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S u m m a r y — The synthesis of the polyheterocyclic pyridine pyrimidine s t rands l b , 2 b and 3 is described. These molecules 
have been designed so tha t they take up a curled form result ing in an extended helical conformation (two tu rns for 3) botii in 
solution and in the solid s ta te . As a consequenc<;, special features are observed such as dynamic interconversion between the 
enantiomeric helical forms and pyridine excimer fluorescence. The spontaneous formation of the helical s t ruc ture amounts to 
a molecular self-organization process directed by the s t ruc ture of the polyheterocyclic s t rand and conformational information 
encoded in it. 

po lyhe te rocyc l i c s t r a n d / hel ici ty / se l f -organiza t ion / py r id ine exc imer 

R e s u m e — S y n t h e s e e t a u t o o r g a n i s a t i o n en hel ice d e cha ines po lyhe t e rocyc l iques p y r i d i n e - p y r i m i d i n e achi ra les . La 
synthese des molecules polyheterocycliques lineaires l b , 2 b <;t 3 formees par une sequence d 'uni tes pyridine et pyrimidine 
a e te realisee. Ces molecultjs ont e te congues de sorte a ce qu'elles adoptent une forme emoulee resul tant en ime s t ruc ture 
helicoidale (deux tours dans le cas de 3) a la fois en solution et k I 'etat solide. En consequence, des proprietes particulieres 
sont observees, comme par exemple I'interconversion dynamique des formes helicoYdales enantiomeriques et une fluorescence 
d'excimere. La formation spontanee d 'une s t ruc ture helicoidale represente un processus d 'autoorganisat ion moleculaire dirige 
par la s t ruc ture du brin polyheterocyclique et I 'information conformationnelle qu'il contient. 

molecu le p o l y h e t e r o c y c l i q u e / hel ic i te / a u t o o r g a n i s a t i o n / e x c i m e r e 

I n t r o d u c t i o n 

The intrinsic; geometrical features of helical structure's, 
as well as their ubiquity and importance in biologi­
cal systems, has made the understanding of the factors 
governing their formation and structural characteristics 
particularly attractive and significant. Helicity in rm-
merous organic molecules, hydrogen-bonded polymers, 
as well as proteins and nucleic acids, is a consequence of 
carbon asymmetry in the backbone components [1, 2]. 
In contrast, the generation of double and triple helical 
structures (helicates) through the self-a.ssembly of ac:hi-
ral linear ligands with specific metal ions is based on 
the design of ligands encoding the uecessar.y struc:tural 
information [3]. The spontaneous formation of helical 
structures from achiral linear strands can be achieved 
through the interplay of intramolecvdar non-bonded in­
teractions within a molecule'. 

We have designed a new struc;tural motif based on 
the known preference of 2,2'-bipvridine for a TRANSOID 

' In a recent paper , the preference for a cisoid or ientat ion 
in /V-meth,yl urea was shown to impar t a helical s t ruc ture to 
oligomeric s t rands of diphenylurea [4]. 

conformation that leads to the formation of helical 
structures from achiral linear molecules [5]. It relies 
on the combination of three basic features: (a) an al­
ternating sequence of pyridine and pyrimidine units, 
(b) the linkage of these luuts at specific positions, (c) 
the transoid conformation adopted by the single bonds 
linking the uiuts. The combination of these featurcis in 
a seric;s of molecules comprising alternating pyridine 
pyrimidine heteroc;yc;les (compounds 1, 2 and 3 ) serves 
to demonstrate the generality of tlie concept. C'om-

/ R \ R l a 1 = 1 ; R = H 

1b n = 1; R = S-NPR 

2 a n = 2; R = H 

2 b n = 2; R = S-nPr 

3 n = 5; R = S -nPr 

5 b R = S-nPr 
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S c h e m e 1. Reagents: (i) t -BuOK, 5a, T H F (RT), N H 4 O A C (36%); (ii) HClaq (70%); (iii) <-BuOK, 5 b , T H F (RT), N H 4 O A C 
(47%); (iv) i -BuOK, 2-acetylpyridine, T H F (RT), N H 4 O A C (78%); (v) ^ B u O K , 5b . D M S O (RT), N H 4 O A C (44%); (vi) 
i -BuOK, 2-acetylpyndine, T H F (RT), N H 4 O A C (53%); (vii) HCla,, (70%); (viii) t -BuOK. 5b , T H F (RT) . N H 4 O A C (46%): 
(ix) ^ B u O K , 9. T H F (reflux), N H 4 O A C (47%). 

pound 3 , composed of thirteen lieterocycles, was re­
cently reported to form a helical structure composed 
of two spiral turns both in the solid and in solution [6]. 
We now describe the synthesis and properties of these 
compounds. Their use in the construction of metallo-
supraniolecular assemblies will be reported elsewhere. 

R e s u l t s 

Synthesis of the polyheterocyclic strands Ih, 2b and 3 

The use of tin-mediated cross-coupling reactions 
(Stille coupling) was successfully applied to the syn­
thesis of l a and 2 a [7], but extension of this method­
ology to the construction of longer lielical segments 
is not straightforward. Furthermore, it was predicted 
that the presence of side chains would be desirable 
in larger molecrdes to enhance their solubility in or-
gaihc solvents. For these reasons, alternative synthetic 
routes were explored, such fis those resulting from the 
disconnection of a pyridine or pyriundine heterocycle. 

