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Abstract: A convenient synthesis of substituted 2-hydroxy-3-dimethyiaminopropenoates is reporied. They reaci wiih
cyclic 1 3-diketones, with aromatic and heteroaromatic hydroxy compounds to afford the corresponding 3-substituted
hydro‘(ytetrah)dro-ZH—l-benzopyran-Z-ones, benzo- and naphthopyran-2-ones and azolo- and azinopyran-2-oncs,
respectively. Catalytic debenzylation of 3-benzyloxy substituted fused pyran-2-ones gives free 3-hydroxy derivatives.

© 1998 Elsevier Science Ltd. All rights reserved.

2H-Pyran-2-ones and fused pyran-2-ones are important biologically active compounds.™® Among
condensed 2H-pyran-2-ones derivatives, 2H-1-benzopyran-2-one (coumarin) plays an important role.
Derivatives of this ring system can be found in numerous plants as metabolites.'® They exhibit various
pharmacological activities as hypnotics, insecticides, antimicrobial agents, diuretics,'® and anticoagulants. ™

Rapid progress in the field of 2H-pyran-"-ones and condensed systems in recent years is due to the

Z.‘ﬂ oA AR aavinenal Ao ranant e Thien ~dala 1a al skl ~AF Al Ao TITY
i UUUbLlUU O1 S¢verar Grf Ux ICW]JlUl lelu1115 i1ioaeis |cau1115 LU novel lulllUlLUlb O1 var lUuB CllL_yule Sucn as i v

protease,®! and o-chymotrypsin. 3 4-D1hydroxy-2H—bcnzopyran—2-ones and their hexahydro diastereomers
show anti-lipidemic and platelet antiaggregatory nmnemes

However, from the synthetic point of view, the basic idea of construction of the coumarin system from
the corresponding aromatic compound and C, or Cs synthon has remained unchanged for many decades.'*’
Recently, substituted alkyl 2-acylamino-3-dimethylaminopropenoates and alkyl 2-(2,2-disubstituted)ethenyl-
aminopropenoates, masked o-formyl-a-amino acid derivatives, have been used for the preparation of many
heterocyclic systems inciuding QH; pyran-2-ones and fused pyran-2-ones with a protected amino group attached

i s ale o o

at pOSl[l()l’] 3 ()l tne pyranonc llﬂg

ARE iy Iamino-Z-nyvaroxvnropenoates

has been reported that 2-methoxy- and 2 ethox_y— 3- dlmethylaminopropenoates have been prepared
from 2-methoxy- or 2-ethoxy- acetoacetate and t-butoxy-bis(dimethylamino)methane. They have been used for
the synthesis of derivatives of oxaloacetic acid in a—substituted tetronic acids.’

We now report, the synthesis of substituted 3-amino-2-hydroxypropenoates (2), o-formyl-a-hydroxy
acid derivatives, as reagents for construction of fused pyran-2-ones with a hydroxy or substituted hydroxy group

3 : ~

attached at position 3 in the newly formed ring. They were prepared from substituted 2-hydroxyacetic acid esters

bstituted 3-dimethvlamino-2- hydroxypropenoates
T

PRy, PRI T POV SRS YO thoian 77000/ iald Lo Tha gt
and t- Uutu;&y Ulb\uuuctuylalmuu;lucumuc in 73-90% yicia \oCuci‘i’ie 1) The structure of campaunds 2a-d were

determined by 'H NMR spectra, which show a singlet at = 6.95-7.25 ppm for H;, indicating that only one
isomer exists in solution. It was shown by X-ray analysis that methyl 2-benzoyloxy-3 -dimethylaminopropenoate

(2a) exists in the solid state in the (Z)-form.®

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00534-1
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Reactions of 3-aminopropenoates with 1,3-dicarbonyl compounds

Cyclic diones, such as cyclohexane-1,3-dione (3a) and dimedone (3b) react with 2-benzoyloxy- (2a) and
2-benzyloxy- 3-dimethylaminopropenoate (2b) when heated in acetic acid at 130°C for 2 hours to give 3-
benzoyloxy—S 0x0-5,6,7 8-tetrahydro—2H-l-henzopyran—Z-one (4a) and its 3-benzyloxy derivative (4b) in 26%
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Reactions of 3-aminopropenoates with aromatic and heteroaromatic hydroxy compounds

Condensed 3-hydroxypyranones have been prepared from 3-amino or substituted 3-amino derivatives by
hydrolysis,” while 3-phenoxy substituted coumarins have been prepared from acetamides and salicylaldehyde in
the presence of phosphorous oxychloride.® 3-Hydroxycoumarins have been found among metabolites. ™ They are
cnemlcally interesting compounas because of activation of the 4-position towards electrophilic substitution’ and
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2a-d to form 3-substituted hydroxypyran-2-one systems fused to aromatic or heteroaromatic ring. The reactions
were carried out in glacial acetic acid at reflux temperature. The following compounds were selected: 6a,b, 7-9,
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10a,b, 11-15 to give the following compounds 16a-d 17a,b, 18a,b, 19a,
25a,b, respectively (Scheme 3).
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Fused pyran-2-ones containing a 3-benzyloxy group, such as 16c¢.f, 17¢, 18¢c, 19¢, 20b, 22b, 23b, 25b,
were catalyticaily debenzyiated with hydrogen over Pd/C at 3 atm in a mixture of DMF and dioxane as soivent.
The reaction was complete in 2-4 hours to give the products 16ef, 17c, 18¢, 19¢, 20b, 22¢, 23c, and 25¢,

1 0
respectively, with free hydroxy group at position 3, in 80-98% yield (Scheme 4).

