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(9.281 9). The carboxylic acids (9.281 g) were electrochemically 
oxidized in methanol (100 mL) containing sodium medthoxide 
(1.69 g, 30 mmol) as described in the synthesis of 8. After 2.27 
f/mol of electricity was passed, methanol was evaporated in vacuo. 
Extraction of the residue with ethyl acetate followed by distillation 
gave a mixture of 13a and 13b (5.422 g, 25.2 mmol). The overall 
yield was 52% from 12a and 12b. 

A mixture of 13a and 13b bp 103-105 'C (1 mmHg); IR (neat) 
2950,1695,1445,1370,1320,1195,1160,1115,1080,1000 cm-'; 
NMR (CDClJ S 1.50-2.10 (m, 4 H), 2.17 (s, 3 H), 2.20-2.73 (m, 
2 H), 3.33 (s, 3 H), 3.72 (s, 3 H), 4.00-4.33 (m, 1 H), 5.14-5.33 (m, 
1 H). Anal. Calcd for Cl0HI7NO4: C, 55.80; H, 7.96; N, 6.51. 
Found: C, 55.53; H, 8.07; N, 6.59. 

Hygroline (14a + 14b) and Pseudohygroline (14a' + 14b'). 
To a stirred suspension of LAH (1 g, 26.3 mmol) in dry ether (25 
mL) was added dropwise a solution of a mixture of 13a and 13b 
(1.136 g, 5.28 mmol) in ether. The mixture was refluxed for 10 
h under an atmosphere of nitrogen. Usual workup gave a residue, 
and it was distilled (bulb-to-bulb) to afford a mixture of hygroline 
(14a + 14b) and pseudohygroline (14a' + 14b')2a in a ratio of 2 
to 3 (611 mg, 4.27 mmol, 81% yield). Hygroline and pseudoh- 
ygroline were isolated by preparative GLC and separable by 
column chromatography (alumina, AcOEt-hexane). 

Hygroline: [.]"D +21.32' (ethanol, c 3.'' 
Pseudohygroline: +45.62' (ethanol, c 3). 
1,2-Bis(methoxycarbonyl)-5-allylpyrrolidines were pre- 

pared in 74% yield with the ratio of 72 to 28 by utilizing a similar 
method to  the synthesis of 12a and 12b: IR (neat) 3090, 2960, 
1760,1705, 1645,1450, 1385, 1280,1200, 1180,1130, 1118, 1005, 
925, 780 cm-'; NMR (CCl4) 6 1.50-2.93 (m, 6 H) ,  3.65, 3.68, and 
3.70 (3 s, 6 H), 3.77-4.10 (m, 1 H), 4.16-4.37 (m, 1 H), 4.88-5.22 
(m, 2 H), 5.50-6.07 (m, 1 H). Anal. Calcd for CllH17N04: C, 58.14; 
H, 7.54; N, 6.16. Found: C, 57.98; H, 5.78; N, 6.16. 
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Previously reported syntheses of 5-substituted pyrimi- 
dinones 1 have usually found it expedient to incorporate 
formation of the pyrimidinone ring as a central part of the 
synthesis. Such approaches involve the use of multi- 
functionalized precursors such as a-formylhydro- 
cinnamates,2 c~-(arylmethyl)cyanoacetates,~ a-(aryl- 
methyl)mal~nitriles,~ a-(alkoxymethyl)~innamonitriles,~ 
or a-arylmethyl enamino  nitrile^.^ In connection with 
ongoing work in this laboratory, we had the need to de- 
velop a more efficient synthesis of 2,4-pyrimidinones such 
as 1. We chose to begin our synthesis with inexpensive 
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uracil 2 and exdore functionalization of the 1 tively 
electronegative C-5 carbon with an appropriately substi- 
tuted electrophilic carbon. Even though 5-hydroxy- 
methylation6 and 5-chl~romethylation~ of uracil have been 
extensively studied, we found only one other example of 
a successful carbon monoalkylation on unsubstituted 
uracil. Roth2*s reported that uracil reacts with phenolic 
Mannich bases to yield 5-benzyluracils in ethylene glycol 
a t  140-160 "C.  

