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Abstract: Pyrimidines carrying an w-alkyne side-chain -XCH2CH2C=CH
(X=0,N,S,80,S02) at the 2 or 5 position undergo intramolecular inverse
electron demand Diels-Alder reactions across the C-2 and C-5 positions;
elimination of hydrogen (or alkyl) cyanide from the intermediate adducts leads
to condensed pyridines. The influence of the hetero atom (X) in the dienophilic
side-chain and that of substituents in the pyrimidine ring on the reactivity is
discussed.

In the last two decades inverse electron demand Diels-Alder reactions of heterocyclic azadienes with
electron-rich dienophiles have recieved considerable attention [1]. Both intermolecular reactions [2-4]
and intramolecular reactions [5-10] have been studied. Recently, intramolecular inverse electron
demand cycloaddition reactions of pyrimidines [11] and nitropyridines [11b] carrying an appropriate
dienophilic side-chain at the 2 or 5-position were observed at our laboratory. In this paper we describe
detailed results of our research on intramolecular Diels-Alder reactions of pyrimidines carrying an
appropriate dienophilic side-chain, connected through a hetero atom (oxygen, sulfur or nitrogen) to the
pyrimidine ring.

RESULTS AND DISCUSSION

First, the cycloaddition reaction of 2-(3-butynyloxy)pyrimidines 1a-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-1-ol or 3-pentyn-1-ol, respectively, in good yields. Heating of compounds 1
in refluxing nitrobenzene under nitrogen led to the formation of 2,3-dihydrofuro(2,3-blpyridines 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 1a and 1b (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-6), i.e. compound 1d, does not lead to
a considerable decrease of cycloaddition rate. Interestingly, a mixture of 2,3-dihydrofuro[2,3-blpyridine
3a and 2,3-dihydro-6-methylfuro[2,3-hlpyridine 3¢ 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 [12].
It is interesting that introduction of methyl groups at both C-4 and C-6, i.e. 1¢, 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 1¢ into 8¢ 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 1a 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-
pentynyloxy)pyrimidine 1f towards cycloaddition as compared to that of 2-(3-pentynyloxy)pyrimidine 1le
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-(8-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 1H-2,3-dihydropyrrolo[2,3-h] pyridines 6a and 6b
could be found. However, when the NH group was acetylated, the resulting 2-(N-acetyl-3-butynylamino)
pyrimidines 4¢ 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 1-
acetyl-2,3-dihydropyrrolo[2,3-blpyridines 6¢ and 6d.

With exception of 7b the 2-(3-butynylthio)pyrimidines 7 were prepared in good yields from the
corresponding 2-mercaptopyrimidines and 4-iodo-1-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, 10b and 12.
Reaction conditions, products and yields.

Pyrimidines  Reaction Conditions Reaction Compounds % Yield
Starting Compounds Temp. (°C) Time (h)

la 210 .S 3a 52

210 24 ) 5
1c 210 @ 3c 68
1d 210 % 3a +3¢c a0
le 210 9% 3e 40
1f 210 P 3f &
4c 180 12 6c 8
4 180 12 6d 87
Ta 210 18 9a 57
D 210 18 % L
7 210 2% 8¢ 51
d 210 18 9a +9¢ ®
% 210 21 Be i3
10b 180 16 11b 63
12a 180 12 1l4a &
12¢ 180 46 l4c 64
12d 180 H l4c 60

heating in refluxing nitrobenzene the compounds 7 cyclized to the corresponding 2,3-dihydrothieno[2,3-
blpyridines 9. In analogy with 1d, 2-(3-butynylthio)-4-methylpyrimidine 7d cyclized to a mixture of
thieno[2,3-blpyridines 9a and 9¢ in a ratio of approximately 1:2.2 by loss of either acetonitrile or hydrogen
cyanide from intermediate cycloadduct 8d.

Comparison of the temperature and the reaction time for complete conversion of the compounds 4¢ 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 1a and 1b.
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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<S<NC(O)CHj . This order of reactivity reflects the
decrease of the electron donation into the n-system of the pyrimidine ring [13] and is similar to those
found in the 1,2,4-triazine and pyrazine series [6b, 8].

