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Aba.cf, A cwweniem spilhSs of iithsliwted 24ldsoxy-3dimdhylamioopn,penoatss is raportat They react with 
cydic I.3411do.ws, with arwianc and hcaaoarea.agic bydroxy mapmels to afford the ccn*wa&g 3-wbnituc 

toz)tcd4H-14cIizcpj.1an4-oncs. beazo- and sehthopyran-2.ones and azclo. and azütopyran-2.0nas. 
rewectivdy. Catalytic daenz tation of 34elizyloxy a*isthuiM kiM pyren-2-oaes pes free 3-kydroxy dwiwsksec 
0 1998 Elsevier Science EM. All rights reserved. 

2H-Pyran-2-ones and fined pyran-2-ones we important biologically active compounds!à Among 
condensed 211-pyrau-2-ones derivatives, 2H-1-benzopyran-2-we (coumaiin) plays an important role: 
Derivatives of this ring system can be found in numerous plants as metabolites. c They exhibit various 
pharmacological activities as hypnotics, insecticides, antimicrobial agaa diuretics,’" and anticoagulants." 

Rapid progress in the field of 211-pyran-2-ones and condensed systems in recent years is due to the 
introduction of several drug receptor binding models leading to novel inhibitors of various enzymes such as MW 
proteaa&’ and a-chymoirypsin. 3,4-Dihydroxy-2H.benzopyran-2-ones and their hexahydro diastereomen 
show anti-lipidemic and platelet antiaggiegatory properties’ 

However, from the synthetic point of view. the bask idea of construction of the coumarin system from 
the corresponding aromatic compound and C2 or C3 s3mthoe has remained unchanged for many decades.‘ 
Recaiuy. substituted alkyl 2-acylamino-3-dimethylaniinopt-openoates and alkyl 2-(2.2-disthatitutcd)ethen3l. 
ambiopropenoatea masked w-lbnnyl-u-amiro acid derivatives, have been used fir the preparation of many 
heterocyclic systems. including 21f-p#ran-2-ones and Rised pyran-2-ones with a protected amino group attached 
at position 3 of the pyranone ring,’ 

The synthesis of substituted 3-dlmetbylamin-2-hydrozyprepenntes 
It has been reported that 2-nethoxy- and 2-etbox3- 3-dimethylarninopropenoates have been prepared 

from 2-.unethoxy- or 2.ctboxy- acatoacetate and t-butoxy-bis(dimetbylamino)methaae They have been used fir 
the synthesis of derivatives of oxaloacetic acid in a-substituted tetnmnic acids,’ 

We now report, the synthesis of substituted 3-antino44hydrox>propenoatcs (2). a-ltxmj4-a-hydroxy 
acid derivatives, as reagents for construction of lined pyran-2-ones with a hydroxy or substituted hydroxy group 
attached at position 3 in the newly formed ring. they were prepared from substituted 2-bydroxyacetic acid esters 
and t-butr s(diznethylaniino)methane in 73-90% yield (Scheme 1). The structure of compounds Za-d were 
determined by tfl NMR spectra, which show a singlet at 6 695-7,25 ppm for H,. indicating that only one 
isomer Sets in sobation. It was shown by X-ray analysis that methyl 2-benzo3loxy-34itnethylaninopropenoate 
(2a) exists in the solid state in the (Z)$onn. 

0040-402019815. see from miner C 199$ Elsevier Science Ltd. All rights reserved. 
P11: S0040-4020(98)00534-1 
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Scheme I 
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Reactions of 3-smiapropqnoates with L3-dlcaitonyl compounds 
Cyclic thones such as cycloheiane-1 ,3-dione (32) and dimedont (Sb) react with 2-henzoyloxy- (is) and 

2-beizyloxy- 3-dbnetbyiaminoprcçeno*te  (2b) when heated in acetic acid at 130°C for 2 hours to give 3-
o$oxy-5.oxo.5,6.7.B-tdrahydio-211-1-benzop>mn-2-onc (4*) and its 3-benzyloxy derivative (4b) in 26% 

and 43% yte3d. respectively (Schne 2). 

Scheme 2 
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Reactions of 3- am isepropeantes with aromatic and beteroareastic hythozy cainpount 

Condensed 3-h3,droxypyranoen have been prepared from 3-amino or substituted 3-wino derivatives by 
hydrolysis,’ while 3-phatoity substituted coumaæns have been prepared from acetamides and salicytaldehyde in 
the presence of phosphorous oxychiotide.’ 3-Hydroxycoumarins have been bind among nrtabolit&w They are 
chemically interesting compounds because of activation of the 4-position towards electrophilic substitution’ and 
sgniasropic rnrTangennnts.°  

Activated aromatic and heteroarosnadc hydroxy or potential hydroxy compounds react with compounds 
2*-i to Arm 3-substituted hydroxypyran-2-one systems lined to aromatic or heterosromatic ring. The reactions 
were carried out in glacial acetic acid as reihix tempersture. The IOUOWiE8 CQmpOIMIdJ were selected: 6a.b, 7., 



I. SmadiL B. $ta,wwük/ Teirahedron 54 (1998) 9799-98/0 9801 

30&.b, 11.15 to give the Mowing compounds Ióa-d, IIuA I8o4b, 19th. ZOad, 21, 22b,c, 23b, 24, and 
25a,b. respecdvely(Schestte 3). 

.cXP Ł 41274$&Jj. 



I. Snwdil, & Sro,ntwnik/Tnrahedron 54(1998) 9799-9810 

Fused pyrasi-2-uucs comaitmW a3-bemzyloxy group, such as 1c,f, 17c. tic 19c, 20b, 22b. 23b, 25b, 
were catalytically debenzylated with hydrogen over Pd/C at 3 atm ma mixture of DMF and .dioxanc as solvent. 
The reaction was complete in 24 hours to give the products 16e,1, lIt, 18c 19c, 2Gb, 22c, 23C, and 15t, 
respectively, with free hydroxy group at position 3. in 80-98% yield (Scheme 4). 

Scheme 4 
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Reaction of 3-aslaopropeneates with baibituric acid and aminouracU 
Barhituric acid (26) is insoluble in organic solvents, but it is soluble in acetic acid at boiling point. 

However, on reaction with 2-bcnzoyloxy-3-ditneshylajninopropenoate (2a) a mixture of products was *wmed. 
When the reaction was carried out at room teirpcnun only one product was knned in 24 hours. 

Scheme S 
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It was concluded on the basis of the ’H NMR spectrum that nucleoplilic addition of a C-nudeopbile to 
the double bard of is ocaired to give mSbd 2-beiIzo)Ioxy-3-dimethylamilo-3-(2.4,6-tiih)droxy-5-pyrirnidit. 
yI)propaivate (27) in 70% ylelt Similarly, 26 reacts with methyl 2.benayioxy.34imethylaninopropcnoate (2b) 
to give met" 3-di ino..2-hydroxy-3-(4,6-trihydroxyrimidin-5-yl)propanoate (2$), from which 
dimethylsmiae was eliminated, allowing cyclizafion to 6-bawgloxy-2thydro,oj-7H-pyranof2,3-4pythsin-7. 
one (30). However, 2$ is in it I salt formed between the adduct and batbituric add, from which the berizyi 
group = be - removed to give 3-thin sniao-2-bydroxy-3 (2,4,64 ydrozypyiimidli-S-ylropanoate 
(29). (Scheme 5). 

