3a:R=Ph 
b : R = cHexa) 

a) *Hex = cyclohexyl L 

f ~ M e  

3a-e / benzene 

Me + Me aMe 
2b 4e: R = Ph 

f : R - ~ H e x  
g :R=Me 
h:R=OEt 

Scheme 2 

Table I. Preparation of Acylpyrimidines (4a-c,e-g) and Ethoxycarbonylpyrimidines 

(4d,h) 

Enhy 
Start. Acylating Conditions Roduct Yield 

Comp. Agent Temp. Time (%) 

1 Za 3a roomtemperature 48 h 4a 21 

2 3a reflux 5 h 4a 52 
3 3b room temperature 60 h 4 b 78 
4 3 b reflux 5 h 4b 89 

5 3c roomtemperature 15 min 4a 97 
6 3d room temperature 10 min 4 c 8 1 
7 3 e room temperature 10 min 4d 80 
8 2b 3a room temperature 12 h 4 e 39 
9 3a reflux 3 h 4 e 46 
10 3b room temperature 24 h 4 f 84 
11 3 b reflux 3 h 4 f 90 
12 3c room temperature 15 min 4e 98 
13 3d roomtemperature 15min 4 g  84 
14 4 e room temperature 10 min 4 h 76 
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diacylation (or diethoxycarbonylation) to produce the 2,4diacyl (or diethoxycarbonyl) pyrimidines (8a-c) (Table 

11, entries 5-7). In contrast, the cyclohexylcarbonylation of 2c (Table n, entries 4 and 8) required a higher reac- 

tion temperature (benzene refluxing for monoacylation and xylene refluxing for diacylation). In the case of 3a, 

the reaction with 2c gave only an unidentified tarry product. Both TMSn groups of 4.6-bis(TMSn)pyrimidine 

(2d) are enough reactive but the regioselective monoacylation (or ethoxycarbonylation) could be affected by con- 

trolling the amount of acylating (or ethoxycarbonylating) agents; treatment of 2d with equimolar amounts of 3c- 

e produced the Csubstituted 6-(TMSn)pyrimidines (7a-c) in &83% yields, while employing 2 equivalents of 

3c-e in the same reaction yielded the disubstituted derivatives (9a-c) (Scheme 3, Table 11, entries 9-14). 

Finally, the introduction of two different acyl groups into the pyrimidine ring by acylation (or ethoxycarbonyla- 

tion) of the 4-substituted (TMSn)pyrimidies (6a-d, 7a-c) with another mole of acylating (or ethoxycarbonylat- 

ing) agents was achieved. For example, 4-benzoyl-2-(TMSn)pyrimidine (6a) was treated with 3d and 3e to give 

the corresponding 2.4-disubstituted pyrimidines (8f,g), respectively (Scheme 3, Table HI, entries 4 and 5). The 

obtained results are summarized in Table III. 

0, ,R' 
SnMes 

3b-e (1 eq:) l benzene 
&s;;temperature or r<~ux f~ 3a-e (I reflux eq.) /solvent 

Me Me SnMe3 Me 

3b-e (2 eq.) 1 benzene 
room temperature or reflux / 

3c-e (1 eq.) / benzene 
room temperature reflux * 

'R2, 
Me3S Me$ % 

3a-e (2 eq.) / benzene -/ 
Scheme 3 
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Table 11. Preparation of 4-Substituted Trimethylstannylpyrimidines (6a-e, 7a-c), 2.4-Disubsti- 

tuted (8a-d) and 4.6-Disubstituted Pyrimidines (9a-c) 

Enhy 
Start. Acylating Conditions Product R1 Rz Yield 

Comp. Agent Temp. Time (%) 

room temperature 10 min 

room temperature 10 min 

room temperature 10 min 

reflux 5 h 

room temperature 15 min 

room temperature 30 min 

roomtemperature 3 h 

refluxb) 5 h 

room temperature 10 min 

room temperature 10 min 

room temperature 10min 

roomtemperature 15 min 

room temperature 15 min 

room temperature 15 min 

reflux 10 h 

16 3ba) reflux 5 h 9d  c-Hex c-Hex 41 

a) Two equivalents of acylating agent were used. b) In xylene. 

