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The orthoformate cyclization of carboxamides (4) obtained from 3-exo-aminobicyclo[2.2.1] hept-5- 
ene-2-exo-carboxylic acid (1 ) yielded intermediate 8,9,1O-trinorbornene-fused pyrimidinones (5) 
and hence 3-substituted pyrimidin-4(3 H) -ones (6) through the splitting off of cyclopentadiene. 
Analogously, the reaction of carboxamides (4) with orthoacetate or orthopropionate led to the 
formation of 2,3-disubstituted pyrimidin-4(3H) -ones (8). A comparative i.r. and n.m.r. study of 
compounds (8) and of the previously described derivatives (9) gave unambiguous evidence for the 
structure of the new compounds. It was also established unequivocally that the products obtained 
from propiolate with amidines are not the previously assumed 2,3-disubstituted 4(3H) -ones (8), 
but are in fact the lr2-disubstituted pyrimidin-4(1 H)-ones (9). 

Relatively few cycloreversion methods are suitable for the 
synthesis of heterocycles on a preparative scale under mild 
conditions.2 In most of these methods the target molecules are 
obtained by vacuum pyrolysis of an adduct which contains the 
preformed heterocycle. 

In the synthesis of 6H-1,3-0xazin-6-ones,~~~~ 3-substituted 
thiouracil~,~' and 2-substituted pyrimidin-4-0nes,~~ we have 
observed that heteromonocycles which are difficult to obtain by 
other means can easily be synthesized in one or more steps from 
diexo- and diendo-norbornene b-amino acids or from norbor- 
nene-fused azetidinone. In our process the condensed 1,3- 
heterocycles containing one fewer double bond are built up on 
cyclopentadiene, which is split off in the last step by heating the 
compound to its m.p., or even at lower temperature by boiling it 
in a solvent. 

Continuing this research, we now report the retrodiene syn- 
thesis of 3-mOnO- and 2,3-di-substituted pyrimidin-4(3H)-ones 
from the diexo-trinorbornene p-amino acid (1) and, on the 
basis of evidence obtained in the course of the present synthetic 
and spectroscopic studies, we correct the proposed structures of 
a series of disubstituted compounds described previ~usly.~"-' 

Results and Discussion 
The amino group of 3-exo-aminobicyclo[2.2.l]hept-5-ene-2- 
em-carboxylic acid 3b (1) was protected by benzyloxycarbonyl- 
ation; then, from reaction of the product (2) with isobutyl 
chloroformate, a mixed anhydride was prepared which on 
aminolysis gave carboxamides (3) (Scheme 1). After removal of 
the protecting group with hydrogen bromide in glacial acetic 
acid, the 3-exo-aminobicyclo[2.2.1] hept-5-ene-2-exo-carbox- 
amides (4b-d) were cyclized with triethyl orthoformate to 
3-aryl-r-4a,c-5,c-8,c-8a-tetrahydro-5,8-methano-quinazolin- 
4(3H)-ones (3, which under the applied reaction conditions 
underwent decomposition by splitting off cyclopentadiene 
and furnished 3-substituted pryimidin-4-(3H)-ones (6)  in 
54-60% yield calculated from compound (4) consumed. 

By cyclization with triethyl orthoacetate or triethyl ortho- 
propionate, through compound (7) the 2,3-disubstituted 
pyrimidin-4(3H)-ones (8) were formed in an analogous 
process (yield 42-52%). 

(2 R = Z  

( 5 )  (7) I..*' 
0 

1"..' 
0 

R' 

(6 )  a; R '  = Me 
b; R '  = Ph 
C; R '  = C6H,Me@) 
d; R' = C,H,CI(p) 

(8) a; R' = R 2  = Me 
b; R '  = Ph, R 2  = Me 
c; R '  = C,H,Me(p), R 2  = Me 
d; R' = C,H,Cl(p), R 2  = Me 
e; R' = C6H,Cl(p), R 2  = Et 

Scheme 1. Reagents: i, PhCH,OC(O)CI; ii, Me,CHCH,OC(O)CI; iii, 
R'NH,; iv, HBr-AcOH; v, HC(OEt),; vi, R2C(OEt),. Z = 
PhCH zOC(0)- 

The N-methylcarboxamide (4a) was obtained from the ethyl 
ester of the amino acid (1) with methylamine, and was cyclized 
in a similar manner as for compounds (4b-d). 