We now report that under aqueous acidic conditins 
unsubstituted uracil 2 reacts with aromatic aldehydes 
containing an electron-deficient ring 3a-e (especially 
heterocyclic aldehydes) to yield 5-(arylhydroxymethy1)- 
2,4( lH,3H)-pyrimidinones 4a-e in good to excellent yields 
(Table I). Equimolar quantities of 2 and 3 were heated 
under reflux in aqueous mineral acids (e.g., concentrated 
HCl, HBr, HI, or H,SO,; preferably HC1) for 1-8 h to yield 
upon neutralization the product 4 (eq 1). These represent, 
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to the best of our knowledge, the first successful examples 
utilizing the enamino ketone character of unsubstituted 
uracil to alkylate C-5 with an aldehyde other than form- 
aldehyde.6b,4-11 We have been unable to effect this reaction 
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Table I. 5 4  Arylhydroxymethy1)-2,4( lH,3H)-pyrimidinones 4a-e 
product 4," Ar yield: % mp, O C  high-resolution MS, m / e  'H NMR (MezSO-ds), 6 

a, 6-methyl-3-pyridinyl 70 312-316 calcd for CllHllN303, 233.080 2.43 (8 ,  3 H), 5.45 (4, J = 5 Hz, 2 H),".' 7.35 (q, J = 9.0 Hz, 
found, 233.080 2 H), 7.32 (d, J = 6.0 Hz, 1 H)te,d 8.45 (d, 1 H), 10.6 

(NH, d, J = 6 Hz, 1 H): 10.9 (NH, 1 H) 
calcd for C14HllN303, 269.0800 5.75 (4, J = 5 Hz, 2 H)>e 7.32 (d, J = 6 Hz, 1 H),c*d 7.5-8.0 
found, 269.079 (m, 5 H), 8.90 (d, J = 2.5 Hz, 1 H), 10.75 (NH, d, J = 6 

Hz, 1 H): 10.94 (NH, 1 H) 
256-258 calcd for CllH9N3O6, 263.054 5.25 (5, 1 H), 7.2 (d, J = 6 Hz, 1 H)Td 7.8 (q, J = 9 Hz, 4 

found, 263.055 H), 10.8 (NH, d, J = 6 Hz, 1 H),c 11.1 (NH, 1 H) 
263 dec calcd for C10H9N303, 219.064 5.55 (q, J = 5 Hz, 2 H):re 7.35 (m, 3 H), 8.5 (br d, 2 H), 

found, 219.065 10.75 (NH, d, J = 6 Hz, 1 H),c 11.1 (NH, 1 H) 
277-278 calcd for C14HllN303; 269.0800 6.40 ( 8 ,  1 H), 7.25 (d, J = 6 Hz, 1 H)Td 7.7-8.4 (m, 5 H), 

found, 269.0798 9.28 (d, J = 6 Hz, 1 H), 11.1 (NH, d, J = 6 Hz, 1 H),c 
11.45 (NH, 1 H) 

b, 3-quinolyl 64 300 dec 

c, 4-nitrophenyl 

d, 4-pyridinyl 

e, 4-quinolyl 

74 

66 

82 

a Satisfactory combustion analyses and infrared data weree obtained for all new compounds listed in the table. *Isolated yield. Collapses 
to a one-proton singlet on addition of DzO. dThis signal is assigned to the uracil C-6 proton thereby indicating coupling to the N-1 proton.17 
eThe methine proton in this case exhibits distinct 5 Hz coupling to the hydroxyl proton in Me2SO-dG. 

in nonaqueous media or under Friedel-Crafts conditions 
using uracil or 2,4-dimethoxypyrimidine. This is presum- 
ably due to the insolubility of uracil in organic solvents 
and the lower reactivity of its dimethoxy derivative. 

