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Abstract: The triethylamine-promoted condensation of Z-(2-chloro-2-nitroethenyl)benzenes with 

4,6-dihydroxypyrimidine provides 5,6-dihydro-6-nitro-5-phenylfuro[2,3-d]pyrimidin-4(3H)-ones at 

room temperature. Involving the same starting materials, but using DBU in refluxlng ethanol instead 

of triethylamlne, the so far unknown 5phenylfuro[2,3-d]pyrimidln4(3H)-ones are obtained. 

Pyrimidine fused heterocycles occupy an important place in biological and medicinal chemistry. In this 

context, the furo[2,3-dlpyrimidine ring has aroused considerable interest and a number of its derivatives have 

been synthesized, then tested in various fields. Thus, numerous products belonging to this class of 

compounds have been evaluated for their antiinflammatory.1 antibacteria1,t.a antitumora1,a.s 

antihypertensive,4antiulcer,s antiviral,6 muscle telaxing,7 radioprotective,s antimalarial,s ttichomonacidal,ta 

pesticidal,tt insecticidal,t2 agrochemical,ts or herbicidalr4 properties. Furthermore, two recent patents 

mention some furo[2,3-dlpyrimidine derivatives as agents for treating neuropathy.ts 

The chemistry of furo[2,3-dlpyrimidines has been reviewed a few years ago,‘6 and most of the previously 

described routes to this heterocyclic structure are gathered in this publication, although some references have 

been omitted.17 Moreover, several new syntheses appeared in more recent reports and deserve quotation. 1s 

This literature survey reveals that, to our knowledge, no preparation of the furo[2,3_d]pyrimidine ring has 

been achieved starting from 4,6_dihydroxypyrimidine, although this commercially available compound could 

be considered as a choice precursor for the synthetic approach of the furopyrimidin system. In view of this 

fact, and in continuation of our studies on the utilization of (2-chloro-2-nitroethenyl)benzenes in synthesis,ts it 

appeared attractive to explore the possible use of these P-chloro-P-nitrostyrenes as building blocks to prepare 

furo[2,3-dlpyrimidine derivatives by condensation with 4,6-dihydroxypyrimidine. 
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We show here that the reaction of Z-(2-chloro-2-nitroethenyl)benxenes la-k with 4,6-dihydroxy- 
pyrimidine 2 iu anhydrous ethanol, at room temperature, in the presence of triethylamine, provides the 
5,6-dihydro-6-nitro-5-phenylfuro[2.3-d]py~id~-4(~)-ones (Table 1). In most of the considered examples, 
these hitherto unkuown furopyrimidines are exclusively obtained in the rrans configuration 3a-k (Scheme 1). 
However, in certain cases, variable amounts of the cis isomer have been detected in the crude product of the 

reaction. This fact concerns the reactions carried out with compounds le, lg, li, lj or lk as starting 
materials. In these circumstances, the chromatographic separation of the pure truns derivative has been 
achieved for 3e and 3g, whereas the obtention of pure 3i. 3j or 3k failed, since they were always 
contaminated with the cis isomer. Furthermore, with P-chloro-P-nitrostyrenes bearing a nitro group on the 

aromatic ring (li-k), considerable amounts of 5,6-unsaturated compounds 4i-k were formed, which 
markedly lowered the yields of 5,6-dihydro derivatives. In this context, it is worth pointing out that a 
condensation carried out starting from the 1-(2-chloro-2-nitroethenyl)-4-nitrobenzene lk in the presence of 
potassium fluoride (instead of triethylamine) enabled us to avoid the formation of the unsaturated compound 
4k, but provided the rmn.s derivative 3k still mixed with its cis isomer. We have also ascertained that the 
shortening of the reaction times did not remove these drawbacks and led to partial recovery of the starting 
materials. 
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The spectral data for compounds 3a-h are reported in Table 2. The low values (2.0-2.9 Hz) measured for 
the sJ coupling constants between the protons H-5 and H-6 are indicative of a truns co~gumtion. This 
stereochemistry has been confirmed by a single crystal X-ray analysis of the 5.6-dihydro-6-nitro- 
5-phenylfuro[2,3-dlpytimidin-4(W)-one (3a) selected as a representative of its class of products (Figum 1). 
The c~s~og~phi~ study also mveals that this compound 3a exists, in the solid state, in the pure 4(W)-0x0 
form (to the exclusion of the Chydroxy form which could be present because of the possible prototropic 
tautomerismao). In this connection, the examination of the infrared spectra recorded for compounds 3a-h 
(Table 2) shows characteristic strong absorptions (1667-1693 cm-t) which indicate that the 4-0~0 form is 
mainly present in all the considemd cases. 