Table 111. Preparation of 2.4-Disubstituted (Sa-m) and 4.6-Disubstituted Pyrimidines (9a-h) 

Enhy 
Start. Acylating Conditions Product R1 R2 Yield 

Comp. Agent solventa) T i e  (h) (%) 
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Table III. (Continued) 

Enby 
Start. Acylating Conditions Roduct R1 R2 

Yield 

Comp. Agent Solventa) T i e @ )  (%) 

13 3d B 4 8 1 c-Hex Me 75 

14 3 e B 3 8m c-Hex OEl 43 

15 7a 3 b B 96 9 e Ph c-Hex 32 

16 3 c B 4 9a  Ph Ph 78 
17 3d B 2 9 f Ph Me 70 

18 3 e B 3 9 g Ph OEl 60 

19 7b 3 c B 2 9 f Me Ph 78 
20 3 e B 2 9 h Me OEt 57 

21 7c 3 c B 2 9 g  OEl Ph 67 

22 3d B 2 9 h 0El Me 57 

a) A: Xylene, B: Benzene 

EXPERIMENTAL 

Melting points are uncorrected. Infrared (ir) spectra were recorded on a Perkin-Elmer 1600 series FT-IR spec- 

trophotometer. Mass spectra (ms) were recorded on a JEOL JMN-DX 303lJMA-DA 5000 spectrometer. 1H 

Nulclear magnetic resonance (nmr) spectra were recorded on a JEOL JNM-PMX 60 si spectrometer, using 

temethylsilane as an internal standard. Column chromatography was carried out on Merck'Silica Gel 60 (230- 

400 mesh for flash chromatography). 

4,6-Dimethyl-2-trimethylstannylpyrimidine (2a) 

A solution of chlorotrimethylstannane (19.9 g, 100 mmol) in freshly distilled 1,2-dimethoxyethane (DME, 20 ml) 

was added dropwise to a stirred suspension of small cubes (ca. 2 mm cube) of Na metal (11.5 g, 0.5 g atom) in 

DME (50 ml) under Nz stream in an ice-salt bath for 3 h (the color changes from white to green). The unreacted 

Na was removed by filtration through a fritted-glass filter funnel with large porosity under Nz stream. A solution 

of 2-chloro-4.6-dimethylpyrimidine (la. 11.4 g, 80 mmol) in DME (30 ml) was added dropwise to the above fil- 

trate in an ice-salt bath. The reaction mixture was stirred for 2 h at the same temperature and then allowed to warm 

to room temperature. After removal of the solvent in vacuo at an ambient temperature, the residue was extracted 

with dry Et20. The EtzO layer was dried, and concentrated under reduced pressure. The residue was purified by 
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distillation to give 2a (13.9 g, 64 %) as a colorless liquid; bp 105-108 OC 1 7  tom. Ir (neat) cm-1: 772 (-SnMe3). 

IH Nmr (CDC13) S: 0.36 (s, 9H), 2.43 (s, 6H), 6.83 (s, 1H). Ms (mlz): 272 (M++l), 271 (MC). Anal. Calcd for 

CsH16NzSn: C, 39.90; H, 5.95; N, 10.34. Found: C, 39.97; H, 6.14; N, 10.41. 

2,4-Dimethyl-6-trimethylstannylpyrimidine (2b) 

This compound was prepared from chlorotrimethylstannane (19.9 g, 100 mmol). Na metal (1 1.5 g, 0.5 g atom), 

and 4-chloro-2,6-dimethylpyrimidine (lb, 11.4 g, 80 mmol) according to the procedure described for the prepa- 

ration of 2a. Yield: 16.0 g (74 %); a colorless liquid; bp 101-103 OC / 4 t m .  Ir (neat) cm-1: 773 (-SnMe3). IH 

Nmr (CDC13) 6 : 0.33 (s, 9H), 2.40 (s, 3H), 2.66 (s, 3H), 7.08 (s, IH). Ms (mlz): 272 (M++l), 271 (M+). 

Anal. Calcd for C$Hl&Sn: C, 39.90, H, 5.95; N, 10,34. Found: C, 39.74; H, 5.89; N, 10.10. 

4-Methyl-2,6-bis(trimethylstannyl)pyrimidine (2c) 

This compound was prepared from chlorotrimethylstannane (39.9 g, 200 mmol), Na metal (23.0 g, 1 g atom), 

and 2,4-dichloro-6-methylpyrimidine (lc, 13.0 g, 80 mmol) according to the procedure described for the prepa- 

ration of 2s. Yield: 20.2 g (60 %); a colorless liquid; bp 110-1 15 OC 10.5 tom. Ir (neat) cm-1: 770 (-SnMed. IH 

Nmr (CDC13) 6 : 0.36 (s, 18H). 2.40 (s, 3H), 7.37 (s, 1H). Ms (rnlz): 422 (M++2), 421 (M++l), 420 (M+). 

Anal. Calcd for C11HzzN~Snz: C, 31.48; H, 5.28; N, 6.67. Found: C, 31.60; H, 5.26; N, 6.56. 

2-Methyl-4,6-bis(trimethy1stannyl)pyrimidine (Zd) 

This compound was prepared from chlorotrimethylstannane (39.9 g, 200 mmol), Na metal (23.0 g, 1 g atom), 

and 4.6-dichlom-2-methylpyrimidine (Id, 13.0 g, 80 mmol) according to the procedure described for the prepa- 

ration of 28. Yield: 21.1 g (63 %); a colorless liquid; bp 102-104 OC 10.2 tort. Ir (neat) cm-I: 771 (-SnMe3). 1H 

Nmr (CDCI3) 6 : 0.35 (s, 18H). 2.70 (s, 3H), 7.32 (s, 1H). Ms (rnlz): 422 (M++2), 421 (M++l), 420 (M*). 

