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Abstract: Z-(2-Trimethylsilylethynylphenyl-Xl- 
p6y 

rimidines 
C=O) easily undergo intramolecular Diels-A 

(2, X= 0, S, NAc, CH2, 
er reaction with inverse electron 

demand, to give tricyclic annelated p idines in excellent yields. The s nthesis of 2 
and the cycloaddition reaction to give t e tricyclic annelated pyridines is %r J escribed. 

INTRODUCITON 

Inverse electron-demand Diels-Alder reactions of heterocyclic azadienes with electron-rich 

dienophiles have received considerable attention in the last two decadeslt2. In our laboratory 

attention is focussed on reactions of pyrimidines, pyrazines and pyridines as electron deficient 

azadieness. The entropic advantage inherent to intramolecular Diels-Alder reactions has 

allowed us to explore cycloadditions with less reactive dienophiles such as alkynes under 

relatively mild conditions. In previous papers we described the cycloaddition reactions of 

pyrimidines and pyrazines containing an -X-CH2-CH2-C=CH (X = 0, NAc, S, SO, SO2 or C(CN)i) 

side chain which gave bicyclic annelated pyridine derivatives3d-t$. In this paper the 

cycloaddition reaction of several pyrimidines containing an -X-(2-phenylenel-C=C-Si(CH3)3 (X = 

0, S, NH, NAc, CH2, C=O) group at position 2 to give tricyclic annelated pyridines is described. 

For these compounds a higher reactivity for cycloaddition is expected than for the 

corresponding pyrimidines containing an -X-CH2-CH+Z&H side chain due to the limited 

conformational freedom inherent to the o-phenylene group4. 

RESULTS AND DISCUSSION 

For the synthesis of the 2-(2-trimethylsilylethynylphenyl-X)-pyrimidines 2a-f we used 2- 

chloropyrimidine as a starting material. This was reacted with 2-bromophenol, 2-iodoaniline, 2- 

bromoaniline or Zaminothiophenol respectively to give the corresponding 2-substituted 

pyrimidines (la-c, 0. The N-acetylated derivatives Id and le were obtained by reacting lb and lc 

respectively, with acetic anhydride in dry pyridine with a catalytic amount of dimethylaminopy- 
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1 

a: X=O,Y=Br E X=S,Y=NH;! 
b: X=NH,Y=I & X=S,Y=I 

c: X=NH,Y=Br h: X=CH2,Y=Br 

d: X=NAc,Y=I k X=C=O,Y=Br 

e: X = NAc, Y = Br 

2 
a: X=0 d: x=s 
b: x=NH e: X=CH;! 
c: X=NAc f: x=c=O 

Table I: Trimethylsilylacetylene compounds 2 from 1. 

Starting Reaction 

Compounds Products 

la 2a 

lb 2b 

lc 2b 
Id 2c 

le 2c 

lg 2d 

lh 2e 

li 2f 

Reaction Conditions 

TempPC) Time (h) 

90 2 

40 4 

90 4 

40 1 

60 4 

40 3 

80 6 

80 3 

Yield (%) 

90 

76 

60 

81 

74 

91 

72 

61 

ridine. 2-(2-Iodophenylthio)-pyrimidine (lg) was prepared in good yield by diazotation of If and 

subsequent reaction with sodium iodidd. 

The 2-(2-bromobenzyl)pyrimidine (lhl was produced from 2-bromophenylacetamidine (316 

and (3-dimethylamino-l-propenyl)dimethylimmonium perchlorate (417 according to Scheme I. 

Oxidation of lh with potassium permanganate under phase transfer conditions 

(water/chloroform)8 gave the benzoyl derivative li. 

Ih 
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Table II: Products, reaction rates at 160 “C and yields for the intramolecular cycloaddition 

reaction of compounds 2. 

starting 

Compounds 
2a 

2b 

2c 

2d 

2e 

2f 

Reaction 

Products 

5a 

5c 

5d 

5e 

5f 

t1/2 (h) Yield (%) 

0.47 >95 

0.30 >95 
1.74 >95 
0.82 >95 

<o.o5a >95 

a The t1/2 of this compound was 0.27 h at 120 “C 

The higher reactivity of the compounds investigated in this study as compared to the 2- 

fbutynyl-X)-pyrimidines set8 may be due to a limited conformational freedom in the side chain 

by the presence of the o-phenylene group and thus an enhanced entropic advantage. 