Table 2: Spectral data of compounds 3a-h. 

Compound IR 
vm (cm-l) 

t H-NMRa 
6, J 0-W 

3a 1667 

3b 1682 

3e 1672 

3d 1675 

3e 1672 

3f 1684 

3g 1668 

3h 1693 

4.93 (br d, lH, J = 2.1); 6.60 (d, lH, J = 2.1); 7.13-7.50 (m, SHarom); 
8.27 (s, 1H); 11.00-14.00 (sh, lH, exchangeable with D20) 

5.23 (br d, IH, J = 2.3); 6.57 (d, IH, J = 2.3); 6.96-7.13 (m,lHarom); 
7.20-7.65 (m, 3Harom); 8.27 (s, 1H); 12.50-13.75 (sh, lH, exchangeable 
with DaO) 

4.81 {d, lH, J = 2.3); 6.18 (d, lH, J = 2.3); 7.05-7.40 (m, 4Harom); 8.06 
(s, 1H); 11.00-12.50 (sh, IH, exchangeable with DaO) 

4.82 (br d, lH, J = 2.0); 6.20 (d, lH, J = 2.0); 7.18 and 7.37 (AA’BR’ 
system, 4Harom); 8.06 (s, 1H); 12.50-13.50 (sh, lH, ex~h~geable with 
90) 

3.87 (s, 3H); 5.12 (d, lH, J = 2.9); 6.08 (d, lH, J = 2.9); 6.90-7.08 (m, 
3Harom); 7.23-7.50 (m, 1Harom); 8.03 (s,lH); 12.70-13.20 (sh, lH, 
exchangeable with D20) 

3.76 (s, 3H); 4.88 (d, IH, J = 2.1); 6.60 (d, IH, J = 2.1); 6.70-7.00 (m, 
3Harom); 7.16-7.40 (m, 1Harom); 8.28 (s, 1H); 12.50-13.60 (sh, lH, 
exchangeable with D20) 

3.80 (s, 3H); 4.78 (br d, lH, J = 2,l); 6.08 (d, IH, J = 2.1); 6.86 and 
7.16 (AA’BB’system, 4Harom); 8.06 (s, IH); 12.70-13.10 (sh, lH, 
exchangeable with DaO) 

3.67 (s, 3H); 3.77 (s, 6H); 4.87 (d, IH, J = 2.1); 6.52 (s, 2Harom); 6.60 
fd, lH, J = 2.1); 8.28 (s, IH); 11.70-13.20 (sh, 1H. exchangeable with 
D20) 

a Performed in DMSO - ds for 3a, 3b,3f and 3h, in CDCls for 3e, or in the mixture CDC13 / DMSO - de 8:2 
for 3c, 3d, and 3g. 
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2) 

N(1) 017) py/N(2: 

o(3) 

Figure 1. An ORTRP drawing of 3a. 
The themd ellipsoids are drawn at a 30% probability level 

When the above condensation is carried out in refluxing ethanol, involving 1,8-diaxabicyclo[5.4.0]undec- 
7-ene (DBU) instead of triethylamine as a base, a complete loss of nitrous acid occurs in situ to afford the 

novel 5-phenylfuro[2,3-d]pyrimidines_4(W)-ones 4a-k according to Scheme 2 (Table 3). 

