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Abstract - The nitration of tetrahydro-5-pyrimidinecarboxylates 

(Biginelli-Compounds2) 1 and 4 does not yield 5-nitro- 

dihydro-5-pyrimidinecarboxylic acids 2a.b as assumed earlier, but 

affords the corresponding 5-nitro-4-nitromethylidene-hexahydro-S- 

pyrimidinecarbaxylates 3. Single-crystal X-ray studies show 

that 3a exists in the intramolecularly H-bandend ill-configurated 

form, whereas nmr spectra indicate that 3a can exist in both ( & I -  and 

(8)-configurated forms, depending on the solvent used. 

The nitration of ethyl 6-methyl-2-oxo-1,2,3,4-tetrahydr0-5-pyrimidinecarboxylate 

la with potassium nitrate in concentrated sulfuric acid was reported in 1952 by 

Khromov-Borisov and Savcbenko "nd the compound obtained was assigned the 

Structure of a 2-hydroxy-4-methyl-5-nitro-5,6-dihydro-5-pyrimidine-carboxylic 

acid 2a. From our point of view the structure proposed by the authors seemed to 

be rather unlikely, involving a free a-nitrocarboxylic acid and a hydroxy group 

in 2 position of the pyrimidine ring. 

la, 4 2a,b 
R = H,Ph R = H,p-NOpPh 

K k m o u - B o ~ o u  and Sauehenko,l952 



Therefore, we repeated the experiments under the same conditions as given by the 

authors and obtained a compound which was in all respects identicall with the 

compound obtained by them (see Experimental). The LH nmr spectrum shows a 

triplet at 6=1.35 and a quadruplet at 6=4.53 ppm iJ=7.2 Hz1 representing an 

ethyl group, which clearly outrules structure ae for the nitration product. In 

addition the mass spectrum shows a peak for M+ at m/z 274, indicating a 

dinitrated product (in accordance with the elemental analysis). For that reason 

we concluded structure 3a to be the correct one, although the stereochemistry on 

the exocyclic doublebond remained uncertain. 

2 equiv. KN03 

(H2s04) H 

1 a,b 

R = H,Me 

TO clarify the situation an X-ray structure determination of 3a was carried 

out<. Figure 1 shows the solid-state structure of 3a along with the atom 

numbering scheme: all atomic parameters, bond lenghts and angles can be depicted 

from Tables 2 and 3. Most bond lenghts are within the expected regions, the 

length of the intramolecular hydrogen bridge N11)-W ... 0119) is 1.91DA. In the 

crystal the molecules are associated via Ni3)-H .... O(7') and Nl1)-H . . . .  Oi12') 

Fioure 1: ORTEP drawing of the solid-state structure of 3a 

- 762 - 
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hydrogen bridge bindings (1.867 and 2.270AI. As we expected the X-ray data show 

(5)-configuration for the solid-state of 3a.  The (HI-canfigurated form 3aIBl 

would be expected to be sterically unfavourable. However, the 'H and 1 3 C  nrnr 

spectra of 3a indicated a mixture of two species depending on the solvents used. 

In acetone-da, 3a exists as a single species, the (El-isomer with intramolecular 

H-bonding. In DMSO-ds the (ZI- and (El-isomers were observed simultaneously in a 

ratio of about Z:E n 9:l. To our knowledge the effect of solvent-dependent 

(E)/IB) isomerisation in 2-(nitromethylidene~heterocyc1es has been observed only 

in the case  of 2-1nitromethylidene)thiazolidine and was recently studied in 

detail by von Philipsborn et The most distinct signal in the 'H nrnr 

spectrum of 3a is due to the olefinic proton, observed at 6= 6.92 for the (El- 

and 6= 7.37 ppm for the (31-isomer (in DMSO-dsl. These values are in good 

agreement with the chemical shifts given by von Philipsborn et al. for similar 

nitroenamines . Table 1 shows the LH and S ' C  chemical shifts for 3a in 

acetone-da and DMSO-da. The chemical shifts of the ethyl group are also changed 

significantly during the (~l/l~l-isomerisation. due to the effect of the nitro 

group, which is directed towards the ester group in 3 a I g ) .  In the "C nmr the 

changes effect almost all carbon atoms. The data show that in 3alHl the olefinic 

carbon atoms are deshielded and the C5-atom is shielded compared to the 

situation in 3aIZl.  The assignement of signals was made on the basis of chemical 