Anal. Calcd for C I I H Z Z N ~ S ~ Z :  C, 31.48; H, 5.28; N, 6.67. Found: C, 31.22; H, 4.99; N, 6.39. 

General Procedure for  2-Substituted 4,6-Dimethylpyrimidines (4a-d) and  4-Substituted 2,6- 

Dimethylpyrimidines (4e-h) 

A solution of 3a-e (6 mmol) in dry benzene (5 ml) was added dropwise to a stirred solution of 2a, b (5 mmol) in 

dry benzene (10 ml) under N2 stream. The mixture was stirted under the reaction conditions shown in Table I. 

The reaction mixture was washed with 10 % aqueous M I 3  solution (10 ml) and brine (10 ml), dried (MgSOd), 
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and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica 

gel. 

2-Benzoyl-4,6-dimethylpyrimidine (4a) 

Flash column chromatography (EtzO-hexane, 3 : 1) gave 1.03 g (97 %) of 4a as colorless needles, mp 86-87 OC 

(petroleum ether). Ir (KBr) cm-1: 1682 (C=O). 1H Nmr (CDCl3) S : 2.60 (s, 6H), 7.10-7.70 (m, 4H), 7.90-8.20 

(m, 2H). Ms (mlz): 212 (Mf). Anal. Calcd for C13H1zN20: C, 73.57; H, 5.70; N, 13.20. Found: C, 73.63; H, 

5.63; N, 13.24. 

2-Cyclohexylcarbonyl-4,6-dimethylpyrimidine (4b) 

Flash column chromatography (Et2O-hexane, 3 : 1) gave 0.97 g (89 %) of 4b as colorless prisms, mp 44-44.5 

OC (pentane). Ir (KBr) cm-1: 1711 (C=O). IH Nmr (CDCI3) 6 : 1.10-2.15 (m, ]OH), 2.57 (s, 6H); 3.50-4.00 

(m, IH), 7.15 (s, 1H). Ms (mlz): 218 (M+). Anal. Calcd for CI3Hl8NZO: C; 71.53; H, 8.31; N, 12.83. Found: 

C, 71.53; H, 8.48; N, 12.72. 

2-Acetyl-4,6-dimethylpyrimidine (412) 

Flash column chromatography (Et20) gave 0.61 g (81 %) of 4c as colorless prisms, mp 27 OC (pentane), bp 91- 

92 OC / 6 tom (liL8 bp 70-72 OC 1 3  tom). Ir (KBr) cm-I: 1713 (C=O). IH Nmr (CDC13) 6 : 2.60 (s, 6H), 2.77 

(s, 3H), 7.20 (s, 1H). Ms (mlz): 150 (Mf). 

2-Ethoxycarbonyl-4,6-dimethylpyrimidine (4d) 

Rash column chromatography ( AcOEt-hexane, 2 : 1) gave 0.72 g (80 %) of 4d as a colorless liquid, bp 104- 

105OC / 1 torr (lit.9 bp 120-125 OC / 5 tom). Ir (neat) cm-I: 1740 (C=O). 'H Nmr (CDC13) S : 1.45 (t, J = 7 Hz, 

3H), 2.60 (s, 6H), 4.53 (q, J = 7 Hz, 2H), 7.20 (s, 1H). Ms (mlz): 180 (M+). 

4-Benzoyl-2,6-dimethylpyrimidine (4e) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 1.04 g (98 %) of 4e as colorless prisms,mp 69-70 OC 

(hexane). Ir (KBr) cm-': 1667 (C=O). IH Nmr (CDCI3) 6 : 2.60 (s, 3H), 2.77 (s, 3H), 7.20-7.70, (m, 4H), 

7.90-8.20 (m, 2H). Ms (mlz): 212 (Mf). Anal. Calcd for C13HIZNZO: C, 73.57; H, 5.70; N, 13.20. Found: C, 

73.68; H, 5.71; N, 13.19. 
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4-Cyclohexylcarbonyl-2,6-dimethylpyrimidine (4f) 

Flash column chromatography (Etz-hexane, 1 : 2) gave 0.98 g (90 %) of 4f as a colorless liquid, bp 128 OC / 1 

tom. Ir (neat) cm-I: 1701 (C=O). IH Nmr (CDCI3) S : 1.00-2.20 (m, IOH), 2.55 (s, 3H), 2.75, (s, 3H), 3.50- 

4.05 (m, IH), 7.50 (s, 1H). Ms (mlz): 218 (M+). Anal. Calcd for Cl3HI8NZO: C, 71.53; H, 8.31; N, 12.83. 