Scheme 4
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Reactions of 3-aminopropenoates with barbituric acid and aminouracil
Barbituric acid (26) is insoluble in organic solvents but it is soluble in acetic acid at boiling point.

However, on reaction with 2-benzoyloxy-3- dlmethylammopropenoate (2a) a mixture of products was formed.
When the reaction was carried out at room temperature only one product was formed in 24 hours,

Scheme 5
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It was concluded on the basis of the 'H NMR spectrum that nucleophilic addition of a C-nucleophile to
the double bond of 2a occured to give methyl 2-benzoyloxy-3-dimethylamino-3-(2,4,6-trihydroxy-5-pyrimidin-
yl)propanoate (27) in 70% yield. Similarly, 26 reacts with methyl 2- benzyloxy- -drmethylammopropenoate (2b)
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to give methyl 3-dimethylamino-2-hydroxy-3-(2,4,6-trihydroxypyrimidin-5- yr)plupdnu (40), ITOM WwWniCn
dimethylamine was ehrmaated, allowing cyclization to 6-benzyloxy-2,4-dihy 'droxy 7H- p 'rano{2,3-d‘-yrm~ddm—7-
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group can be easrl removed to give 3- dlmethylammo- - ydroxy-? (2,
(29). (Scheme 5).

6-Aminouracil (31) is less soluble in acetic acid. At higher temperature a complex mixture of products

was formed from reaction with 2a. However, when the reaction mixture was stirred at room temperature for 14

days, the C-substituted product 2-benzoyloxy-3- (6-amino-3H-dihydroxypyrimidin 5-yl)propenoate (32) was

formed mdrcatmg that addition to Cs occurs m preference t ddmon elimination of the 6—armno group Thxs is

o
's

posrtrons 2 and 6, and a broad smglet td =67
group. After addition of deuterated water the last three peaks disappear.
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microanalyses for C, H, and N o
The following compounds were prepared according to the procedures described in the literature: methyl
benzoyloxyacetate (1a)," methyl benzyloxyacetate (1b),"* and methyl phenyloxyacetate (1c)."

General procedure for the synthesis of 2-hydroxy substituted-3 dimethylaminopropenoates. A mixture of

PO sTal el A s A PR -_-‘--L“ [a T PR 4 a1 ___ 1 1 ~al 1 Y o g R BRSSP R

dal YU v Ir an argon [m()bpnc € IOf £ nOurs. t-putanol ana aimet y1dl'1’11 1€ 10rmea auring ne reaction were
distilled off. After cooling, water (50 ml) was added and the suspension was extracted with dichloromethane (3x,
50 ml). The solvent was removed from the dried (Na,SO,) organic layer and the residue was purified by

crystallization or distillation.
The following compounds were prepared in this manner:

Methyl 2-benzoyloxy-3-dimethylaminopropenoate (2a): from methyl benzoyloxyacetate (1a); yield 73%, mp

104-106°C (methanoi). NMR (CDCl;) &: 2.95 (6H, s, NAdez), 3.65 (3H, s, COOMe), 7.15 (iH, s, 3-H), 7.40-
7.65 (3H, m, 3H(Ph)), 8.05-8.30 (2H, m, 2H (Ph)). Anal. Calcd. for Ci3HisNO4: C, 62.64; H, 6.07; N, 5.62.
Found: C, 62.87; H, 6.04 5.75
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Methyl 2-benzyloxy-3-dimethylaminepropenoate (2b); from methyl benzyloxyacetate (1b); yield 90%, bp o,
wmHe~ 140°C. NMR (CDClL) &: 3.0 (6H, s, NMe;), 3.75 (3H, s, COOMe), 4.75 (2H, s CH>), 6. 95 (1H, s, 3-H),
7.30-7.65 (5H, m, Ph). Anal. Caled. for C;3H7NO;: C, 66.36; H, 7.28; N, 5.95. Found: C, 66.46; H, 7.91; N,

£Q4
J.79.

Methyl 3-dimethylamino-2-phenyloxyacetate (2¢): from methyl phenyloxyacetate (1c); vield 84%, mp 82-
84°C (cyclohexane/petroleter 2:1). NMR (CDCL) 8: 2.95 (6H, s, NMe;), 3.6 (3H, s, COOMe), 6.90-7.40 (6H,
m, Ph, =CH-). Anal. Calcd. for C1oHsNOs: C, 65.14; H, 6.83; N, 6.33. Found: C, 64.94: H, 6.87; N, 6.41.

Ethyl 2-benzoyloxy-3-dimethylaminopropenoate (2d): from ethyl benzoyloxyacetate (1d); yield 74%, mp

100-104°C (dusopropylether/n-hexane 2:1). NMR (CDCls) &: 1.2 (3H, t, MeCH,, Jyecz= 7.0 Hz), 3.0 (6H, s,

NMex), 42 (2H, g, MeCHy), 725 (IH, s, =CH), 7577 (3H, m, 3H(P)), 8.15-8.35 (2H, m, 2H(Ph)). Anal
Caled for C.H. NO.- O A2R7 H A81- RT(Q’) Fan ACRQW(” 0 '(’7’7

LaiCa. 10T Uijgari7iNUye Ny UI. 07, 11, U.J1, IV, J. T ouna UJ.iJ, 11, U.J Ll

Reactions of cyclohexane-1,3-diones with 2. General procedure: A mixture of cyclohexane-1,3-dione
derivative (3, 1 mmole) and 2 (1 mmole) in glacial acetic acid (5 ml) was heated in an oil bath at 130°C in an
argon atmosphere for two hours. The residue obtained after evaporation of volatile components under reduced
pressure was recrystallized from appropriate solvent.

