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Abstract: A host-guest system mvolvmg denvauves of 2-ammo-4(3Zf)-pyrmudone and cmatunne 
was developed. ‘H NMR and 13C NMR expenments gtve evidence of complex formatron A 
geometry optmuxanon wrth Gaussian 88 suggests a complex structure m which the 5-membered 
and the dmembered hetenmng ate co~ected by one long and two shorter hydrogen bonds The 
hosts described strongly enhance the extractron of cmamune fkom its aqueous solunon mto qq 
and CDCl, As the creanmne concentratron in the organic solvents may be determmed by 
measurmg the changes m the UV spectrum of the hosts upon complexanon, denvanves of 
2-ammo-4(3H)-pynmrdone may eventually be used tn ophcal creatinme sensors 

Many host-guest systems m which hydrogen bonds play a crucial role in the recognmon process have 
been descnbed.’ In an attempt to make use of such systems m analyncal chermstry, host molecules for 
creatmme (1) have been developed Hydrogen bonds, which 1 can form wtth both hydrogen bond acceptors 
and donors, were the basis for the design of the hosts 3 and 4 (Fqure 1) 

3a,4a 3b,4b 

Figure 1. 1 R = c%, 2. R = CHW-$)6CH3)2, 3 Y = CH((CI$)7CH3)2, x = H, 
4 Y = CI-QCI-I&H3, X = 2-naphthyl 

Compound 3 proved to be an efficient extractor for 1 After e@ibEiMg a 90 mM solunon of 3 m CDCl, 
with a saturated solutron of 1 m D20, the concentratron of 1 m the orgamc phase was 3 2 rnM In the 
analogous experment without 3, the concentranon of 1 III CDC13 was 37 times smaller (as deternuned by 
‘H NMR) 

The complex of 2 and 3 was mvesttgated as a model system2 for the complex of 1 and 3 In the 
‘H NMR spectrum of 3 m CDCl, at room temperature two srgnals appeared at 13 3 and 11 1 ppm due to 
ring-NH. then mtensines addmg up to one proton. This suggests the presence of 2 pmdomtnant tautomers, 3a 
and 3b (see Rgure l), which may form a duner wtth 3 hydrogen bonds 3 By coolmg a solunon of 3 to 233 K, 
the srgnal for the ammo protons was spht mto 4 sqtutls. Evrdently, the slowdown m the rotahon of the ammo 
group around the C-w axts gave nse to &sMct srgnals for the two ammo group hydrogens of the two 
tautomers In the 13C NMR spectrum at 233 K, 7 srgnals were observed for the aromauc carbons, as each 
tautomer led to four stgnals wrth two of them comctdmg 

595 



P BUHLMANN~Z al 

Upon complexation with 2 the spectral propemes of 3 changed drastically. In the ‘H NMR of an 
eqmmolar solunon of 2 and 3 in CDC13 only one ring-NH signal appeared at 14 7 ppm at mom temperature 
At 233 K the ammo groups of 3 and 2 gave nse to 4 signals. In the 13C NMR spectra of 3 with mcreaslng 
concentratmn of 2, the mtermty of 3 sqnals due to 3b decreased whereas that of 3 signals due to 3a mcreased 
Hence, compound 2 forms a complex with 3a wlule 3b gradually disappears upon complex formanon 

CPK models as well as crystal structures of smula~ compounds show that the heteroatoms of 3 du~tly 
mvolved m the hydrogen bonds almost lie on a stcrught bne In contrast, the heteroatoms of 1 Involved III 
hydrogen bondmg form a mangle due to the S-nng structure of 1 In the complex of 3 with 1, the three 
hydrogen bonds therefore cannot exhlblt equal lengths Instead, two stable, planar complex structures are 
conceivable III which e~ther of the two penpheral hydrogen bonds IS clearly longer than the other two 

Usmg the Gaussian 88 program, the geometry of a sm@fied host-guest complex was optmuzed at the 
HFW31G level to yield complex Ja (Figure 2). A structure sun&r to 5b, repxesentmg a second energy 
muumum. could not be found. An explanation for dus findmg was therefore sought. 