From the observations described 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. Thereforé, the highly electron deficient sulfoxide 10a (X= SO) and sulfone 10b (X=
802 ) 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-butynylsulfonyl)pyrimidine 10b
(X="802 ) already cyclized to 1,1-dioxo-2,3-dihydrothieno[2,3-bipyridine 11b when heated at 180°C for 16
hours, conditions being less strenuous than those for the sulfide 7a. 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 55°C in CDCl3 under a pressure of
15 kBar, yielding 11a. In order to compare the reactivities of 7, ¥mand Ibwe also reacted 7a and b
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Scheme 4
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under the same high pressure conditions as 10n. 1H NMR spectroscopy showed that after one night 10a
was converted into 11a for more than 90%, whereas 10b was only converted intollb for approximately
25%. Under these conditions 7a did not give the cycloadduct 9a 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 [6a]. It can be explained if one considers that in intramolecular cycloaddition 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 influenced 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 102, having the smallest
C-S-C bond angle [6a] has the fastest rate of intramolecular cyclization. The higher degree of electron
deficiency in the ring in sulfone 10b 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
5-position, i.e. the 5-(3-butynylthio)pyrimidines 12a-d. The compounds 12a and 12b were prepared in
good yield by treatment of the appropriate substituted bis-(pyrimidyl-5)disulfide with triethylamine and
sodium dithionite followed by reaction with 4-iodo-1-butyne. On heating at 180°C 12a cyclized to 2,3-
dihydro-5-phenylthieno[2,3-¢clpyridine 14a in high yield. Under the same conditions 12¢ and 124 both
reacted to 5-(acetylamino)-2,3-dihydrothieno[2,3-¢lpyridine 14¢. The amino compound 12b was found not
to cyclise into 14b.
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In order to compare the reactivities of pyrimidines with a dienophilic side-chain attached to the 2 and 5
position, respectively, we heated 2-(3-butynylthio)-5-phenylpyrimidine 7e and 5-(3-butynylthio)-2-
phenylpyrimidine 12a at 190°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
cyclizes 18.4 times faster than 7e. This difference in reactivity is probably caused by a different resonance
donation of the 3-butynylthio group to the pyrimidine ring being larger in 2-(3-butynylthio)-5-
phenylpyrimidine 7e than in 5-(3-butynylthio)-2-phenylpyrimidine 12a. This greater resonance
contribution in 7e hampers rotation about the S-pyrimidine bond and consequently the dienophilic side-



Ring-transformations of pyrimidines 807

chain can more easily approach the azadiene in compound 12a than in compound 7e, resulting in a
larger rate of cycloaddition of compound 12a.

EXPERIMENTAL SECTION

Melting points are uncorrected. 1H NMR spectra were recorded on a Varian EM 390 spectrometer.
Chemicafx;hiﬁ.s are determined in ppm downfield from TMS. Mass spectral data were obtained on a
AEI MS 902 spectrometer equiﬁped with a VG ZAB console. Column chromatography was performed on
Merck silica gel 60 (70-230 mesh ASTM).
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ropriate chloropyrimidine (4.4 mmol, 1 eq) was added, with the exception of 2-chloro-5-
nitropyrimidine, at room temperature to a solution of sodium (0.1 g, 4.4 mmo)) in 3-butyn-1-o0l (3 ml) or 3-
pentyn-1-0l (3 ml, entries 1e and 1f). 2-Chloro-5-nitropyrimidine (entries 1b and 1f) was added at 0°C
and the resulting mixture stirred first at room temperature for one hour. The mixture was then stirred
at 80°C for the time given and after cooling ether (10 ml) was added. Sodium chloride was filtered off and
the solvent evaporated under reduced pressure to afford the crude 2-(3-alkE1yloxy)Fyrimidine (1) which
was purified by bulb-to-bulb destillation to remove any remaining alkynol, followed by column
chromatography eluting with the given solvent.

Ziﬂ:htxlf!lﬂ!ih?uxmdmn_(h}). From 2-chloropyrimidine. Reaction time 2h. Eluent ether. Obtained as
a pale yellow oil (756%) which slowly solidifies upon standing: mp 39-41°C (hexane); :H NMR (CDClg ) &
8.50(d, J = 5.0 Hz, 2H), 6.93 (t,J = g.o Hz, 1H), 4.45 (t, J = 7.2 Hz, 2H), 2.71 (dt, J1 = 7.3 Hz,J2 = 2.9 Hz,
2H), 2.03 (t, J = 2.8 Hz, 1H).

HRMS Caled. for CsHgNoO (M+): 148.0637. Found: 148.0640.

Anal. Caled. for Ca%iaNzo (148.16): C, 64.84; H, 5.44; N, 18.90. Found: C, 64.58; H, 5.46; N, 19.21.

Zﬂ;ﬁu%?ﬂmﬂj;nmnﬁmm.dm_um From 2-chloro-5-nitropyrimidine [14). Reaction time 1h. Eluent
ether. Obtained as a yellow solid (70%): mj) 61-63°C (hexane/toluene); 1H NMR (CDCls) §9.32 (s, 2H),
4,62 (t, J = 6.9 Hz, 2H), 2,75 (dt, J1 = 7.1 Hz, Jo2 = 2.7 Hz, 2H), 2.10 (t, J = 2.7 Hz, 1H).
13C NMR (CDClg) 6 166.7, 156.0, 138.5, 79.2, 70.5, 67.2, 19.0.

HRMS Calcd. for CgH7N3Os(M*): 193.0487. Found: 193.0486.

Anal. Caled. for CgH7N303(193.16): C, 49.75; H, 3.65; N, 21.75. Found: C, 49.53; H, 3.73; N, 22.06.