Tlie latter approach suffers from the fact that synthe­
sis of pyrimidines from the corresponding /'i-diketone 
and urea results in the formation of 2-pyrimidinones 
that must then be reduced. In contrast, the synthe­
sis of pyridines fnun ene-1,5-diones leads to the de­
sired heterocycle without the need for additional trans­
formation. Two well-established methodologies for the 
synthesis of substituted pyridines were developed in­
dependently by Potts [8] and Krohnke [9]. Both make 
use of aryl- or alkylmethylketones as precursors and 
are particularly well-adapted to the preparation of 
2,6-disubstituted pyridines. This approach has recently 
been applied to the synthesis of cyclosexipyridine [10]. 

These considerations led to the strategy outlined 
in scheme 1 for the synthesis of the polyheterocyclic 
strands l b , 2 b arid 3 . The incorporation of substituents 
in the 4-position of the pyridine ring was expected to 
enhance solulnlity without interfering with helication, 
as these would lie on the exterior surface of the he­
lix. The preparation of 4,6-diacetylpyrimidine from the 
corresponding dicliloro derivative using 1-ethoxyvinyl-
tributyltin has been described [11], and was adapted to 
a stepwise proccduie in order to obtain the unsymmet-
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F i g 1. Aromatic portion of the 'H NMR and ROESY spectrum of 3 in CDCl). Dashed lines indicate interactions between 
protons oriented towards the interior of the helix. 

ricalh' substituted pyrimidine 4 , Reac;tion of the lat­
ter with 3,3-bis(n-propylthio)-l-(2-pyridyl)prop-2-en-
1-one 5 a followed by hydrolysis of the cthoxyviriyl group 
gives 6 in 25% yield, Monoadditiori of 6 to 5 b forms 
7 (47%), which can be used to obtain 2 b by reaction 
with 2-acetjdpyridine (78%). Likewise, l b can be ob­
tained in one step from 5 b and 2-acetylpyridine in 65%; 
yield. Monoadditiori of 4 to 5 b gives 8 (44%;), a key 
component in the design of longer strands, (combining a 
Michael acceptor group with a protected enolat.e in a tri-
heterocyclic fragment. Its reaction with 2-acetylpyridine 
(53%i) followed by deprotection in aqueous acid (70%) 
gives 9 . Reactiem of two ecjuivalents of 9 with 5 b in 
THF at room temperature invariably led to the niono-
ĉ oupled product 1 0 and recovery of one; equivalent of 9, 

The second coupling to give 3 was eventually achieved 
in 46% yield by condensation of 9 with 1 0 at higher 
temperatures (THF, reflux) in the presence of 18-crown-
6, Despite the presence of thirteen heterocycles, 3 is 
highly soluble in chloroform, although only sparingly so 
in other common organic solvents. Other combinations 
of the intermediates presented in sclieme 1 offer the po­
tential of preparing a wide variety of oligo(pyridine 
pyrimidine) strands, 

Proton NMR spectrum of 3 

The aromatic portion of the -'H NMR spectrum of 3 
(fig 1) is considerably simplified by symmetry and by 
the substitution pattern of the rings. Except for the 
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protons in tlie terminal pyridines, each proton appears 
as a singlet exhibiting a weak long-distance coupling 
(ca 1-2 Hz). Identification of the protons pertaining to 
the central pyriniidine ring is straightforward as they 
are the only signals integrating to one proton. Protons 
belonging to the same ring were identified through a 
COSY experiment, whereas interannular connectivity 
was established by examining the ROESY spectrum of 
3 shown in fig 1. Nevertheless, protons corresponding to 
the trisubstituted pyridines (H5 , H6, H9, HIO. H13 and 
H14) could not be unambiguously iissigned. By compar­
ison to l b , the protons assigned to tlie terminal [)yridine 
rings (H2 and H3) arc considcrtibly shifted upfield (H2: 
7.37 vs 6.65 {>pm: H3: 7.83 vs 6.25 jjpm for l b and 3 , 
resi)cctively) indicating significant shielding by nearby 
heterocycles. Strong N O E interactions are observed in 
the ROESY NMR spectrum between H4 and H8, H8 
and H12, and H12 and H16. This is consistent witli a 
helical conformation in which th(> pyriinidine C5 cai-
IxHis are oriented towards t;he interior and the propyl-
tliio side chains towards the outside of tlie helix. Th(> 
interior cavity is lined with alternating i)yridine nitro­
gen and pyriniidine C H sites. Sucli a structure places 
H2 and H3 above a central pyridine ring, which accounts 
for their significant uj)field chemical shifts. 

DyiuiJivic structural niterconvcrsiou of 3 

The formation of a chiral helical structure in 3 is 
expect(>d to be a rapid process, leading to a dynamic 
equilibrium composed of equal proportions of each 
enantiomer in rapid exchange. The exchange jiroccss 
may be followed by NMR using tlic propylthio groups as 
probes, as the presence of a chiral center is expected to 
render the methylene protons diastereotopic (fig 2). In 
particular, the o-thiomethylenc protons giving a signal 
at 3.1 ppm may be decoupled from the vicinal niethyl-
eue group. At room tciiiperatur(\ tins results in the 
observation of three singlets, one for each two chains 
related by symmetry, liecausc the interconversion of 
enantiomers is fast on the NMR timescalc. However, 
as the fenii^eraturc is lowered the signals ,s])lit into an 
AB quartet (fig 3). At 228 K. a maximum separation 
of A;/ = 23.3 Hz and J = 12.4 Hz is observed. Further 
lowering of thî  temperature results in signal broaden­
ing, but no ajiparent increase of A//. The coalescence 
was determined to occur at T,- = 251 K. Equation (1) 
gives the exchange rate, fee, in an AB system composed 
of equally ])opulatcd states at coalescî nce [12]: 

7r^Ai /2 + 6,7;( .•\B 

x/2 
( 1 ) 

wdiere A u and JAB are the chemical shift difl̂ ereiice and 
the coupling constant in hertz in the low-temi^eraturc 
AB pattern. From the above data, a value of k^. = 85 s~' 

F i g 2 . hiterconversion of enantiomeric iiclices results in tlie 
exchange of tiie diastereotopic protons H„ and Hi, of the 
a-thiometl iylene protons in 3 . 