The importance of the present method is that it provides an 
unambiguous synthetic pathway for 3-substituted (6 )  and 2,3- 
disubstituted (8) pyrimidin-4(3H)-ones, while our results 
demonstrated that the general method described for the 
preparation of compounds (8a-e) does not give the previously 
reported products. 

3-Alkylpyrimidin-4(3H)-ones (6)  have previously been 
prepared by the alkylation of pyrimidin-4(3H)-one with methyl, 
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ethyl, or isopropyl i ~ d i d e . ~ " . ~  Of the 3-arylpyrimidin-4(3H)- 
ones, only the phenyl derivative (6b) was known; this was 
synthesized from azetidinone by imidate ring transformati~n.~~ 
The few known 2,3-disubstituted (2,3-diethyl, 2,3-dimethyl (8a), 
2-methyl-3-ethy1, etc.) pyrimidin-4(3H)-ones (8) were also 
obtained by the alkylation of pyrimidin-4(3H)-one or 2- 
substituted pyrimidin-4(3H)-ones. 

From 1981-1983, Indian authors reported the synthesis of 
numerous 2,3-disubstituted (dialkyl, diaryl, alk yl-aryl) pyrim- 
idin-4(3H)-ones from reaction of ethyl propiolate with 
amidines; and they examined the structures of the compounds 
by 'H n.m.r. spectroscopy at 60 MHz. However, the m.p.s of 
these products, having the presumed structures (8b-d), but 
which were in fact compounds (9b-d), were 40-90 "C higher 
than those of the compounds we obtained by cycloreversion in 
an unambiguous way; furthermore, the 'H (250 MHz) and 13C 
n.m.r. investigations also supported the correctness of the 
structures of our compounds. The m.p.s ("C) of our compounds 
were as follows: 118-120 (8b) (lit.,& 210-21 1); 137-139 (8c) 
(lit.,& 198); and 135-136 (8d) (lit.,4d 180). 

To find the reasons for this discrepancy, we reproduced the 
literature synthesis &*' of the postulated compounds (8b-d) 
(Scheme 2). The m.p.s (uncorrected) of the compounds (9b-d) 

0 

scheme 2. 

obtained from ethylpropiolate with N-arylacetamidines 
differed only slightly (6-18 "C) from the literature A 
comparative spectroscopic study of the compounds obtained in 
the retro-Diels-Alder reactions and those synthesized from 
amidines indicated that the literature compounds &*' were not 
the suggested 2,3-disubstituted derivatives (8), but were in fact 
1,2-disubstituted pyrimidin-4( 1H)-ones (9) having a substituent 
in position 1 instead of the assumed position 3. 

By systematic study7" we showed previously that in the i.r. 
spectra of N-acylimino compounds ( > C=N-CO-) the amide-I 
bands appeared at considerably lower frequencies than those of 
the analogous a,P-unsaturated amides substituted on the amide 

nitrogen (e.g., -N=C-N-CO-, -CO-N-CO-, =N-N-C=O, etc.) 
This finding was applied successfully in the structure elucidation 
of, for example, isomeric triazolones,'"  pyrimidine^,^' 
thi~hydantoins,~~,' and pyrimidopyridazine~,'~ its validity 
being verified for a great variety of compounds with known 
structures. The difference in frequencies can be explained by the 
change occurring in the mesomeric structure of the amides 
>N-C==== - &=C-@-7a The importance of the dipolar 

canonical form is higher in the acylimino derivatives, and 
therefore both the bond order and hence the frequency of the 

I I  I I I  

carbonyl group decrease. In the compounds having an 
unsaturated substituent on the nitrogen atom, the - I  effect of 
the substituent hinders the electron flux from the nitrogen 
towards the oxygen atom (the basicity of the nitrogen is 
reduced), with a resulting decrease in the bond order of the 
catbonyl group. 