6.Mtaaracil (31) is less soluble in acetic acid. At higher temperature a complex mikture of protcis 
was tinned from reaction with Zr. However, when the reaction mixture was sthnd at roan temperature for 14 
days. The C-substituted product 2-benzoyoxy-3-(6-anilio-3H-dihydroxypyrinidii-5-4)propenorse (32) was 
formed, indicating that addition tot, oca3rs in prekrtnce to addition-elimination of the 6-amino group. This is 
in agreement with other observations, that Cs is more micleophilic than group at the 6-position ",  (Scheme 6): 

The structure of 32 was confirmed by the ’H NMR spectnmt which shows a singjet at   7.2pprn & 
the ole6nic proton (143), two singlets at 8 10.4 ppm and & 10.55 ppm for the 2- and 4- h,’droxy groups at 
positions 2 and 6, and a broad singlet at 8-6,75 ppm, integrating fbi Iwo protons. assigned to the 6-amino 
group. Met addition of deuterated water the last three - disappear. 

Scheme 6 
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Melting points were taken on a Kotler to hot stage. The ’H mint spectra were obtained or a Varian 
EM 340 L and Bnjker Avance 300 DPX spectrometers, mass spectra on an Autospeck Q spectrometer, and 
ntic’uSysa for C. 11, and N on a Peddn-Elma Analyse 2400. 

The %llowing compounds were prepared according to the procedures described in the literature: methyl 
bcnzo)4oxycetate (Ii)," methyl benz)loxyacetate (lb)," end methyl phenlo*ysc4ate (Ic).’5 

General prscadun fur the systhais if 2-bydresy subatit.led-3-dtasethy42400epropeaoales. A mixture of 
2-hydroxy substituted acetates (1; 10 usable) and t-butoxy-bia(dimethyniro)methane (12.5 mmole) was stiffed 
at 90°C I an argon atmosphere tr 2 hours. t-Biflenol and cbmethylante fanned during the reaction were 
distilled off. After cooling, water.  (50 Td) was added and the suspension was extracted with dichloromethane (ix, 
50 ml). The solves was removed from the dried (Na2S0) organic layer and the residue was purified by 
crystallization or diatiftaMoit 

The following compounds were prepared in this manner:. 

Methyl 2-beâaytny-3-diasetbylaatsprepenoate  (24): from methyl banoyloxyacetas (Is); - 73%, mp 
104-106°C  (nthawl). NMR (COCh) & 2,95 (6H a, NUts), 3.65 (314, 

c 

COQVe), 7.15 (1H. a, 3-11) 740-
7.65 (314. in, 311(fl)). 8.05430 (2H, mu, 211(Ph)). Angst Calcd. for C15H33NO4: C, 62.64; 11,6.01; N, 5.62: 
Found: C. 62.81; 14, 6.04; N. 5.75. 

4127445&,.jj’ 
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Methyl 2-benqlozy-3-ddflykalnopnpc*esle (2b): from methyl benzyoxyacdate (H,); yield 90%, bp IL 
140°C.  NMR (CDCI) 6:3.0(614. a, Wei), 3.75(3H,s, C001We), 4.75 (2W s CH,), 6.95014, S. 3-H), 

7.30-7.65 (514, rn, Ph). Anal. Cued. for CuHrNO3: C. 66.36; H, 7.28; N, 5.95. Pound: C, 66.46; H, 7.91; N, 
5.94. 

Methyl 3-dimethylniao-2-pbes$nyieelate (24 from methyl phenyloxyacetate (ic): yield 84%, mp 82-
84°C (cyclohexane/petrolcter 2:1). NMR (CDCI;)&: 2.95 (6K S, NMe2), 3.6 (3H, s,.COOMe), 6.90-740 (6H, 
m. Ph. C11-). AnaL Celod, for C17H,5NO3: C. 65(4:14,6.83; N, 6.33. Found: C. 64.94; H. 6.87; N. 6.41. 

Ethyl 2-bazoyloxy-3.dlmetbylamlaepnpenate (2d): from ethyl benzo)Ioxyacetate (Id): yield 74%. mp 
100.104°C  (diisciprppylethvr/n-hexane 2:1). NMR (CDCh) 6: 1.2 (3H, t, MCH2, h.nr 7.0 Hz). 3.0 (6H, s. 
NMe21 4,2 (2K q, MeCHz), 7.25 (114, a, -CH-), 1.5-7.7(314, in, 311(Ph)), 8154.35 (2H. M. 2H(Ph)). And. 
C&Cd, for C,jHpNO4: C, 63.87; H, 6.51; N. 5.32. Found: C, 63.75; H, 6.50,1.4, 5.27. 

Reactions of eye hexawl,3-disnes with 2. General procedure; A mixture of cyclohexana-I,3-4lione 
derintive (3, I mnicge) and 2 (I minnIe) in IathM acetic aS (5 ml) was heated in an oil bath at 130°C in an 
argon atmosphere for two hours. The residue obtained alter evaporation of volatile components under reduced 
pressure was recrystallized from appropriate solvent, 

The following compounds were prepared in this manner: 

3&aszeylazy-54,7,S-tnrahydre-211-1-beunpyran-2,5-diene (di): from methyl 24alzo3loxy-3-dintethyl-
aminopropenoale (2a) and cyclohexane-1,3-dione (3.); yield 26%. nip 125-127°C (ethanol/water 1:1). NMR 
(CDCI1) a: 2.25 (214, it, 7-CH, Jtr07s=6.O Hz), 2,7 and 2.95 (2x214, 2x1, 6-CR2 and 8-CM3), 7.50-7.80 (3H, 
in, 3H(P*fl, 7,80 (11-1, s,4fl), 8,104.35 (211, in. 214(fl)). Anal. Calcd. for C1sHnOs: C. 67.60; 14, 4.25. 
Found: C, 67.45; H, 4.17. 

3-8enzqyIozy-1,7-dinietk5,6,7,S-tetrabydre-2N-I-bemnprran-2$-dione (4b). from ethyl 2-berzoyloxy-
3-dEmethylaniinopropeuoate (2d) and 5.5-dimethylcyclohexane-1.3-dione (Sc); yield 340/9. nip 135-I36C 
(diisopropyt ether). NMR (CDC) & 1.20 (6*4, a, 20.A*), 2.45 (211, a, 6-CR2), 2.75 (214, s, 8-CR2), 7.40-7.70 
(3(1, in, 3H(Ph)), 7.75 (114, s,4-E), 8.10-8.30(214. in. 2H(Ph)). Anal. Caled. for C,HuO,: C. 69.22, 14, 5.16. 
Found: C, 69.28; H 4.97. 