2-(3-Butynyloxy)-4.6-dimethylpyrimidine (1¢). From 2-chloro—4,6-dimethylf)yrimidine [15]. Reaction time
3h. Eluent: ether/petroleum ether 40-60 (1:1). Obtained as a pale yellow solid (72%): mp 39-41°C
(hexane); 'H NMR (CDClg) § 6.75 (s, 1H), 4.51 (t, J = 7.2 Hz, 2H), 2.73 (dt, J; = 7.5 Hz, Ja = 2.7 Hz, 2H),
2.44 (s, 6H), 2.05 (t, J = 2.7 Hz, 1H).

Anal. Caled. for C10H12N20 (176.21): C, 68.16; H, 6.86; N, 15.90. Found: C, 67.94; H, 7.01; N, 15.99.

gamymhmimmtlﬁmmmmx From 2-chloro-4-methylpyrimidine [16]. Reaction time 2.5h.

Eluent dichloromethane/ether (3:1). Obtained as a pale yellow oil (%%); 1H NMR (CDClg) 8 8.34 (d,J =

3(8)3 }%z,‘}H)é 2%2 (d,d =5.1 Hz, 1H), 447 (t,J = 7.2 Hz, 2I-¥), 2.70 (dt, J1 = 7.4 Hz, J2 = 2.7 Hz), 2.45 (s, 3H),
A = L. Zz,

, 1H).
HRMS Caled. for CgH;gN20 (M+): 162.0793. Found: 162.0787.

Ziﬂ;&ntﬁmzhxg%mmidm_ﬂﬂ From 2-chloro dy'rimidine. Reaction time 2h. Eluent ether. Obtained as
a pale ng ow oil (66%); *H NMR (CDCl3 ) § 8.53 (d, J = 4.5 Hz, 2H), 6.95 (t, J = 4.9 Hz, 1H), 4.44 (t,J = 7.2
Hz, 2H), 2.65 (qt, J1 = 7.2 Hz, J2 =2.7 Hz, 2H), 1.75 (t, J = 2.6 Hz, 3H).

HRMS Caled. for CgH10N20 (M+): 162.0793. Found: 162.0787.

Z;L&Emuxgquﬂ;ﬁ_-mww From 2-chloro-5-nitr08yrimidine. Reaction time 2h. Eluent
dichloromethane. Obtained as a yellow solid (52%): mp 74-75°C (hexane/toluene); tH NMR (CDCl3) §
9.30 (s, 2H), 4.57 (t,J = 7.2 Hz, 2H), 2.68 (dt, J1 = 7.3 Hz,Js =2.5 Hz), 1.77 (t, J = 2.4 Hz, 3H).

Anal. Caled. for CoHgN3Og (207.19): C, 52.16; H, 4.37; N, 20.28. Found: C, 52.16; H, 4.39; N, 20.36.

or the synthesis o

A mixture of gﬂe a protfriate chloropyrimidine (4.4 mmol) and 4-amino-1-butyne [17] (0.61 g; 8.8 mmol)
in ethanol was refluxed for the time given. After cooling the solvent was evaporated from the reaction
mixture and the residue purified by column chromatography (eluting with ether) to yield the
cort;?on&ng 2-(3~btg:g§€1.ammo}pynmldme (4a or 4b). The latter compound (4a or 4b; 2 mmol) was
heated for 4 hours at in acetic anhydride (3 ml) containins two drops of concentrated sulfuric acid.
After cooling the excess of acetic anhydride wag removed under reduced pressure, The residue was
treated with water (10 ml), neutralized with sodium bicarbonate and extracted with dichloromethane.
The orgamc layer was dried (MgSO4) and evaporated under reduced pressure. The residue was
purified by column chromatography (ether as eluent) to give the corresponding 2-(N-acetyl-3-butynyl-
amino)pyrimidine (4¢ or 4d).

i imidi . From 2-chloro, grimidine. Reflux time 24h. Obtained as a colourless
T6%). mg 60-61°C (hexane/toluene): 1H NMR F DClg) 6 8.29 (d, J = 4.9 Hz, 2H), 6.6 (br, 1H), 6.51 (t,J
gg Hz, }%, .58 (g, JCH2-CHz =JCH2-NH = 6.6 Hz, 2H), 2.51 (dt, J1 = 6.6 Hz, J = 2.7 Hz, 2H), 2.02 (t, J
z, 3

z
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MS: m/e 147 (M*).
Anal. Caled. for CsHgNg (147.18): C, 65.28; H, 6.16; N, 28.55. Found: C, 65.21; H, 6.18; N, 28.13.

-(N- 8 i imidi Obtained as a yellow oil (65%) which slowly crystalizes: mp
68- ane/toluene); 1H (CDCls) 8 8.68 (d, J = 5.0 Hz, 2H), 7.09 (t, J = 5.0 Hz, 1H), £.28 (t,d = 7.5
Hz, 2H), 2.56 (dt, J1 = 7.6 Hz, J2 = 2.5 Hz, 2H), 2.45 (s, 3H), 1.88 (t, J = 2.7 Hz, 1H).