4.0 3.5 3.0 2.5 

5 (PPM) 

F i g 3 . Alkyl port ion of the 'H NMR spect rum of 3 in C D C I 3 
showing the signal of the a- thioinethylene protons decoupled 
from the vicinal C H 2 . -At .300 K (top trace) it is a singlet 
due to rapid interconversion of the helical enant iomers . At 
2.")1 K (middle trace) decoalesc(>nce occurs, rt 'sulting in tlu^ 
observation of an AB <]iiait<'t at 228 K (bo t tom trace) . 

at 251 K is calculated, giving a free energy of activation 
at coalescence of AGf = 12.3 kcal/niol (51.6 kJ/mol). 

Fluorescence spectra of Ih, 2h and 3 

The ffirmation of a helical structure in 3 results in the 
intramolecular stacking of the aromatic groups in the 
strand. In addition to jiroviding stabilization to the 
structure through 7r-st acking, this also results in tlie ob-
.servatiou of electronic interactions occurring in the elec-
trraiicalh' excited state that can be observed by fluor­
escence spectroscopy. The fluorescence spectra of l b , 
2 b and 3 in dichloromethane are shown in fig 4. Upon 
(-xcitation of dilute solutions of l b or 2 b , pyridine-like 
fluorescence is observed at ca 400 mn.̂  However, exci­
tation of 3 under similar conditions results in tlie ob­
servation of a broad, structureless band at 540 nm, and 
only weak residual iiyridine fluorescence. The baiifl at 
longer wavelengths could hv. due to emission from intra­
molecular ])yridiric (>xcited state dimers (excimers) re-

The pyriniidine heterocycles could also be involved. 
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F i g 4. Fluorescence emission spectra of l b (dotl.eil curve), 
2b (dashed curve), and 3 (solid curve) in dichloromethane 
upon excitat ion at 280 nm. 

the pattern oi' connection between the heterocycles and 
the preference for a transoid geometry about the single 
bonds in 2,2'-bipyridine and related species [5]. 

suiting from the self-organized stacking of the pyridine 
residues in the helix. Tlie lack of excimer fluorescenc(> 
in 2 a [5, 7] or 2 b , despite the overlap of the terminal 
pyridines, may b<̂  attributed to their greater mobility, 
since 2 forms only one lielicoidal turn, or to an unfavor­
able orientation. In the sohd, the terminal i)yridines in 
2 a are located 4.52 A ajjart, and form an angle of W 
[5], Fluorescence emission in polypyridine jiolymers has 
heeu reported to occ;ur at 550 nm, and was assigned to 
excinnn- formation [13]. 

Solid state strueture of 3 

The crystal structure of 3 has been reported (>arlier [6]. 
It is shown in fig 5. and unambiguously identifies the 
sofid-state structure as helical. The unit cell is centro-
symmetric, containing four molecules of 3 (two enantio­
meric pairs) and eight molecules of acetonitrile. In the 
c:rystal, the molecules are stacked one on toj) of Uie 
other along a central axis, thus forming long chatuiels, a 
feature of interest for ion channel design. Eacli tnole(;ule 
possesses a two-fold rotation axis passing through the 
central pyrimidine The pyridine-pyrimidiiie torsional 
angles ar(> between 8.0° and 14.()°, whereas the two 
terminal pyridines are offset by only 3.5°. The structure 
jjossesses an interior void of 2.6 A diameter and a helical 
pitch of 3.75 A . 

D i s c u s s i o n 

The results described above indicate that the poly­
heterocyclic strand 3 undergoes self-organizatiou into 
a helical structure schematically represented by 3 A 
both in solution and in the solid state. The formation 
of helical structur<« by compounds 2 and 3 rests on 
the application of the design principle outlined in the 
introduction. Stacking of the aromatic residues restricts 
the helical ])itcli (3.75 .4 iu the solid state) to values 
equal to the Van der Waals thickness of a benzene ring. 
The 1,3-substitution of the heterocycles in tin; strands 
defines the angles (60°) formed by the lietcrocyclic 
subunits which, combined with the size of the subunits. 
determines the diameter of the overall structure and the 
size of the interior void. Proper curvature results frcnn 

H H 

C/so/d 

N 

H 

TRANSOID 

The latter may b e attributed t o electrostatic repul­
sion between the nitrogen dipoles and steric repulsion 
between the CH's in the cisoid conformation, as well 
as C H- • -N hydrogen bonding in the transoid form. 
The planar transoid form has been calculated to be ca 
25 k.J nioh ' more stable than the cisoid (non-planar) 
form [14]. In addition, other fact.ors, in particular Van 
der Waals interactions between stacked heteroaromatic 
rings may provide additional stabilization of the heli­
cal superstructure. In this respt'ct it is worth noting 
that '/n-deciphetiyl was found to adopt a helical shape 
in the solid state [15]. In contrast to the more rigid 
heliceues [JO], the ' l l NMR spectrum of 3 indicates 
that the enantioin(;ric helices rapidly interconvert at 
room teniperatm-e in solution. The conversion of one 
enantiomer into its oppos i te necessarily involves the un­
winding of the helix by rotation about the single bonds 
connecting the ijyridiue and pyrimidine rings. Tliis pro­
cess invariably leads to intermediate structures in which 
some of the heterocycles adopt a cisoid conformation. It 
is interesting t o note that the artivation energy deter-
miiKKl by NMR corresponds roughly to the energy ni-
<iuired to form two cisoid conformers. This suggests that 
interconversion is a stepwise process in which slenso-
elec:tromc repulsions are minimized, rather than ma the 
hill unwinding of the structure into a hnear strand fol­
lowed by formation of the o])posite enantiomer. 