3-Rn xy46,7,$-eetrahydro-21f-t-beswopynn-2,5-dlene (It): from methyl 2-benzy1oxy-3-diinetbyl-
aminoprepenoate (2b) and CyCIOIWXMe4 .3-tone (3.); yield 45%, mp 135-137°C  (ethanol). NMR (CDCI3) 6 
2.15 (21L It, 7-04 juJa"60 Hz), 2.65 and 2.85 (2411, lxt, 6-CM2 and 8-C!!4. 5.20 (21-1. a, Phd2), 7.10 
(III, s, 4-11), 7.45(514. bra, Ph). Anal Cued, for C,411404: C, 71.10; H, 5.22. Found: C, 70.90; H, 5.19. 

aBeazylqsy-7-aethyl-5,6,7,S-tebaydre-2#I-1-benzopyna-2,5-dloce (44 th,n, methyl 2-bauyloxy-3-
diniethylaininopropenoate (lb) and 5-nsethy1cyclohexane-134one (3d); yield 51%, mp 128-131°C  (ethanol). 
NMR (DMSO-d) 8:1.00-1.20 (311,.d, 7-Me, .J.,t.ctr 4.0 Hz), 2.30-2.85 ($11, m,7-H, 6-Cl!2, 8-CH4, 5.15 (2H, 
a. PbCH), 1.35 ((H, s,4 -H), 7.50 (511. bra, Ph). AnaL Cued. forC,H1404: C. 71.82; H, 5.67. Found: C, 71,95; 
H, 5.70. 

3-ByIexy-7,7-düneth$6,744etrabydru-2K-1-beopyr.n-2,5-unE (It); from methyl 2-benzyloxy-3-
dintethyhaSopropenoate (2b) and 5,5-dimeth)4cyclohexane- I ,3-dione (3e); yield 52% nip 149-1320C 
(ethanol), Milk (CDCI,) 6: 1,10 (611, a, 2x7-Me), 2.40 (21-1, a, 6-CU1), 2.65 (2H, a, 8-C!h), 5.1 (211, s,PhCH2), 
1.05 (III, a, 4-, 7.45 (511, bra, Ph). AnaL Calcd.forCisH1O4: C, 72.47; H, 6.08. Found: C, 72.29; H, 5.93. 

CXP - 4127445tJ,, 
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Keactis 012 wIth arsmslIc aid heterocyclic bydroxy caapou.t General pneedurei To a solution of 
aromatic or hetnroniatic hydrozy compound (2 minute) in glacial acetic acid (10 ml), propenoate 2(2 mmole) 
was added. The mixture was heated on an oil bath at DOT for two hours in an argon atmosphere. The volatile 
components were evaporated in mcwo and the residue recrystallized from an appropriate s&vent. 

In this mamier, the following compounds were prepared: 

3&nylezy.74ydruxy-2H-1-benopyin-2-eae (16*): from 2a and 1.34hydroqbeazene (öa),  yield 20%, 
mp 220.221°C  (cthanollwater 5:1). NMR (DMSO-d4) 8: 6.65 (114, d, 6-H, 16g’ 20 Hz), 6.95 (lB. dd, 6-H: 
J,g- 6.5 Hz). 7.6 (LB. d, 5-0), 7.6-7.9 (314, in, 3U(Ph)), 8.1 (iN, a, 4.4 8.05-8.30 (21!, in. 214(Ph)). Anal. 
Calcd. for C14H110,: C. 68.09; H. 3.57. Pound: C, 68.38; H, 3.36. 

3Benzaylo-7-bydroiy-aetbyl-211-1-beazepyraa-Z-"e (16b): from 2* and 1,34hydroxy-24methyl-
bcnzene (dl); yield 42%mp 260-262°C  (DMF/ethanol 1:2). NMR (DMSO-d.)6: 2.25 (3H, a, LA*), 3.204,50 
(1K, bra, 011), 7.00(111, d, 6-H, Js,r 8.5 Hz), 7,3 (lH, ii, 3-11), 7.65-7.95(314, in, 314(Ph)), 8  (III, a. 4-H). 
8.10-8.35(213, m,214(Ph)).And Cited. forC17H120,: C,68.92;H, 4.08. Found: C, 63.84; H. 4.25. 

3-Benzylny-7-hydrozy-211-I-beinpyran-2-one (16•): from 2b and I,3-dlhydroxybenzene (6s); yield 13%. 
mp 242-245°C  (ethanol). NMR (DMSO-4) 8: 5.15 (2K a, PhCH2), 6,15(714,8,6-11). 6.95 OK dd, 67H, JsA-
8 1,12, J,.,- 1.3 Hz), 7.30-7.70 (714. bra. Ph. 4-ft 5-H). 4nat flied. frrCHO4: C. 71.64; H, 4.51. Found: C. 
71.I1;13,4.40. 

3-8eizylny-1-hydrezy-*-fletbyl-2tI-L-benopyraia-2-ene (16d): from 2b and I,34bydroxy-2-inethyl-
benzenc (4); yield 440/c, mp 232-238°C (ethanol). NMR (DM504). 8: 2.20 (314, 8, 84e), 5.15 (214, a, 
PhCH2). 6.90 OK d, 6-N, is,.’. 8.5 Hz), 7.30 (III, d, 5-4 7.50 (lii, s,441). 7.50 (SK bra, Ph), 9.00-10.00 
(I H, bra, OR). Anal. CaIcd. for C1,H.00,72.33;H,5M0. Found: C, 72.54; H, 4.96, 

3-RenzoyIozy-2Naaphth6I1,241pyran-2-one (Via): from 2* and t-hydroxynaphtheienc (7), yield 120/6, nip 
203-205°C  (ethanol). NMR. (CDCI3) 8: 7.35-3.05(911, in, 3H(Pft 4,5,6,7,6.9-H), 8.15440(214, rn,2}t(Ph)), 
8.45-8,75 (114, m, 10.11). Anal Cited. for C1,j464: C, 75.95; H, 3.82. Found: C,75.90 H, 4.01, 

3-flmzyloxy-ZI1-aplsIbejl,2-bjpyran-2-ow (17b): from 21 and i-hydmxynaphthalene (7); yield 23%, mp 
164-166°C  (ethanol). NMR (CDCI3) 8: 5.25 (2K a, P1tCH4, 1.05(1k, s 44f), 7.40 (II!, d,’5-R, J,,- 9Hz). 
7.7(114. d, 64f), 7.254.00 (SK m, 514(Ph), 7,8,9-11), 8.35.8.65 (l It, in, 10-H). Anal. Cited. tor C20Hi40: C. 
79.46; H, 467. Pound: C. 79,26; H, 4.61. 

270eneyleay-3W-npbtb.2,I4Ipynn-2-.eae (Iii): fl-S 2* and Z-hydroxynaphthalene (S) yield 47%. nip 
173-178°C  (n-proid), NI (CDCI3) 8: 7.40.7.95(714, 3HPh),.7,8,9,10-E), 7.50 (11-1, d, 5-H, J 9.0 HZ), 
8.05(1)4,4. 6-h), 8.20-8.40 (2K in, 2H(Ph)), 8.50 (IH,s, 141). And. filed. for C2J{130.: C, 75.94; H, 3.62. 
Pound: C. 75,79; It 3.8$. 