Found: C, 71.40; H, 8.31; N, 12.72. 

4-Acetyl-2,6-dimethylpyrimidine (4g) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.63 g (84 %) of 4g as colorless needles, mp 31-32 OC 

(pentane) (lit.8 bp 96-98 OC / 20 tom). Ir (KBr) cm-I: 1705 

(C=O). 'H Nmr (CDC1,) S : 2.60 (s, 3H), 2.70 (s, 3H), 2.80 (s, 3H), 7.56 (s, 1H). Ms (mlz): 150 (M+). 

4-Ethoxycarbonyl-2,6-dimethylpyrimidine (4h) 

Flash column chromatography (Etz0) gave 0.68 g (76 %) of 4h as colorless needles, mp 34-35 O C  (petroleum 

ether). Ir (KBr) cm-I: 1719 (C=O). IH Nmr (CDC13) S : 1.43 (t, J = 7 Hz, 6H), 2.60 (s, 3H), 2.80 (s, 3H), 

4.50 (q, J = 7 Hz, 2H), 7.78 (s, 1H). Ms (mlz): 180 (M+). Anal. Calcd for CsHlzNzOz: C, 59.99; H, 6.71; N, 

15.55. Found: C, 60.12; H, 6.68; N, 15.35. 

General Procedure for 4-Substituted 6.Methyl-2-trimethylstannylpyrimidines (6a-c) 

A solution of 3c-e (2.5 mmol) in dry benzene (5 ml) was added dropwise to a stirred solution of 2c (1.05 g, 2.5 

mmol) in dry benzene (10 ml) under N2 stream for 10 min at room temperature. The reaction mixture was washed 

with saturated aqueous Na2C03 solution (10 ml), dried (MgS04). and concentrated in vacuo. The residue was 

purified by flash column chromatography on silica gel. 

4-Benzoyl-6-methyl-2-trimethylstannylpyrimidine (6a) 

Flash column chromatography (EtzO-hexane, 1 : 3) gave 0.71 g (79 %) of 6a as'pale yellow prisms, mp 77-78 

OC (pentane). Ir (KBr) cm-I: 1664 (C=O), 768 (-SnMe3). IH Nmr (CDC13) 6: 0.40 (s, 9H), 2.63 (s, 3H), 7.30- 

7.80 (m, 4H), 8.10-8.40 (m, 2H). Ms (mlz): 362 (Mf+l), 361 (Mf). Anal. Calcd for C I ~ H ~ ~ N ~ O S ~ :  C, 49.90; 

H, 5.03; N, 7.76. Found: C, 49.91; H, 4.94; N, 7.54. 
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Flash column chromatography (EtzO-hexme, 1 : 5) gave 0.63 g (84 %) of 6 b  as a colorless liquid, bp 112-1 14 

OC / 2 torr. Ir (neat) c m l :  1708 (C=O), 775 (-SnMe3). IH Nmr (CDC13) 6: 0.43 (s, 9H), 2.60 (s, 3H), 2.73 (s, 

3H), 7.58 (s, 1H). MS (mlz): 305 (M++l), 299 (Mf). Anal. Calcd for CloHI6N20Sn: C, 40.18; H, 5.39; N, 

9.37. Found: C, 39.95; H, 5.18; N, 9.08. 

4-Ethoxycarbonyl-6-methyl-2-trimethylstannylpyrimidine (6c) 

Flash column chromatography (EtzO-hexme, 1 : 10) gave 0.56 g (68 %) of 6c as colorless prisms; mp 35-36 

OC (pentme). Ir (KBr) cm-I: 1746, 1720 (C=O), 778 (-SnMe3). IH Nmr (CDC13) 8 : 0.42 (s, 9H), 1.43 (t, J = 

7 Hz, 3H), 2.60 (s, 3H), 4.50 (q, J = 7 Hz, 2H), 7.68 (s, 1H). Ms (m/z): 330 (M++l), 329 (M+). Anal. Calcd 

for C11HlgN202Sn: C, 40.16; H, 5.51; N, 8.52. Found: C, 40.06; H, 5.41; N, 8.32. 

4-Cyclohexylcarbonyl-6-methyl-2-trimethylstannylpyrimidine (6d) 

A stirred mixture of 2c (1.05 g, 2.5 mmol) and 3b (0.37 g, 2.5 mmol) in dry benzene (10 ml) was refluxed for 5 

h under Nz atmosphere. The reaction mixture was washed with saturated aqueous Na2C03 solution (10 ml), 

dried (MgS04). and concentrated in vacuo. The residue was purified by flash column chromatography on silica 

gel using EtzO-hexme (1 : 5) as an eluent to give 6d (0.75 g, 82 %) as colorless prisms; mp 83-84 OC 

(pentme). Ir (KBr) cm':  1695 (C=O), 771 (-SnMe3). 1H Nmr (CDCI,) 8 : 0.40 (s, 9H), 1.10-2.15 (m, lOH), 

2.55 (s, 3H), 3.53-4.05 (m, lH), 7.50 (s, 1H). Ms (mlz): 368 (MC+l), 367 (M+). Anal. Calcd for 

ClsHz4NzOSn: C, 49.08; H, 6.59; N, 7.63. Found: C, 49.30; H, 6.70; N, 7.54. 