MS: m/e 189 (M+), -
Anal. Caled. for C10H;1N30 (189.21): C, 63.47; H, 5,86; N, 22.21. Found: C, 63.62; H, 5.91; N, 22.55.

mm%mmﬁ&nwm%) From 2-chloro-5-nitmrimidine. Reflux time 3h. Obtained
as a pale ave ow solid (65%): mp 124-126°C (hexane/toluene); 1H NMR (CDCls) § 9.09 (s, 2H), 6.5 (br, 1H),
3.72 (q, JCH2-CHz = JCH2-NH = 6.4 Hz, 2H), 2.52 (dt,J = 6.5 Hz, Ja = 2.7 Hz, 2H), 2.03 (t, J = 2.7 Hz, 1H).
Anal. Caled. for CgH7N4O2 (192.18): C, 49.99; H, 4.19; N, 29.15. Found: C, 49.72; H, 4.16; N, 29.45.

-(N- nino)-5-ni imidi . Obtained as a ty"Iellow oil (60%) which slowl
solidifies upon standmg in a refrigarator: mp 66-68°C (hexane/toluene); 1H NMR (CDClg) § 9.33 (s, 2H{
4.46 (t, J = 7.2 Hz, 2H), 2.60 (dt, J1 = 7.2 Hz, J3 = 2.7 Hz, 2H), 2.60 (s, 3H), 1.87 (t, J = 2,4 Hz, 1H).

Anal. Caled. for C1oH19N4O03 (234.21): C, 51.27; H, 4.30; N, 23.92. Found: C, 51.16; H, 4.31; N, 24.07.

Z&Bnmhhmlnxxégndxm_ﬂm To a stirred suspension of 2-mercaptopyrimidine (1.12 g; 10 mmol) in
water (20 ml) was added 3 g of triethylamine (30 mmol). When all 2-mercaptopyrimidine was dissolved
4-iodo-1-butyne [18] (1.8 g; 10 mmol) was added. The mixture was heated at gO°C for two hours, then
cooled and extracted with ether. The l‘;Ezmic layer was dried (MgSO4) and evaporated under reduced
Fressure to afford an oil which was purified by column chromatography (ether as eluent) to ﬁield 0.93
57%) of 7a as a pale brown oil; YH NMR (CDClg) § 8.52 (d, J = 4.8 Hz, gH{ 6.98 (t,J = 4.9 Hz, 1H), 3.41 (¢,
= 7.5 Hz, 2H), 2.65 (dt, J1 = 7.5 Hz, J2 = 2.7 Hz, 2H), 2.06 (t, J = 2.6 Hz, 1H).

MS: m/e 164 (M™).

ﬁn;léoc?‘}ai.s ftiré C14H11N507S (393.33; picrate: mp 87-89°C): C, 42.75; H, 2.82; N, 17.81. Found: C, 43.08;

S_—_a_-hnmﬂ%ummdmmm This compound was grepared quantitatively from 4-iodo-1-butyne and
thiourea acco m% to a known literature method [19]. It was obtained as a white solid; mp 92-94°C; 1H
NMR (acetone-dg) 6 8.98 (br s, 4H), 3.60 (t, J = 6.8 Hz, 2H), 2.75 (dt, J1 = 6.8 Hz, J3 = 2.4 Hz, 2H), 260 (t, J =

2.5 Hz, 1H).
Anal. Caled. for CsHgIN2S (256.10): C, 23.44; H, 3.54; N, 10.93. Found: C, 23.43; H, 3.57; N, 11.23.

-(3- 10}-5-ni i . A mixture of sodium nitromalonaldehyde [20] (2.56¢; 18.4
mmol), S-8-butvnylthiourea hydroiodide (4.21 g; 16.4 mmol) and ethylpiperidine (1.90 g; 16.8 mmol) in 40
ml of water was keit at 60°C for 15 minutes and then for 2 days at room temperature. The mixture was
then extracted with dichloromethane. The organic layer was dried (MgSO4) and evaporated under
reduced pressure to afford the crude product which was purified by column chromatﬁrﬁﬁxﬁ
(dichloromethane as eluent) to give 7b as a yellow solid (0.45 g; 13%): mp 74-75°C (hexane); 1
(CDClg) § 9.24 (s, 2H), 3.36 (t, J = 7.2 Hz, 2H), 2.67 (dt, J1 = 7.2 Hz, J2 = 2.7 Hz, 2H), 2.06 (t, J = 2.7 Hz, 1H).
MS: m/e 209 (M+).

Anal. Caled. for CsH7N3028 (209.23): C, 45.92; H, 3.37; N, 20.09. Found: C, 45.87; H, 3.27; N,19.89.