shift values and long range coupling constants. One must consider that the 

higher polarity (higher dielectric constant) of DMSO favours the (El-isomer 

because of an disruption of the -molecular H-bonding in the (Zl-isomer in 

favour of intermolecular bonding. In solvents with lower dielectric constants 

1 cahbona 

Table 1: 'H and Chemical Shifts (6, [ppnlli of 3a 

solvent 

acetone-d6 

DMS0-d6 

p5o*ona 

ethyl CH3 C6-H ethyl CH2 =CH-NO2 N1-H N3-H 

Z 1.36 4.46 4.53 6.86 7.44 10.07 

Z 1.26 4.39 4.43 6.92 8.45 - 
E 1.16 4.39 4.19 7.37 8.45 - 

solvent CHZcH3 C6 CH2CH3 C5 =CH- C4 C2 g2C2H5 

acetone-d, Z 19.8 51.7 72.2 97.5 124.1 146.6 155.5 167.9 



lacetonel the (Zl-isomer is the only one observed. However, due to the energy 

gained by steric release of the interaction between the olefinic nitro group and 

the ester- and nitro-groups on C 5  in the 1x1-configuration, 3a exists 

predominantly in the ill-configurated form 1.90%) even in solvents with high 

dielectric constants. 

We also used ethyl 4,6-dimethy1-2-oxa-1,2,3,4-tetrahydro-5-~yrimidinecarb~xy1ate 

lb as starting material, and obtained the expected 6-methyl analog 3b as 

product. 

Khromov-Borisov and Savchenka 3 also stated in their paper that ethyl 6-methyl- 

2-ox0-4-phenyl-1,2,3,4-tetrahydr0-5-pyrimidinecarbxylate 4 would yield the 

corresponding p-nitrophenyl derivative 2b. Our investigations showed that this 

compound, obtained upon nitration of 4 with three equivalents of potassium 

nitrate, is a mixture of 36 and 3e. 

El“%= .&) 3 equiv. .NO3* 2 equiv. K N O ~  

M. I #A0 (H2S0,,) M* 

4 3c-e lc-e 
c = or tho 

3d + 3e (1:2) d = meta 
e = para 

The ratio of m-nitrophenyl- I361 to p-nitrophenyl- i3el derivative 1 2  was 

determined by nmr studies, based upon the relative intensity of proton signals 

in the aromatic and olefinic regions (see  Experimental). Any attempt to seperate 

the two isomers by recrystallization or chromatographic techniques failed. 

However, che three possible mononitrophenyl regioisomers 3c-e can be obtained 

independently upon nitration of the three corresponding ethyl 6-methyl-4- 

nitrophenyl-2-oxo-l,2,3,4-tetrahydro-5-pyrimidinecarboxylates lc-e (prepared by 

classical Biginelli condensation6,'), using two equivalents of potassium 

nitrate. The effect of lZl/(gl-isomerisation in solvents with high polarity is 

also observed in compounds 3b-e, which have to be considered as 

diastereoisomeric mixtures. since the starting materials lb-e are applied as 

racemic mixtures. 
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Melting Points were determined on a Gallenkamp melting point apparatus Mod.MFB- 

595 and are uncorrrected. CHN - elemental analyses were performed on a Carlo 

Erba Elemental Analyzer Model 1106, Ir spectra were recorded on a Perkin-Elmer 

298 spectrophotometer using samples in potassium bromide disks. 'H and l3C nmr 

spectra were obtained either on a Varian XL-200 or XL-300 spectrometer in the 

solvents indicated. Chemical shifts 16) are expressed in ppm downfield from TMS 

used as internal standard. The letters b, s, d, t, q and m are used to indicate 

broad, singlet, doublet, triplet, quadruplet and multiplet, respectively. Mass 

spectra were obtained on a Finnigan mass spectrometer 4500 at 70eV (EII using a 

direct inlet system. Uv spectra were recorded in aqueus solution lc= 1.00~10-'M, 

pH=2.9) on a Perkin-Elmer W / V I S  spectrophotometer Model lamda 5. 

Compounds le-e and 4 were prepared according to Ref. 6, except for l c7  

synthesis of 6-IUnIeubstituted 5-nitro-4-l&l-nitromethylidene-2-oxo-hexahydro-5- 

pyrimidinecarboxylates 3a-e. 

General procedure: 

To a solution of 20 mmol of starting material la-e in 25 ml of concentrated 

sulfuric acid a solution of 4.15 g of potassium nitrate 141 mrnol) in 22 ml of 

concentrated sulfuric acid was added portionwise keeping the temperature below 

SDC, while stirring in an ice-bath. After one hour of stirring at room 

temperature the mixture was poured into 500 ml of ice-water. The precipitated 

sclids were filtered and recrystallized from ethanol to give the corresponding 

nitromethylidenepyrimidines 3a-e. 