24cuzy1ny-3N-spbthu2,1-óIpyrsn.2-oae (lib): from 2b and 2-hydtoxynaphthalene (8); yield .41%, .mp 
190-192°C  (ethaao. N). (CDCh)’S: 5.3 (211, a, PbCHæ. 7.30-8.20(9K m, 5H(Ph), 7.8,9,10-10. 7.40 (’H. 
ii, 5-H, Jje 9.0 Hz), 7.63 (III, a, I -N), 7.85 (1K tJ, 6-H). AnaL Caled, for CaJ4i40,: C, 79.46; 14, 467. Found: 
C, 79.46; H, 4.66. 

3-Ru yIoxy-7-metbl-2H4l(-pyraof4-6Ipyan-2$-dlene (fla): front 2* and 4-hydroxy-6-mcthyl-2H-
pyran-2-a (9); yield 28%, nip 200-202°C  (n-propanoQ. NMR (DMSO-d5) 6: 2.35 (313, a, 7-ik), 6.75 (111, a, 
6-H), 7.40-7.90 (3K in, 3H($i)), 8.05(113,s.4-fl), 8.00.8.30(2K, m, 214(Ph)), Anal. Cited. for C,Jji.Oo: C, 
64,43; 11, 3.38. Pound: C, 64.63; H, 3.07. 
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3-3enzylny-7-netbyl-214511-pyrno(4,3-blpyran-2,54iene (19b): from lb and 4-Itydroxy-6’methyl-lH-
pymn-2-ore (9); yield 91%, nip 223-225°C (ethanol). NMR (DMSO-d) 8: 2.30 (311, S. 74it). 5.2 (214, a, 
PICHO, 6.65(111,8.8-8). 7.15 (1)4, s,44/), 7.50 (5K bra. SH(Ph)). Anal Cried. for CLIHUOI: C, 67.60; 14, 
4.25. Found: C, 67.56; H, 4.15. 

J-Benzc4oty.2H,5H-pynnof3.3-4111benwpyrn-2,5.dioae (20a): from 2. and 4-hydroxycuwnasin (Ii.): 
yield 160/c, nip 234-236°C  (DMF/ethanol 1:2). NMR (9)MSO-4) 5: 7.50-8.00(6)4, m, 3R(Ph), 7,8,9-11), 8.00-
8.30 (411, in, 2H(Pft), 4,10-H). Anal. CaIc.d. for Ci,Hi,Oa: C, 68.27; H. 3.02. Found: C, 68.05: H, 2,87. 

3-Be $oiy-2H,5H-pyr.ao13,2-cJ(llbenopyrn-2,5-dhne (20b): from lb and 4-hydroxycournarin (ho.); 
yield 22%. rip 239-243°C (DMF/ethamol 1:3). NMR (DMSO-d.) 6: 5.25 (2)4, a, PhC/h), 7.30 (lIt a, 441), 
740-7.80 (3H. m, 5H(Th), 7,8,9-If), 7.85-8.20 (IH, in, 10-H). Anal. Cried. for C1,H10,: C, 71.25, H, 3.87. 
Found: C. 71.05; H, 3.66. 

ayIoxy-2U.5H.pyrano3,2-eflbuizopyran-2,5-dine (20c): from 2c and 4-hydzoxycoumaæn (ha); 
yield 32%, nip 230-231°C  (I)MP/ethanol 1:1). NMR (DMSO-da)8: 7.10-820(1014, m, 51](P1), 4,7,8,9,10-H). 
Anal. Calcd. for Ct.H1003: C, 70.39: H. 3.29. Found: C. 70.80; 14, 3.05. 

3-8erybzy-9-bydrny-2H,5M-pynao(33-cijIbenzonn-2,5-dkne (lid): from lb and 4.6-dlhydroxy-
coumarin (lob); yield 29%, nip 297-300°C (DMF/ethanol 2:5). WAR. (DMSO-&) 6: 5.25 (2H. a. PItCH2), 690 
(III, d, ID-H, itietl.O Hz), 6.95 (IM, dd, 8-H, J7r2.0 Hz). 7.55 (514, a, Ph), 7.80 (114, 6, 7-11). 10,40-11,40 
N  bra. 9-OR). Anal Cried. for C19H906: C. 67.86; 8,3.60. Found: C, 67.70; H, 3,24. 

SB ozy wthyI-1-pbealR4R4yrn*j3,4.bJpyn.-4-one (21): from 3-methyl- I -phenylpynzcl-
5(48)-one (11) and 2b; yield 150/@, mp 226-230°C  (ethanol). NMR (DMSO-4) 6: 2.20(38. a, 3-Ak), 4.20 (21-1, 
a. PhCH2), 720-795(11)4, in, ZxPh. 4-H). Anal. CrIed, for C20H,1N203: C. 72.28; 14, 4.85; N. 8.43. Found: C. 
72,41:14, 4.86; N.8.47. 

3-8enyIany-S,6-dIky&o-2ff-pynn.2,3-cIpyiidSe-2,5-dieee (22b): from lb and 4-hydroxypyiidin-2(IH)-
one (12); yield 72%, nip 285-287°C  (ethanol). NW (DMSO-d) 8: 5.2 (2)4, s P1CM2), 6.4 (11’!, S. 8-H, 
7.5 lIz), 7.3 (1H, a, 4-fl), 7.50 (514, bra, Ph), 7.50 (1)4, d, 7-11), 11.60-12.30(111, bra, N!). Anal Calcd. for 
Cja,1NO.: C, 66-91 H, 4.12; N, 5.20. Found’, C. 66.51; 11,3.99; N,5.29. 

3-Plwayloxy-54-dibydm-21/-pyranol2,3-eppyildlne-2,5-dkae (22e): ficet Ic and  44hydioxypiridin-2(1H)-
one (12); yield 62%, nip 228-2300C (ethanol). NMR (DMSG.d) 5:6.45 (114, a, 8-/i, hr 7.0 Hz), 7.10-7.70 
(bit in, SH(P*). 4-H), 7.65 (]H, d. 7-fl), 11.40-12.70 (II’!, bra, NH). Anal Catod. for C,4H.N04: C. 65.83; Ii, 
3.55; N, 5.49. Found’. C, 65.70; H, 3.37; N, 5.40. 

flenriny-6-methyi-5,6-dibydr.-2H-pnne(3,2-eiq.Iaa1lae-2,5-d1oae (23b): from 2b and 44ydzoxy-,I-
methylqu1nolin-2(IH)-one (13); yield 630* mp 186-139°C  (ethanol). NMR (D?vISO-4) 8: 3.65 (311, a, 6-Me). 
5.20 (211, a, PICa2), 7.30 (1K, a, 4-H). 7.20-7.80(811, m, SH(Ph), 7.8.9-H). 7.95 (IN, 66, 10-H, t,r 1.5 Hz. 
J,,i,’ 8.0 Hz), AnaL Celed. krCaHisNO.: C. 72.06; H,4.54;N, 4.20. Found: C72.29 K 4,44; N, 4.20, 

3-Bn$.zpMnyI-5,6,7fl,li-beabydre-2H-pyrne3,2-cqSiaoIS-2,SdIe.e (24): from 2b and 4-
hydroxy-1-psnyl-6,7,8,9-tetnhyØoquinolin-2(lh’)-one (14); yield 38% nip 273-275°C  (DMF/n-pvopanoi 2:5). 
MMR (DMSQ-45) 8: 1.50-115 (4)4, m, 8,9-CM2), 2.00-2.25 (214, in, 7-C/I2), 235-2.80 (214, in, I0-CH2), 5.20 
(2)4, a, FliCK,), 7.20-7.65 (11 it in, ZxPh, 441). Ana(. Cried. for C21H,1N04: C. 75.17; H, 5.30; N, 3.51. 
Found: C. 75.02; H, 5.22; N, 3.43. 