C o n c l u s i o n a n d p e r s p e c t i v e ' s 

The results described herein demonstrate the generality 
of the present approach to helicity induction in chains 
of alternating pyridine pyrimidine heterocycles accord­
ing to the principles outlined previously. Extension 
towards (!ven longer helices, or helices with larger inte­
rior voids are being pursued. Furthermore, the present 
design principles also apply to polyheterocyclic strands 
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F i g 5. Ball-and-stick and space-filling representat ions of the crystal s t ruc ture of 3 showing an individual molecule ( top and 
center) and ball-and-stick representat ion of t he packing (bo t tom) of the molecules along a central axis viewed along the axis 
(left) and from the side (right). Hydrogen a toms are omi t ted for clarity. See [6] for crystal s t ruc tu re da ta . 
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incorporating otlier subunits such as pyrazine, pyri-
dazine, thiophene, thiazole, isothiazole etc (see struc­
ture 1 1 as an example), thus offering an even wider 
range of structural and functional (optical, electronic, 
etc) featvnes. 

were performed on a 400 MHz Bruker AM400 instru­
ment . Fluorescence spec t ra were recorded on an SLM 
.A.minco Series 2 spec t rophotometer . T H F wa,s dried over 
Na /benzophenone and distihed prior to use. D M F and 
DMSO were dried over molecular sieves. Sodium hy­
dride (95%, Aldrich) and other reagents were used as re­
ceived wi thout further purification. Chromatography was 
carried out on Merk 60 silica gel (0.040 0.200 m m ) , or 
Merk activity I I - H I a lumina (0.063-0.200 m m ) . Trana-
bis( t r iphenylphosphine)pal ladium(II) chloride was prepared 
in 95%) yield from palladium (H) chloride and tri­
phenylphosphine by shaking a stoichiomcitric nuxture in 
DMSO. 4,6-Diacetylpyrimtdine []1], 3,3-bis(n-propylthio)-
l-(2-pyridyl)pr(jp-2-en-l~one .5a [8], and l-etiiox.yvin,yl-
t r ibutyl t in [17] were prepared according to published pro-
ceduies. 

11 X = S.O 

The spontaneous formation of a helical superstv\ic-
tiu'e represents a MOLECULAR SELF-ORGANIZATION process di­
rected by the structural and conformational information 
encoded in the polyheterocyclic strand and operating 
through intramolef:ifiar non-bonded interactions, in the 
same way as SUPRAMOLECULAR SELF-ORGANIZATION is bas<>(i 
ou intermolecidar recogrntion events and non-covaknit 
interactions [3]. One may envisage to combine iutra-
aud intermolecular information and interactions for 
inducing the self-organization of complex c]iemic;al 
architectures of various shapes and sizes on both 
molet'ular and supramolecular levels. The (lietero)cyclic 
components may in addition be decoratenl with various 
functional groui)S so as to generate entities jjossessing 
specific physicochemical (optical, electronic) ]>roperties 
as well as potential molecular recognition featiu-es. 

It is important to note that heterocyclic seepiences 
such as those based on pyridine (py) and pyrimidine 
(pym) units cormeĉ ted through the positions ey. to the 
nitrogens, represent structural fragments that allow the 
introduction of specific- angular bends into a chain. Thus 
they provide a general approach to g(;ometry hiduction 
into a molecular framework. For instance, a py pym 
py sequence; will generate a 180° bend as shown in 
structure 1 2 . 

When compared to biopolymers stich as proteins, 
the (jjy. pym) .sequences, the l)ends. and the helical 
structures of the polyheterocyclic strands find anal­
ogy in the aminoacid sequences, the /J-tums, and the 
a-lielix features respectively; in addition, the organisa­
tional process itself cen-respouds to the protein-folding 
phenomenon. One raa.y consider corainning in a hy­
brid structure heterocyclic imits and hiocornponents 
(aminoacids, sugars, nucleotides, et(-) so as to take ad­
vantage of the self-organizing power of the polyhetet-o-
cyclic seqtiences fijr inducing bionunietic molecular 
architectures of desired geometry and of i)otential 
biological activity. 

E x p e r i m e n t a l s e c t i o n 

GENERAL PROCEDURES 

^H and ' ' 'C NMR, spec t ra were recorded on a Bruker 
.^.0200 instr\ iment at 200 and 50 MHz, respectively, 
in CDCfj using the residual solvent peak as reference. 
Variable t empera tu re , ROESY, and COSY experiments 

