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Abstract: Pyrimidines carrying an o-alkyne side-chain -XCH#HaC& H 
(X=O,N,S,SO,SOg) at the 2 or 5 position undergo intramolecular inverse 
electron demand Diele-Alder reactions across the C-2 and C-5 positions; 
elimination of hydrogen (or alkyl) cyanide from the intermediate adducts leads 
to condensed pyridinee. The influence of the hetero atom (X) in the dienophilic 
side-chain and that of aubetituents in the pyrimidine ring on the reactivity is 
discussed. 

In the last two decades inverse electron demand Diels-Alder reactions of heterocyclic axadienee with 

electron-rich dienophiles have recieved considerable attention 111. Both intermolecular reactions 12-41 

and intramolecular reactions 15-101 have been studied. Recently, intramolecular inverse electron 

demand cycloaddition reactions of pyrimidines 1111 and nitropyridinee lllbl carrying an appropriate 

dienophilic side-chain at the 2 or B-position were observed at our laboratory. In this paper we describe 
detailed results of our research on intramolecular DieleAder reactions of pyrimidines carrying an 
appropriate dienophilic side-chain, connected through a hetero atom (oxygen, sulfur or nitrogen) to the 
pyrimidine ring. 

BESUL’IBANDDISCU~ON 

First, the cycloaddition reaction of 2-(3-butynyloxy)pyrimidines la-d and 2-(3-pentynyloxy)pyrimidines 

le-f was investigated. These compounds were prepared from the corresponding 2-chloropyrimidines 

and the sodium salt of 3-butyn-l-01 or 3-pentyn-l-ol, respectively, in good yields. Heating of compounds 1 

in refluxing nitrobenzene under nitrogen led to the formation of 2,3-dihydrofurol2,3-hlpyridines 3 in 

reasonable yields (Scheme 1). Their formation is supposed to occur via the intermediacy of tricyclic 

adducts 2 resulting from an intramolecular cycloaddition across the C2 and C5 position and subsequent 

elimination of hydrogen cyanide or acetonitrile. The supposed intermediate cycloaddition products 2 

could not be isolated or identified by NMR spectroscopy. 

The reaction conditions necessary for the complete disappearance of la and lb (see Table) are 

comparable. This means that the activating effect of the strong electron withdrawing nitro group at the 

5-position of the pyrimidine does not lead to an increased rate of cycloaddition. This may be due to steric 

effects. 
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Introduction of one weak electron donating methylgroup at C-4 (C-61, i.e. compound Id, does not lead to 

a considerable decrease of cycloaddition rate. Interestingly, a mixture of 2,3-dihydrofurol2,3-blpyridine 

3a and 2,3-dihydro-6-methylfUrol2,3-h]pyridine 3c is obtained in a ratio of approximately 1:1.8. These 

cyclization products arise from intermediate cycloadduct 2d by loss of acetonitrile or hydrogen cyanide, 

respectively. In this case the loss of hydrogen cyanide is favoured more than the loss of acetonitrile 1121. 

It is interesting that introduction of methyl groups at both C-4 and C-6, i.e. lc, results in a considerable 

decreased rate of cycloaddition. Taking into account that introduction of one methyl group hardly 

influences the rate of cycloaddition it is reasonable to suggest that in the conversion of lc into SC not only 

the electron donating character of the methyl groups must be taken into account, but also that the 

combined steric effects of both methyl groups at C-4 and C-6 disfavour the cycloaddition. 

Comparison of the reaction conditions for complete disappearance of la and le shows that introduction 

of a methyl group at the triple bond of the dienophilic side-chain decreases reactivity. We have to 

conclude that in this reaction the activating electronic effect of the methyl group is exceeded by steric 

hindrance of this group exerted by approach of the dienophile to C-5. The higher reactivity of 5-nitro-2-(3- 

pentynyloxylpyrimidine lf towards cycloaddition as compared to that of 2-(3-pentynyloxy)pyrimidine le 

reflects the activating effect of the nitro group on the pyrimidine towards cycloaddition. 

In order to investigate the influence of different hetero atoms in a-position of the dienophilic side-chain 

we also studied the intramolecular Diels-Alder reactions of 2-(3-butynylamino)pyrimidines 4 and 2-(3- 

butynylthio)pyrimidines 7. Heating of 4a and 4b, prepared in good yields from the corresponding 2- 

chloropyrimidines and 4-amino-1-butyne, in refluxing nitrobenzene under nitrogen for 36 hours only led 

to decomposition and no indication for the formation of lH-2,3dihydropyrrolo[2,3-bj pyridines 6a and 6b 

could be found. However, when the NH group was acetylated, the resulting 2-(N-acetyl3-butynylamino) 

pyrimidines 4c and 4d, in which the pyrimidine rings are less electron rich than in case of 4a, 4b, 

smoothly underwent the intramolecular Diels-Alder reaction in high yield at 180°C affording the l- 

acetyl-2,3-dihydropyrrolo[2,3-Mpyridines 6o and 6d. 