Sliyloxy-1,3-itlmetbyi.-I,2,3,d-telnkydre-1H-pyranoil,3-4pydmhdln-7-ce (252): from 2. 
and 1.3-dinethylbarbituxic acid (15); yield 17%, nip 194°C  (n-propanol). NMR (CDCII) 6:3.45 and 3.60 (20H, 

I 412744M_t., 
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2xs. I -Me, 34e), 1.50-7.85 (311, in, 3H(Ph)), 7.90(1ILs, 5-11), 8.10-8.35(211, in, 211(Ph)). Anal. Caled. for 
C16H12N20 C. 58.54; 11, 3.68;N. 8.53. Found: C, 58.13; H,3.40; N. 8.40. 

Btnytny-1,34Scthyt-Z4-sxo-124tOabydro-7N-pynac42,3-4pT5S4M.7-ant (2$): from lb 
and l,3-dbneth*arbitinic acid (15); yield 39%. nip 185.1869C(n-propanol). NMR (CDCb) 8:3.40 and 3.55 

Ł (2’c3H, 2xs, ]-Me, 3-1101e), 5.10 (24, a, PhCH,), 7,25 (1)1, s, 5-H), 7.45 (511, bra, Ph). Anal CAW. for 
Ł C1,H14N20:C,61.14;H,4.49:N.8.9I. Found. C,60.82;H,4.50N,8.83. 

General pnadwe for dth.azylatin.
 
To  solution of benzyioxy deævative (2 mmdc) in a mixture of DMF 

and dioxane(l:l.30m1), P4fC(I0%, I0U mg) was added and the mixture was hydrogenated ina Parr autoclave 
at 3 atm. The reaction was finished in 4 hours. The catalyst was removed by Wuanm the solvent was 
evaporated In ’ucso, and the solid residue recrystallized from an appropriate solvent. 
In this minuet.. the Sowing compounds were prepared: 

3-llydrezy-5,&7,*-t$rabydro-2H-I-beazapyraa-2,5-dlon (Sc): from dc; yield 86%, mp 155-162°C  
(toluene/cyclohexane 4! I). .NMR (OMSO-4) a:.2.10 (2H, tt, 7-CM2, Js.rJ,r 6.0 Hz), 2.5 (21], t, 6-CM2). 2.8 
42l-f, I. 8-CM21 6.9 (III, s4-H), 10.1 (111, bra, 01-fl. Anal. Cued. for CeHO*: C, 60.00, H, 4,48. Found: C. 
59.89; H, 4.37. 

3-Bydny-7,7-dbuety-5,6,7,$4Mnbydre-2H-1-beuaopyran-2,5-thaie (5*): from 4& yield 92K nip 138-
1400C NMR (DMSO-d,) 5:1.50 (614, 5, 2x7-Me), 2.45 (211, a, 6-Cl?2), 2.7 (214, s,’&-CH,).  1.2 (114. s, 4-H). 
Anal. Calcd. for C31J-I104:C,63.45; 14,5.8), Foun&C, 63.24;H,5.85. 

3.7.Dihydroxy.2H.l-beiuzpyran.2-oae (16*): from 16c; yield 80%, nip 285-290°C  (tohsene/cyclohexane 1:2). 
WhIR (DMSO.4): 6.75 ()H, d, ff, )&i 1.5114,6.80(111, dd, 6-H, Je 9.5 Hz), 7.15(1}I,s. 4-1/), 7.40 
(111, d, 5-R), 10.00 (214. bra, 3,7-OH). Anat’CaJcd: forCH.04: C. 60.68; 14,3.39. Found: C, 60)9; 1-3, 3.43. 

3J-Dlbydrexy-8-snhyl-2H-1-beazoqran-2-on (161): from 16d yield 88%, rip 250-2540C (toluene). NMI1. 
(DMSO-4) 8:2.20(311,5, 84*), 6.85 (111, d, 6-H. J5, 8.5 Hz), 7.10 (18, a, 4-11), 7.25 (111, d. 5-11), 9.70-
10.20 (211. bra, 3.74)/4 Anal. CuJod. for C1.H.01: C. 62.50: H. 420, Found: C..62.67;ff. 4.17. 

3-Hydruxy-2H-naplithŁL,2-bjpyran-2-one (17c): from Fib; yield 95%, nip 248-250°C  (diaxane/n-propanol 
1:5). NMR’(DMSQ-d.) 8:,735 (IN, a, 4-fl), 7.50-8.20 (Sn, in, 5,6,7,8,9-8), 8.20-8.50 (11-1. in, 10/1), 10.66 
(lftbra,3.OJ). And. CaIcd. for CiHg0i:C,73.58;H,3.8O. Found: C.73.17:H,3.7O. 

2-Hydrny-3N-aapSb.J2,1-hlpijrn.2.ne (lie): from lib; yield 59%, mnp 241-243°C (ethanol). NMR 
(DMSO-45) 5: 5.10-7.30(111, bra, 2-01/), 1.55 (lB. d, S.H. hr 9.0 Hz), t554.80 (211, in, 8.9-H), 8.90-9.20 
(1H. m, 7-li), 9.00 (1, a, I -JO, 9.30-9.55 (IH, in, IM). AnaL C*4. forCuRsO,: C. 73.58; H. 3.80. Found: 
C 73.61; H, 3.58. . 

3-H-7-mnbyI-29,5ff.p’rano4,3-6lpyraut-34-dIose (19c): from 19b; yield 80%, rip 277-279°C  
(ethanol). NMR (0MS04) 8: 2.20 (311,57 7-Me), 6.60 (III, 5, 8-4 6,90. (111, a, 4-11). And. Culcd. for 
C,H0,: C, 55.68; H, 3.12, Found: C, 55.79; 11, 2.85. 

3-flydy-2If,5H-pyrano(3.)-cjIjbnnopyyn-2$-4lone (20,): from 20*; yield 88%, nip 319-3200C (n. 
propanol). NMP. (DM80-4) 8: 700(111. a, 4-N), 7,30-740(311. in, 7.8.9-1/), 7.80-8.05 (III, m, 10-fl). Anal. 
Calcd. forCi2H4Os: C, 62.62; H, 2,63. Found: C, 62,64; Fl, 2.44. 