• 4-Acefyl-6-chloTopyrimidine 
Tributyh(l-(>thoxyvinyl)tin (72.20 g, 0.20 mol), 4,6-dichloro-
pyrimidine (25.00 g, 0.17 mol). tran,s-bis(triphenyh)hosphine) 
paUadium(II) chloride (3.8 g, 5.4 nnnol) and D M F (200 mL) 
were combined in a 500 ml, l onnd-bo t tom fl;Kk. The mix­
tu re was purged with argon and stirred a t 80 °C for 16 h. 
The resulting dark solution was allowed to cool and isoureci 
into a flask containing K F (20 g) in 200 mL water. Diethyl 
ether (200 mL) was then added and the mixture stirred 
vigorously for 'M min, filtered, and the solitl washed well witii 
ether. The organic phase was collected, waslu;d with water, 
and the solvent evaporated on a ro tary evaporator to yield 
a dark oil which was purified b,y column chrornatogreiphy 
(silica, l iexane/acetone (10%' v /v ) eluent) . The; fractions 
containing tlu; [jroduct were combined, and tlie solvent 
removed to yield an orange solid which was i-ecrystal-
lized from hexane to yield 20,82 g of 4-chloro-6-( 1-ethoxy-
vinyl)pyrimidine as white needles. T h e latt(;r was dissolved 
in 100 mL of acetone, 25 niL of 2 N HCI was added and the 
solution stirred overnight a t room t empera tu re , followed by 
2 ll of reflux. The solution was coejled. poured into 20t) mL 
watesr, atid extracted with (-hlovoform. The organic pliase 
was washed once; with aejuee)us N a H C O s , and the solve>nt 
removed on a rotary evaporator . The; re;sultiug solid was jni-
rified on a short silica colnuni (eluent-. chchlorome>tiia.ne') t o 
yield 4-acetyl-6-chloropyrinhdin(' (14.50 g, 0.09 me)l) as a 
white iKwdev in 55% vii'ld. ' H NMR: 6 2,75 (s, 3H), 7.95 
(s, JH), 9,10 (s, IH). 

• 4-A('('TYL-6-(L-ETHOXYVINY!)PYRIMIDTNE 4 

4-Acetyl-6-chloropyrimidine; (5.30 g, 0.034 mol), tr ibutyl-
(l-(>thejxyvinyl)tin (14,55 g, 0,040 mol), tre;,n.s-bis(triplienyl-
pliosphine)palladienxi(ll) ehloride> (0,50 g, 0.7 nune)l) and 
D M F (100 mL) were c:onibini-d in a 250 ml, flask and 
reacted as ele;scribe;d above to yield an off-white solid t h a t 
was further purified by sublimation (50 ° C / 0 , 1 Torr, then 
sealed) yielding 4 (5.72 g, 0.03 mol) as colourless plates in 
88%: ,yie;ld. 
' H NMR.: 6 J,4ti (t, ,/ = 12 Hz, :!R), 2,75 (s, 3H), l.flO (q. 

. 7 = 12 Hz, 2H) . 4,58 (d, ./ = 1 Hz, I H ) . 5.75 (d, .7 4 Hz, 
IH) , 8.20 (s, IH) , 9.22 (s, HI). 

'•*C NMR: 8 9.76, 13.69, 14.40, 25.68, 63.93, 88.68, 111.59, 
111.79, 156.26, 158.08. 1.^)9.71, 162.55, 199.42. 

Anal e;alc for C|„Hi2N20-2: C, 62,49; H, 6.29; N, 14,57. 
Found: C. 62.68; H. 6.27: N, 14,59. 

• 4 • (>-BIS[3,3- BIS (N-P'I VPYLTLNO )-L-OXOPROP-2- EN- 1-ylj-
PYRIMIDINE 5b 

A solution of diacetylpyrimjdine (;J,5.5 g, 0,022 mol) in 20 inL 
DMSO was added to a 250 mL rounel-bottenn flask equipped 
wit;h an argein inlet and septum containing a stirred su.s-
pension of NaH (I.IH g. 0.017 me)I) in 150 mL DMSO. 
T h e sus|)ension was stirred 45 min a t roejin t empera tu re 
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and CSa (3.40 g, 0.045 mol) was added dropwise via a sy­
ringe. T h e dark red mixture was stirred 1 h and n-propyl 
iodide (7.61 g, 0.45 mol) was added dropwise. After 1 h, a 
second por t ion of NaH (1.13 g, 0.047 mol) was added in 
small port ions. T h e dark yellow mix ture was stirred 45 min, 
and 7r-propyl iodide (7.61 g, 0.45 mol) was then added drop-
wise. The result ing dark red mix ture was stirred overnight, 
p o m e d into 200 mL of 1 N HCl, and extracted with chloro­
form. T h e organic phases were combined, washed twice with 
water and the solvent removed on a rotary evaporator . The 
dark solid was purified by column chromatography (silica, 
dichloromethane) , followed by recrystallization from ethanol 
to yield 5b (6.51 g, 0.014 mol) as a yellow powder in 62% 
yiekl. 

' H NMR: 6 1.08 (m, 12H),1.62 (tn. 8H), 3.08 (m. 8H). 7.57 
(s. 2H), 8.72 (s, IH) , 9.33 (s, IH) . 

NMR: 6 13.73, 20.97, 22.37, 33.69. 36.34. 108.26, J 15.76, 
157.86, 163.03, 170.27, 181.91. 

Anal calc for C22H32N202S , i : C, 54.51: H, 6.65; N. 5.78. 
Found: C, 54.44; H, 6.45; N, 5.68. 

• 4J>-BIS[4-(N-PROPYLTHIO J-6- (PYRID-2-YL)PYRID-2-YLJ-

PYRIRNIDINE 1 b 

To a stirred solution of potass ium teri-butoxide (2.29 g, 
20.46 nunol) in 100 mL T H F under argon was added 
2-acetylpyridine (2.81 g, 23.20 mmol) . To the result ing milky 
suspension was added 5 b (1.90 g, 3.93 mmol) in 50 mL T H F . 
The red sohUion was stirred 16 h at rooni t e m p e r a t i u e after 
which acetic acid (20 mL) and ammonium aceta te (9 g) were 
added. The mix ture was refluxed 90 min, cooled, p o m e d 
into 200 mL water, and the product extracted with chloro­
form. Tlie organic pliases were combined, washed once with 
NaHCOa (saturated) solution, and t;he solvent removed on a 
ro tary evaporator . The product was isolated by column chro­
matography (alumina, chloroform) as an off-white solid tha t 
was then recrystallized from acetone to afford l b (1.40 g, 
2.61 mmol) as a white powder in 66%: yield. 