The relatively high amide-I frequencies (1 6 7 G 1  690 cm-', 
Table 1) of our compounds (6a-d) and (8a-d) indicated that 
these are not acylimino derivatives of type (9). Since the n.m.r. 
data (Tables 1 and 2) unambiguously point to the pyrimidone 
structure, and the different m.p.s and the published i.r. and 
n.m.r. data precluded identity with the compounds prepared 
by the Indian authors, we concluded that the proposed 

were erroneous, and that in fact the 1-substituted 
acylimino analogues of type (9) had been synthesized instead of 
compounds (8). The amide-I frequencies of the compounds 
(9b-d) we obtained using the literature procedure (the m.p., ix., 
and 'H n.m.r. data of which were identical with those given in 
the literature) are much lower (1 651-1 658 cm-') than those of 
the compounds (8b-d) prepared by cycloreversion. 

Our assumptions are supported by the 'H and 13C n.m.r. 
data (Tables 1 and 2). For compounds (9b-d) the chemical 
shifts of 5-H and 6-H are markedly lower (6, 6.18-6.20 and 
7.26-7.35) than those in the structural isomers (6) and (8) 
(6.34-6.55 and 7.44-7.94). The ca. 0.25 and 0.4 p.p.m. 
downfield shifts in the latter are attributed to the fact that 5-H 
and 6-H in compounds (6) and (8) are 'inner' protons of a 
conjugated chain.8" Owing to the lower electron density around 
the C-5,C-6 double bond,'" the vicinal proton-proton coupling 
constant ,J(5,6) is smaller (ca. 6-7 Hz) than that (7.6 Hz) in 
the analogues (9). 

In accord with the higher electron density around the C-5,C-6 
double bond,'' upfield shifts (4.5 and 9.0 p.p.m.) were observed 
for the C-5 and C-6 signals in the 13C n.m.r. spectra of 
compounds (9) as compared with those of compounds (6) and 
(8). 

The increased contribution of the dipolar mesomeric 
structure, and hence of the lower electron density around the 
carbonyl carbon atom, is manifested by a considerable 
downfield shift of the carbonyl signal in the 13C n.m.r. spectra of 
compounds (9) as compared with those of the analogous 
pyrimidinones (6) and (8) (the mean shifts for the two types are 
tic 169.5 and 161.4 p.p.m., respectively). 

All these results indicate that ethyl propiolate does not react 
in the manner suggested by Gupta er al.; inm:ad, the aryl- 
substituted amino group of the acetamidine undergoes addition 
at the acetylenic bond and the intermediates lead to the 
heteromonocycles (9) ruled out by the Indian authors.&+' 

In view of the above data, our method is the first generally 
applicable synthesis for the 2,3-disubstituted pyrimidin-4-ones 
(8). 

It should be noted that the 1,2-disubstituted compounds (9) 
previously thought (erroneously) to be the 2,3-disubstituted 
derivatives are not otherwise known in the literature. 

Besides the spectroscopic data, the structures of our 
compounds (8a-d) are supported by the clear-cut synthetic 
route. Furthermore, the m.p. of compound (8a) was found to be 
identical with the m.p. reported for the derivative obtained by 
methylati~n.~".~ 

Experimental 
1.r. spectra were run in KBr discs on a Bruker IFS-113v FT 
spectrometer equipped with an Aspect 2000 computer. 'H and 
' ,C n.m.r. spectra were recorded at room temperature in CDCl, 
solution in 5 mm tubes, on Bruker WM-250 and WP-80-SY 
FT spectrometers controlled by an Aspect 2000 computer, at 
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Table 1. Characteristic i.r. frequencies" and 'H n.m.r. datab for compounds (6a-d), (&-e), and (9b-d) 

Chemical shifts 6, 
r 

2-H/R2 
Amide-I s (1 H/ 5-H 6-H 

Compound bands 3H) '  d ( l  H) d ( l  H) 
1678 
1 684 
1 684 
1 684 
1 674 
1 680 
1688 
1 686 
1690 
1653 
1651 
1672," 
1 643h 

8.14 
8.15 
8.16 
8.13 
2.55 
2.18 
2.17 
2.19 
1.17/ 
2.2 1 
2.2 1 
2.2 1 

6.46 
6.55 
6.54' 
6.55' 
6.34 
6.45 
6.42 
6.43 
6.43 
6.18 
6.20 
6.19 

7.89 
7.92 
7.92 
7.94 
7.74 
7.86 
7.84 
7.85 
7.92 

-7.359 
7.26 
7.26 

Signals of substituents 
R' (8a-e) or R (9b-d) 