Glycocyanudme and 1socytosme, the two components of 5a and 5b, were optmtzed III their geometry 
and the corresponding dipole moments calculated In Ja the &poles were found to form an angle of 130°, 
whereas m 5b they enclose an angle of 122” (Figure 2). As the mteraction energy between two &poles 
decreases ~th the increase of the angle they enclose, 5a can be supposed to be more stable than 5b This crude 
argument IS supported by the fact that dunng the geomtry optumzaaon of 5b, d, increased whde $ decreased, 
the structure thus becommg more snndar to 5a 

5a dl=229pm 
d2 = 178 pm 
d3= 183pm 

5b dl=189pm 
d2 = 178 pm 
&=226pm 

Figure 2. Sunphfied host-guest complex 5 with the calculated &pole moments (represented as 
arrows) of glycocyanudme (7 93 D) and isocytosme (4 7 1 D) 

The extmctlon coefficient of 3 mcreased shghtly upon complexanon urlth creatuune To enhance this 
effect host 4 was synthesmzd Upon addmon of 1, the absorpnon maximum of 4 was shdkd only shghtly but 
the extmctlon coeffiaent rose substanMy (Figure 3) 

1~~~~~~ 
2- 

360 310 3bo 3bo 

wavelength [nm] 

Figure 3. W spectrum of 4,1 mM in %q Sample cell. eqnhbrated with Qfferent aqueous 
solutions of creatuune (l), reference cell eqnhkated with water. 

The extraction results and the optical propemes of 4 are prommng and compounds sumlar to 4 may 
eventually be used m au optical creatuune sensor An attempt IS 111 progress to Improve the stabdlty of the 
host-cnzatuune complex by mtroduclng another hydrogen bond 
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EXPERIMRNTAL 

2-Amino-6-(1-octylnonyl)-4(3H)-pyrimidone (3). 2-Octyfdecanozc acid 4 2,2-Droctylmalomc acid 
&ethyl es& (10.0 g, 26 mmol) and l&crown-6 (6.9 g, 26 mmol, purum > 97%) were dissolved in toluene 
(100 mL, punss. p a ) and a solutron of KOH (1.6 g, 29 mmol) m EtOH was added. The EtOH was drstrlled 
off and the reactron solutron stirred for 10 5 h at 100 OC After coohng to 80 ‘C, a solunon of KOH (2 1 g, 37 
mmol) m water (20 mL) was added and strrrrng conMIred for 7 h at 100 ‘C Cooled to room temperature, the 
solunon was acnhfied to pH 1 wrth 1 N HCl Extrachon wrth E%O, drying over MgS04 and solvent 
evaporatron yrelded the raw product as a shghtly yellow orl(5 47 g, 74%) 

2-Ocfy&canoyf chiorrde Freshly d~snlled SOCl2 (4.6 g, 38 mmol) was added to the above 2-octyldecanorc 
acrd (5.45 g, 19 mmol). When gas evolution became weak, the temperature was slowly rarsed and reached 
70 ‘C after 2 h, where rt was kept for another hour. Surplus thronyl chlonde was then dtstrlled off 

4-Octyl-3-ketododecanow acid ethyl ester 6 A solution of monoethyl malonate7 (5 27 g, 40 mmol) m THF 
(250 mL, absoluted over NaH) was cooled to -60 OC and a solutron of butyl hthmm m hexane (-0 80 mol. 

pract, -16 M) was added m pomons of 10 mL. After lettutg the temlzerature nse to -20 OC. the solunon was 
re-cooled to -60 “C and 2octyldecanoyl chkmde (5 47 g, 19 mmol) was added dropwrse The reacuon 
soluuon was smred for 15 mm at -60 ‘C and then for 2.5 h at room temperature After drlutton wrth Et.20 the 
orgamc phase was washed wrth saturated NaHC03 and water, dned over anhydrous Na2SO4 and the solvent 
evaporated The raw product was punfied by flash chromatography (srlrca gel, pamcle srre 0 043-O 060 mm, 
pressure 0 3 to 0 4 bar) wrth EtOAc/hexane (1:15) and mple dtstrllanon at 200 OC / 0.1 torr m a Kugehohr 
apparatus Two lmpurittes from 2-(2-octylnonanoyl)malotnc acrd &ethyl and monoethyl ester were tolerated 