3a: 4.24 g 178%). mp 142-143°C(lit.mmp142.5-143.50C).- Ir: v 3300. 3240. 3130, 

1765, 1755. 1705. 1645. 1585, 1370, 1260 cm-'. Ms: m/z (relative intensity) M* 

274 112). 227 (14). 181 1211, 155 1231, 139 IlOO), 123 1151, 110 118). 95 (58). 

'H Nmr (acetone-ds): 6 1.36 It, 3H. J=7.2Hz, ethyl CHI). 4.46 lm. 2H. C6-HI, 

4.53 lq. 2H. J=7.2Hz. ethyl CH2), 6.86 Is. lH, =CHI. 7.44 (b, 1H. N1-HI. 10.07 

ppm (b, 1H. N3-HI. 1" Nmmr lacetone-ds): 6 19.8 lq, J=127Hr. CHzWsl, 51.7 

lt.J=148Hz, C6). 72.2 It. J=148Hz, CH2CH~), 97.5 ( 8 .  C51, 124.1 Id. J=196Hz, 



=sH-NO2 I, 146.6 is. C41, 155.5 is, C21. 167.9 ppm is, -gzEt1. Uv: ). 205 ir = 

75501. 330 lr = 94801 nm. Anal. Calcd for CsH, aNa0r : C. 35.05: H, 3.68; N. 

20.43: Found: C. 35.00; H, 3.54; N, 20.60. Anal. Calcd for CsH?NsO$ ass: C, 

35.82: H. 3.48; N. 20.89; Found: C, 35.83. 35.70: H, 3.67, 3.66; N, 20.74, 

20.79. 

3b: 4.95 g i86%), mp 144-145OC. Ir: V 3320, 3240, 3130, 1765. 1730. 1640. 1580, 

1360, 1275 cm-1. Ms: m/z (relative intensity) M' 288 (311, 242 1281, 228 1331, 

213 1301, 196 1301. 182 (431. 170 (701, 153 i1001. 'H Nmr (acetone-dal: 6 1.33 

it. 3H. J=7.2Hz, ethyl CHsl, 1.58 Id. 3H. J=7.2Hz. C6 CH31, 4.50 iq. 2H. 

J=7.2Hz. ethyl CHZ). 4.76 idq, 1H. J=7.2 and 2.4Hz. C6-HI, 7.01 is. 1H. =CHI, 

7.55 (b, 1H. N1-HI. 10.08 ppm ib, 1H. N3-HI. Anal. Calcd for C ~ H I X N ~ O I  : C. 

37.51; H. 4.20: N, 19.44; Found: C, 37.41: H. 4.18; N, 19.05. 

3c: 6.06 g i77%1, mp , 144°C Idecomp.1. I :  V 3370, 3310, 3150, 1760, 1735. 

1625, 1575. 1525. 1450. 1430, 1340 cm-1. LH Nmr (acetone-ds 1 : 6 1.02 it, 3H. 

J=7.2Hz, ethyl CHs I .  4.08-4.34 im. 2H. ethyl CHz 1 .  6.84 im. 1H. C6-HI, 6.90 is. 

1H. =CHI, 7.71 ib. 1H. N3-H). 7.70-7.98 im. 3H. ArHl. 8.16 id. 1H. J=8.8Hz. 

ArH). 10.30 ppm ib, 1H. N1-HI. Anal. Calcd for C I ~ H I J N ~ O ~ :  C. 42.54; H, 3.32: N, 

17.72; Found: C, 42.55; H. 3.41; N .  17.50. 

3d: 5.69 g (72%). mp > 139OC idecomp.1. 1 v 3305, 3220. 3130, 1740, 1720. 

1630, 1570, 1525. 1420, 1345 cm-1. 'H Nmr (acetone-dsl: 6 1.09 it, 3H. J=7.2Hz, 

ethyl CH.1. 4.17-4.36 im. 2H. ethyl CHxl, 6.17 im, 1H. C6-H). 7.16 Is, 1H. =CHI. 

7.79 It. 1H. J=8.0Hz, ArHI, 8.02 Id. 1H. J=8.0Hz. ArHI. 8.16 ib, 1H. N1-HI, 8.33 

idq, lH, J=8.0 and 2.1Hz. ArHl. 8.40 (t, 1H. J=Z.lHz. ArHl. 10.31 lb, 1H. N3-HI. 