With exception of 7b the 2-(3-butynylthiolpyrimidines 7 were prepared in good yields from the 

corresponding 2-mercaptopyrimidines and 4-iodo-l-butyne in the presence of triethylamine. Compound 

7b was obtained from sodium nitromalonaldehyde and S-3-butynylthiourea hydroiodide in low yield. On 
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TABLE Intramolecular Diels-Alder reactions of pyrimidines 1,4,7, lob and 12. 
Reaction conditions, products and yields. 

_______________---------~~~~~--------____---_~~~~~~~~~~~~~ 

Reaction Conditions Reaction Compounds 40 Yield 
Start~~~~ds Temp. PC) Time 01) 

---------------------------------------------------------- 

heating in refluxing nitrobenzene the compounds 7 cyclized to the corresponding 2,%dihydrothieno[2,3- 

h]pyridines 9. In analogy with Id, 2-(3-butynylthioj-4-methylpyrimidine 7d cyclized to a mixture of 

thieno[2,3_Mpyridines 9a and 9c in a ratio of approximately 1:2.2 by lose of either acetonitrile or hydrogen 

cyanide from intermediate cycloadduct 8d. 

Comparison of the temperature and the reaction time for complete conversion of the compounds 4c and 

4d and also 7a and 7b confirm that the presence of the nitrogroup at C-5 does not considerably influence 

the rate of the reaction (see Table). We obtained the same result with the compounds la and lb. 
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However, it is clear that the nature of the hetero atom in the dienophilic side-chain influences the 

reactivity. The reactivity increases in the order NH<O&<NC(O)CH3 . This order of reactivity reflecte the 

decreaee of the electron donation into the n-system of the pyrimidine ring [I31 and is eimilar to those 

found in the 1,2&triazine and pyrazine series [6b, 81. 

From the observations deecribed above it may be inferred that the reactivity towards intramolecular 

inverse electron demand Diels-Alder reactions may be enhanced by increasing the electron deficiency of 

the pyrimidine ring. Therefore, the highly electron deficient eulfoxide 10a (x- SO) and sulfone lob (X= 

SO2 1 were also studied. These compounds were easily prepared from the sulfide 7a by oxidation with one 

or two equivalents of m-chloroperbenzoic acid, respectively. Indeed, 2-(3-butynylsulfony?pyrimidine IOb 

Q= SO2 1 already cyclized to l,l-dioxo-2,3_dihydrothieno[2,3&jpyridine llb when heated at 180% for 16 

hours, conditions being less strenuous than those for the sulfide ?a. Unfortunately, 2-(3-butynyl- 

sulfinyl)pyrimidine 10a (X= SO) decomposes when heated above 100°C. No product formation could be 

detected. However, 10a underwent cycloaddition when heated at 65°C in CDCl3 under a pressure of 

15 kRar, yielding lla. In order to compare the reactivitiee of 4 YBand l&we also reacted 7a and 1ob 
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Scheme 4 

g x=so b x=soz 

under the same high pressure conditions as I& 1H NMR spectroscopy showed that after one night YB 

was converted into lla for more than 368, whereas lob was only converted int.ollJ~ for approximately 

25%. Under these conditions 7a did not give the cycloadduct Sa at all. This violation of the “normal” order 

of reactivity (sulfoxide > sulfone > sulfide) agrees with observations of Taylor and Macor in the 1,2,4- 

triazine series [6al. It can be explained if one considers that in intramolecular cyeloaddition reactions 

the reactivity is not only determined by electronic effects, but that also the possibility for a good overlap 

between the HOMOdienophile and LUMOazadiene is essential. This is infhrenced by the nature of the 

tether between diene and dienophile. The smaller the C-S-C bond angle in the dienophilic side-chain, the 

closer the dienophile can approach the heterocyclic diene. Thus, the sulfoxide lOa, having the smallest 

C-S-C bond angle [6al has the fastest rate of intramolecular cyclisation. The higher degree of electron 

deficiency in the ring in sulfone lob is partly negated by its larger C-S-C bond angle. 