3-HydG-dlbydro-2ff-pyraaeJ2,3.cjpyridine-2,5-dione (22d): from 22b; yield 73%, my >350°C  
(DMF). NMR (DM80.46) 8:6,35 (IN, d, 8-H, hr 5.5 Hz), 705 (lii, a, 4-H). 7.40(114,4, 7-8), 9.80.11.80 
(214, bra. NH. 014 Anal. Calcd.lbrC,H,NO.:C, 53.64; H. 2.41; N,7.82. Found: C, 53.39; H. 2.91;N, 7.92. 

cXP 4i744IA._l_; 



9808 J. $.nodil, B. StanoniM f TnroAedron 54 (19N) 9799-9810 

3-flydvezy4-mthyI-S,Sdibydro-29-pyrao(3,2.cqSnelSe-24-dione (23e): from 2*; - 84% . mp 
3 I0-313°C(DMfl. NMR (DMSO-4) 6:3.65(311, & 644), 7.5 (1 H. s,4-H), 7.20-7.80 (3W, m, 7.8,9-H), 7.95 
ON, thE JO-H, J,.1r 8.0 Hz, Jiçnr  1.5144 10.40-11.30 (IN, bra, 3-OH). And. C*ti. for C13H,N04: C, 64.20: 
H, 3.73; N, 5.76. Found: C, 63.97; H, 3.59; N, 5.73. 

1.3-DiaetbØ-7.bydnxy-I,2,3,4-tetnbydro-7&pyrano2,3.4-pyrlmidb-2,4,7-ffiene (25e): from 2%; 
yield 98%. mp 195-197°C (toluene). NMR (DMSO-4) 6:3.25 and 3.35 (2x311, 2xs. I,344e), 7.05 (111, a, 5-H), 
I0.I5(IH,s,Ofi).K4S:mlz-224(M’,100%).AnaL Calcd. for Cj’1,N20,:C.58.22;H, 3.60;N, 12.50 Found: 
C. 48.22; H. 3.93;N, 12.73. 

Methyl 2-bszeyloiy-3-dSeIhlnsino-3-(2,4,6-srih’droxypyæmidia-5-yl)propaaoate (27). A mixture of 
2a (I minol) and baibituric acid (U, 1 mmole) in acetic acid (5 ml) was stirred at room temperature for 24 
hours. The solvent was removed in ieuo at 40°C. The residue was suspended in ethanol (10 ml) and the solid 
was collected by filtration to give 27 in 709/9 yield, mp 270°C (decomp). MS (DMSO4) 5: 2.55 (611, a, 
NMeO. 3.20.3.60 (2R in, 2,3-H), 3.60 (311, a, COCM*), 7.40-7.60 (31!, in, 3H(F*)), 7.854.20 (2H, in, 
2H(Ph)), 8.30.9.2(114, bra, OH), 9.8-10.3(111, bra, OH). Anal. Calcd. for C,,HN,O: C, 54.11; H, 5.08; N. 
11.14, Found: C, 34.01; 11,4.96; N, 11.43. 

Methyl Zzylazy-3-dimethylnsii,o-3-(Z4,6-lflhydrozypyrimidia-5-yI)propaneate sail with barbiturk 
acid (U). A mixture of a (I mmole) and barbiluyjc acid (1 mmole) in acetic acid (S ml) was stirred at room 
tanperatwe for 6 hours. The solvent was removed in vacua at 40°C. The residue was suspended in ethanol (S 
ml) and the solid collected by filtration to give 2$ in 45% yielcl, mp 197-200°C (water). NMR (DMSO-d4) 6: 
2.55(611, a. NUe3). 3.55(31.1,5. C0(M*), 3.20-3.6.0 (III, bra, 3-11), 4.35 (1 H, bra, 2-H), 4.80(211,s, Phd2). 
7.15 (IN. a, 5-H of barbituric acid), 7.25 (51!, a, Ph), 7.35 (III, bra, 011), 7.84.5 (2H, bra, 2*011), 9.45 (1 H, 
bra, OH), 9.95(11!, bra, 0410.05 (IK bra, OH). Anal. Cued. for CHnN,O,: C, 51.32; H, 5.13; N, 14.23. 
Found: C, SlOE; H, 5.12; N, 13.98. 

Methyl 3-dSethylamhsc-2-hydroay-3-(2,4,6-tribydrosypyrimidin-5-yl)propaaoate (29). To a solution of 
28(700 mg) ina mixture ofdioxane(7 ad) and water (15 mfl Pd/C(10%, 120 mg) was added and the niAxwre 
was hydrogenated (3 aria) in a Parr autoclave for three days. The catalyst was removed by filtration, the solvent 
evaporated to dryness. Ethsno*(10 ml) was added to the residue nd filtered to give 29 in 71% yield, nip 260°C 
(decomp). NUR (DMSO-4) 5: 2.60 (611, a, NM’e2), 3.30-4.10 (m, COO*Ve, 2,3-H, 1120), tO 10.0 (311, bra, 
3x08), 1220 (LII. bra, OH). Anal. Cakd, for C10H,5NOc: C, 43.96; H, 5.53; N. 15.38, Found: C, 43.80; H. 
5.26; N, 15.09. 

6-Bensylny.204dibydrozy-7H-flra,e2,3-d1pyriaidin-7-sne (30). To a solution of 21(1 mmole) in acetic 
acid (S ml), sodium acetate (1 nato!) was added and the mixture stirred in an argon atmosphere at room 
temperature *jr 24 hours, than the mixture was heated at refiux temperature for 2 boon. The precipitate was, 
after cooling, collected by filtration to give 39 in 63% yield, nip 325°C (deconip). NMR (DMSO-d4) 6:3.70-
480(111, bra, On 5.12 (214, a, PhCH2), 7.25 (IN, a, S-H), 7.55 (SH, a, Ph), 11.25 (IN, bra, OH). MS: rn/i 
286 (M 14%), MS: calcd. for C,öI,.N20j: mlr’ 286.0590. Found: inlz’= 286.0600. Anal. Calcd. for 
C1H,oN20,: C, 58.75; H, 3.524 N, 9.79. Pound: C, 58.90 14, 2.81; N, 9.67, 