RZ R3 

NO2 la-k 

DBU H. 

ethanol, reflux 

R2 R3 

4a-k 

Scheme 2 

The spectral data relevant to furopyrimidines 4a-k are reported in Table 4. As for the 6-nitro derivatives 
3a-k. the intense absorptions observed between 1662 and 1691 cm-t in the infrared spectra of compounds 
4a-k clearly indicate that the 4-0~0 tautomeric form strongly dominates. 
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Table 4: Spectral data of compound 4a-k. 

Compound IR 
vw (cm-l) 

tH-NMRa 
6, J (Hz) 

4a 1686 

4b 1682 

4c 1691 

4d 1686 

4e 1672 

4f 1662 

46 1666 

4k 1690 

4i 1676 

4.i 1690 

4k 1685 

7.23-7.50 (m, 3Harom); 7.73 (s, 1H); 7.83-8.05 (m, 2Harom); 8.11 (s, 
HI); 8.17 (s, 1H); 12.45-12.85 (br s, exchangeable with D20) 

7.28-7.65 (m, 4Harom); 7.93 (s, 1H); 8.10 (s, 1H); 12.35-12.85 (br s, 
exchangeable with DaO) 

7.20-7,56 (m, 2Harom); 7.85-8.05 (m, 1Harom); 8.13 (s, 2H); 8.28 (s, 
1H); 12.45-13.15 (br s, exchangeable with D20) 

7.40 and 8.05 (AA’BB’system, 4Harom); 8.12 (s, 1H); 8.22 (s, 1H); 
12.60-13.20 (br s, exchangeable with DzO) 

3.80 (s, 3H); 6.83-7.43 (m, 3Harom); 7.83-7.90 (dd, IHarom, J=1.8, 
7.5); 8.00 (s, 1H); 8.10 (s, 18);12.00-12.70 (br s, exchangeable with 
D2O) 

3.78 (s, 3H); 6.76-6.96 (m, 1Harom); 7.16-7.36 (dd, lHarom, J=7.8, 
8.1); 7.43-7.59 ( m, 1Harom); 7.65-7.75 ( m, 1Harom); 8.10 (s, 1H); 
8.19 (s, IH); 12.00-13.15 (sh, exchangeable with D20) 

3.80 (s, 3H); 6.93 and 7.90 (AA’BB’system, 4Harom); 8.05 (s, 1H); 8.09 
(s, 1H); 12.10-13.00 (sh, exch~geable with DaO) 

3.70 (s, 3H); 3.83 {s, 6H); 7.43 (s, 2Harom); 8.11 (s, 1H); 8.24 {s, HI); 
12.00-13.25 (sh, exchangeable with D20) 

7.50-7.85 (m, 3H arom); 8.01 (s, 1H); 8.09 (br s, 1H); 8.07- 8.25 (m, 
1Harom); 12.10- 12.80 (br s. exchangeable with D20) 

7.66 (t, IHarom J=8.1); 8.05-8.20 (m, 1H arom); 8.12 (s, 1H); 8.38 (s, 
1H); 8.33-8.46 (m, IHarom); 8.93-9.05 (m, 1Harom); 10.30-12.30 (sh, 
exchangeable with DaO) 

8.16 (s, 1H): 8.25-8.35 (AA’BB’system, 4Harom); 8.44 (s,lH); 12.10- 
12.80 (br s, exchangeable with D20) 

aperformed in DMSO -de. 

EXPERIMENTAL 

Melting points were detained with a Klifler hot stage apparatus and am uncorrected. tH NMR spectra 
were recorded using a Varian EM390 (90 MHz) instrument with tetramethylsilane as an internal standard. 
Infrared spectra were recorded on a Perkin-Elmer 1710 spectrometer as KBr pellets. Microanalyses were 
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carried out by the “Service d’Analyse du C.N.R.S., Vemaison”. Silica gel Merck (230400 Mesh ASTM) was 
used for column chroma~graphy. Starting Z-(Z-chloro-2-ni~~~nyl)~n~n~ la-k were synthesized 
following a previously described procedure. *gc Absolute ethanol was’ obtained according to classical 
methods.21 Commercially available reagents (Janssen Chimica) were used without further purification. 