Furthermore, molecular mechanics calculations (MNDO) indicate that a planar conformation 

of the two aromatic rings appears to have a higher energy than a twisted conformation, from 

which a conformation for cycloaddition is more easily attainable. When the observed order of 

reactivity (NH << S < CH2 < 0 < NAc <. C=O) is compared with the order of reactivity observed 

for w-butynyl-X-triazineslo, -pyrimidine&Jl and -pyrazine& (NH c< 0 < S c CH2 c NAc) 

there are some significant changes. In our opinion the order of reactivity can hardly be 

explained by differences in electron donating properties of the X groupl2. More important 

factors seem to be the preferred conformation of the starting material and the energy required to 

reach a reactive conformation from which reaction can occur between the x-electron systems of 

the diene and the dienophile. Presently, molecular mechanics calculations are performed to 

gain more insight into the observed differences in reactivity. 

EXPERIMENTAL SECTION 

Melting points are uncorrected. IH-NMR spectra were recorded on a Varian EM 390 
spectrometer. Chemical shifts are determined in ppm downfield from tetramethylsilane. Mass 
s 
P 

ectral data were obtained on a AEI MS 902 spectrometer e ui 
olumn chromatography was performed on Merck silica gel 6 %7p 

ped with a VG ZAB console. 
( O-230 mesh ASTM). 
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Z-Bromoohenvlarxtamidine hvdrochloride (3) 
One equivalent of hydrochloric acid was passed into a solution of o-bromophen lacetonitrile 

(50 mmol)l3 in absolute ethanol. The nuxture was allowed to stand for two $ ays at room 
tern 
yiel T 

rature to give the imidate, which was isolated by filtration as the hydrochloride in 80% 
. The amidme salt (3) was obtained by stirring the imidate salt for two days at 40 T in a 

solution of ammonia in ethanol. The mixture was concentrated under reduced pressure and 
the residue was r stalked from ethanol. Yield 87 %: mp 100-102 ‘C (ethanol). 
*H-NMR (CDCl3)?bI (lx, NH$, 7.65-7.00 (Ar, 4I-I),3.12 (s, CH;! 1. 
Anal. calcd. for QHloBrClN2: C, 38.5; H, 4.0; N, 11.2 Round: C, 38.0; H, 4.1; N, 11.6. 

2-(2-Bromouhenvloxv)nvrimidine (la). 
A solution of commercially available Zchloropyrimidine (1.14 g; 10 mmol) and 2-bromophenol 

(3.50 g; 21 mmol) in diphenyl ether (15 ml) was heated overnight at 160 “C. The roduct was 
*K isolated by column chromatograph usin n-hexane as eluent to remove the drp 

followed b chloroform to ‘ve la. ield 91 Yy !zJ : m 89-90 “C (n-hexane / ether 1:2). 
enyl ether, 

IH-NMR &Cl3) 6 8.58 (d,p4.5 Hz, 2H), 7.68 (d,g=9.0 Hz, lH), 7.50-6.99 (Ar, 4H). 
HRMS calcd. for Cl&I7BrN20: 249.9742. Found: 249.9741. 
Anal. calcd.: C, 47.8; H, 2.8; N, 11.2. Found: C, 48.1; H, 2.8; N, 11.2. 

2-(2-1odonhenvlamino)nvrimidine (lb). 
This compound was @pared from 2-chloropyrhnidine (10 mmol) and 2-iodoaniline (4.4 g; 20 

mmol) by the method described for the synthesis of la. Yield 24%: mp 65-66 ‘C (n-hexane / ether 
1:2). 
lH-NMR (CDCl3) 6 8.42 (d, J=4.5 Hz, 2H), 8.30 (dd, J1=9.0 Hz, J2=2.5 Hz, U-I), 7.80 (dd, J1=9.0 Hz, 
J2=2.5 Hz, H-I), 7.45 fbs, NH), 7.31 (dt, J1=9.0 Hz, J2=3.0 Hz, 2I-I), 6.72 (t, J=4.5 Hz, 1H). 
HRMS calcd. for CloH$N3: 2%.9765. Found: 296.9761. 
Anal. calcd.: C, 40.4; H, 2.7; N, 14.1. Found: C, 40.3; H, 2.7; N, 13.8. 