' H NMR: S 1.14 (t, J = 8 Hz, 6H), 1.78 (m, 4H), 3.19 (m, 
4H), 7.37 (rn, 2H). 7.83 (t, J = 6 Hz. 2 Hz) . 8.38 (s. 2H). 
8.43 (s, 2H), 8.72 (m, 4H), 9.43 (s, IH) . 9.68 (s, IH) . 

" C NMR: 6 13.72, 21.96. 32.91, 114.13, 118.03, 118.84, 
121.30. 123.94, 136.47, 149.04, 152.27, 152.60, 154.86, 
155.51, 1.58.23, 163.41. 

MS ( F A B + ) : m./z 537.2 (100%., M+) . 
Anal calc for C;s()H28N6: C, 67.14; H, 5.26; N, 15.66. Found: 

C, 67.15; H, 5.20; N , 15.,59. 

• 2-(4-ACETYLPYRIM,ID-6-YL)-4-(N-PROPYLTHIO)-6-(PYRID-

2-YL)PYRIDINE 6 

To a .stirred sohition of potass ium ter(-butoxide (1.97 g, 
16.00 nnnol) in 100 mL T H F under argon was added 4 
(3.00 g, 15.63 mmol) . After 15 min, a solution of 5a (4.50 g, 
16.00 mmol) in 15 mL T H F was added. The red solution 
was stirred 16 h at room tempera tu re after which acetic 
acid (15 niL) and ammonium aceta te (5 g) were added. The 
mixture was refluxed 90 min, cooled, poured into 200 mL wa­
ter, and the produc t ext rac ted with [:hloroform. The organic 
phases were combined, washed once with NaHCO;j (satu­
ra ted) solution, and the solvent removed on a rotary evapo­
rator . The dark oil was purified by cohnnn chromatography 
(alumina, chloroform): the first fraction was collected, and 
the solvent removed on a rotary evaporator . Deprotection 
was achieved by stirring in 100 mL of acetone containing 
25 mL of 2 N HCl for 12 h, followed by refluxing for 90 min. 
The suspension was neutralized with aqueous NaHCOa and 
extracted with chloroform. Removal of the solvent by rcjtary 
evaporat ion and purification of the dark solid by chromatog­
raphy (alumina, cliloroform), followed by t r i tu ra t ion witli 

acetone afforded 6 (1.44 g, 4.11 mmol) as a t an powder in 
26% overall yield. 
^H NMR: 6 1.12 (t, .7 = 8 Hz, 3H), 1.82 (m, 2H), 2.80 (s, 3H), 

3.19 (t, .7 = 8 Hz, 2H), 7.36 (m, IH) , 7.88 (t, .7 = 4 Hz, 
IH) , 8.35 (s, IH) . 8..12, (s, IH) , 8.55 (d, J = 6 Hz, IH) , 
8.63 (d, ,7 = 4 Hz, I H ) , 9.01 (s, I H ) , 9.40 (s, iH) . 

i-'C NMR: * 13.62. 21.97. 25.97, 32.92, 113.85, 118.44, 
118.63, 119.44, 119.62. 121.75, 124.29, 137.15, 149.21, 
152.22, 152.62, 1.55.27, 155.67, 158.54, 158.80, 159.94, 
165.16, 199.70. 

• 4-[^- (4-(3, S-BI.S( ri.-PROPYLTHIO )-L-OXOPROP-2-EN-

1-YL)PYRIM,ID-6-YL)-4- (N-PROPYLTHI O )PYRID- 2- YLJ-

6-[6-(PYRID-2-YL)-4-(ri-PROPYLTHIO )PYRID-2-YLJ 

PYRIMIDINE 7 

To a stirred solution of potass ium tert-butoxide (0.53 g, 
4.71 mmol) in 100 niL T H F under argon was added 6 
(1.50 g, 4.29 mmol) dissolved in 15 mL T H F . T h e solution 
was stirred 15 min, and 5b (2.07 g, 4.30 mmol) in 30 mL 
T H F was added. The red solution was stirred 16 h at room 
t empera tu re after which acetic acid (5 mL) and ammonium 
aceta te (5 g) were added. T h e mixture was refluxed 90 min, 
cooled, poured into 200 niL aqueous NaHCOs solution, and 
extracted with chloroform. The solvent was removed on a ro­
tary evaporator and the dark oil purified by chromatography 
(silica, chloroform). The second yellow band was collected 
and the solvent removed by ro tary evaporat ion to afford 7 
(1.48 g, 2.00 nunot) as yellow powder in 47%; yield. 

' H NMR: 6 1.15 (m. 12H). 1.88 (m, 8H), 3.20 (m, 8H). 
7.31 (m, 2H), 7iJ8 (s, IH) , 8.40-8.40 (m. 5H). 9.00 (d. 
.7 = 4 Hz, IH) , 9..32 (s. IH), 9.,35 (s, IH) , 9..40 (s, IH) , 
9.68 (H, IH) . 

• 2,6-BIS[4-(4-N-PROPYLTHIO-6-(PYRID-2-YL.)PYRID-

2-YL)PYRIMID-6-YLJ-4-(N-PROPYLTHIFJ)PYRIDINE 2B 

To a stirred sohition of potass ium tert-butoxide (0.40 g, 
3.60 mmol) in 100 mL T H F under argon was added 
2-acetylpyridine (0.43 g, 3.81 mmol) . To the result ing milky 
suspension was added 7 (1.10 g, 1.49 mmol) in 20 mL T H F . 
The red solution was stirred 16 h at room t empera tu re after 
which acetic acid (5 inL) and ammonium ace ta te (5 g) were 
added. The mixture! was refluxed 90 min, cooled, poured 
into 200 mL water, and the product extracted with cliloro­
form. The organic phases were combined, washed once with 
.NaHCOa (sa tura ted) sohition, and the solvent removed on 
a ro tary evaporator . The product was isolated by c;olumn 
chromatography (alumina, c:hlc>roform) as an off-white solid 
t h a t was then washed with acetone to afford 2b (0.89 g, 
12 mmol) as a white powder in 78%. yield. 