General Procedure for tke preparation of 5,6-dihydro-6-nitro-5-pkenyZfiroi2,3-dlpyrimidin- 

4(3H)-ones 3a-k: 

A mixture of the appropriate (2~~0~2-ni~~~enyI)~n~ne( la-k, 5 mmol), 4,6-dihydroxypy~mi~ne 
(2, 0.62 g, 5.5. mmol) and absolute ethanol (20 mL) was placed in a dried, two-necked, 50-mL 
round-bottomed flask fitted with a septum inlet. This suspension was stirred for 5 minutes with a magnetic bar 
under argon a~osphe~, before ~hy~ous ~e~yl~i~ (0.55 g, 0.76 mL, 5.5. mmol) was added with a 
syringe. An efficient stirring was continued for 24 hours, and the volatile materials were evaporated under 
reduced pressure. The crude product obtained was then flash-chromatographed over a silica gel column (150 
g, eluting with a dichlorome~ane I methanol mixture 96:4). Removal of the solvents in VUCIU) gave the pure 
compounds 3a-h which were recrystallized in the appropriate solvent (Table 1). With regard to derivatives 
bearing a nitro substituent on the aromatic ring, the expected products 3i-k were always contaminated with 
variable amounts of the cis isomer in spite of numerous attempted chromatographies involving either larger 

quantities of silica gel or /and the use of other eluting systems. 

General Procedure for the preparation of 5-phenylfirol2,3-dlpyrimidin_4(3H)-ones 4a-k: 

A mixture of the appropriate (2-chloro-2nitroethenyl)benzene (la-k, 5 mmol), 4,Gdihydroxypyrimidine 
(2, 0.62 g, 5.5. mmol) and absolute ethanol (20 mL) was placed in a dried, two-necked, 50-mL 
round-bottomed flask equipped with a septum inlet and a water condenser. This suspension was stirred with a 
magnetic bar, then gently refluxed under inert atmosphere using a thermostated oil bath. Five minutes later, 
when the starting 2-chloro(2-nitroethenyl)benzene la-k was completely dissolved, DBU (1.67 g, 1.64 mL, 
11 mmol) was carefully added with a syringe maintaining a moderate boiling. The progress of the reaction was 

monitored by thin layer ~hromato~aphy (eluent di~hlorome~~e I me~anol 96:4). When the starting 

(2-chloro-2-nitroetbenyl)benzene la-k had completely disappeared (Table 3). the reaction mixture was 
allowed to cool to room temperature, then filtered by suction using a sintered funnel. In most cases, the 
isolated solid (after thorough rinsing with several portions of dichloromethane and methanol) did not contain 
any furopyrimidine 4. The combined filtrates were then evaporated under reduced pressure to leave a crude 
residue which was flash-chromatographed on a silica gel column (150 g, eluent dichloromethane / methanol 
96:4). Evaporation of the solvents under reduced pressure provided pure 4a-k (Table 3) which were 
sub~uen~y ~~s~li~d. 

In the case of the nitro derivatives 4j and 4k which are scarcely soluble, a part of the product remained in 
the precipitate filtered out from the reaction mixture (even after several washings with methanol). In such 

cases, the solid was taken up in the appropriate recrystallizating solvent (Table 3), the suspension was 
refluxed with stirring, then filtered whilst hot. Cooling of the filtrate afforded a crop of the wanted compound 
(4j or 4k) which was combined with the chromatographed product to calculate the yields reported in Table 3. 
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X-Ray Cystallographic Analysis of 3a: 

Cry& data, collection Md refinement parameters: 

molecular formula: CtsHsNsOe molecular weight: 259.2; crystal system: monoclinic; space group: P2t/c; 
crystal sire: 0.70 x 0.50 x 0.45 mm; a = 13.241(5) A; b = 13.789(6) A; c = 6.483(3) A; p = 104.22(3) deg.; 
V = 1147(2) A3; Z = 4; p talc.= 1.50 g.cm-3; F (000): 536; p = 1.1 cm-t; number of reflections for lattice 
parameters: 25; range 15-16; scan type: w-28; scan width: 1.2 + 0.34 tan 8; 8 range: l-25 deg.; standard 

reflections: two, measured every two hours; number of measured reflections: 2004; number of reflections used 
[ I 2 3 o(I) 1: 1163; minimum and maximum height in final Ap: -0.2 and 0.2 e.A-3; number of refined 
parameters: 174; R = [ CIAFI I C 1FcI ] = 0.051; Rw = [ Zw(AF)* / ZwFu* ]tn = 0.050 (w = 1). 