ZMMW 4,6-Dimethyl-2-mercaptopyrimidine hydrochloride [21]
(0.53 g; 3 mmol) in 10 ml of water was neutr. ized with sodium hydroxide (0.12 g; 3 mmol). Then 0.90 g
(9 mmol) of triethylamine and 0.54 g (3 mmol) of 4-iodo-1-butyne were added and the mixture heated at
70°C for two hours. After cooling the mixture was extracted with ether. The organic layer was dried
(MgSOQ4) and eva%rated. The residue was I‘H&xrified bfr column chromatography (ether as eluent) to
afford 7¢ (0.38 g; 66%) as a pale yellow oil; 1H R (CDClg) § 6.72 (s, 1H), 3.31 (t, J = 7.2 Hz, 2H), 2.66 (dt,
J1 = 7.5 Hz, J2 = 2.7 Hz, 2H) 2.33 (s, 1H), 2,08 (t, J = 2.6 Hz, 1H).

HRMS Caled. for CmleNzé (M+): 192.0721. Found: 192.0713.

¥ . This compound was prepared according to the same
procedure as descri above for 7¢ using 2-mercapto-4-methylpyrimidine hydrochloride [22] (0.49 g; 3
mmol). It was obtained as a yellow oil (0.34 g; 64‘%3 after purification by column chromatography (ether
as eluent); 1H NMR (CDCls) 5 8.39 (d, J = 5.4 Hz, 1H), 6.856 81, J = 5.2 Hz, 1H), 8.30 (t, J = 7.5 Hz, 2¥1'), 2.64
(dt, J1 = 7.7 Hz, Jg = 2.6 Hz, 2H), 2.43 (s, 3H), 2.05 (t, J = 2.7 Hz, 1H).

HRMS Caled. for CgHmNzé (M+): 178.0665. Found: 178.0560.

jo)-B-phe; i '@}, 2-Mercapto-5-phenylpyrimidine [23] (1.00 g; 5.3 mmol) and
triethylamine (1.6 g; 15.9: mmol) in 20 ml of water were stirred untill all of the pgun.idine was dissolved.
Then 4-iodo-1-butyne (0.96 g; 5.3 mmol) was added and the reaction mixture heated at 70°C for one hour.
After cooling the mixture was extracted with dichloromethane. The ogganic layer was dried (M¥7SO4)
and evg iva';ed tknder reduced 7pressure to afford 7e as a pale yellow solid (1.07 F 84%) : mp 75.5-77.6°C
(hexaneﬁoﬂ NMR (CDCl3) 8.74 (s, 2H), 7.63-7.37 (m, 5H), 3.35 (t, J = 7.2 Hz, 2H), 2.70 (dt, J1 = 7.2 Hz, Ja
= 2.7 Hz, 2H), 2.06 (t, J = 2.5 Hz, 1H).
18C NMR (CDClg) 8 1704, 155.4, 134 4, 129.8, 1294, 128.6, 126.6, 82.5, 69.6, 30.0, 19.5.
Anal. Calcd. for C34H12N2 S (240.32): C, 70.17; H, 5.08; N, 11.69. Found: C, 69.96; H, 5.03; N, 11.65.

Lm.ymn%ugmnmimgmunm To a stirred solution of 2-(3-butynylthio)pyrimidine (7a; 0.16 g; 1
mmol) in anhydrous chloreform (3 ml) at 0°C, m-chloroperbenzoic acid (86% techn. solid 0.20'& 1
mmol) was added. The mixture was stirred at room temperature for 20 hours and then wasghed with a
2N solution of sodium carbonate. The organic layer was dried (MgSO4) and evaporated to afford a clear,
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colourless oil which was purified by column chromatoﬁgﬁh (dichloromethane/methanol 9:1 as eluent)
to yield 10a (0.15 g; 86%) as a clear, colourless oil; 1H (}éDCla) 5893(d,J =49 Hz, 2H), 748 (t,J =
4.9 Hz, 1H), 3.65-3.05 (me, 2H), 3.05-2.35 (mc, 2H), 1.94 (1, J = 2.7 Hz, 1H).

HRMS Calcd. for CgHgN20S (M+): 180.0358. Found: 180.0359.

ingidi ). To a stirred solution of 2-(3-butynylthio)pyrimidine (7a; 0.82 g; 5
mmol) in ydrous chloroform (10 ml) at 0°C, m-chloroperbenzoic acid (85% techn. solid, 2.50 g; 12.3
mmol) in chioroform (25 ml) was added in small portions over the course of a few minutes. The mixture
was stirred at room temperature for 20 hours and then washed with a saturated solution of sodium
hydrogen sulfite (2x15 uH) and subsequently with a 2N solution of sodium carbonate (2x25 ml). The
organic layer was dried (MgSOy4) and evaporated under reduced pressure to give 10b as a colourless solid
(0.95 g; 97%): mp 68-69°C (hexane/chloroform); 1H NMR (CDClg) § 9.00 (d, J = 4.8 Hz, 2H), 7.70 (t, J = 4.9
Hz 1155 3.77 (t; J =7.5 HZ, 2H), 2.79 (dt, J1 = 7.5 HZ, Jo = 2.7 Hz, 2H), 2.00 (t, J = 2.7 Hz, 1H).
13¢ NMR (CDCls) 5 165.5, 158.7, 123.9, 793, 70.6, 49.9, 13.1.
Anal, Calcd. for CaﬁaszzS (196.23): C, 48.96; H, 4.10; N, 14.27. Found: C, 48.84; H, 4.10; N, 14.12,