2-(2-BromonhenvlaminohJvrimidine (1~). 
This corn 

f2~;; ! 
Ound was prepared-from 2-chloropyrimidine (10 mmol) and 2-bromoO+ine (3.45 g; 
y the method described for the synthesis of 2a. Yield 92%: mp 78-79 C (n-hexane / 

IH-NA& iCDCl3) 6 8.45 (d, J=4.5 Hz, 2H), 7.62 (bs, NH), 7.58 (dd, J1=9.0 Hz, J2=2.5 Hz, IH), 7.30 (dt, 
J1=9.0 Hz, J2=3.0 Hz, 2I-I), 6.92 (dd, J1=9.0 Hz, J2=2.5 Hz, lH), 6.72 (t, J=4.5 I-k, II+. 
HRMS calcd. for ClaHaBrN?: 248.9901. Found 248.9901. 
Anal. calcd.: C, 48.tjrHy3.2; k, 16.8. Found: C, 48.00; H, 3.2; N, 16.9. 

HRMS calcd. for C~~H~$N~OZ 338.9871. Found: 338.9866. 

2-(N-acetvl-2-bromoohenvlamino)nvrimidine (le). 
This corn ound was 

Id. Yield fzl OX %: mp 1 
repared from lc (10 mmol) by the method described for the synthesis of 

-106 ‘C (n-hexane / ether 21). 
IH-NMR (CDC13) 6 8.59 (d, J=4.5 Hz, 2I-I), 766 (d, J=6.2 Hz, W), 7.50-7.10 (Ar, 3I-I), 7.00 (t, J=4.5 Hz, 
lH), 2.48 (s, 3I-I). 
HRMS calcd. for ClzHloBrN30: 291.0008. Found: 291.0012. 
Anal. calcd.: C, 49.3; H, 3.5; N, 14.4. Found: C, 49.1; H, 3.4; N, 14.3. 

2-(2-Aminoohenvlthio)uvrimidine (If). 
This compound was prepared from 2-chloro 

P 
yrimidine (10 mmol) and 2-aminothio 

P 
henol 

5227 g; 20 mmol) by the method described for a. Yield 84%: mp 127-129 “C (n-hexane ether 
: . 
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2-~-acetvl-2-trimethvlsilvlethvnvlDhenvlamino~Dvrimidine (2c) 
A solution of Id (3.4 - . 10 mol) or le (2.3 g; 10 mmolj was treated with 2.0 g of 

pnth lsllylacetylene m t e same wa 
“Cyforldand4hforl! bothatd’c Yleld81 %fromlcand74%frkle:orl 

as for the synthesw of 2a. The penod of heating was 4 h 

;~-N&5Z (CDCl$ 6 8.88 (d, Jk.5 I+,2H),-kO=7.38-(Ar, 4H), 7.24 (t, J--Q.5 Hz, lH), 2.72 (s, 3H), 0.35 

Hkhk calcd. for C@1gN30!3i: 309.1297 Found 309.1290. 

2-(TrimethVlSilVlethvnVlDhenVlthiO~Dvrimidine (?g) 
A solution of ig (3.2 g-10 mmol) was. treated with-2.0 g of trimeth~lsilylace lene in the same 

wa as for the synthesis of Pa. The penode of heatmg was 4 h at 80 C. Yield 
In-Eexane). 

7 1 %: mp 76-77 ‘C 

H-NMR (CDCl$6 8.45 (d, J=45 Hz, 2H.I, 7.70-7.12 (Ar, 4H), 6.92 (t, J=4.5 Hz, 1H), 0.05 (s, 9H). 
HEWS calcd. for C1$-T1&SSi: 284.0803. Found: 284.0803. 
Anal. calcd.: C, 63.4; H, 5.7; N, 9.9. Found: C, 63.3; H, 5.7; N, 9.9. 

2-(2-Trimethvlsilvlethvnvlbenzvl~Dyrimidine (2el 
A solution of lli (2.5-g-10 mmolj was treated 4th 2.0 

way as for the synthesis of la. The period of heatin was 8 
;~rii~~~;Ml~l~~l~ in the same 

IH-NhIR (CDCl3) 6 8.68 (d, J=4.5 Hz, 2H), 7.59-7.03 &r, 5H), 4.50 (s, C&r 0.15 (s, 9H): 
HRMS calcd. for C&I#2Si: 265.1161. Found 265.1170. 