The following compounds were prepared in this manner:

3-Benzoyloxy-5,6,7,8-tetrahydro-2H-1 hen1nnvrnn-2 S-dione (49\ from methvl 2- h9n7nv|m(v-2 dumpfhvl_

CLLYIOAY allyal 22480 Lt o T VLAV YIOA YT =GR

aminopropenoate (2a) and cyclohexane-1,3- dlone (3a); yield 26%, mp 125- 127°C (ethanol/water 1:1). NMR
(CDCI) &: 2.25 (2H, tt, 7-CH,, J67=J75=6.0 Hz), 2.7 and 2.95 (2x2H, 2xt, 6-CH, and 8-CH,), 7.50-7.80 (3H,
m., 3H(Ph)), 7.80 (1H, s, 4-H), 8.10-8.35 (2H, m, 2H(Ph)). Anal. Calcd. for CisH20s: C, 67.60; H, 4.25.
Found: C, 67.45; H, 4.17.

3-Benzoyloxy-7,7-dimethyi-5,6,7,8-tetrahydro-2H-1-benzopyran-2,5-dione (db). from ethyl 2-benzoyloxy-
3-dimethylaminopropenoate (2d) and 5,5-dimethylcyclohexane-1,3-dione (3c); yield 34%, mp 135-136°C
(diisopropy! ether). NMR (CDCl:) 8: 1.20 (6H, s, 2x7-Me), 2.45 (2H, s, 6-CH,), 2.75 (2H, s, 8-CH,), 7.40-7.70

[SA AT~ I PR A A4S AN L3 Vg 2 ] F OPAY) Sy AT TUVEC TS (&1l (S 2 ey N S,

o \ J. v
(3H, m, 3H(Ph)), 7.75 (1H, s, 4-H) 8.10- 8 30 (2H, m, 2H(Ph“ Anal Calcd for CysH,60s: C
Found: C, 69.28; H, 4.97.

3-Benzyloxy-5,6,7,8-tetrahydre-2H-1-benzopyran-2,5-dione (4¢): from methyl 2-benzyloxy-3-dimethyl-
aminopropenoate (2b) and cyclohexane-1,3-dione (3a); yield 45%, mp 135-137°C (ethanol). NMR (CDCL) 6:

2.15 (2H, tt, 7-CH,, J67=J75=6.0 Hz), 2.65 and 2.85 (2x2H, 2xt, 6-CH; and 8-CH), 5.20 (2H, s, PhCH>), 7.10

F1YTY A YU\ T AL /YT 1n v‘r

(1H, s, 4-H), 7.45 (5H, brs, Ph). Anal. Calcd. for Ci¢H404: C, 71.10; H, 5.22. Found: C, 70.90; H, 5.19.

3-Benzyloxy-7-methyl-5,6,7,8-tetrahydro-2H-1-benzopyran-2,5-dione (4d). from methyl 2-benzyloxy-3-
dimethylaminopropenoate (2b) and 5-methylcyclohexane-1,3-dione (3d); yield 51%, mp 128 131°C (ethanol).
NMR (DMSO0-dg) §: 1.00-1.20 (3H, d, 7 -Me, Iyec= 4.0 Hz), 2.30-2.85 (5H, m, 7-H, 6-CH,, 8-CH,), 5.15 (2H,
s, PhCH,), 7.15 (1H, s, 4-H), 7.50 (5H, brs, Ph). Anal. Calcd. for Ci7H;504: C, 71.82; H, 5.67. Found: C, 71.95;
H, 570

3-Benzyloxy-7,7-dimethyl-5,6,7,8-tetrahydro-2H-1-benzopyran-2,5-one (4e): from methyl 2-benzyloxy-3-
dimethylaminopropenoate (2b) and S,5-dimethylcyclohexane-1,3-dione (3c); yield 52%, mp 149-152°C

(ethanol). NMR (CDCl) 8: 1.10 (6H, s, 2x7-Me), 2.40 (2H, s, 6-CH,), 2.65 (2H, s, 8-CH>), 5.1 (2H, s, PhCH)),
7.05 (1H, s, 4-H), 7.45 (5H, brs, Ph). Anal. Caled. for CisH304: C, 72.47; H, 6.08. Found: C, 72.29; H, 5.93.
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Reactions of 2 with aromatic and heterocyclic hydroxy compounds. General procedure: To a solution of
aromatic or heteroaromatic hydroxy compound (2 mmole) in glacial acetic acid (10 ml), propenoate 2 (2 mmoie)
was added. The mixture was heated on an oil bath at 130°C for two hours in an argon atmosphere. The volatile

camnanente wara avanaratad i3 vacen and tha racidiie recructallizod fram an annranriata enlvent
UUHIPUHDHLG wolo UV“FU‘“‘W 3 VULHU GIN LIV 1WDOIMULG lhvlyalalllbuu 11w an aPPlUFl 1aitv survuli,

In this manner, the following compounds were prepared:

3-Benzoyloxy-7-hydroxy-2H-1-benzopyran-2-one (16a): from 2a and 1,3-dihydroxybenzene (6a); yield 20%,
mp 220-221°C (ethanol/water 5:1). NMR (DMSO-ds) 6: 6.85 (1H, d, 8-H, Jss= 2.0 Hz), 6.95 (1H, dd, 6-H,

Jse= 6.5 Hz), 7.6 (1H, d, 5-H), 7.6-7.9 (3H, m, 3H(Ph)), 8.1 (1H, s, 4-H), 8.05-8.30 (2H, m, 2H(Ph)). Anal.