General Procedure for .4-Substituted 2-Methyl-6-trimethylstannylpyrimidines (7a-c) 

A solution of 3c-e (2.5 mmol) in dry benzene (5 ml) was added dropwise to a stirred solution of 2d (1.05 g, 2.5 

mmol) in dry benzene (10 ml) under N2 stream for 10 min at room temperature. The reaction mixture was washed 

with saturated aqueous NazC03 solution (10 ml), dried (MgS04). and concentrated in vacuo. The residue was 

purified by distillation under reduced pressure. 

4-Benzoyl-2-methyl-6-trimethylstannylpyrimidine (7a) 

Yield 0.75 g (83 %); yellow needles; mp 55-57 OC (pentme), bp 143-145 OC / 0.1 torr. Ir (KBr) cm-1: 1658 

(C=O), 766 (-SnMed. 'H Nmr (CDC13) G : 0.43 (s, 9H), 2.82 (s, 3~),'7.25-7.85 (m, 4H), 7.97-8.25 (m, 2H). 

Ms (mlz): 362 (Mf+l), 361 (M+).Anal. Calcd for ClsHlsN2OSn: C, 49.90; H, 5.03; N, 7.76. Found: C, 49.65; 
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4-Acetyl-2-methyl-6-trimethylstannylpyrimidine (7b) 

Yield 0.60 g (80 %); a colorless liquid; bp 104-106 OC / 1 tom. Ir (neat) cm-1: 1707 (C=O), 775 (-%Me3). IH 

Nmr (CDC13) 6 : 0.38 (s, 9H), 2.68 (s, 3H), 2.80 (s, 3H), 7.81 (s, 1H). Ms (mlz): 300 (M++l), 299 (M+). 

Anal. Calcd for CloHd%OSn: C, 40.18; H, 5.39; N, 9.37. Found: C, 39.92; H, 5.11; N, 9.25. 

4-Ethoxycarbonyl-2-methyl-6-trimethylstannylpyrimidine (7c) 

Yield 0.50 g (60 %); a colorless liquid; bp 116-118 OC / 0.5 tom. Ir (neat) cm-I: 1749, 1725 (C=O), 776 (- 

SnMe3). IH Nmr (CDCld S : 0.43 (s, 9H), 1.43 (t, J = 7 Hz, 3H), 2.85 (s, 3H), 4.50 (q, J = 7 Hz, 2H), 7.90 

(s, 1H). Ms (mlz): 330 (M++l), 329 (M+). Anal. Calcd for CIIHlsN~O~Sn:  C, 40.16; H, 5.51; N, 8.52. Found: 

C, 39.88; H, 5.34; N, 8.23. 

General Procedure for  2,4-Disubstituted 6-Methylpyrimidines (8a-d) and 4,6-Disubstituted 2- 

Methylpyrimidines (9a-d) 

A solution of 3b-e (6 mmol) in dry benzene (5 ml) was added dropwise to a stirred solution of 2c, d (1.05 g, 

2.5 mmol) in dry benzene (10 ml) under N2 stream. The mixture was stirred under the reaction conditions shown 

in Table 11. The reaction mixture was washed with 10 % aqueous NH3 solution (10 ml) and brine (10 ml), dried 

(MgSOd), and concentrated under reduced pressure. The residue was purified by flash column chromatography 

on silica gel. 

Flash column chromatography (EtzO-hexme, 2 : 3) gave 0.69 g (91 %) of 8a as colorless plates; mp 65-46 OC 

(hexane). Ir (KBr) cm-I: 1676, 1664 (C=O). IH Nmr (CDC13) S : 2.70 (s, 3H), 7.10-8.30 (m, 11H). Ms (mlz): 

302 (M+). Anal. Calcd for C I ~ H I ~ N Z O Z :  C. 75.48; H, 4.67; N, 9.27. Found: C, 75.58; H, 4.58; N, 9.16. 

Flash column chromatography (ElzO-hexane, 5 : 1) gave 0.27 g (61 %) of 8b  as colorless needles; mp 6 7 6 8  OC 

(pentme). Ir (KBr) cm-I: 1707 (C=O). IH Nmr (CDCI3) S : 2.77 (s, 3H), 2.80 (s, 3H), 2.85 (s, 3H), 7.90 (s, 
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1H). Ms (rnlz): 178 (M+). Anal. Calcd for C9HloNzOz: C, 60.66; H, 5.66; N, 15.72. Found: C, 60.61; H, 

5.49; N. 15.52. 