2-Am~no-6-(I-octylnonyl)-4(3H)-pyr~m~done (3) * The above reactton product (2 40 g) and guamdme 
carbonate (0 61 g, 3 4 mmol, purum > 99%) were refluxed rn EtOH (25 mL, absoluted over Na) for 12 5 h 
Evaporanon of the solvent yrelded a yellow 011. After purrficatron by flash chromatography (srlca gel) wrth 
EtOAc the product was Qssolved 111 THF and Et20. washed wrth water and the solvent evaporated The 
product was a shghtly yellow, very vrscous orl(lO3 g, 9% from drethyl2,2dmctylmalonate) IE (CHC13, 
cm-‘) 3479w, 3325~. 312Ow, 2928s. 2856s. 1656s, 1469m, ‘H NMR (CDCl,, 8 m ppm) 8 13 2 and 110 
(2 s, br , together 1 H, NH of two tautomers), 6 5 (s. br , 2 H, NH,&, 5 58 (s, 1 H, aromatrc), 2 27 (m, 1 H, 
CH(CH2)2), 1 6-l 4 (br , 4 H, CHCH2), 1 4-l 1 (br , 28 H, (CIYZ~)~CH~), 0.86 (t, J = 7 Hz, 3 H, CH3), 
MS m/z 349 (M+, 2). 138 (lOO), Anal Calcd for C,,H,,N,O C, 72 16, H, 1125, N, 12 02 Found C, 
71 86. H. 1134, N, 1191 

2-Amino-l,5-dihydro-l-(l-heptyloctyl)-4-H-imidazol-4-one (2). 8-Pentadecylcyanamlde sodium 
salt 9-11 A solunon of BrCN (1.51 g. 14 3 mmol, Janssen Chrmtca 97%) m Et.20 (10 mL, punss p a ) was 
added dropwrse wuhm 15 mm to a smred solutton of 8-pentadecylamme12(6 50 g, 28 6 mmol) m EtOAc 
(30 mL, punss p a) at 0 “C, upon whrch whrte crystals of 8-pentadecylammonmm brorrnde began to 
precipitate After coohng to - 10 ‘C and further precrprtanon. the crystals were filtered off and then weight was 
determuted NaOEt (21 mmol) III EtOH (15 mL) was added to the reactton soluuon to neutrahxe unpmcrpitatcd 
8-pentadecylammomum bronude and to convert 8pentadecylcyanamrde to Its sodmm salt. The solvent was 
then evaporated together wtth the unreacted BrCN 

2-Amrno-l,5-drhydro-l-(l-hep~loctyl)-4-H-rmIdazol-4-one (2) The 8pentadecylcyanamrde sodmm salt 
obtained as described above was dissolved m acetone (45 mL, purrss. p a ) and a solution of 
2-chloroacetamtde (1 34 g, 14 3 mmol) m acetone (15 mL) was added The soluuon nnmedrately turned 
slightly pmk After refluxmg for 4 h the reactton mtxtum was allowed to stand for 20 h at room temperature 
The solvent was removed, the residue drssolved m Et20 and washed subsequently wtth 0.1 N NaOH (wrth 
added NaCl to improve phase separatron). 0 1 N HCl and twrce wrth water After drymg over anhydrous 
Na2S04, the solvent was evaporated yreldmg a yellow orl(4 84 g) Punficanon by flash chromatography (srhca 
gel) wnh EtOAc/EtOH (8 1) and recrystalltzatron from hexane/EtOH gave 2 as a white powder (0 77 g, 17 % 
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calculated from I-pentadecylamme) mp 149 “C, IR (CHCl+ 3488~. 2929s. 2857s. 1693m, 1656s, 1558m. 
1493s, 1305~ lH NMR (CDCL,) 6 7 8 (s, br., 2 I-I, NIQ), 3.67 (s, 2 H, (CO)CI-I& 3.55-3 44 (m, CH), 
1.6-l 1 (m, 24 H. (C.H2)&H3), 087 (t, J=7, 6 H, CH$ MS m/z 311 ((M+2)+, lo), 310 ((M+l)+, 54), 
309 (M+, al), 100 (100); Anal Calcd for C,8H35N30* C, 69.58, H, 11.40, N, 13.58, Found. C, 69 87; H. 
11.38; N, 13 47. 