Caled. for Ci4H,00s: C, 68.09; H, 3.57. Found: C, 68.38; H, 3.36
3-Renzovioxv-7-hvdroxv.8-methvl-2 H_1_-henzonvran-2-one (16h)}: from 2a and 1 3-dihvdroxv-2-methvl-
enzovigxy-/-hydroxy-3-methyl-Z2r1-1-benzopyran-Z2-gne (16b) om 2a a 1,2-gihyaroxy-Z-methy
benzen e(6h)' ylel 42%, . mp 2 260-262°C (DMF/ethaanl ) NMR (DMSO-ds) 8: 2.25 (3H, s, 8-Me), 3.20-4.50
95 (

3-Benzyloxy-7-hydroxy-2H-1-benzopyran-2-one (16¢); from 2b and 1,3-dihydroxybenzene (6a); yleld 13%,
mp 242-245°C (ethanol) NMR (DMSO 6)0 5.15 (2H, s, PhCH,), 6.75 (1H, s, 8-H), 6.85 (1H, dd, 6-H, Js =
8 Hz, Jss= 1.5 Hz), 7.30-7.70 (7H, brs, , 4-H, 5-H). Anal. Caled. for C¢H 204 C, 71.64; ”, 4.51. F‘undi C,

71.11; H, 4.40.

3-Benzyloxy-7-hydroxy-8-methyl-2H-1-benzopyran-2-one (16d): from 2b and 1,3-dihydroxy-2-methyl-
benzene (6b); yield 44%, mp 232-238°C (ethanol). NMR (DMSO-d¢) &: 2.20 (3H, s, 8-Me), 5.15 (2H, s,
PhCH,), 6.90 (1H, d, 6-H, Js¢= 8.5 Hz), 7.30 (1H, d, 5-H), 7.50 (1H, s, 4-H), 7.50 (5H, brs, Ph), 9.00-10.00
(1H, brs, OH). Anal. Calcd. for C7H1404: C, 72.33; H, 5.00. Found: C, 72.54; H, 4.96.

> EF_____ ___§ == | R ] re b I -~ Ve o P ~ 1 1 | : 7~ \_ 11 1An/
3-Benzoyioxy-2H-naphtho{l,2-b]pyran-2-one (17a): from 2a and 1-hydroxynaphthalene (7); yield 12%, mp
MN2NNEOL fathanall NMDB (OCTDYLY S 7282 N8 (O v 2L/DEY ALK £7QQ LN Q 18.Q AN (HLT . LI/ DLV
2ZU3-2U07C (gtnanod). NVIN (LU I3) O0 7.53-0.U5 (¥, M, Sts71), 4,5,0,7,0,5-11), 6.13-6.4U {(2n, M, 2ril 7)),
8.45-8.75 (1H, m, 10-H). Anal. Calcd. for C;0H,;04: C, 75.95; H, 3.82. Found: C, 75.90; H, 4.01.

3-Benzyloxy-2H-naphtho[1,2-b]pyran-2-one (17b): from 2b and 1-hydroxynaphthalene (7); yield 23%, mp
164-166°C (ethanol). NMR (CDCl;) 8: 5.25 (2H, s, PhCH>), 7.05 (1H, s, 4-H), 7.40 (1H, d, 5-H, Jss= 9 Hz),
7.7 (1H, d, 6-H), 7.25-8.00 (8H, m, SH(Ph), 7,8,9-H), 8.35-8.65 (1H, m, 10-H). Anal. Calcd. for C»H;,0;: C,
7946, H, 467 Found: C, 79.26; H, 4.63.

o JIR o NSO, pa— 2IF cmam bt nlY 1 hlaveraanzs P neen FT0AY. Lania P ned D Lo de o vinanlhili ity 70) ald AT/

2-DENZOYI10Xy-or1-iapnino|2,1-0|pyran-2-oné {(1oa). Irom Z2a ana Z-nyaroxynapntinaiene (9j, yi€ia 4/%, mp

! ’5=]78°(-‘ in_nrananal NNMR /(CDCINYK 7 A0.T7 Q5 T YWAPLY 701N HY 780110 A §_ T. = Q0O H»\

U AN=Propaniiy. IviVIIN (Laseaz ) OO /.50-/.50 (71, 31071y, r,u,/,nv i1, 1.9V \1ia, G, 3=i7, 456~ 7.V 112},

8.0 (lH, d, 6-H) 8.20-8.40 (2H, m, 2H(Ph)), 8.50 (1H, s, 1-H). Anal. Calcd. for C2Hy;04: C, 75.94; H, 3 82.
,3.88

2-Benzyloxy-3H-naphtho[2,1-b]pyran-2-one (18b): from 2b and 2-hydroxynaphthalene (8); yield 41%, mp
190-192°C (ethanol). NMR (CDClL) &: 5.3 (2H, s, PhCH,), 7.30-8.20 (9H, m, SH(Ph), 7,8,9,10-H), 7.40 (1H,
d, 5-H, Jss= 9.0 Hz), 7.65 (1H, s, 1-H), 7.85 (1H, d, 6-H). Anal. Calcd. for C5H,40:: C, 79.46; H, 4.67. Found:
C, 79.46; H, 4.66.