Me 3.55s (3 H) 
ArH-2',6' 7.35; ArH-3'-5' - 7.5m (3 H) 
Me 2.42s (3 H); ArH-2',6' 7.32;' ArH-3',5' 7.24' 
ArH-2',6' 7.5 1; ArH-3',5' 7.32 ' 
Me 3.54s (3 H) 
ArH-2',6' 7.21m (2 H); ArH-3'-5' -7.55m (3 H) 
Me 2.42s (3 H); ArH-2',6' 7.33,' ArH-3',5' 7.08' 
ArH-2',6' 7.52; ' ArH-3',5' 7.17 ' 
ArH-2',6' 7.52;' ArH-3',5' 7.14' 
ArH-2',6' - 7.35m (3 H);# ArH-3',5' - 7.6m (3 H) 
Me 2.45s (3 H); ArH-2',6' 7.18;' ArH-3',5' 7.36' 
ArH-2',6' - 7.33m (2 H);' ArH-3',5' - 7.55m (2 H)' 

J(5,6) 
(Hz) 
6.6 
6.7 
6.7 
6.6 
6.6 
6.8 
6.9 
6.8 
6.7 
7.5 
7.6 
7.7 

" KBr disc, cm-'. In CDCl,, 6(SiMe,) 0 p.p.m. Chemical shifts in p.p.m., coupling constants in Hz at 250 MHz. ' 1 H (6a-d) or 3 H (&A, 9b-d). 
' dd due to 5-H,6-H and 2-H,5-H interactions, 'J(2,5) 0.8 Hz. ' AA'BB' type m-pair, J(A,B) - 8.5 Hz. J Ethyl group: Me t ('J 7.5 Hz); CH, 2.36 q 
(2 H). Overlapping signals. Split bands, probably due to Fermi resonance with the first overtone of the strong band at 830 cm-' (mean frequency 
1685 cm-'). 

Table 2. I3C N.m.r. data on compounds (Q-d), (8a--e), and (9b-d)" 

Chemical shifts 6,/p.p.m. 
r 1 

Compound C-2 M ( 4 )  C-5 C-6 2-Meb Me (R') C-1" C-2',6" C-3'3'' C-4" 

(W 153.1' 160.4 1 16.6 151.0' 137.1 126.7 129.6 129.4 
(W 153.0' 160.6 116.7 151.1' 21.1 134.5 126.4 130.3 139.7 
(64 153.1' 160.0 116.5 150.4' 135.4' 127.9 129.7 135.4' 
(W 159.9 162.1 112.7 152.0 23.0 30.8 
(8b) 159.6 161.6 113.3 152.2 23.5 137.1 127.1 129.6 129.0 
(W 160.3 162.2 113.7 152.5 23.9 21.1 134.8 127.2 130.7 139.5 
(a) 159.7 161.9 113.8 152.7 23.9 135.7' 129.1 130.4 135.9' 
(W 161.1' 162.5' 112.7 152.0 10.1 J 134.4' 128.7 129.4 134.8 ' 
(9b) 159.3 169.6 1 10.0 142.7 22.7 140.5 126.1 130.0 129.6 
(*) 159.4 169.5 109.8 142.9 22.5 20S0 137.8 125.7 130.3 139.7 
(94 159.3 169.5 1 10.4 142.7 22.9 139.1 127.9 130.3 136.0 

(W 153.5' 161.4 115.7 151.6' 34.1 

" In CDCl, at 20.15 M H z  Rf For compounds (8a-e). N-Aryl group in pos. 3 [R' for (6a4) and (&+)I or at C-1 [R for (-)I. ' Reversed 
assignment may also be possible. ' Two overlapping lines. Ethyl group Me; CH, 28.3 p.p.m. At pos. 1 (R). 

250.13 ('H), and 20.14 (13C) MHz, respectively, using the 
deuterium signal of the solvent as lock and SiMe, as internal 
standard. The most important measurement parameters were as 
follows: sweep width 5 kHz, pulse width 1 and 3.5 11s (ca. 20" and 
ca. 30" flip angle), acquisition time 1.64 s, number of scans: 16 
and 29-21 ', computer memory 16 K. Complete proton-noise 
decoupling (ca. 1.5 W) for signal-to-noise enhancement were 
used (line width 0.7 and 1.0 Hz). 