The data were collected at 18’C on a Philips PWl 100 diffractometer using graphite-monochromated 
MO-K, radiation (A = 0.71073 A). The structure was solved by direct methods and subsequent Fourier maps. 
Refinements were carried out by least squares methods in three blocks. Non-hydrogen atoms were 
anisotropically refined. All hydrogen atoms were found on difference maps, their coordinates were not 

refined, and they were given an overall isotropic parameter. Neither absorption correction, nor extinction 
correction was necessary. Interatomic bond lengths and bond angles are listed in Tables 5 and 6, 
respectively.22 

Table 5: Bond Lenghts (A) for compound 3a. 

N (1) 
N (2) 
N (2) 

q;; 
C (4) 
C (4a) 

:;:; 
C (9) 
C (11) 

Et:; 

: ii; 
C (6) 
C (4a) 

: $;) 
C (12) 
C (10) 
C (12) 

1.311(5) 
1.211(4) 

E:;;:; 

t::q 
;:;;;I:; 

1:366(6) 
1.374(7) 
1.391(7) 

C (7a) 
0 (3) 

El!; 

E i$) 
C (6) 
C (8) 
C (9) 
C (11) 

1.338(5) 

KzI~; 
1:231(5) 

E;;:; 
1:555(5) 

E${ 
1:351(g) 

Table 6: Bond Angles (deg.) for compound 3a. 

: I:;’ 
C (4) 
N (3) 
C (4a) 
C (5) 
C (7a) 
C (7) 
0 (7) 
C (5) 

: I::) 
C (4a) 

E It!; 

N (1) 
N (2) 
N (3) 

Et:{ 
C (4a) 
C (4a) 
C (5) 

E$j 
C (7) 
C (7a) 
C (7a) 
C (9) 
C (11) 

c (2) 
0 (2) 
C (2) 
N (1) 
N (3) 
C (4) 
C (5) 

$$) 
0 (7) 
C (5) 

111.3(3) 
115.5(3) 
123.7(3) 

KIJ 
131:1(3) 
110.0(3) 
114.5(3) 
108.1(3) 
108.7(3) 
122.2(4) 

0 (3) 
C (6) 
C (7a) 
C(1) 
C (4a) 
C (7a) 

:i;; 
C (5) 
C (8) 

z;;,’ : :;*9”&; 
: ;::; 

C (7) C (8) 
C (7a) N (1) 

120:5(5) 
C (9) C (8) 

C (8) 
E I::{ 

C (10) El;; 
C (10) 120.2(5) C (12) C (7) 



3078 D. DAUZONNE and A. ADAM-LAUNAY 

Acknowledgement: 

The authors gratefully thank Dr. C. BOIS (Laboratoire de Chiiie des M&aux de Transition, U.A. no 419. 
C.N.R.S.. Universit6 Pierre et Marie Curie, Paris) for X-ray analysis and helpful discussions. 

REFERENCES AND NOTES 

1) Yamazaki, K.; Matsuda, K. Japan. Kokai 7307,637 (1973); Chem Abstr. 1973,79, 53363. 

2) Quijano, M.L.; Nogueras, M.; Melguizo, M.; Alvarez de Cienfuegos, G.; Melgarejo, M.; Sanchez, A. 