3-Benzoyloxy-7-methyl- 2H, ﬂ”—nvrnnnld 3- h pvran-2.5-dione (19a); from 2a and 4- hvdrnwy-ﬁ-mpthvl 2H-

......... L it h i § SR

pyran- 2-one (9) yield 28%, mp 200-202°C (n-propanol). NMR (DMSO-dq) 8: 2.35 (3H, s, 7-Me), 6.75 (1H, s,
8-H), 7.40-7.90 (3H, m, 3H(Ph)), 8.05 (1H, s, 4-H), 8.00-8.30 (2H, m, 2H(Ph)). Anal. Calcd. for C¢H,;00s: C,
64,43; H, 3.38. Found: C, 64.63; H, 3.07.
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3-Benzyloxy-7-methyl-2H,SH-pyrano[4,3-b]pyran-2,5-dione (19b): from 2b and 4-hydroxy-6-methyl-2H-
pyran-2-one (9); yield 91%, mp 223-225°C (ethanol). NMR (DMSO-d¢) &: 2.30 (3H, s, 7-Me), 5.2 (2H, s,
PhCHa) 6.65 (1H, s, 8-H), 7.15 (1H, s, 4-H), 7.50 (5H, brs, SH(Ph)). Anal. Caled. for C,sH206: C, 67.60; H,

A I8 -AI“I."ICALIA’IC
425 Four w, U000, 11, 5.5,

3-Benzoyloxy-2H,5H-pyrano[3,2-c][1]benzopyran-2,5-dione (20a): from 2a and 4-hydroxycoumarin (10a);
yield 16%, mp 234-236°C (DMF/ethanol 1:2). NMR (DMSO-ds) &: 7.50-8.00 (6H, m, 3H(Ph), 7,8,9-H), 8.00-
8.30 (4H, m, 2H(Ph), 4,10-H). Anal. Calcd. for C1oH14Og: C, 68.27; H, 3.02. Found: C, 68.05: H, 2.87.

3-Benzyloxy-2H,SH-pyrano[3,2-c]{1]benzopyran-2,5-dione (20b): from 2b and 4-hydroxycoumarin (10a);

yield 22%, mp 239-243°C (DMF/ethanol 1:3). NMR (DMSO-d¢) 6: 5.25 (ZH, s, PhCH,), 7.30 (1H, s, 4-H),

7.40-7.80 (8H, m, SH(Ph), 7,8,9-H), 7.85-8.20 (1H, m, 10-H). Anal. Calcd. for CoH,05: C, 71.25; H, 3.87.
Found: C, 71.05; H, 3.66.

ARV LT3 (0 Vun WHNRY N W v4

N

3-Phenyloxy-2H,5H-pyrano[3,2-c][1]benzopyran-2,5-dione (20c¢). from 2¢ and 4-hydroxycoumarin (10a);
yield 32%, mp 230-231°C (DMF/ethanol 1:1). NMR (DMSO-dg) &: 7.10-8.20 (10H, m, SH(Ph), 4,7,8.9,10-H).
Anal. Caled. for Ci1sH,00s: C, 70.59; H, 3.29. Found: C, 70.80; H, 3.05.

3-Benzyloxy-9-hydroxy-2H,SH-pyrano|3,2-c]|1]benzopyran-2,5-dione (20d): from 2b and 4,6-dihydroxy-
coumarin (10b); yield 29%, mp 297-300°C (DMF/ethanol 2:5). NMR (DMSO-d) &: 5.25 (2H, s, PhCH>), 6. 90

(1H d 10-H J.,0=20Hz). 6.95 (14 dd. 8-H 1. .=20Hz). 755 (5H s Ph). 780 (1H 4d 7-H) 10.40-11
(i, G, 1V-11, Jg 10— <.V 11Z), 6.¥5 (111, QQ, 6-11, J78~<.V NZ), /.55 {211, 8§, rr), /.0U {1x1, Q, /-11}, 1U.4U-11.
(1 brs. 9-OH. Anal Caled. for CioHi2Q4: C. 67 .86 3.6 ound: C. 67.70: H 324
(e, ors, 7-Qi7). Anai. Lalcd. 10r Cioll1pUg: U, 0/7.80; 1, 2.0V, round: L, 0/./U; N1, 5.24.

5-Benzyloxy-3-methyl-1-phenyl-1H,6 H-pyrazolo[3,4-b|pyran-6-one (21): from 3-methyl-1-phenylpyrazol-
5(4H)-one (11) and 2b; yield 15%, mp 226-230°C (ethanol). NMR (DMSO-ds) &: 2.20 (3H, s, 3-Me), 4.20 (2H,
s, PhCH>), 7.20-7.95 (11H, m, 2xPh, 4-H). Anal. Calcd. for C5Hi6N>Os: C, 72.28; H, 4.85; N, 8.43. Found: C,
72.41; H, 486; N, 8.47

3-Benzyloxy-5,6-dihydro-2H-pyrano[2,3-c]pyridine-2,5-dione (22b): fr

one (17Y vield 7704 mn 2R8.IR7°C (athannald NIMR (MMCN._ A 8 §

UNT (L&), yIVIU /470, iy 4005407 U Lliaiinvl . DUV (A7iviosu=Ugy U, J. 2 (

7.5 Hz), 7.3 (1H, s, 4-H), 7.50 ( HbsPh\7§0(lHd7Fﬂllh

VLA, >

2b and 4-hydroxypyridin-2(1H)-
r

e DWOCHY A4 (1L ¢ 1
5, LHiv217), U9 (111 L1, J

Q
2 b a’ O
(IT—T brs, NH). Anal. Calcd

7%

om
” =
LA, b4

2.30 or

CisHiNO4: C, 66.91; H, 4.12; N 5 0. Found: C, 66.51; H, 3.99; N, 5.29

3-Phenyloxy-5,6-dihydro-2H-pyrano[2,3-c]pyridine-2,5-dione (22c¢): from 2¢ and 4-hydroxypynidin-2(1H)-
one (12); yield 62%, mp 228-230°C (ethanol). NMR (DMSO-ds) 6: 6.45 (1H, s, 8-H, J;4= 7.0 Hz), 7.10-7.70

(6H, m, SH(Ph), 4- H), 7.65 (1H, d, 7-11) 11.40-12.70 (1H, brs, NH). Anal. Calcd. for C;4HsNO,: C, 65.88; H,

N EL. N £ £ AN, X \T

3.55; N, 549 Found: C, 65.70; H, 3.37; N, 5.40.