-(3- ; 10)-2- imidi . Bis-[2-phenylpyrimidyl-(5)}-disulfide [24] (0.75 g; 2 mmol),
triethylamine (0.61 g; 6 mmol) and sodium dithionite (0.82 g; 4.7 mmol) in water (5 ml) were stirred at
60°C untill complete dissolution. After a further 3 hours at 60°C 4-iodo-1-butyne (0.72 g; 4 mmol) was
added and the reaction mixture stirred for one hour at 60°C. After cooling the product was collected b,
filtration and washed with cold methanol to afford 12 (0.92 g; 95%) as a colourless solid: mp 72-73°
(methanol); 1H NMR (CDClg) 5 8.79 (s, 1H), 8.55-8.27 (m,2H), 7.59-7.37 (m, 3H), 3.07 (t, J = 7.5 Hz, 2H),
2.50 (dt, J1 = 7.5 Hz, J2 = 2,7 Hz, 2H), 2.03 (t, J = 2.7 Hz, 1H).
13C NMR (CDClg) 6 163.0, 158.9, 136.9, 130.9, 128.6, 128.2, 81,3, 70.5, 33.5, 19.6.

HRMS Caled. for C14H192N2S M*): 240.0721. Found: 240.0721.
Anal. Caled. for C14H12N2S (240.32): C, 69.97; H, 5.03; N, 11.66. Found: C, 69.61; H, 5.06; N, 11.54.

. ™ . L. )
%ﬁxs co‘xlnigounﬂ was prepared in the same way as described above for 12a using bis—[Z-aminopgrimidyl-
(5)-1disultide [24] (300 mg; 1.2 mmol). It was obtained as a colourless solid (290 mg; 68%): m.p. 137-139°C
(ethanol); tH NMR (C ) 88.36 (s, 2H), 5.55 (br s, 2H), 2.82 (t, J = 7.1 Hz, 2H), 2.40 (dt, J1 = 7.2 Hz, J2
= 2.5 Hz, 2H), 2.01 (t, J = 2.6 Hz, 1H).

Anal. Caled, for CgHoN3S (179.24); C, 53.61; H, 5.06; N, 23.44. Found: C, 53.41; H, 4.99; N, 23.61.

8om und 12a (110 mg; 0.62 mmol) was heated for 4 hours at 90°C in acetic anhydride (2 ml) containing
one drop of concentrated sulfuric acid. After cooling the excess of acetic anhydride was removed under

reduced j:ressure. The residue was treated with water (10 ml), neutralized with sodium bicarbonate and
extracted with dichloromethane. The organic layer was dried (MgSO4) and evaporated under reduced
sg‘essure to afford a mixture of 12a and 12d. Column chromatography (eluting with
ichloromethane/methanol 9:1) of the latter mixture yielded 12¢ (68 mg; 50%) as a yellow solid and 12d
(65 mg; 40%) as a pale yellow oil. Analytical and spectroscopic data of 12¢ and 12d:
12¢: m.p. 136-138°C (hexane/chloroform); 1H R (CDCI3) 8 9.57 (brs, 1H), 8.63 (s, 2H), 2.94 (t,J = 7.2
Hz, 2H), 2.47 (s, 3H), 2.60-2.30 (m, 2H), 2.01 (t, J = 2.6 %z).
Anal. Caled. for C10H11N308 (221.28); C, 54.28; H, 5.01; N, 18.99. Found: C, 53.99; H, 5.01; N, 19.06.
12d: H NMR (CDCl3) $ 8.76 (s, 2H), 3.17 (t, J = 7.1 Hz, 2H), 2.58 (dt, J1 = 7.1 Hz, J2 = 2.7 Hz, 2H), 2.28 (s,
6H), 2.07 (t, J = 2.6 Hz, 2H).
S Caled. for C1oH313N302S (M+): 263. 0727. Found: 263.0728.

he intra culs Alder res ons of pvrimidines 4 _and_lz‘
| the appropriate pyrimidine derivative in nitrobenzene (100 mg soluté/1 ml solvent)
under nitrogen was heated under conditions mentioned in the Table. The resultant solution was
chromatographed over silica gel; elution with the appropriate solvent system yielded the reaction
products 3, 6,9, 11b and 14.

chromatography (;lu‘;_ing first wi ichloromethane to remove nitrobenzene, followed by ether) of the
reaction mixture obtained from 1a (1.4 mmol) t{i‘;alded 2,3-dihydrofuro[2,3-blpyridine (8a, 52%) as an oil;
1H NMR (CDCls) spectrum was identical with that reported in literature [25].