Nucleosides Nucleotides 1989,8, 1519-1528. 
3) a) Hayashi, E.; Higashino, T.; Iijima, C:; Gishi, E.; Makino, H.; Irie, T.; Yamamoto, F.; Yokoyama, Y.; 

Iwai, Y.; Kato, H.; Shimada, N.; Suzuki, S.; Sone, S.; Morikawa, K.; Mochizuki, H.; Miyashita, A.; 
Morikawa, T.; Iinuma, M.; Tomita, E.; Ohkuma, M.; Shinoda, H.; Kohno, M.; Mizuno, D. Yukugaku 
Zasshi 1977,97, 1022-1033; Chem. Abstr. 1978.88, 44881. 
b) Melik-Ogandzhanyan, R.G.; Gapoyan, A.S.; Khachatryan, V.E.; Mirzoyan, V.S.; Manukyan, G.S.; 
Papoyan, S.A. Arm. Khim. Zh.1980,33, 1020-1025; Chem. Abstr. 1981,95, 97699. 
c) Prousek, J. Czech. C.S. 209,610 (1983); Chem Absrr. 1983,99, 158450. 
d) Prousek, J. Collect. Czech. Chem. Commun.1984,49, 1788-1794. 

4) a) Sato, Y.; Shimoji, Y.; Saito, F.; Endo, K.; Nishino, H.; Kuwano, H. Sunkyo Kenkyusho Nempo 

1979,31,87-93; Chem. Abstr. 1980,93, 46572. 

b) Sankyo Co., Ltd. Japan. Kokai Tokkyo Koho 8168,682 (1981); Chem. Abstr. 1981,95, 132950. 
5) a) Fauran, C.; Bourgery, G.; Raynaud, G.; Dorme, N. Ger. Offen. 2446,593 (1975); Chem. Abstr. 

1975,83, 97351. 
b) Hamano, Y.; Nakamura, T., Japan. Kokai 7812,888 (1978),Chem Abstr. 1978.89, 6341. 

6) Griengl, H.; Schwarz, W.; Schatz, F.; Skrobal, M.; Werner, G.; Rosenwirth, B. Chem. Ser. 1986,26, 

67-71. 
7) a) Hess, H.J.E.; Cronin, T.H. Ger. Offen. 1,817,843 (1972); Chem. Abstr. 1972, 77. 52358. 

b) Matsuda, T.; Yamazaki, K.; Ide, H.; Noda, K.; Yamagata, K. Japan. Kokai 7381,893 (1973); Chem. 

Abstr. 1974,80, 37150. 
c) Matsuda, T.; Yamazaki, K.; Ide, H.; Noda, K.; Yamagata, K., Japan. Kokai 738 1,894 (1973); Chem. 

Abstr. 1974,80, 48031. 
8) Furukawa, S.; Takada, M.; Castle, R.N. J. Heterocyclic Chem. 1981,18, 581-585. 

9) Sanghavi, D.S.; Chaudhari, D.T.; Gudadhe, P.P. Bull. HuJtkine Inst. 1981,9, 51-54; Chem. Abstr. 

1982.97, 38910. 
IO)Albrecht, R.; Schumann, K. Eur. .I. Med. Chem- Chim. ThCr. 1976, II, 155-158. 

11) Cox, J.M.; Shephard, M.C. S. African 7802,928 (1979); Chem. Abstr. 1979,91, 140866. 

12)Matsumoto. K.; Yokoi, S.; Fujii, K. Akiyoshi, Y. Eur. Pat. Appl. EP 196.524 (1986); Chem. Abstr. 

1987,106, 14736. 

13)0bata, T.; Fujii, K.; Narita, I.; Shikita, S. Eur. Pat. Appl. EP 356,158 (1990); Chem. Abstr. 1990, 

113, 59210. 



3079 

14) a) Levitt, G. Eur. Pat. Appl. 15,683 (1980); Cbem Abstr. 1981.94, 121589. 

b) Zimmerman, W.T. Eur. Pat. Appl. EP 46,677 (1982); C/rem. Absrr. 1982,%,217874. 
c) Levitt, G. U.S. Pat. US 4,370,479 (1983); Cbem Abstr. 1983,98, 160745. 

d) Levitt, G. U.S. Pat. US 4,339,267 (1982); Cbem Absrr. 1983,98, 215602, 
e) Levitt, G. US. Pat. US 4,391,627 (1983); Cbem Abstr. 1983.99; 139969. 

f) Chen, C.W.; Schwing, G.W. U.S. Pat. US 4582,525 (1986); Cbem Absrr. 1987, I%, 50240. 
g) Wenger, J.; Wintemitz, P. Eur. Pat. Appl. EP 195,346 (1986); Chem. Abstr. 1987, I%, 50241. 
h) Levitt, G. Eur. Pat. Appl. EP 216,504 (1987); Chem. Abstr. 1987,107, 23359. 
i) Blume, F.; Amdt. F.; Rees R., Ger. Offen. DE 3,712,782 (1988); Ckem. Abstr. 1989,110, 
154312. 