3-Renzvloxv-6-methvl-5 6-dihvdro-2H-nvranol3, Z-rlq uinoline-2 5-dione (23b from 2b and 4-hvdroxv-1-

EALRILFEVR) =ERRS22T bR AL "J-"--vlv’— 2 1013 &S B A A

methylquinolin-2(1H)-one (13); vield 63%, mp 186-189°C (ethanol), NMR (DMSO-ds) 5: 3.65 (3H, s, 6-Me),
5.20 (2H, s, PhCHy), 7.30 (1H, s, 4-H), 7.20 -7.80 (8H, m, SH(Ph), 7.8,9-H), 7.95 (1H, dd, 10-H, J5 0= 1.5 Hz,
Jo10= 8.0 Hz). Anal. Calcd. for C,0H sNOy: C, 72.06; H, 4.54; N, 4.20. Found: C, 72.29; H, 4.44; N, 4.20.

3-Benzyloxy-6-phenyl-5,6,7,8,9,10-hexahydro-2 H-pyrano[3,2-c]quinoline-2,5-dione (24): from 2b and 4-

hydroxy-1-phenyi-6,7,8,9-tetrahydroquinolin-2( 1 /)-one (14); yield 38%, mp 273-275°C (DMF/n-propanoi 2:5).

NMR (DMSO-dg) 5: 1.50-1.85 (4H, m, 8,9-CH,), 2.00-2.25 (2H, m, 7-CH,), 2.55-2.80 (2H, m, 10-CH,), 5.20
2H, s, PhCH,), 7.20-7.65 (11H, m, 2xPh, 4-H). Anal Caled. for CpsHyNOy: C, 75.17; H, 5.30; N, 3.51

2l LN ALT ), L 5 M, &AXIL, JF=i1). 1Ui \_/J)llzli‘\lq oy -~ 7 ix, y 0

{ Q
1§ 2y i
nd: C, 75.02; H, 5.22;

Foar

e
o

6-Benzoyloxy-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydro-7H-pyrano[2,3-d]pyrimidin-7-one (25a). from 2a
and [, 3-dimethylbarbituric acid (15); yield 17%, mp 194°C (n-propanol). NMR (CDCl;) 8: 3.45 and 3.60 (2x3H,
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-~ Vs (o Y U AN ~ TN "M Or HYY AT EL IR N AN 1YY l' Trn O 1A O LS SATY Y B TE I AN yl 1 ™ 1 1 o~
X8, 1-Me, 3-pe), [/.OU-71.8> (3R, m, stiin)), /. (1 S, >-f1), 5.1U-8.50 (4L, m, ZH{1'h)). Anal. LalCcd. 101
CC NN SR 8A T T A N €82 Hiawimd- 0 £Q 12 1T 2 AN- N R AN

Ul6eliiNoUsg. U, 38,34 I, 3.008, N, 0.0J. r'OUnG. U, 136,15, 11, 3.4V, IN, 0.4V,

6-Benzyloxy-1,3-dimethyl-2.4-dioxo-1,2.3,4-tetrahydro-7H-pyrano[2,3-dlpyrimidin-7-one (25b): from 2b
and 1,3-dimethylbarbituric acid (15); yield 39%, mp 185-186°C (n-propanol). NMR (CDCl) &: 3.40 and 3.55
(2x3H, 2xs, 1-Me, 3-Me), 5.10 (2H, s, PhCH,), 7.25 (1H, s, 5-H), 7.45 (5H, brs, Ph). Anal. Caled. for

Ci6H1aN;Os: C, 61.14; H, 4.49; N, 8.91. Found: C, 60.82; H, 4.50; N, 8.83.

General procedure for debenzylation. To a solution of benzyloxy derivative (2 mmole) in a mixture of DMF
and dioxane (i:1, 30 mi), Pd/C (10%, 100 mg) was added and the mixture was hydrogenated in a Parr autociave
at Y atrn Tha sancticn xina Firrochad 0 A havies Tha ~atalerat ne romntrad ey Sliendian tha oAl
r J liil. 11T 1Tauvuiuvll ad> LIIHDIICU 11 T 1Iuuld. 1110 balalybt wadd 1CIHUVCU Uy 1t ativii, Uuic DUIVC"L was
c vaporated in vacuo, and the solid residue recrystallized from an appropriate solvent
n this manner, the following compounds were prepared

3-Hydroxy-5,6,7,8-tetrahydro-2H-1-benzopyran-2,5-dione (5c): from d4¢; yield 86%, mp 155-162°C
(toluene/cyclohexane 4:1). NMR (DMSO-dg) &: 2.10 (2H, tt, 7-CH,, Js7=J4= 6.0 Hz), 2.5 (2H, t, 6-CH,), 2.8
(2H t, 8 CHZ) 6.9 (1H, s, 4-H), 10.1 (1H, brs, OH). Anal. Calcd. for CoHgQ4: C, 60.00; H, 448 Found: C,