We also included in our investigations some pyrimidine derivatives with a dienophilic side-chain in the 

&position, i.e. the 5-(3-butynylthiolpyrimidines 12a-d. The compounds 12a and 12b were prepared in 

good yield by treatment of the appropriate substituted bis-(pyrimidyl-Sldisulfide with triethylamine and 

sodium dithionite followed by reaction with 4-iodo-l-butyne. On heating at 180°C 12a cyclized to 2,3- 

dihydro-S-phenylthieno[2,3Jpyridine 14a in high yield. Under the same conditions 12c and 12d both 

reacted to 5-(acetylamino)-2,3-dihydrothieno[2,3-glpyridine 14~. The amino compound 12b was found not 

to cyclise into 14b. 

scheme5 

12 

-HCN 

13 

In order to compare the reaetivities of pyrimidines with a dienophilic side-chain attached to the 2 and 5 

position, respectively, we heated 2-(3-butynylthio)-S-phenylpyrimidine 7e and S-(3-butynylthiol-2- 

phenylpyrimidine 12a at 136°C in nitrobenzene in a NMR tube. The rate of product formation and the 

rate of decrease of starting material was monitored by means of NMR spectroscopy. It was found that 12a 

cyelises 18.4 times faster than 7e. This difference in reactivity is probably eaused by a different resonance 

donation of the 3-butynylthio group to the pyrimidine ring being larger in 2-(3-butynylthiol-5- 

phenylpyrimidine 7e than in 5-(3-butynylthiol-2-phenylpyrimidine 12a. This greater resonance 

contribution in 7e hampers rotation about the S-pyrimidine bond and consequently the dienophilie side- 
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chain can more easily approach the azadiene in compound 12a than in compound le, resulting in a 

larger rate of cycloaddition of compound 12a. 

BAL!BCTION 

Melting 
p” 

inte are uncorrected. 1H NMR epectra were recorded on a Varian EM 390 e ctromebr. 
Chemica ehifte are determined in ppm downfield from TMS. Mass epe-ctral data were o ge* tamed on a 
AEI MS 902 spectrometer equi ped with a VG ZAI3 console. Column chromatography was performed on 
Merck silica gel 60 (70-230 me8 ASTM). 

. . 
)4._ 1. 

merlpetroleum ether 40-60 (1:l). Obtained ae a pale ye low solid (72%): mp 39-41°C 
From 2-&loro4,6dimethyl yrimidine [151. Reaction time 

P 
(hexane); 1H NMR (CD(&) 6 6.75 (8, 
2.44 (s,6H), 2.95 (t, J = 2.7 Hz, 1H). 

lH), 4.51 (t, J = 7.2 Hz, 2H), 2.73 (dt, Jl = 7.5 HZ, J2 = 2.7 HZ, 2H), 

Anal. Calcd. for CloHl2NzO (176.21): C, 68.16; H, 6.86; N, 15.90. Found: C, 67.94; H, 7.01; N, 15.99. 

9 . 2-(3 From 2-chloro.4-methyl+pdine [161. Reaction time 2.5h. 
E u&t ichloromethane/e er (3.1) Obtained as a ale ellow oil ( 96) 1H NMR (CDCl ) 5 8 34 (d J - 
4.8 Hz, lH), 6.82 (d, J = 5.1 Hz, lkd4.47 (t, J = 7.2 I& 2&,2.70 (dt, J1=?.4 Hz, Jz = 2.7 H:), 2.45 (8, SH), 
2.03 ( 
HRM b 

J = 2.7 Hz, U-I). 
Calcd. for C9Hlfl2O (M+): 162.0793. Found: 162.0787. 

&I. From 2-chloro * ‘dine. Reaction time 2h. Eluent ether Obtained as 
(CDCl3 ) 6 8 53 ?E4 5 H 2H) 6 95 (t, J = 4.9 Hz, lH), i.44 (t, J = 7.2 

27Hz 2Hj 176&J -26?Ix,3k): 
,: lh2.07b3. l+o&d: 16gOi87. 

From 2-chloro-5-nitro 
lid (62%). m 74-75’ d 

yrimidine. Reaction time 2h. Eluent 
(hexane/toluene> 1H NMR (CDCl3) 5 

=7.3&,& =2.5Hz) 177(t,J=24&,3H) 
; H, 4.37; N, 20.28. Fo&d: C, 52.16; i-I, 4.39; N; 20.36. 
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MS: m/e 14’7 (M+). 
Anal. Calcd. for QHgN’3 (147.18): C, 65.28; H, 6.16; N, 28.55. Found C, 65.21; H, 6.18; N, 28.13. 