2-(2.Naphthylamino)-6-propyl-4(3Zf)-pyrimidone (4). 6-Propyl-2-merhylthrouracrl l3 4-Hydroxy- 
2-mercapto-6-propyl-pflmidme (17 0 g, 100 mmol, purum) and NaOH (4.30 g, 0.108 mmol) were 
Qssolved m water (20 mL) at 80 ‘C. The temperature was lowered and EtGH (40 mL, purlss. p a.) and Me1 
(14.4 g, 100 mmol) were added. After 30 mm stining at 45 ‘C and heatmg to 80 OC! for a few mmutes, the 
reactton solution was cooled to 10 “C. Crystals preqntated and were filtered off. Man? crystals precipitated 
upon add~tioa of AcGH (450 mg, punss. p.a.) to the mother 14uor The combmed product was washed ~nth 
water and recrystallized ti EtGH (90 mL) to yield white crystals (16.7 g, 91%), mp 155 ‘C 

2-(2_Naphth>rlarmno)~-pro~i~(3H)-~~~~ (4).14 tWropyl-2-mcthylth1ourac1l(l.OO g, 5.4 mmol) and 
2-naphthylamlne (0.77 g, 5.4 mmol, puma carcmogenicl) were &ssolved m o-xylene (20 mL, punss p a.) 
and heated to 140 OC for 90 h After Qstdlmg the solvent off the raw product was purified by flash chro- 
matography (sibca gel) ~nth EtGAc/acetone (2~1). The fracnons contammg the product were combmed and 
concentrated to a few mL, from which 4 crystal&d. It was ~~~~stalhzcd twice from EtGH and once from 
toluene to yield off-white crystals (0.21 g, 14%) mp 194 ‘C; IR (CHCS) 339Ow. 296Om. 287Om, 1665s, 
1633s. 1587s, 151Om. 1455m, 136om; 1H NMR (DMSO) 6 8.37 (s, 1 H, CH aromatic). 7.9-7 3 (m, 6 H, 
CH aromauc), 5.76 (s. 1 H. CH(C=O)), 2.43 (t, J =7, 2-H. CZQCH,CH,), 170 @ext., J = 7, 2 H, 
CH,CH,CH3), 0.95 (t, J = 7, 3 H, CI-I& 1H NMR (CDC13) 6 10.8 (br , 1 H, NH), 9.1 (br , 1 H. NH), 
8.45 (s, 1 H, CH aromatic), 7.9-7.2 (m, 6 H, CH aromatic), 5.82 and 5.79 (2 s, together 1 H, CH(C=O)), 
2.53 (t, J = 7) and 2.2 (br.) (together 2 H, (X$XL$H3), 181 (sext , J = 7) and 16 (br ) (together 2 H, 
CH,CH,CH,), 1.03 (t, J = 7) and 1.0 (br.) (together 3 H, CH3). Evidently, 4 in CDCl, occurs m two 
tautomerlc forms, one of which 1s mvolved 111 a slow (conformaaonal 7) eqmhbrmm leadmg to very broad 
ngnals. MS m/z 280 ((M+l)+, 11), 279 (M+, 51). 28 (100); Anal. Calcd for C,,H,,N,O. C, 73 10, H. 6 13, 
N, 15 04, Found. C, 73 01, H, 6.27; N, 14 82. 
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