Preparation of 3-exo-Benzyloxycarbonylaminobicyclo[2.2.1]- 
hept-5-ene-2-exo-carboxylic acid (2).-To a solution of 3-exo- 
aminobicyclo[2.2.l]hept-5-ene-2-exo-carboxylic acid 3b (1) (6.1 
g, 0.04 mol) and sodium hydroxide (1.6 g, 0.04 mol) in water (20 
ml) at 0 "C were added dropwise benzyl chloroformate (7.5 g, 
0.044 mol) and aqueous (20 ml) sodium hydroxide (1.6 g, 0.04 
mol) simultaneously during 30 min, the solution being 
maintained alkaline. The mixture was stirred for an additional 1 
h under ice-cooling, and then for 4 h at room temperature. The 
excess of the acid chloride was removed by extraction with ether 
(4 x 50 ml), the aqueous phase was cooled to 0 "C, and the pH 
was adjusted to 2 with 20"/, hydrochloric acid. The solid which 
precipitated out was filtered off and washed with water (10.8 g, 

9373, m.p. 93-99 "C. After crystallization from ethanol, the 
title product had m.p. 104-105 "C (Found: C, 66.7; H, 6.05; N, 
5.0. C,,H,,NO, requires C, 66.89; H, 5.96; N, 4.87%). 

Preparation of 3-exo- Benzyloxycarbonylaminobicyclo[2.2.1]- 
hept-5-ene-2-exo-carboxamides ( 3 u ) . - T o  a stirred solution 
of acid (2) (5.70 g, 0.02 mol) in dry tetrahydrofuran (THF) (70 
ml) at - 10 "C were added dropwise triethylamine (2.0 g, 0.02 
mol) and then isobutyl chloroformate (2.73 g, 0.02 rnol). This 
was followed by dropwise addition of a solution of the 
appropriate amine (0.02 mol) [aniline (1.95 g), p-toluidine (2.14 
g), or p-chloroaniline (2.55 g)] dissolved in dry THF (20 ml), 
after which the mixture was stirred for 5 h at - 10 "C, kept 
overnight at room temperature, and then evaporated to dryness. 
The residue was washed with water and the product was 
crystallized from ethanol. Data on the compounds prepared 
(3b-d) are shown in Table 3. 

Preparation of Ethyl 3-exo- Aminobicyclo[2.2.l]hept-5-ene-2- 
exo-carboxylate.-To stirred, dry ethanol (90 ml) cooled to 
- 10 "C was added dropwise thionyl chloride (8 ml), and amino 
acid (1) (1 5.3 g, 0.1 mol) was then added in small portions. The 
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Table 3. Physical and analytical data on compounds (3b-d) and 
( 4 a - 4  

Table 4. Physical and analytical data on compounds ( 6 a 4 )  and 
(8a-e) 

Found (%) 
(Required) 

Compound M.p. Yield r-A-, 

(Formula) ("C) (%) c H N 
227-229 74 73.1 

(72.91) 

(73.38) 

(66.58) 

(65.03) 

(7 3.66) 

195-196 86 73.3 

198-200 75 66.7 

102-104" 82 65.1 

163-165' 64 73.5 

146-148' 58 73.4 

162-163b 65 63.9 
(74.35) 

(64.00) 

6.0 
(6.12) 
6.5 

(6.43) 
5.4 

(5.33) 
8.4 

(8.49) 
7.1 

(7.06) 
7.5 

(7.49) 
5.75 

(5.75) 

7.75 
(7.73) 
7.2 

(7.44) 
6.9 

(7.06) 
16.9 

(1 6.85) 
12.1 

(1 2.27) 
11.5 

(1 1.56) 
10.8 

(1 0.66) 

" B.p./520 Pa. ' M.p. of HBr salt (decomp.): (4b) 2 6 6 2 6 8 ,  (4c) 245- 
248, and (4) 258-260. 

mixture was subsequently stirred for 30 min at O"C, kept at 
room temperature for 3 h, refluxed for 1 h, and then evaporated 
to dryness. The solid residue was crystallized from ethanol, to 
afford a product with m.p. 142-144 "C.  