2 Wydmneesr "7 T _AdAierintha]l & £ 77 © badwanhodeun I 1 havrnnwonn YV & dinwma (Ba) fornamn Aas zriald Q0007 e 120
SJ=ILYUIUAY= /4 /=Ullll lllyl-J,“,l,O"lcll MYUIU“LLI~ 1L~UCIL Upyldll":,ﬂ‘ul“ {1 \JC}. 1oL "C, lelu J4/0, lllp 1230~
1/100(‘ NMR (TIMSO_ANY R 1 80 (6H ¢ 2%T Mea) 2 45 (2 o ACHN 27 (D g ROCHN 72 (1H o AN

- N LA NMAVAAN \ulvxu\/ uol L A \\JLI.’ Dy AT J_Vl\dl, e TS \hl L, 9, W \./l‘l}, o \All’ oy, O \/l.lz}’ 1.l \lll.‘ o, T lll<
Anal. Caled. for Ci;H;,04: C, 63.45; H, 5.81. Found: C, 63.24; H, 5.8

3,7-Dihydroxy-2H-1-benzopyran-2-one (16¢): from 16¢; yield 80%, mp 285-290°C (toluene/cyclohexane 1:2).
NMR (DMSO-dq) 6: 6.75 (1H, d, 8-H, Js5= 1.5 Hz), 6.80 (1H, dd, 6-H, Jss= 9.5 Hz), 7.15 (1H, s, 4-H), 7.40
(1H, d, 5-H), 10.00 (2H, brs, 3,7-OH). Anal. Calcd. for CoHgO,4: C, 60.68; H, 3.39. Found: C, 60.39; H, 3.43.

,7-Dihydroxy-8-methyl-2H-1-benzopyran-2-one (16f): from 16d; yield 88%, mp 250-254°C (toluene). NMR
IR YV IVAT Y T e YaYWis 2 8 § ~ O A LN\ £ 0L 11T A £ ¥y ¥ — O £ YT_N\ ~ 1N FITT - A TT 7 Ng 1YY 3 & I O TN
{DMSO-de) 6: 2.206 (3H, s, 8-Me), 6.85 (iH, d, 6-/1, Jss= 8.5 Hz), 7.10 (IH, s, 4-H), 7.25 (1H, d, 5-H), 9.70-
1IN0 (2 hee 2 TN Anayl Caled for O TN -0 &2 8501 A0 Fraond- O 6727 /87-H 417

v, Lw \Lll, Vi D, J, I"Ull} LAFEEE. ALV 1T (R IRV \.J’ UA,JU’ 1k, T.LU, PUULIM. U, UL U/ 3 11’ “Tt.17/.

3-Hydroxy-2H-naphtho|1,2-b]pyran-2-one (17¢): from 17b; yield 95%, mp 248-250°C (dioxane/n-propanol
1:5). NMR (DMSO-ds) 6: 7.35 (1H, s, 4-H), 7.50-8.20 (5H, m, 5,6,7,8,9-H), 8.20-8.50 (1H, m, 10/), 10.60
(1H, brs, 3-OH). Anal. Calcd. for C3HgO5: C, 73.58; H, 3.80. Found: C, 73.17; H, 3.70.

2-Hydroxy-3H-naphtho[2,1-b]pyran-2-one (18¢): from 18b; yield 59%, mp 241-243°C (ethanol). NMR
(DMSO d(,)a 5.80-7.30 (1H, brs, 2-OH), 8.55 (1H, d, 5-H, Js = 9.0 Hz), 8.55-8.80 (2H, m, 8,9-H), 8.90-9.20
H .00 (1H, s, 1-H), 9.30-9.55 (1H, m, 10-H). Anal. Caicd. for C,3HzOs: C, 73.58; H, 3.80. Found:

3-Hydroxy-7-methyl-2H,5H-pyrano|4,3-b]pyran-2,5-dione (19¢). from 19b; yield 80%, mp 277-279°C
(ethanol). NMR (DMSO-d¢) 8: 2.20 (3H, s, 7-Me), 6.60 (1H, s, 8-H), 6.90 (1 H s, 4-H). Anal. Calcd. for
CoHeOs: C, 55.68; H, 3.12. Found: C, 55.79, H, 2.85

3-Hydroxy-2H,SH-pyrano[3,2-c][1]benzopyran-2,5-dione (20e): from 20b; yield 88%, mp 319-320°C (n-
propanol). NMR (DMSO-ds) 6: 7.00 (1H, s, 4-H), 7.30-7-80 (3H, m, 7,8,9-H), 7.80-8.05 (1H, m, 10-H). Anal.
Calced. for C;HsOs: C, 62.62; H, 2.63. Found: C, 62.64; H, 2.44.
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3-Hydroxy-6-methyl-5,6-dihydro-2H-pyrano[3,2-c]quinoline-2,5-dione (23c): from 23b; yield 84% , mp
310-313°C (DMF). NMR (DMSO-dg) &: 3.65 (3H, s, 6-Me), 7.5 (1H, s, 4-H), 7.20-7.80 (3H, m, 7,8,9-H), 7.95
(1H, dd, 10-H, Iy ;0= 8.0 Hz, Js.10= 1.5 Hz), 10.40-11.30 (1H, brs, 3-OH). Anal. Calcd. for Ci;3:HsNO,: C, 64.20;

I 2 72N € T4 L2 O77. 2 EN- N £ T2
I, 2.75, N, J2./0. ruuuu \./,U.J"l [1,.).)7 Ny J. 70,

1,3-Dimethyl-7-hydroxy-1,2,3,4-tetrahydro-7H-pyrano[2,3-d]-pyrimidin-2,4,7-trione (25c¢): from 25b;

T TG bt A it S SEEEEAER

yield 98%, mp 195-197°C (toluene). NMR (DMSO-d¢) 8: 3.25 and 3.35 (2x3H, 2xs, 1,3-Me), 7.05 (1H, s, 5-H),
10.15 (1H, s, OH). MS: m/z= 224 (M, 100%). Anal. Calcd. for CoHgN>Os: C, 58.22; H, 3.60; N, 12.50. Found:
C,4822; H,393; N, 12.73.