Obtained as a ellow oil (65%) which slow1 crystalizes: mp 
(d,J=6Od 2H) 709(t J-6OHz,l&),4.28(t,J=7.5 

.45 (a, 3H);l&t, J: 2.7 Hz’, l&.’ 

Anal. Calcd. for CloHllNsO (189.21): C, 63.47; H, 5,86; N, 22.21. Found: C, 63.62; H, 5.91; N, 22.55. 

Anal. Calcd. for C14HllNa07S (393.33; picrate: mp 87-89°C): C, 42.75; H, 2.82; N, 17.81. Found C, 43.08; 
H, 2.90; N, 18.16. 

3.44; H, 3.54; N, 10.93. Found: C, 23.43; H, 3.57; N, 11.23. 

ml of water was ke t at 60°C for 15 minutes and then for 2 days at room tern 
?I 

rature. 
g 

The mixture wa8 
then extracted wrt dichloromethane. The organic laver was dried (MaS A) and evanorated under 
reduced pressure to afford the crude prod&t whiih was purified by Column ch:omato a h 
(dichloromethane %B eluent) to give 7b as a yellow solid (0.46 g; 13%): m 

Ip 
74-7PC (hexane); l&Gil 

(CqCX&&9&4~;,w), 3.36 (t, J = 7.2 Hz, 2H), 2.67 (dt, J1 = 7.2 Hz, J2 = 2.7 a, 2H), 2.06 (t, J = 2.7 Hz, H-I). 
L* c _--. -_ -__ \_._ ,_ 

Anal. Calcd. for C8H7NsOgS (209.23): C, 45.92; H, 3.37; N, 20.09. Found: C, 45.87; H, 3.27; N,19.89. 

. . 2.Mercapto+henylp@nidiue [231 (@O.g; 5.3 mm011 and 

‘!$u Z-iodo-l-but&e (096 g 6 3 mmol) was added and the reaction mixture hea 
a water were etirred untrll all of the vdme was dmaolved. . e(1,6~169mmo)in20 

After cooling the mixture $;ls’ertracted with diahlaromethane. The o 
d at 70°C for one hour. 

$%$f?f$&!#0XX&) 66 & (e 

v layer was dried (M#304) 
derreduced reaeure to afford?e asapale Row sob (1.07 84%) : m 76.S- .6”c 

= 2.7 Ha’2H), 2.06 (t, J = 2.6 & 14. 
2H), 7.63-7.37 (m, SH), 3.3f?(t, J = 7.2 Ha, 2Hf2.70 (dt, $ = 7.2 Hz, Ja 

1% NM& (CDCl9) 6 170.4,156,,4: 134.4, 129.8, 129.4,128.6,126.6,82.5,69.6,30.0, 19.6. 
Anal. Calcd. for C14HlgNa S (240.32): C, 70.17; H, 5.08; N, 11.69. Found: C, 69.96, H, 6.03; N, 11.65. 

To a stirred solution of 2-(3butyn ~1thio)pyrimidine (78; 0.16 g; 1 
) at 0°C m-chloroperbenzoic am (86% techn. solid 

at ioom tern 
*B 0.20 

erature for 20 houre and then washed wr .& ; 

ic layer wa8 8. ned (MgSO4) and evaporated to atford a clear, 
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colourleee oil which was purified by column chromate a h (dichloromethanelmethanol9:l a8 eluent) 
to yield 10a (0.15 ff. 86%) ae a clear, colourless oil; 1H &ky CDCl3) 5 8.93 (d, J = 4.9 Hz, 2H), 7.48 (t, J = 
4.9 HZ, lH), 3.65-3.65 (me, 2H), 3.05-2.35 (me, 2H), 1.94 (t, J = 2.7 Hz, U-D. 
HRMS Calcd. for CeHgNgCS (M+): 180.0358. Found 180.0359. 

. Found: C, 48.84; H, 4.10; N, 14.12. 

, . .,. _ _ - __ 
triethy- mmol) and sodium dsthionite (0. 

m. Bis-[2-phen 
i; 

lpyrimidyl-(5)1-disul5de [241 (0.75 g; 2 mmol), 
2 g; 4.7 mmol) in water (5 ml) were stirred at 

60°C untilI complete dissolution. After a further 3 hours at 6O’C 4-iodo-l-butyne (0.72 g; 4 nnnol) was 
added and the reaction mixture stirred for one hour at 60°C. A&r cooling the product was collected b 
filtration and washed with cold methanol to afford 12 (0.92 
(methanol); 1H NMR (CDC 