The results in Table I demonstrate that aryl aldehydes 
with electron-deficient rings react to yield the (hydroxy- 
me thy l )u rac i l4  as the major product. Other more elec- 
tron-rich aromatic aldehydes (including benzaldehyde),  
that are also stable to these rigorous acidic conditions, yield 
mainly the 5-(arylmethylene)di-2,4( lH,3H)-pyrimidinones 
514 as determined by spectral data. Specifically, 5-(phe- 
nylmethylene)di-2,4(1H,3H)-pyrimidinone (10) was iso- 
lated as the major product from the reaction of uracil and 
benzaldehyde. The trisubstituted methane 5a is also 
formed on prolonged heating of 4a, presumably through 
disproportionation. The literature15J6 contains many ex- 
amples of the condensation of 6-substituted uracils 8 with 
aromatic aldehydes to form 7, the 6-substituted uracil 
analogue of 5. In fact the reaction of 8 with many elec- 
trophiles has been explored extensively in 5-deazaflavin 
synthesis. Isolation of the 6-substituted (hydroxy- 
methy1)uracil 6, however, has not been reported. Most 
probably this is because of the facile displacement of the 
protonated hydroxyl (pa thway a, Scheme I) b y  the C-5 
of uracil (either unreacted or from disproportionation of 
614), yielding 7 in both cases. Alternatively, 5 or 7 could 
be formed from the benzylidene 9 (pa thway b)  which is 
similar to the materials prepared and proposed as inter- 
mediates by F. Yoneda.15 Aliphatic aldehydes studied, e.g., 
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Scheme I 

4, X = H  
6 , X = e . g ,  NHR.NH2 
8 8 6 w i t h  H at C-5 

acetaldehyde, propionaldehyde ,  and cinnamaldehyde, 
yielded only tarry substances. 

Our synthesis of 5-substituted uracils thus provides a 
facile entry to the pyrimidine nucleus of 5-substituted 
2'-deoxyuridines and other biologically active pyrimidi- 
nones.18 Work on the reduction of 5-(arylhydroxy- 
methy1)uracils 4 to corresponding 5-(arymethylene) uracil 
derivatives will be reported at a later date. 

Experimental Section 
Melting points were taken on a Thomas-Hoover melting point 

apparatus and are uncorrected. 'H NMR spectra were obtained 
on a Varian CFT-20 (80 MHz) with Me4Si as internal standard. 
Infrared spectra were obtained on a Perkin-Elmer 580 spec- 
trometer. High-resolution mass spectra were obtained on a Varian 
MAT-CH5 double-focusing spectrometer. 

A Representative Example  fo r  P repa ra t ion  of 4a-e: 5-  
[ (6-Met hyl-3-pyridiny1)hydroxymet hyll-2,4( 1H,3H)-pyr i -  
midinedione (4a). Uracil (224 g, 2 mol) was added to 1.4 L of 
concentrated HC1, and the slurry was warmed to 60 "C. To  this 
warmed suspension was added 2-methyl-5-formylpyridine (3a) 
(270 g, 2.2 mol).19 The suspension was then heated under reflux 
for 8 h and allowed to cool to ambient temperature. The solution 
was then filtered to remove trace quantities of 5a and the filtrate 
was basified to  pH 8-8.5 with 10 N sodium hydroxide, at which 
point the solid product precipitated. The precipitate was collected 
by vacuum filtration, washed with 300 mL of acetone, and dried 
a t  60 OC to yield 325 g (70%). 

(18) (a) Bergstrom, D. E.; Ogawa, M. K. J. Am. Chem. SOC. 1978,100, 
8106. (b) Biala, E.; Jones, A. S.; Walker, R. T. Tetrahedron 1980,36,155. 
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5,5'-[ (6-Methyl-3-pyridinyl)methylene]bis(2,4( 1H,3H)- 
pyrimidinedione) (5a) was isolated by Titration from the reaction 
above: mp 300 OC; IR (KBr) 3450 (N-H), 1710 (C=O) cm-'; 'H 
NMR (80 MHZ, Me,SO-d6) 6 8.55 (d,J,,4 = 2.5 Hz, 1 H),8.3 (dd, 