' H NMR: 6 1.18 (t, J = 8 Hz, 9H), 1.,59-1.75 (m, 6H), 
3.15 (m, 6H), 6^67 6.88 (in, 4H), 8.17 (s, 2H), 8.22 (d, 
.1 = 6 Hz, 2H), 8.28 (cl, ,7 = 4 Hz, 2H), 8.34 (s, 2H), 8.42 
(s, 2H), 9..32 (s, 2H), 9.76 (s, 2H). 

" C NMR: S 13.67, 22.03, 32.99, 114..54, 117.99, 119.07. 
121.46. 123.62, 135.73. 148.40, 152.09, 152.73, 153.05, 
153.31, L54.50. 155.34, 158.41, 163.52, 163.89. 

MS (FAB+): m./z 766.3 (100%,, M * ) . 

Anal calc for C42H3»N9«S3: C . 65.86: H. 5.13: N, 16.46. 
Found: C, 65.87; H, 5.19; N, 16.25. 

• 2-[4-(3,.3-BIS(N-PROPYLTHIO)-L-OXOPROPEN-L-YL) 

PYRIMID-6-YLJ-6-[4-(L-ETHOXYVINYL)PYRIMID-6-YLJ-

4-(N-PROPYLTHI.O)PYRIDINE 8 

To a solution of 4 (1.00 g, 5.21 mmol) in 25 mL DMSO 
under argon was added dropwise a solution of potass ium 
teri-butoxide (0.62 g, 5.30 mmol) in 25 mL DMSO. The re­
sult ing red solution wajH st irred 10 min and added dropwise 
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over a 5 min period to a 250 mL flaslc, equipped witli a sep­
t u m and argon inlet, containing a solution of 5 b (2.00 g, 
4.13 mmol) in 150 mL of a 2:1 T H F / D M S O solution. The 
dark red solution was stirred 16 h at room t empe ra tu r e after 
which acetic acid (10 mL) and a m m o n i u m ace ta te (5 g) were 
added. T h e mixture was refluxed 90 min, cooled, poured 
into 200 mL water, and the product ext rac ted wi th chloro­
form. The organic phases were combined, washed once with 
NaHCOs (sa tura ted) solution, and the solvent removed on 
a ro tary evaporator . The dark oil was purified by chromato­
graphy (alumina, dichloromethane) , followed by recrystal­
lization from acetone to afford 8 (1.06 g, 1.80 mmol) as a 
light yellow solid in 44% yield. 

' H NMR: S 1.15 (m, 9H), 1.63 (t, J = 10 Hz, 3H), 1.72-1.93 
(m, 6H), 3.10 (m, 6H), 4.07 (q, ,7 = 9 Hz. 2H). 4.58 (d, 
.7 = 2.5 Hz, IH) , 5.65 (d, ,7 = 2.5 Hz), 7.62 (s, IH) , 8.43 
(s, 2H), 8.85 (s, IH) , 9.24 (s, 2H), 9.34 (s, IH) . 

'•'C NMR: S 13.63, 13.70, 14.62, 21.01, 21.89, 22.37, 32.94, 
33.62, 36.34, 64.16, 88.16, 108.45, 112.82, 115.28, 119.66, 
119.72, 153.02, 153.58, 157.15, 157.99, 158.17, 162.00, 
162.26, 163.16, 164.25, 169.64, 182.29. 

• 4-[6-(4-Acetylpyrirnid'6-yl)-4-(n-propylthio)pyrid-
2-yl]-6-l6-(pyrid-2-yl)-4-(n-propylthio)pynd-2-yl] 
pyrimidine 9 

To a stirred solution of potass ium ieri-butoxide (1.23 g, 
10.35 mmol) in 150 inL T H F under argon was added 
2-acetylpyridine (1.30 g, 10.71 mmol) . To the result ing milky 
suspension was added 8 (4.00 g, 6.88 mmol) in 20 inL T H F . 
The red solution was stirred 16 h at room t empe ra tu r e after 
which acetic acid (15 mL) and a m m o n i u m ace ta te (8 g) were 
added. The mixture was refluxed 90 min, cooled, poured 
into 200 niL water, and the product ext rac ted with chloro­
form. The organic phases were combined, washed once with 
NaHCOs ( sa tma ted ) solution, and the solvent removed on a 
rotary evaporator . The dark oil was t r i tu ra ted with acetone 
and the light yellow powder collected by filtration to afford 
2.20 g of crude product . Deprotect ion was achieved by re­
fluxing in 100 mL of acetone containing 25 inL of 2N HCl 
for 2 h, followed by neutral izat ion with aqueous NaHCOs 
and extract ion with chloroform. Removal of the solvent by 
ro tary evaporat ion and purification of the dark solid by c;hro-
matography (alumina, chloroform), followed by t r i tura t ion 
with acetone afforded 9 (1.43 g, 2.47 mmol) as a tan powder 
in 36% overall yield. 