Methyl 2-azoylaxy-,-24ihydrnyv4Sdia-5-yl)pitpenoate (32). A suspension of 6-
aminouracil (31. I mmole) and 2a (I mmole) in acetic acid (10 ml) was stirred at room temperature for 14 days 
The solid was collected by tiltratiom to give 32 in 69% yield, tnp>300°C (acetic acid). NMR (DMSO-44 6:3.75 
(311, a, dUSk), 6.75 (211, bra, 44il4). 7,20 (111, a, 3-4 7,50-7.80 (314, m, 311(Ph)), 8.00-8.25 (214, m, 
2H(Ph)), 10.40 and 10.55 (2*114, 2xbrs, 2’, 6-011). AnaL Calcd. for C1,H13N3O: C. 54.38; 11, 3.96; N. 12.68. 
Found: C, 54.26; H, 3.99; N, 12.36. 
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rotenone oxime (, acetylrotenone oxime (6), carbethoxyrotenone accomplished with 3.2 CH5CN-1450. 
oxime (7), dehydrorotesçme  (* acetylrotenclone (10), and derrisic A portion of the mixture of 12 and 13(1.4 g) was chroznato. 
acid (Ii) were prepared using the procedures documented under graphed on a cRitic add cokaun. Elution with 9:1 CHCl1-CHCl, 
"Chemistry Section". Verification and purity of these compounds yielded 12 (467 mg), cap 169-173°C.  lit" ml 171 ’C. Subsequent 
were eatabliahedby combustion analysis and spectral data, using elution with Ci CH5CIrCUCI1 initially afforded mixtures of 12 
the instrumentation described above. and 13 and then pure 13 (446 mg), top 197-198 ’C, lit" mp 

6a.12a-Dlbydro-8,9-dlmethvxy-2-(1.3netbylethyl)( fl- 197-198 ’C. 

of concentrated RC1 was heated at reflux for 20 rein. Gas evo-
lution OWD was coplus The mixture was cooled and the pre-
cipitate was collected. TLC (silica gal; 9:1 CHC4-C1OB) in. 
diceted mostly I, with a minor amount of 3 which displayed an 
H1 slightly higher than!. The solid was suspended in 400 ml,of concentrated MCI and 100 ml. of water and heated at reflux. 
After 60 ii, TLC indicated mainly 3, with some I present After 
an additional week at reflux, TLC indicated the absence of 1. The 
mixture was cooled and the solid was collected and recrystallized 
from methaS (600 niL) to yield 8.50g (34%) 013 as white prisms 
rop 114-176 ’C, lit.’ nip 177-178 00, 111 (NóI) 1760 an" (C-’-O); 
NMR (CD013) 8 1.27 [4, J - 7 lIz. 6 0 CH(CH3)2. Anal. 
(CH2’06) C. IL N. 

Isolation of Deqgelta (12) and Tepbroehs (IS). The pow-
dered not of Lonchecarpus nicoun (364 g) was exhaustively 
extracted with 500 suL of ether using a Sozhlet apparatus. On 
cooling, the solution deposited crystals of rotenone which were 
collected (20 g). The filtrate was concentrated and the dark 
residue we. reconatitutadin 200 niL of CCI,, whereupon another 
crop of rotenone (12g) was deposited. The CCI4 filtrate was 
concentrated to leave 06 gufsyzup, which woo dissolved in 200 
niLe! ethanol. Sodium acetate (8 V was added and reflux was 
maintained for 2K The ethanol was removed by evaporation, 
and the residue was suspended in C1iC1, and filtered. The filtrate 
was concentrated and the residue was dissolved in 100 niL of 
acetone. The resulting yellow crystals which fanned were collected 
(6.1 g) and successively crystallized from ether, ethyl acetate, and 
acetonitrile. The resulting white crystals were shown by high-
performance LC to be a mixture of 12 and IS. A Varian Model 
6500 high-performance LC system was used for this and subs.r 
quent composition determinations. A two-column system was 
employed; *4 X ’/ in, c4. precolumn packed with C1, Porasli 
(Waters Associates; 3750 xm) was followed by   30 ma x 4 mm 
iA column of isBendapak C15 (Waters Associates). Elution was 

(29) S.Takel, Biochem, 3., 157, 1(1925). 
(30) The powdered Lonckocarpus nicau root was obtained from S. 

B. Penick, Lyndhurst. N. J. 

XP-002201971 

Measurement of $118-A 

by collection of peritoneal shock fluid from rats subjected to 
passive peritoneal anaphylaxis as described previously.5’ The 
material was assayed on a strip of guinea pig Hanoi suspended 
in a tissue bath containing Tyrode’s solution, maintained at 37 
’C, and continuously aerated with 95% 02-5% CO1. Response 
were checked In the presence of atropine (5 X 101 M) and me-
pyramine nialeate (10’ We as well as the selective SRS-A 
antagonist YPL 86712, to assure pharmacological activity and 
selectivity. 

A dcae-csspoaze study allowed us to select a dose of SRS-A 
which produced s contraction which was ca. 60% ot the 

mni’nwp. 

This dose was employed in the evaluation of all antagonists. All 
antagonists were added to the tissue bath 2 min - to challenge 
with SRS-A. Activity was recorded by calculating the percent 
inhibition induced by the antagonist 

In vivo measurement of inhibition of ANY,  reactions was done 
using the method of Craig and Griffin. Guinea pigs were 
immunized to evalbumin with a i-rn!. subcutaneous and a 1-nit 
Intraperitoneal administration .1. 10% solution of ovalbumia. 
After sensitization developed (ca. 4 weeks), the animals were 
challenged with aeroqoliaed antigen (ovalbunihi). lime of collapse 
was the end point Failure to collapse within a 6-nt exposure 
to the antigen was considered maximal protection. The collapse 
times for animals receiving the antagonists were compared with 
collapse times of control animals. Bartlett’s test was employed 
to delineate the homogeneity of variances among the treatment 
groups. Since the variances were homogeneous, a one-way analysis 
of variance and a Dunnett’s test were utilized to determine any 
significant differences between experimental and control groups. 

Acknowledgment. The authors are grateful to Fisoris 
Pharmaceutical 144., Loughborough, Leics., for supplying 
a sample of FPL 55712. We also thank Ben J. Cerimele 
for statistical analyses. 

(31) H, J. Rapp, I. Physio(. (London), 158,86 (1961), 
(32) J. W. Rosa, H. Smith, and B. A. Spicer, Int. Arch. Allergy 

Appi. Jmrnunct, SI, 228 (1976). 
(83) M. LOreig and ILL. Griffin, J. Med. Chem., IS, 112 (1975). 
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Bronchodilator and Antiulcer Phenoxypyrlinidinones’ 

C. A. Lipinski,* J. G. Stam, J. N. Pereira, N. B. Ackerman,’ and 0.4. Hess 
Central Research. Pfizer Inc., Cretan, Connecticut 06340. ReceWed D.cem&er 6, 1979 

Series or 5-phenny-2(liO-pyrimidinonea, 5-pbsnoxy4(3R)-pyrimldinonea, and related compounds were prepared 
in a follow-up of a lead prepared as a potential cyclic nuelsotide regulating agent. Compounds were evaluated for 
bronchodilator activity in histamine-challenged guinea pigs and for antiulcer activity In a cold-restraint, stressed 
rat ulcer model. Bronchodilatce activity comparable to or greater than, that of theephylline was found in both 
the 2(W). and 010-pyrbnidinone series and was most prominent in analogists containing either an electron-
withdrawing or -donating substituent in the pare position of the phenoxy ring. Significant antiulcer activity was 
observed only In the 2(i(O-pyrlmidlnorte series among three closely related analogues. One of these. 1km-
methytphenoy).2(1J1>pyrünidinone (3), exhibited more potent antiulcer effects than the clinically useful antiulcer 
agent carbentone, without demonstrating bronchodilator activity. 