(d, J 6 , N H  = 6 Hz, 2 H, pyrimidinyl, collapses to singlet on deu- 
terium exchange), 5.15 (s, 1 H), 2.75 (s, 3 H); high-resolution mass 
spectrum, m/e  calcd for Cl5HI3N5O4 327.097, found 327.097. 
5,5-(Phenylmethylene)bis(2,4( lH,3H)-pyrimidinedione) 

(IO). Uracil (1.0 g, 8.9 mmol) and benzaldehyde (0.946 g, 8.6 
mmol) were heated under refluxing concentrated hydrochloric 
acid (20 mL). After 2 h the solution was cooled to ambient 
temperature, and the white precipitate that formed was removed 
by filtration and dried under vacuum, 1.3 g (4.4 mmol, 93% based 
on uracil): mp >300 "C; IR (KBr) 3450 (N-H), 1750 and 1650 
(C=O) cm-'; 'H NMR (80 MHz, Meao-d,) 6 7.25 (m, 5 H), 6.75(d, 
J6 ,NH = 6 Hz, 2 H), 5.05 (s, 1 H); high-resolution mass spectrum, 
m/e calcd for CI5Hl2N4O4 312.086, found 312.087. 
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As part of a program directed toward the total synthesis 
of morphine and codeinel we wished to explore the pos- 
sibility of effecting construction of the pentacyclic ring 
system via an intramolecular 1,6-addition of an amino 
residue to some suitably constituted dienyl ketone of the 
general type 1. Clearly the main issue is whether the 
desired addition mode (to afford 3a or 3b2) will be obtained 
in the presence of a potentially competitive 1,4-addition 
pathway (which would generate p-amino ketone 2). Mo- 
lecular models indicate that both pathways have excellent 
geometries and it seemed highly prudent to settle this 
question prior to the penultimate steps in a total synthesis 
(Scheme I). 

For a number of reasons, we were initially attracted to 
examine a variant of the Sanchez reaction3 This reaction 
involves the direct reductive cyclization of sulfonamide 
enones under disolving metal conditions to afford p-amino 
ketones, as successfully demonstrated in the synthesis of 
(f)-mesembranone (4) (Scheme 11). While the vinylogous 
reaction on a dienone like lb was unknown we felt it would 
be worth investigation. At  the same time we also wished 

Scheme 111 
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to prepare urethane IC, a progenitor of the parent amino 
dienone la. 

Treatment of thebaine (5)4 with p-toluenesulfonyl 
bromide5 Cp-toluenesulfonyl chloride is ineffective in this 
reaction) under Schotten-Baumann acylation conditions, 
affords sulfonamide dienone lb in 75% yield. Unfortu- 
nately, reaction of lb under the dissolving metal conditions 
of Sanchez3 yields an intractable mixture which did not 
exhibit a singlet methine resonance in the 4.3-5.3 ppm 
region of the 90-MHz NMR spectrum. In an effort to 
simplify the sulfonamide cleavage, dienone 1 b was reduced 
with DIBAL-H to generate dienyl alcohol 6a6 in 75% yield. 
Numerous attempts to desulfonylate this material under 
conditions previously shown to be effective at sulfonamide 
reduction7 were either insufficient to effect cleavage or 
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J.; Diaz, E. Heterocycles 1985, 23, 593. 

Toth, J. E; Fuchs P. L. J .  Org. Chem. 1984, 49, 3865. 

0022-3263/86/ 1951-2594$01.50/0 

(4) Thebaine alkaloid powder, No. T-2019, Sigma Chemical Co., St. 

(5) Litvinenko, L. M.; Dadali, U. A.; Savelova, U. A,; Krichevtsova, T. 

(6) Assignment of C-6 stereochemistry in 6a is based on 'H NMR 

Louis, MO. 

I. J .  Gen. Chem. USSR (Engl. Transl.) 1964, 34, 3780. 

coupling constants. See Experimental Section. 
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