15) a) Awaya, A,; Nakano, T.; Kobayashi, H.; Tan, K.; Horikomi, K.; Sasaki, T.; Yokoyama, K.; C&no, 

H.; Kato, K. PCT Int. Appl. WO 8704,928 (1987); Cbem. Abstr. 1988,109, 73472. 
b) Yokoyama, K.; Kate, S.; Kitahara, T.; Imuda, J.; Takei, M.; Awaya, A.; Nakano, T.; Horigome, K.; 
Sasaki, T. Japan. Kokai Tokkyo Koho JP 0140,469 189404691 (1989); Chem. Abstr. 1989,111, 
5’7760. 

16) Melik-Ogandzhanyan, R.G.; Khachatryan, V.E.; Gapoyan. A.S. Usp. Khim. 1985,54,450-478. 
17)a) Wamhoff,H.; Mateme,C.JuftusLiebig~Ann. Chem. 1971,754, 113-118. 

b) Samimi, M.; Kraatz, U.; Korte. F. Tetruhedrun Lett. 1972, 3457-3460. , 
c) Mats&, T.; Yamazaki, K., Ide, H.; Noda, K.; Yamagata, K. Japan Kokai 7378,199 (1973); Cbem 
Abstr. 1974,80, 96012. 
d) Hasenbrink, W.; Kraatz, U.; Korte, F. Justus Liebigs Ann. Chem. 1974, 468-476, 

e) Yamazaki, M.; Matsuoka, T. Japan Kokai 7530,080 (1975); C/tern Abstr. 1976.85, 46732. 

f) Bleackley, R.C.; Jones, A.S.; Walker, R.T. Tetrahedron 1976,32, 2795-2797. 
g) Lofthouse, R.; Mackenzie, G.; Shaw, G.; Cusack, N.J. J. Chem. Res. (S) 1978, 56-57. 

h) Secrist, J.A.; Liu, P.S. J. Org. Chem. 1978,43, 3937-3941. 

i) Dave, K.G.; Shishoo, C.J.; Devani, M.B.; Kalyanaraman, R.; Ananthan, S.; Ullas, G.V.; Bhadti, 
V.S. J. Heterocyciic Chem. 1980,17, 1497- 1500. 

j) Prousek, J.; Jurasek, A.; Kovac, J. Coilect. Czech. Chem. Commxul. 1980,#.5, 1581-1588. 

k) Melik-Ogandzhanyan, R.G.; Gapoyan; A.S.; Khachatryan, V.E. Sint. Geterosikl. Soedin. 1981,12, 

2425;Chem. Abstr. 1981,95, 150583. 

1) Ma~henko, N.B.; Granik, V.G. Khim. Geterusik~. Soedin. 1982, 68-71; Chem. Abstr. 1982.96, 

142795. 

m) Sakamoto, T.; Kondo, Y.; Yamanaka, H. Chem Pharm. BuU. 1982.30, 2417-2420. 

n) Prousek, J.; Jurasek, A. Czech. CS 194,049 (1982); Chem. Abstr. 1983.98, 53936. 

o) Wang, P.; Ye, X.; Zhang, P. Huaxue Xuebao 1984,42, 722-726; Chem Abstr. 1984,101, 

191843. 
p) Kawahara, N.; Nakajima, T.; Itoh, T.; Ogura, H. Heterocycfes 1984,22, 2217-2220. 