: /1) - ¢ VI e (]

Purifice _of the reaction mixture obtained from 1b (1.2 mmol) by column chromatogra h{ (elutin

first with dichloromethane, then ether) afforded 8b (55%): mp 161-163°C (hexane/toluen(-s H NM

gCDCls) 88.97(d, J = 2.4 Hz, 1H), 8.25 (d, J = 2.4 Hz, 1H), 4.82 (t, J = 8.3 Hz, 2H), 3.36 (t,J = 8.6 flz,2H).
3C NMR (CDClg) & 172.4, 145.6, 140.0, 128.9, 121.2, 71.1, 27 4.

HRMS Caled. for C7HgN203 (M+): 166.0378. Found: 166.0378.

Anal. Caled. for C7ZlaN 3 (166.13): C, 50.60; H, 3.64; N, 16.86. Found: C, 50.68; H, 3.67; N, 17.31.

g_ﬂ. Column chromatograph)}r(:iutin first wx& gi%omme%ane, then Ei-%lommegmge‘tf- er 1:1) of

e reaction mixture resulting from 1c (2.0 mmol) gave 3¢ (68%): mp 39-41°C (hexane); 1H NMR (CDCl3)
$7.36 (d, J = 5.0 Hz, 1H), 6.64 (d, J = 5.0 Hz, 1H), 4.60 (t, J = 8.7 Hz, 2H), 3.20 (t, J = 8.4 Hz, 2H), 2.38 (s,

3H).
HRMS Caled. for CgHgNO (M+): 135.0684. Found: 135.0672.
Anal. Caled. for C8HgNO (135.16): C, 71.08; H, 6.71; N, 10.86. Found: C, 70.71; H, 6.84; N, 10.50.
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%mhmnmmmmmmﬂmmwm Column chromatograph
(dichloromethane as eluent, subsequently ether) of the reaction mixture obtamed from 1d (1.3 mmol)

gave a mixture of 3a and 3¢ (60%) in the ratio of approximately 1:1.8 as judged by 1H NMR.

Cyclization of 2-(3-?enty_legxx !mmngs!gg (1e) to 2,3-dihvdro-4-methylfurol2.3-blpyridine !?;ﬁ ), Column
chromato aphy ( rst e utm,f with loromethane, then dichloromethane/ether 4:1) of the reactxon

mixture obtained from le (0.7 mmol 'ﬁﬂ e crude 3e. Further purification by column chromatograp
Merck silica gel 60 (28 -400 mesh ASTM) elutms with dichloromethane/ether 3:1 afforded pure’ g

mp 52-63°C (hexane); HNMR(CDC ) §7.83(d, J =5.1 Hz, 1H), 6.57 (d, J = 5.4 Hz, 1H), 4.57 (t, J 86
Hz, 2H), 8.14 (t, 8.7 Hz, 2H), 2.23
Anal. Caled. for CngI\lO (135 16) C 71 08; H, 6.71; N, 10.36. Found: C, 71.31; H, 6.63; N, 10.22.

1 i s 03 -;.uo |' . A' -' -u.,u;,- -5-ni
(86). Column romatography (di ether) of the crude reaction mxxture
obtained from 1f (0.4 mmol?g0 e 3f (83%) mp 101 102°C (luexane/toluene), 1H NMR (CDCl3) 5 8.80 (s,
1H), 4.80 (t, J = 8.7 Hz, 2H), 3.30 (qt, J1 = 8.7 Hz, J2 = 0.7 Hz, 2H), 2.53 (1, J = 0.7 Hz, 3H).

Anal. Caled. for CgHaN203 (180. 1o C, 53.41; H, 4.50; N, 15.59. Found: C, 53.33; H, 4.47; N, 15.55.

: L. y with 'di A'i rom ne then ether) o . gction mixture
0l tamed from 4c (0 6 mmolyylelded 6c (85%) mp 123-124°C (hexane/toluene), 1H NMR (CDC 188.12(d,

J =4.5 Hz, 1H), 7.45(d, J = 7.5 Hz, 1H), 6.86 (dd, J1 = 7.2 Hz, J2 = 4.8 Hz, 1H), 4.10 (t, J = 8.7 Hz, 2H), 3.04
t,Jd= 84}’2,2}1) 267(8,3H)

MS: m/e 162 (M+).

Anal. Caled. for CQH10N20 (162.19): C, 66.65; H, 6.22; N, 17.27. Found: C, 66.79; H, 6.41; N, 17.41.

. C hy (e utmg with d
dich e 9:1 of the reaction mixture obtained fro. 4d (0 4 mmol) ywlded 8d (87%)
186°C (hexane/toluene), 1H'NMR (CDClg) § 9.03 (d, J = 2.4 Hz, 1H), 8.20 (dt, J1 = 2.4 Hz, J2 ~ 1.5 Hz, IH?
4.22(t,J = 8.6 Hz, 2H), 3.17 (t, J = 8.7 Hz, 2H), 2.69 (s, 3H).

MS: m/e 207 (M*

Anal. Caled. for 09H9N303 (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%) as a pale brown oil, 1H NMR (CDCI3) spectrum
identical with that reported in the literature [5a).

MS: m/e 137 (M*).