2,4-Diethoxycarbonyl-6-methylpyrimidine (8c) 

Flash column chromatography (EtzO) gave 0.24 g (36 %) of 8c as colorless needles, mp 39-39.5 OC (pentane). 

Ir (KBr) cm-I: 1746, 1715 (C=O). IH Nmr (CDC13) 6 : 1.47 (t, J =7Hz, 6H), 2.80 (s, 3H), 4.50 (q, J = 7 Hz, 

2H), 4.53 (q, J = 7 Hz, 2H), 8.00 (s, 1H). Ms (mlz): 238 (M+). Anal. Calcd for CllHI4NZO4: C, 55.46; H, 

5.92: N, 11.76. Found: C, 55.40; H, 5.90; N, 11.64. 

2,4-Dicyclohexylcarbonyl-6-methylpyrimidine (8d) 

Flash column chromatography (EtzO-hexane. 1 : 3) gave 0.34 g (43 90) of 8d as colorless prisms; mp 78 OC 

(pentane). Ir (KBr) cm-I: 1704 (C=O). IH Nmr (CDCI,) G : 0.80-2.33 (m, 20H). 2.73 (s, 3H), 3.35-4.10 (m, 

2H), 7.82 (s, 1H). Ms (mlz): 314 (M+). Anal. Calcd for C19HZ6NZO2: C, 72.58; H, 8.33; N, 8.91. Found: C, 

72.31; H, 8.45; N, 8.66. 

4,6-Dibenzoyl-2-methylpyrimidine (9a) 

Flash column chromatography (EtzO-hexane, 1 : 3) gave 0.73 g (97 %) of 9a as colorless needles; mp 1 1 6 1  17 

OC (hexane). Ir (KBr) cm-1: 1670, 1656 (C=O). IH Nmr (CDC13) 6 : 2.90 (s, 3H), 7.30-7.90 (m, 6H), 8.00- 

8.30 (m, 5H). Ms (mlz): 302 (M+). Anal. Calcd for C19H14NZ02: C. 75.48; H, 4.67; N, 9.27. Found: C, 

75.62: H, 4.55; N, 9.14. 

4,6-Diacetyl-2-methylpyrimidine (9h) 

Flash column chromatography (EtzWexane, 1 : 3) gave 0.28 g (63 %) of 9b as colorless needles, mp 40-41 OC 

(petroleum ether). Ir (KBr) cm-1: 1714 (C=O). IH Nmr (CDC13) G : 2.76 (s, 6H), 2.95 (s, 3H), 8.16 (s, 1H). 

Ms (rnlz): 178 (M+). Anal. Calcd for C9HloNzOz: C, 60.66; H, 5.66; N, 15.72. Found: C, 60.79; H, 5.59; N, 

15.57. 

4,6-Diethoxycarbonyl-2-methylpyrimidine (9c) 

Flash column chromatography (EtzWexane, 3 : 1) gave 0.29 g (49 %) of 9c as colorless needles; mp 61-62 OC 

(petroleum ether). Ir (KBr) cm-I: 1728 (C=O). 1H Nmr (CDC13) 6 : 1.50 (t, J =7Hz, 6H), 2.00 (s, 3H), 4.56 (q, 
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J = 7 Hz, 4H), 8.40 (s, 1H). Ms (mlz): 238 (M+). Anal. Calcd for C I I H 1 ~ Z 0 4 :  C, 55.46; H, 5.92; N, 11.76. 

Found: C, 55.71; H, 5.96; N, 11.67. 

4,6-Dicyclohexylcarbonyl-2-methylpyrimidine (9d) 

Flash column chromatography (Etzshexane, 1 : 10 - 1 : 1) gave 0.32 g (41 %) of 9d as colorless needles; mp 

55-56 OC (pentme). Ir (KBr) cm-I: 1706 (C=O). 'H Nmr (CDCI,) G : 1.00-2.20 (m, 20H). 2.87 (s, 3H), 3.46- 

4.10 (m, 2H), 8.16 (s, 1H). Ms (mlz): 314 (M+). Anal. Calcd for C19H~6N~02:  C, 72.58; H, 8.33; N, 8.91. 

Found: C, 72.56; H, 8.45; N, 8.81. 

General Procedure for  Acylation (or Ethoxycarbonylation) of 4-Substituted 6-Methyl-2- 

trimethylstannylpyrimidines (6a-d) and 4-Substituted 2-Methyl-6-trimethylstannylpyrimidines 

(7a-c) 

A solution of 3a-e (0.6 mmol) in dry benzene (3 ml) was added dropwise to a stirred solution of 6a-d, 7a-c (0.5 

mmol) in dry benzene (or xylene) (7 ml) under N2 stream. The mixture was refluxed with stirring for the reaction 

conditions shown in Table 111. The reaction mixture was washed with 10 % aqueous NH3 solution (10 ml) and 

brine (10 ml), dried (MgS04), and concentrated under reduced pressure. The crude product was purified by flash 

column chromatography on silica gel. 