18)a) Joergensen, A.; El-Bayouki, K.A.M.; Pedersen, E.B. Cbem Ser. 1985,25,227-229. 
b) Wamhoff, H.; Thiemig, H.A. Chem. Ber. 1985,118, 4473-4485. 
c) Wamhoff, H.; Thiemig, H.A.; Puff, H.; Friedrichs, E. Cbem, Ber. 1985,118,4782-4793. 
d) Johannsen. F.; Joergensen, A.; El-Bayouki, K.A.M.; Pedersen, E.B. Chem. Ser. 1986,26,337-342. 

e) Kawahara, N.; Nakajima, T.; Itoh, T.; Ogura, H. Chem. Phun Bull. 1985,33,4740-4748. 



3080 D. DAUZONNE and A. ADA~&LAUNAY 

f) Johannsen, F.; Joergensen, A.; Pedersen. E.B. Chem. Ser. 198626, 347-351. 
g) Taylor, E.C.; Pont. J.L. .l. Org. Chem. 1987,5!2, 4287-4292. 
h) Nogueras, M.; Quijano, M.L.; Sanchez, A.; Melgarejo, M. Nucleosides Nucleotides 1987,6, 373- 
374. 

i) Curvelo, A.A.S.; de Amaral. L.Synth. Commun. 1988,18. 1415-1426. 
j) Gapoyan. A.S.; Mirzoyan, V.S.; Khachatryan, V.E.; Melik-Ogaudzhanyan, R.G. Arm.Khim.Zh. 
1988,41,339-346; Chem. Abstr. 1989,110, 211919. 
k) Nogueras, M.; Quijano, M.L.; Sanchez, A., Melgarejo, M. Nucfeosides Nucleotides 1989,8, 117- 
132. 

1) Shishoo, C.J.; Devani, M.B.; Bhadti, V.S.; Jain, K.S.; Ananthan, S. J. Heterocycl. Chem.1990.27, 
119-126. 

m) Ahluwalia, V.K.; Tyagi, R.; Kaur, M. Indian .I. Chem, Sect. B 1990,29B, 566-567. 

n) Quijano, M.L.; Nogueras, M. Sanchez, A.; Alvarez de Cienfuegos, G.; Melgatejo, M. J. Heterocycl. 

Chem. 1990,27, 1079-1083. 
o) Abdelrazek, F.M.J. Prakt. Chem. 1990,332, 479-483. 

p) Ahluwalia, V.K.; Kaur, M.; Arora, K.K.Synth. Commun. 1990,20, 1063-1071. 
q) Meunier, P.; Ouattara, I.; Gautheron, B.; Tirouflet, J.; Camboli, D.; Besanqon, J.; Boulay, F. Eur. I. 

Med Chem. 1991.26, 351-362. 
r) Ahluwalia, V.K.; Sharma, R.; Khanduri, C.H.; Kaur, M.; Gupta, C. Heterocycles 1991, 32, 907- 

914. 
19) a) Dauzonne, D.; Royer, R. Synthesis 1987, 1020-1022. 

b) Dauzonne, D.; Royer, R. Synthesis 1988, 339-341. 
c) Dauzonne, D.; Demerseman, P. Synthesis 1990, 66-70. 

d) Dauzonne, D.; Demerseman, P.J. Heterocyclic Chem. 1990.27, 1581-1584. 

e) Dauzonne, D.; Josien, H.; Demerseman, P. Tetrahedron 1990,46, 7359-7371. 

f) Dauzonne, D.; Josien, H.; Demerseman, P. Synthesis in press. 

g) Dauzonne, D.; Grandjean, C. Synthesis in press. 
20) Katritzky, A.R.; Karelson, M.; Harris, P.A. Heterocycles 1991,32, 329-369. 

21) Perrin, D.D.; Armarego, W.L.F.; Perrin, D.R. in : Purification of Laboratory Chemicals, 2nd Ed., 
Pergamon Press, Oxford, 1980, p. 249. 

22) Supplementary data are available on request from the Cambridge Crystallographic Data Centre, University 
Chemical Laboratory, Lensfield Road, Cambridge CB2 lEW, U.K. Any request should be accompanied 
by the full literature citation for this communication. 