To a solution of the above hydrochloride salt (2.18 g, 0.01 
mol) in acetone (20 ml) was added triethylamine (1.0 g, 0.01 
rnol). The mixture was cooled to 0 "C and the triethylammonium 
hydrochloride was removed by filtration. After evaporation of 
the solvent, the residue was distilled. Colourless oil (1.0 g,  5573, 
b.p. 99-100 "C/530 Pa. 

Preparation of 3-exo-Amino-N-methylbicyclo[2.2.l]hept-5- 
ene-2-exo-carboxarnide (4a).-A mixture of the above amino 
acid ester (3.6 g, 0.02 mol) and a 25% methylamine-methanol 
solution (30 ml) was kept for 6 days at room temperature. After 
removal of the solvent, the oily residue was transferred to a silica 
gel column and eluted first with benzene and then with ethyl 
acetate. The crystalline product (1.46 g, a%), m.p. 99-103 "C, 
obtained from the latter eluate by evaporation was crystallized 
from benzene-light petroleum ( 1  : l ) ,  and the title product had 
m.p. 104-106 "C (Found: C ,  65.2; H, 8.6; N, 16.9. C 9 H , , N 2 0  
requires C ,  65.03; H ,  8.49; N, 16.85%). 

Preparation of 3-exo-Amino-N-arylbicyclo[2.2.l]hept-5-ene- 
2-exo-carboxamides (4Ld).-The appropriate carboxamide 
(0.02 mol) [(3b) (7.23 g), (3c) (7.52 g), (3d) (7.93 g] was dis- 
solved in portions in 25% hydrogen bromide-glacial acetic acid 
( 3 5  ml). After the addition of dry ether (50 ml), the mixture was 
left for 1 h at room temperature, and the deposited solid was 
separated. 

To the product obtained were added water (50 ml) and 
chloroform (30 ml). The stirred mixture was made alkaline with 
aqueous sodium carbonate (lo%), added portionwise, and was 
extracted with chloroform ( 3  x 20 ml). After being dried 
(Na2S0,) the chloroform was evaporated off and the product 
was crystallized from an ethanokther ( 1  : 1) mixture. Data on 
compounds ( 4 U )  are shown in Table 3.  

Preparation of 3-Substituted ( 6 a 4 )  and 2,3-Disubstituted 
Pyrimidin-4(3H)-ones (8a--e).-A mixture of the appropriate 
carboxamide (0.01 mol) [(4a) (1.66 g), (4b) (2.28 g ) ,  (4c) (2.42 g), 
or (4) (2.62 g)] and triethylorthoformate (4.45 g, 0.03 mol), 
orthoacetate (4.87 g), or orthopropionate (5.29 g) was refluxed 
for the time given in Table 2. The mixture was evaporated and 

Re- Found (%) 
fluxing (Required) 

M.p. time Yield r - A - ,  

("C) (h) (%I c H N 
125-127" 15 62 54.6 5.6 25.6 

(54.54) (5.49) (25.44) 

(69.76) (4.68) (1 6.27) 

(70.95) (5.41) (15.04) 

(58.13) (3.41) (13.56) 

(58.05) (6.50) (22.57) 

(70.95) (5.41) (15.04) 

(7 1.98) (6.04) (1 3.99) 

(59.88) (4.1 1) (12.70) 

(61.42) (4.72) (1 1.94) 

147-149' 6 57 69.8 4.8 16.4 

152-153 6 54 70.8 5.35 15.1 

131-133 13 60 58.3 3.5 13.4 

65-66' 15 48 58.2 6.6 22.6 

118-120 12 46 70.8 5.3 15.1 

137-139 10 52 71.8 5.9 14.15 

135-136 10 50 60.0 4.2 12.7 

112-114 8 42 61.25 4.5 11.9 

Lit,'" m.p. 122 OC15' 123-124 "C. ' Lit.," m.p. 144-145 "C. Lit.,'" 
m.p. 63-65 oC,5d 65 "C. 

the residue was transferred to a silica1 gel column and eluted first 
with benzene and then with ethyl acetate. The latter eluate was 
evaporated and the residue was crystallized from an ethyl 
acetate-ether ( 1  : 1) mixture. Data on the obtained compounds 
(6a -d )  and (8a-e)  are shown in Table 4. 
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