2-(2-Trimethvlsilvlethvnvlbenzovl)Dvrimidine (20 
A solution of li (0.53 & 2.0 mmol) was treated w&h 1.0 g of trimeth 

wa 
(n-Xexane). 

as for the synthesis of Pa. The period of heating was 3 h at 80 OP 
lsilylacetylene in the same 
Yield 61%: mp 105-106 ‘C 

IH-NMR (CDCl$5 8.80 (d, J=4.5 Hz, 2H), 7.64 (t, J=4.5 Hz, WI), 7.46-7.23 (Ar, 4H), 0.00 (s, 9H). 
Anal. calcd. for C1&I7N2OSi: C, 68.5; H, 5.8; N, 10.0. Found: C, 68.4; H, 5.7; N, 9.9. 

4-Trimethvlsilvlbenzofuro~2,3-blDvridine (Sa) 
A solution of 2a (0.27 g 1 mmol) in 1 ml of nitrobenzene was heated at 160 ‘C for 12 h. After 

cooling the reaction mixture was chromate aphed. The column was first eluted with hexane to 
remove the nitrobenzene and then with ch oroform to give the pure 5a. Yield >95 96: mp 86-87 ?r 
“C (n-hexane). 
lH-NMR (CDC13) 8 8.30 (br s, U-Q, 8.15 (m, lH), 7.78 (m, lH), 7447.12 (Ar, 3H), 0.35 (s, 9H). 
HRMS calcd. for C&H&K)Sk 241.0923. Found: 241.0931. 
Anal. calcd.: C, 69.7; H, 6.3; N, 5.8. Found: C, 69.7; H, 6.3; N, 5.8. 

9-Acetvl4trimethvlsilvlDvridoJ2,3-blindole (5~) 
This compound Gras &pared from 2c (0.25 g; 1 mmol) by the same method described 

s thesis of 5a, exce t that heatin at 160 “C was performed for 6 h. Yield >95 %: oil. 
lENMIX (CDC13) SE.82 (d J=45& lH), 8.42 (d, J=2.25 Hz, IH), 8.09 (d, J=2.5 Hz, IHI, 7 
(Ar, 3H), 3.10 (s, 3H), 0.50 (s: 9Hj. 
HRMS calcd. for C1&sN2OSi: 282.1188. Found: 282.1185. 

for the 

‘.60-7.28 

PTrimethvlsilvlbenzothienol23-blDvridine &I)_ 
This compound was prepared from 2d (0.28 gi 1 mmol) by the same method described for the 

s 
1 !? 

thesis of 5a, exce t that heating at 160 ‘C was rformed for 18 h. Yield >95 %: oil. 
-NMR (CDC13) 6 LO (br s 1H) 8 15 (m U-II 7 0 (m lH), 7.44-7.10 (Ar, 3H), 0.30 (s, 9H). r 

HRIvB calcd. for C1&I@SS~: 257.0694. F&ndI 257.0694. 

4-Trimethvlsilvlindeno[2.1-blDvridine (5e) 
This compound was prepared from 2e (0.27 g; 1 mmol) by the same method described for the 

synthesis of 5a, except that heating at 160 OC was performed for 12 h. Yield >95 %: mp 77-79 “C 
(n-hexane). 
lH-Nh4R (CDCl3) 6 8.55 (d, J=4.5 Hz, lH), 8.15-7.30 (m, 5H), 0.50 (s, 9H). 
HIRIM! calcd. for C15H17NSi: 239.1130. Found: 239.1127. 
Anal. calcd.: C, 75.3; H, 7.2; N, 5.9. Found: C, 75.2; H, 7.4; N, 5.6. 
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4-Trimethvlsilvlindeno12.1-blnvridin-g-one (5D 
This compound was prepared from 2f (0.28 & 1 mmol) b 

OE 
the same method described for the 

synthesis of 5a, except that heating was performed at 120 
(n-hexane). 

for 2 h. Yield >95%: mp 180-181 “C 

IH-NMR (CDCl3) 8 8.56 (d, J4.5 Hz, 2H), 7.90-7.28 (Ar, 4H), 0.50 (s, 9H). 
Anal. calcd. for C15H&.IOSi: C, 71.2; H, 6.0; N, 5.5 Found: C, 71.0; H, 6.0; N, 5.5. 
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