' H NMR: 6 1.17 (t. J = 6.6 Hz, 6H), 1.88 (m, 4H), 3.20 (m. 
4H), 7.40 (m. IH) , 8.28 (t, J = 7.3 Hz, IH) , 8.45 (s, IH) , 
8.49 (s, 2H), 8.52 (s, IH) , 8.69 (d, J = 4 Hz, IH) , 8.84 
(d, J = 7 Hz, I H ) , 9.13 (s, IH) , 9.30 (s, IH) . 9.49 (s, IH) , 
9.58 (s, IH) . 

i'*C NMR: fi 13.72, 22.0, 25.90, 32.88, 113.36, 113.48, 118.37, 
119.22, 119.59, 119.95, 121.82, 124.18, 138.32, 142.92, 
148.80, 152.00, 152.29, 152.63, 152.95, 153.43, 155.12, 
155.50. 158.06, 158.47, 159.72, 162.63, 163.72, 164.27, 
198.76. 

• 4-[4-(4-(3,3-Bis(n-propylthio)-l-oxoprop-2-en-
1-yljpyrimid- 6- yl)-4-(n-propylthio )pyrid-2-ylj-
6-[4-[6-(4-n-propylthio-6-(pyrid-2-yl)pyrid-2-yl) 
pyrimid~6-ylJ-4-(n-propylthio)pyrid-2-ylJ 
pyrimidine 10 

To a stirred solution of potass ium tert-butoxide (33 mg, 
0.29 mmol) in 30 rnL T H F under argon was added 9 (150 mg, 
0.26 mmol) dis.solved in 10 mL T H F . T h e solution was 
stirred 5 min, and 6 b (36 mg, 0.28 mmol) in 20 mL T H F 
was added. The red solution was stirred 16 h at room 
t empera tu re after which acetic acid (5 inL) and ammonium 
ace ta te (2 g) were added. The mixture was refluxed 90 min. 

cooled, poured into 100 inL aqueous NaHCO.^ solution, and 
ext rae ted with chloroform. The solvent removed on a ro tary 
evaporator and the dark oil was purified by chromatography 
(alumina, chloroform). T h e second yellow band was collected 
and the solvent removed by ro tary evaporat ion t o afford 1 0 
(117 mg, 0.12 mmol) as yellow powder in 46% yield. 
' H NMR: 6 1.22 (m, 15H), 1.68-1.93 (m, lOH), 2.90-3.28 

(m, lOH), 6.62 (m, 2H), 6.95 (s, IH) , 7.87 (s, IH) , 7.94 
(s, IH) , 8.00 (d. .7 = 7.2 Hz, IH) , 8.07 (s, IH) , 8.20 (d, 
J = 2.7 Hz, IHJ, 8.26 (s, I H ) , 8.29 (s, I H ) , 8.36 (s, IH) . 
8.76 (s, IH) , 8.82 (s, IH) . 9.22 (s, 2H). 9.61 (s, IH) . 9.70 
(.s. IH) . 

^^C NMR: 6 13.68. 13.87, 20.89. 22.00. 22.19, 33.14, 33.40, 
36.50, 107.32, 114.77, 114.99, 117.80, 118.46, 119.10, 
119.38, 121.34, 123.-44, 135.69, 148.36, 151.71, 152.70, 
152.84, 153.03, 153.25, 153.80, 154.58, 157.50, 157.80, 
1.58.43, 160.82, 162.80, 164.38, 168.14, 180.,34. 

• 4,6-Bis[4-n-propylthio-6-(4-(4-n-propylthio-
6-(4-(4-n-propylthio - 6- (pyr id- 2-yljpyrid- 2-yl)-
pyrimid-4-yl)pyrid-6-yl)pyrimid-4-yl)pyrid-2-yl] 
pyrimidine 3 

A 100 mL round-bo t tom flask fitted with a reflux condenser 
and an argon inlet was charged with 10 (179 mg, 0.31 mmol) , 
9 (200 mg, 0.21 mmol) , 18-crowri-6 (100 mg, 37 mmol) , and 
30 mL of T H F . The solution was brought to reflux, and a 
solution of potass ium iert-butoxide (69 mg, 0.62 mmol) in 
20 m.L of T H F was added dropwise over a period of 3 h using 
a .syringe pump . The purple .solution was further refluxed for 
2 h and allowed to cool. Acetic acid (5 mL) and ammonium 
aceta te (2.5 g) were then added. T h e mixture was refluxed 
90 min, cooled, poured into 100 mL aqueous N a H C O s 
solution, and extracted with chloroform. T h e solvent was 
removed on a ro ta ry evaporator and the solid obtained 
purified by column chromatography (alumina, chloroform). 
T h e product was recovered by washing the column with 
5% methanol solution in chloroform and recrystallized from 
T H F to afford 3 (144 mg, 0.10 mmol) as an off-white powder 
in 47%. yi(>ld. 

' H NMR: fi 1.22 (m, 18H), 1.85 (rn, 12H), 3.20 (m, 12H), 
6.26 (t, ,7 = 6.3 Hz, 2H), 6.67 (m, 2H), 7.63 (s, 2H), 7.78 
(d. J = 4.5 Hz, 2H), 7.83 (s, 2H), 7.96 (s, 2H), 7.99 (s, 
2H), 8.13 (s, 2H), 8.19 (s, 2H), 8.25 (d, J = 2.3 Hz. 2H), 
8.52 (s. IH) , 9.10 (s. 2H), 9.21 (s. 2H), 9.32 (s, 2H), 9.44 
(s, IH) , 9.72 (s, 2H). 

'•^C NMR: fi 13.85, 13.90, 21.81, 21.86, 29.79, 32.99, 33.08, 
33.15, 114.11, 114.47, 117.09, 118.19, 118.49, 118.65, 
119.15, 121.05, 123.39, 135.18, 148.32, 151.75, 152.11, 
152.42, 152.73, 152.83, 153.83, 154.09, 158.12, 1,58.31, 
161.55, 162.46, 162.61, 162.70, 162.77. 

MS (FAB+): m/z 14,54 (100%, M+) . 
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