Flash column chromatography (Etzchexane, 1 : 1) gave 0.02 g (1 1 %) of 8e as colorless prisms; mp 8&810C 

(pentme). Ir (KBr) cm-I: 1712, 1660 (C=O). 'H Nmr (CDC13) 8 : 1.03-2.23 (m, IOH), 2.77 (s, 3H), 3.40-3.93 

(m, lH), 7.25-7.76 (m, 3H), 7.89 (s, lH), 8.10-8.36 (m, 2H). Ms (mlz): 308 (M+). Anal.  Calcd for 

C I ~ H ~ ~ N Z O ~ :  C, 74.00, H, 6.54; N, 9.08. Found: C, 74.21: H, 6.72; N, 8.86. 

Flash column chromatography (EtzO-hexane, 3 : 1) gave 0.09 g (72 %) of 8f as a colorless powder; mp 79-80 

OC (hexme). Ir (KBr) cm-I: 1712, 1674 (C=O). IH Nmr (CDC13) 8 : 2.77 (s, 6H), 7.30-7.76 (m, 3H), 7.90 (s, 

IH), 8.06-8.32 (m, 2H). Ms (mlz): 240 (M+). Anal. Calcd for CI4Hl2N2O2: C. 69.99; H, 5.03; N, 11.66. 

Found: C, 69.80; H, 4.92; N, 11.47. 
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4-Benzoyl-2-ethoxycarbonyl-6-methylpyrimidine (8g) 

Flash column chromatography (EtzO-hexane, 4 : 1) gave 0.08 g (62 %) of 8g as a colorless powder; mp 79-80 

OC (hexane). Ir (KBr) cm-I: 1749, 1664 (C=O). IH Nmr (CDCl3) 6 : 1.43 (t, J = 7 Hz, 3H), 2.76 (s, 3H), 4.53 

(q, J = 7 Hz, 2H), 7.26-7.76 (m, 3H), 7.86 (s, IH), 8.05-8.37 (m, 2H). Ms (mlz): 270 (M+). Anal. Calcd for 

C15H14Nz03: C. 66.66; H, 5.22; N, 10.36. Found: C, 66.60, H, 5.05; N, 10.22. 

4-Acetyl-2-benzoyl-6-methylpyrimidine (8h) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.10 g (85 %) of 8h as a colorless powder, mp 8 6 8 7  

OC (hexane). Ir (KBr) cm-I: 1705, 1679 (C=O). IH Nmr (CDC13) 6 : 2.70 (s, 3H), 2.73 (s, 3H), 7.25-8.23 (m, 

6H). Ms (mlz): 240 (M+). Anal. Calcd for C~~HIZNZOZ:  C, 69.99; H, 5.03; N, 11.66. Found: C, 70.26; H, 

5.16: N, 11.39. 

4-Acetyl-2-ethoxycarbonyl-6-methylpyrimidine (8i) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.03 g (33 %) of 8i as colorless needles; mp 92-93 OC 

(pentane). Ir (KBr) cm-I: 1750, 1738, 1710 (C=O). 'H Nmr (CDC13) 6 : 1.48 (t, J = 7 Hz, 3H), 2.76 (s, 3H), 

2.80 (s, 3H), 4.57 (q, J = 7 Hz, 2H), 7.87 (s, 1H). Ms (mlz): 208 (M+). Anal. Calcd for Cl0HI2N2O3: C, 

57.69; H, 5.81; N, 13.45. Found: C, 57.77; H, 5.87; N, 13.30. 

2-Benzoyl-4-ethoxycarbonyl-6-methylpyrimidine (8j) 

Flash column chromatography (EtzO-hexane-CHzClz, 1 : 3 : 1) gave 0.1 1 g (78 %) of 8j as a colorless powder; 

mp 40 OC (hexane). Ir (KBr) cm-1: 1733, 1688 (GO).  IH Nmr (CDCl3) 6 : 1.43 (t, J = 7 Hz, 3H), 2.75 (s, 

3H), 4150 (q, J = 7 Hz, ZH), 7.30-7.75 (m. 3H). 7.93-8.30 (m, 3H). Ms (mlz): 270 (M+). Anal. Calcd for 

C15H14N203: C, 66.66: H, 5.22; N, 10.36. Found: C, 66.75; H, 5.17; N, 10.24. 

2-Benzoyl-4-cyclohexylcarhonyl-6-methylpyrimidine (8k) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.14 g (91 %) of 8k as colorless needles; mp 83-84 OC 

(pentme). Ir (KBr) cm-I: 1695, 1686 (C=O). IH Nmr (CDC13) 6 : 0.70-2.20 (m, IOH), 2.73 (s, 3H), 3.354.00 

(m, IH), 7.20-8.30 (m, 6H). Ms (mlz): 308 (M+). Anal. Calcd for C19H20N202: C, 74.00; H, 6.54; N, 9.08. 