Anal. Calcd for C L ~ H I I N ~ O ~ :  C, 42.54; H, 3.32: N, 17.72: Found: C, 42.58; H, 

3.46: N. 17.50. 

3e: 5.90 g (75%). mp , 145OC idecomp.). 1 v 3295, 3120, 1730, 1635, 1580, 

1520. 1345 cm-' . 'H Nmr (acetone-ds 1 : 6 1.09 it, 3H. J=7.2Hz. ethyl CHI I, 4.17- 
4.36 im. ZH, ethyl CHzl, 6.10 im, 1H. C6-H), 7.17 is. 1H. =CHI, 7.85 idd. 2H. 

J=9.0 and 2.1H2, ArHl, 8.01 lb, 1H. N1-H). 8.31 idd, 2H. J=9.0 and 2.1Hz, ArHl, 

10.31 ppm ib, 1H. N3-HI. &g& Calcd for C I ~ H I  INSOI: C, 42.54; H I  3.32; N, 

17.72; Found: C. 42.44; H. 3.45; N, 17.43. 
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Nitration of ethyl 6-methyl-2-0~0-4-pheny1-1,2.3.4-tetrahydro-5-pyrimidine- 

carboxylate 4 3 .  

To a solution af 5.2 g of 4 (2Ommol) in 30 ml of concentrated sulfuric acid a 

solution of 6.60g 165mmol) of potassium nitrate in 30 ml of concentrated 

sulfuric acid was added portionwise, keeping the temperature below 5OC while 

stirring in an ice-bath. After one hour of stirring at room temperature the 

mixture was poured into 1000 nl of ice-water and the precipitated solid was 

collected by filtration to give 7.52 g 196%) of crude product, mp > 135OC 

idecomp.) (lit.? 133.5-134.5°C). This product was shown to be a mixture of the 

p-nitrophenyl- and m-nitrophenyl-pyrimidines 3e and 3d by LH nmr studies lp/m = 

2 However, any attempt to seperate the two isomers by recrystallization or 

chromatographic techniqes failed. IH Nmr (acetone-ds): 6 1.09 (t. 3H, J=7.2Hz, 

ethyl CHJ 1 ,  4.17-4.36 lm. 2H. ethyl CHI 1 .  6.10. 6.17 12m. 1H. C6-H) , 7.16. 7.17 

(25, 1H. =CH), 7.79-8.40 (m. 5H. ArH. N1-HI, 10.31 ib, 1H. N3-H). Calcd 

for C1.HiiN.Dr : C. 42.54: H. 3.32; N. 17.72; Found: C, 42.60. 42.49: H, 3.15. 

3.24; N, 17.34, 17.61. 

X-Ray Analysis Data for 3e. The crystallographic analysis of a colorless crystal 

(0.3~0.3~0.3 mm) obtained by slow crystallization from methanol was performed on 

a locally modified Stoe four-circle diffractometer with graphite monochromatized 

MoKo radiation ih=0.71069 A) in the w-scan mode. Cell constants were determined 

by a least-squares fit to the diffractometer setting angles of 33 reflections 

with 75 20 5 16O. Crystal Data: C ~ H L O N < O I  1274.191. space group PI, a = 

6.47714), b = 7.23015). c = 13.219(13) A, a = 98.05161, P = 97.39(5), Y = 

105.72(51°. V = 581.110.51 A3. Z = 2. The measured intensities were corrected 

far Lorentz and polarisation effects hut not for absorption. The structure was 

solved on the basis of 1741 significant reflections 1123alIl. 20 range = 3-60°) 

using direct methods. All non-hydrogen atoms were refined with anisotropic. 

hydrogen atoms with isotropic temperature coefficients. All hydrogen atoms were  

located from a difference Fourier synthesis. Bonded C-H and N-H distances were 

constrained in the terminal refinement cycles (C-H 1.08A. N-H 1.05A). The 

refinement converged at a residual of R = 0.074 (214 parameters. 1751 

observations). A final difference map showed no significant residual electron 

density. The computer Programs used (some in locally modified versions) are 

summerized in Ref. 8. 



Table 2 :  Bond lenghts [A] and bond angles r D 1  involving nonhydrsgen atacs of 3a. 

Table 3 :  Atomic coordinates and thermal parameters [x21 for nonhydrogen atoms 
l x  10'1 and hydrogen atoms l x  10'1 of 3a. 
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