Anal. Caled. for 0153H10N4O7S (366.31; picrate: mp 103-105°C): C, 42.62; H, 2.75; N, 15.30. Found: C,

42.66; H,2.73; N, 1

J & A 0 .
Column chromatography irst with dichloromethane en ether) of the reaction mixture
obtained from 7b (1.2 mmol) y1elded 8b (76%): mp 131-132°C (hexane/toluene), 1H NMR (CDCl3) § 9.02 (d,
J =24 Hz, 1H),807(d J = 2.1 Hz, 1H), 3.69-3.25 (mc, 4H).
MS: m/e 182 (M),
Anal. Caled. for CTHgN202S (182.20): C, 46.14; H, 3.32; N, 15.38. Found: C, 46.29; H, 3.28: N, 15.27.

hen ether) of the reactlon nuxture obtain

(_9_4;& Column oromethan i
;ale brown oil; 1H NMR (CDCI3)8 7.27 (d, J = 7.5 Hz, 1H), 6. 76

ry h eluen: -
from 7¢ (0.7 mmol) 3y1eidg,(.i (51%) as a
(d, J = 7.5 Hz, 1H), 8.40-3.07 (mc, 4H), 2.4

3H).
HkMS Caled. for CgHgNS (M+): 151.0456. Found 151.0450.

Column chromatography
(di oromethane as eluent, then ether) of the reaction mixture obtained from 7d (0.8 mmol) gave a
mixture of 9a and b (69%) in the ratio of approximately 1:2.2 as establlshed by 1H NMR.

he reactlon mixture ota

i om 7e (0.8 m 8 C graphe (
time eluting with d1chloromethane, followed by dlchloromethane/ether 2:1 second rtflgme elu o with
etﬁpne/ ether 9: 1) to g1ve 9e (T5%): mp 101-102°C (hexane); 1H NMR (CDCl3) § 8.41 (4, J = 2.1
%, 1H) 767—729(m,6 23.29 (me, 4H).
3émah DCig) §165.2, 1468 1379, 134.0, 132.4, 120.8, 129.0, 127.7, 126.8, 33.6, 313,
Anal. Calcd for C13H11NS (213.29): 'C, 73.31; H, 5.30; N, 6.52. Found: C, 73.20; H, 5.19; N, 6.56.

omethane, then dichlorometh 5:1) of

dichlor:
the reaction mxxture o tamed from 10b (1 1 mmol) cKlelded llb (63%) mp 109 °C (hexane/chloroform) (lit.
58] 109-1 1°C); m identical with rted spectrum [8].
) 81563 1 0.8, 136.3, 131.3, 127.1,48.5,
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(I14a). Column chromatography (gichloromethane as eluent) of the reaction mixture obtained %rom 12

(0.6 mmol) gave 14 (85%): mp 82-83 °C (hexane/toluene); 'H NMR (CDCI3) § 8.51 (s, 1H), 8.03-7.80 (m,
2H), 7.50 (s, 1H), 7.48-7.29 (m, 3H), 3.50-3.12 (me, 4H).
13C NMR (dDCls) 5153.7, 150.2, 142.5, 139.3, 137.8, 128.7, 128.5, 126.6, 116.4, 35.9, 33.2.

MS: m/e 213 (M+).
Anal. Caled. for C13H11NS (213.29): C, 78.20; H, 5.20; N, 6.57. Found: C, 73.86; H, 5.32; N, 6.59.
ion of 2-(ace amine)-5-(3-butvn hio -u;u.q-

fovridine (14¢). Column chromatography (eluting {Ade) to S-acetodaming)- 33-dihydrothionp [2.0- Yoromethane, then dichloro-

methane/ether 1:1) of the reaction mixture obtained from 12¢ (0.2 mmol) gave 1dc (64%) as a pale yellow
?olid:1 ﬁl)p 21?%—(15'%“}% (hezane/toluene); 1H NMR (CDCls) & 8.90 (br s, 1H), 8.08 (s, 1H), 8.01 (s, 1H), 3.33
me, .16 (s, 3H).

Anal, Caled. for CoH1oN20S (194.26): C, 55.65; H, 5.19; N, 14.42. Found: C, 56.61; H, 5.05; N, 14.51.

o . . . ) to B Jaming)-2.3-dihvdrothi
B&;dn!ﬁ.di.n%_ﬂ.iﬂ ork up of the reaction mixture obtained from 12d (0.2 mmol) as described above
gave 14¢ (60%), mp and 1H NMR (CDCl3) identical with those reported above.

- o 110b i he 2.3-dihvdrothienol2.3-
WM&WW ﬁese experiments were run in a high pressure ag?aratus
equipped with a one wall piston-cylinder for pressures ug to 15 kbar [26]. The reactions were performed

on a 1 mmole scale in sealed teflon tubes of 0.8 ml. r one night at 55°C and 15 kbar pressure the
dﬁgree of conversion of 7a, 10a and 10b was determined by 1H NMR (see results and discussion). Detailed
1H NMR spectra of the cyclization products 9a [5a), 11a [6a) and 11b [8] have been published before.
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