Found: C, 73.87; H, 6.49; N, 8.89. 



HETEROCYCLES, Vol. 41, No. 6,1995 1289 

2-Acetyl-4-cyclohexylcarbonyl-6-methylpyrimidine (81) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.09 g (75 %)of 81 as pale yellow prisms; mp 81-83 

OC (pentane). Ir (KBr) cm-I: 1709, 1699 (C=O). 'H Nmr (CDC13) S : 0.80-2.20 (m, lOH), 2.73 (s, 3H), 2.83 

(s, 3H), 3.50-4.15 (m, lH), 7.83 (s, 1H). Ms (mlr): 246 (M+). Anal. Calcd for C14HlsN202: C. 68.27; H, 

7.37; N, 11.37. Found: C, 68.35; H, 7.51; N, 11.20. 

4-Cyclohexylcarbonyl-2-ethoxycarbonyl-6-methylpyrimidine (8m) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.06 g (43 %) of 8m as colorless needles; mp 137- 

138 OC (hexane). Ir (KBr) cm-I: 1732, 1700 (C=O). 'H Nmr (CDC13 6 : 1.05-2.10 (m, 13H). 2.73 (s, 3H), 

3.53-4.10 (m, lH), 4.57 (q, J = 7 Hz, 2H), 7.83 (s, 1H). Ms (mlr): 276 (M+). Anal. Calcd for C1SH20N203: 

C, 65.20; H, 7.30; N, 10.14. Found: C, 65.36; H, 7.46; N, 10.05. 

4--Benzoyl-6-cyclohexylcarbonyl-2-methylpyrimidine (9e) 

Flash column chromatography (EtzO-hexane, 1 : 3) gave 0.05 g (32 %) of 9e as pale yellow prisms; mp 73 OC 

(hexane). Ir (KBr) cm-I: 1698, 1668 (C=O). 'H Nmr (CDC13) 5 :  1.05-2.20 (m, 10H). 2.90 (s, 3H), 3.50-4.10 

(m, lH), 7.25-7.75 (m, 3H), 7.97-8.23 (m, 3H). Ms (m/z): 308 (Mf). Anal. Calcd for C19H20Nz02: C, 74.00, 

H, 6.54; N, 9.08. Found: C, 74.12; H, 6.79; N, 9.03. 

4-Acetyl-6-benzoyl-2-methylpyrimidine (9f) 

Flash column chromatography (EtzO-hexane, 1 : 3) gave 0.09 g (78 %) of 9f as pale yellow prisms; mp 7&71 

OC (hexane). Ir (KBr) cm-1: 1706, 1672 (C=O). 1H Nmr (CDC13) S : 2.76 (s, 3H), 2.93 (s, 3H), 7.30-7.78 (m, 

3H), 8.00-8.27 (m, 3H). Ms (mlz): 240 (M+). Anal. Calcd for CI~HIZNZOZ:  C, 69.99: H, 5.03; N, 11.66. 

Found: C, 69.75; H, 4.91; N, 11.50. 

4-Benzoyl-6-ethoxycarbonyl-2-methylpyrimidine (9g) 

Flash column chromatography (EtzO-hexane, 1 : 1) gave 0.09 g (67 %) of 9g as a colorless liquid; bp 165-168 

OC 10.4 tom. Ir (neat) cm-I: 1748, 1728, 1674 (C=O). IH Nmr (CDC13) 6 : 1.45 (t, J = 7 Hz, 3H), 2.93 (s, 3H), 

4.52 (q, J = 7 Hz, ZH), 7.25-7.73 (m, 3H), 7.97-8.20 (m, 2H), 8.26 (s, 1H). Ms (mlz): 270 (M+). An+. Calcd 

for CISH14N203: C. 66.66; H, 5.22; N, 10.36. Found: C, 66.40; H, 5.47; N, 10.48. 
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4-Acetyl-6-ethoxycarbonyl-2-methylpyrimidine (9h) 

Flash column chromatography (Et+hexane, 1 : 1) gave 0.06 g (57 %) of 9h as colorless needles; mp 75-760C 

(pentane). Ir (KBr) cm-1: 1746, 1709 (C=O). IH Nmr (CDC13) 6 : 1.46 (t, J = 7 Hz, 3H), 2.73 (s, 3H), 2.92 (s, 

3H). 4.52 (q, J = 7 Hz, 2H), 8.30 (s, 1H). Ms (mlz): 208 (M+). Anal. Calcd for C I ~ H ~ ~ N ~ O ~ :  C. 57.69; H, 

5.81; N, 13.45. Found: C, 57.67; H, 5.84; N, 13.55. 
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