B 
) 8 8.79 (e, lH), 8.56-8.27 (m,2H), !+ 

* 95%) as a colourlees solid: mp 72-73 06 

2.50 (dt, Jl= 7.5 Hz, Jx = 2,7 z, 2H), 2.03 (t, J = 2.7 Hz, 1H). 
.59-7.37 (m, 3H), 3.07 (t, J = 7.5 Hz, 2H), 

1sC NMR (CD(&) 5 163.0, 158.9,l36.9, 130.9,128.6, 1282,81,3,70.5,33.5,19.6. 
HRMS Calcd. for C&HlgNxS tM+): 246.0721. Found: 240.0721. 
Anal. Calcd. for Cl4HlxNxS (240.32): C, 69.97; H, 5.03; N, 11.66. Found C, 69.61; H, 5.06; N, 11.54. 

.61; H, 5.06; N, 23.44. Found: C, 53.41; H, 4.99; N, 23.61. 

reduced 
extra&e B 

ressure. The residue was treated with water (10 ml), neutralized with sodium bicarbonate and 
with dichloromethane. The organic la 

reesure to afford a mixture of 12a an 
$. 

dy 
er was dried (MgS04) and evaporated under reduced 
12d. Column chromatography (eluting with 

mhloromethane/methanol 9:l) of the latter mixture yielded 12~ (68 mg; 50%) as a yellow solid and 12d 
(66 mg; 46%) as a pale yellow oil. Analytical and s 
12~: m.p. 136138°C (hexan&hloroform) H 1 

ctroseopic data of 12c and 12d: 
& (CDCl ) 5 9.57 (brs, D-D, 8.63 (8, 2H), 2.94 (t, J = 7.2 

Hz, 2H), 2.47 (a, 3H), 2.60-2.30 (m, 2I$, 2.01 (t, J = 2.6 i&z,. 

1% 
Anal. Calcd. for CloHnNgOS (221.28); C, 54.28; H, 6.01; N, 18.99. Found: C, 53.99, H, 5.01; N, 19.06. 
1H NMR (CDClg) 8 8.76 (s,2H), 3.17 (t, J = 7.1 Hz, 2H), 2.58 (dt, J1 = 7.1 Hz, Jx = 2.7 Hz, 2H), 2.28 (8, 
6H) 2.07 (t, J = 2.6 Ha, 2H). 
HRklS Calcd. for C&I1gN3CxS (M+): 263.0727. Found 263.0728. 

___,. 
HRMS Calcd. for C 

I? 
gN0 (M+): 135.0684. Found: 135.0672. 

Anal. Calcd. for Cg 9NO (135.16): C, 71.08; H, 6.71; N, 10.36. Found: C, 70.71; H, 6.84; N, 10.50. 
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(t., J = 8.4 Hz, 2H), 2.67 
MS: m/e 162 (M+). 

(s,3H). 

Anal. Calcd. for CgHlON20 (162.19): C, 66.65; H, 6.22; N, 17.27. Found: C, 66.79; H, 6.41; N, 17.41. 

4.22 (t, J = 8.6 Hz 2H), 
MS: m/e 207 CM+). 

3.17 (t, J = 8.7 Hz, 2a;?69 (8,3H). 

Anal. Calcd. for CgHgN303 (207.19): C, 52.17; H, 4.38; N, 20.28. Found: C, 52.20; H, 4.35; N, 20.49. 

mixture obtained from 7a (1.2 mmol) yielded 9a (57%) ae a pale brown oil, 1H NMR (CDC13) spectrum 
identical with that reported in the literature [5al. 
MS: m/e 137 (M+). 
Anal. Calcd. for Cl3HlON407S (366.31; picrate: mp 103-105°C): C, 42.62; H, 2.75; N, 15.30. Found: C, 
42.66; H, 2.73; N, 15.39. 

MS: m/e 182 (M+). 
Anel. Calcd. for C7HgN2O2S (182.20): C, 46.14; H, 3.32; N, 15.38. Found: C, 46.29; H, 3.28: N, 15.27. 
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Anal. Cakd. for Cl3HllNS (213.29): C, 73.20; H, 5.20; N, 6.57. Found: C, 73.36; H, 5.32; N, 6.59. 

R (CDCls) identical with those reported above. 

The present investigations have been carried out under the auspices of the Netherlands Foundation for 

Chemical Researeh (SON), with financial aid from the Netherlands Organization for Scientific 

Research (NWO). We are indebted to Mr. H. Jongejan and Mr. C.J. Teunia for the microanalytical and 

rna~s spectroscopic data and to Mr. A. van Veldhuizen for the 13C NMR measurements. 
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