Methyi 2-benzoyloxy-3-dimethylamino-3-(2,4,6-trihydroxypyrimidin-5-yl)propanoate (27). A mixture of
2a (1 mmol) and barbituric acid (26, 1 mmole) in acetic acid (5 ml) was stirred at room temperature for 24
CUO & of 4n°f‘:. Tha rnou‘lne 7 n athannl (10 m]\ anr‘ fl'}n nr\lu“

nna

¥ an + wag ramnavad i v e Qgna H
was collected by filtration to give 27 in 70% yield, mp 270°C (de ef:p) NMR (DMQ(; d(‘,) 6: 2.55 (6H, s,
NMe,), 3.20-3.60 (2H, m, 2,3-H), 3.60 (3H, s, COOMe) 7.40-7.60 (3H, m, 3H(Ph)), 7.85-8.20 (2H, m,
2H(Ph)), 8.30-9.2 (1H, brs, OH), 9.8-10.3 (1H, brs, OH). Anal. Calcd. for C;;H;sN:O7: C, 54.11; H, 5.08; N,
11.14. Found: C, 54.01; H, 4.96; N, 11.43.

Methyl 2-benzyloxy-3- dimethyiamino-?)-(i 4,6- trihydroxypyrimidin-S—yi)propanoate salt with barbituric
acid (28). A mixture of 2b (1 mmole) and barbituric acid (1 mmole) in acetic acid (5 mi) was stirred at room
temperature for 6 hours. The solvent was removed in vacuo at 40°C. The residue was suspended in ethanol (5

pﬂ) and the solid collected hv filtration to mvp 28 in 45% mPId mp 197-200°C (wafpr\ NMR (DMSO-d:) &

(Vi L W L e vl ALivi Reavsin o Vo G By Giviy AVIIN RAAVIOR-UG

2.55 (6H, s, NMe3), 3.55 (3H3 s, COOMe), 3.20-3.60 (1H, brsT 3-H); 435 (1H, brs, 2-H), 4.80 (2H, s, PhCH>),
7.15 (1H, s, 5-H of barbituric acid), 7.25 (SH, s, Ph), 7.35 (1H, brs, OH), 7.8-8.5 (2H, brs, 2xOH), 9.45 (1H,
brs, OH), 9.95 (1H, brs, OH), 10.05 (1H, brs, OH). Anal. Calcd. for C;;HasNsOo: C, 51.32; H, 5.13; N, 1423,
Found: C, 51.08; H, 5.12; N, 13.98.

Methyl a—unmemylammo-z-nyuroxy-S-(Z 4,6-trihydroxypyrimidin-5-yl)propanoatie (23).
28 (700 1115) in a mixture of dioxane (7 L/ uu) and wate (15 ml) Pd/C (1100/0 120 mg} was added an
was hydrogenated (3 atm) in a Parr autoclave for three days. The catalyst was removed by filtration, t
evaporated to dryness. Ethanol (10 ml) was added to the residue nd filtered to give 29 in 71% yield, mp 260°C
(decomp). NMR (DMSO-dg) 8: 2.60 (6H, s, NMe,), 3.30-4.10 (m, COOMe, 2,3-H, H,0), 8.0 10.0 (3H, brs,
3x0H), 12.20 (1H, brs, OH). Anal. Calcd. for CioHisN3Og: C, 43.96; H, 5.53; N, 15.38. Found: C, 43.80; H,
5.26; N, 15.09.

6- Benzylox 2,4-dihydroxy-7H-pyranoj2,3-djpyrimidin-7-one (30). To a solution of 28 (1 mmole) in acetic
acid (5 ml), sodium acetate {1 mmol) was added and the mixture stirred in an argon atmosphere at room
temperature for 24 hnnre then the mixture was heated at reflux temperature for 2 hours. The nrpninimte was

mperature for 24 h then the mixture was hea flux temperatur s. The precipitate was

after cooling, collected by filtration to give 30 in 63% yield, mp C (decomp). NMR (DM 0O-d¢) 5: 3.70-
4.80 (1H, brs, OH), 5.12 (2H, s, PhCH,), 7.25 (1H, s, S-H) 7.55 (SH s, Ph), 11.25 (1H, brs, OH). MS: m/z
286 (M" 14%), MS: caled. for C;HpN;Os: m/z= 286.0590. Found: m/z= 286.0600. A4nal. Calcd. for
C1sH;oN>Os: C, 58.75; H, 3.52; N, 9.79. Found: C, 58.90; H, 2.87; N, 9.67.

Methyl 2-benzoyloxy-3-(6-amino-2,4-dih ydroxypynm|dm-5-yl)propenoate (32). A suspension of 6-
aminouracil (31, 1 mmole) and 2a (1 mmole) in acetic acid (10 ml) was stirred at room temperature for 14 days.
The solid was collected by filtration to give 32 in 69% yield, mp>300°C (acetic acid). NMR (DMSO-d¢) &: 3.75
(3H, s, COOMe), 6.75 (ZH brs, 4-NH,), 7.20 (1H, s, 3-H), 7.50-7.80 (3H, m, 3H(Ph)), 8.00-8.25 (ZH, m,
2H(Ph)), 10.40 and 10.55 (2x1 /. Calcd. for C;sHisN3;Oe: C, 54.38; H, 3.96; N, 12.68

Found: C, 54.26; H, 3.99; N, 12.36.
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