Series of chemical prototypes having certain structural’ 
features in common with the clinically useful bronchodi-

later theophylline were prepared as potential cyclic nu-
cleotide regulating agents. One of these, 5-phenoxy-2-

0022-2628/$0/1823-1028$01.00f0 01980 American Chemical Society 
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Bronchodüwor and Antiulcer Phenoxypyrimidinones 

Scheme I. Synthesis of 6.Phenoxy-2(iH).pyrlmidinones 
cnzcitcoct17 

Journal o/ Medicinal Chemistry, 1980. VoL 23, No.9 I027 \ 

Scheme IlL Synthesis of 5-Phonoxy-4(8R)pyrjmidl 
1.C1CN2CO2!i 
2. NiH, HCO1Zi 

Ipocil3.

 NH2 CSNH3 

MiCflNH? 

Scheme II, Synthesis of 5.Thiopbeny4(1H)-pyrimidifloneJ 
0 Lila 

XCNSH 

- { 
OÆ_N1C1132 

] 
x 

ow 
NH2C014H2 

- 

(1JO-pyrimldinone (compound 1, Table U, prevented 
byonchoconstrictlon in guinea pigs challenged with hist-
amine and protected cold-restraint, stressed rats from 
gastric ulceration. This compound provided the basis for 
a structure-activity study reported here, which was aimed 
at optimizing antiulcer and bronchodilator activity. 

Chemistry. The 5..pbenoxy-2(1J1)-p>tidinonn (1-21, 
Table 1) were synthesized as illustrated in Scheme I by 
cyclizatlon 

or 

an acrolein precursor with urea in the 
presence of sodium ethoxide. The 2-substituted 3-(di-
methylamin0scrclthn precursors (Table II) were obtained 
by Vilsmeier reaction of phenoxyacetaldehyde diethyl 
acetals using a modification of the method of Arnold.3 
The required acetals, in turn, were prepared by reaction 
of phenolate anion with chioroacetaldehyde diethyl acetaL4 
Phenoxyacetic acids were inferior substrates to phenozy-
acetaldehyde diethyl acetals in the Vilsmeier reaction. 
Thus, while phenoxyacetic acid gave acrolein Is In only 
11% yield, an 81% yield of Is was obtained using phen-
oxyac.taldehyde diethyl acetal as the substrate. 

The 5-(thiophsnoxy).2(1H).pyrimidinanes (32-35, Table 
I) were prepared according Co Scheme II by cyclixation of 
the appropriate 2.(thiophenoxy)-3.(diniethylamino)-
acroleins with urea in the presence of sodium etboxide, 
Attempted preparation of the latter intermediates by 
Vflstneier reaction with (thiopbeirnxy)acetaldehyde diethyl 
acetals was unsuccessful. The only products isolated from 
this reaction were disulfides. The 24thiophenoxy)-34dI. 
methylswino)acrols ins were prepared instead by reaction 

(1) Presented In part bye. A. Lipinski, 10. Siam, J. N. Perth., 
N. B. Ackernwn, and a -J. Ness at the 176th National Meeting 
of the American Cbesslcal Sodety see ’Absracte of Papete". 
178th National Meeting of the American Chemical Society, 
Miami Beach, FL, Sept 10-15, 1976, American Chemical Sa-
Ssy, Wahingten, D.C., 1978, Abet:. MEl)! 030. 

(2) Syntax Research, Palo Alto, CA 9480& 
(S) a Arnold and t Sores, Collect. Oath CVwm. Ccnunun., 23, 

45 (1958). 
(4) C. A. IApineki, J. G. Stem, 0.0. DeAngelis, and IL-J. Hess, 

U.S. Patent 3922346 (1975); (Them. Abflr., UP, 59652i,. 

2Šcp 85ea 00 

of the appropriate thiophenols with 2-chloro-3-(di-
methylantino)acroleln5 in the presence of triethylamine. 
As shown in Scheme fl It seems likely that the mechanism 
of this reaction involves initial Michael addition of thio-
phenol to the acrolein double bond, followed by dis-
placement of the activated a-chloro group by a second 
equivalent of thlophenol the bWUIIOPh.nOl) adduct then 
loses thiophenol to generate the acrolein. 

The 5’phenoxy-40Ii).pyrlznidjnones (22-31, Table 1) 
were prepared as illustrated in Scheme 

in by Raney nickel 
desulfurization4 of the corresponding 5-phenoxy-
pyrhnidine.2(1B)-thiones, most of which were readily 
available by known procedures.0 Hydrolysis of these 
pyrfwidlne-2(12f)-thiones with chioroacetic add in con-
centrated 1W! afforded the bpbenosyuracils (34-39, Table 

Biological Results and Discussion 
Broitchedilator Activity. Theophylline, a clinically 

useful bronchodilator, served as a positive standard in the 
guinea pig bronchodflator test, giving 20 to 30% protection 
against histamine-induced bronchoconstriction. Both se-
ries of pyrhnidinones exhibited potent activity, with some 
compounds producing protection equal to t.heophylline at 
ten times lower doses, while at high doses producing 
greater protection. The degree of protection elicited by 
the parent compounds (1 and 22, Table I) was comparable 
to that of theophylline; however, bronchodilator activity 
was markedly enhanced by pars substitution of the 
phenoxy moiety with either electron-withdrawing or 
electron-donating groups. Thus, p-methyl (4), ethyl (9), 
chloro (12), and bromo (16) derivatives In the 2(lIi)-fl-
rhnidinone series and p-methyl (24) and p-chloro (26) 
derivatives in the 4(3H)-pyrlmidinone series were all highly 
potent, nearly completely blocking the histamine effect. 
By comparison, meta-substituted derivatives generally had 
significantly reduced activity, in the range of theophyiline 
(7, 11, 21, and 23), or were inactive (3, L 13, and 25). 
Ortho’.aubstituted derivatives (2 and 27) lacked significant 
bronchodilator activity, as did the 4-isopropyl derivative 
10. Replacement of the phenolic ether bridge (1, 4, and 
12) by & thloether bridge (32, 34, and 35) led to a dimin-
ution of bronchodilator activity. 

Bronchodllatoy activity was also observed with the 
uradils 36, 38, and 39, Substltuens effects among these 
compounds paralleled those found in the 2(111)- and 4-
(3H)-pyrimidlnone settee. Although uracfls were generally 

(5) Z Arnold, Collect. Crick. Clwm, Comnwn., 26, 3051 (1961). 
(6) C.-N. Chag, 8.-A. Yang, T.-t Wang, and Y. flu, Yao Brush 

Brush Pan, 10, 600 (1963): Chem. Ab.tr, 40, 14504b. 
(l) E.A. Paiccj>. B. Russell, end G. H. Hitchings, J. Am. (Them. 

Soc., 73,4466 (1951). 
(8) C. A. Lipinül, U. S. Patent 4080464 (1978). 



Table I. Bronchodilator and Antiulcer ?yrirnidinonst  

no. -. X A B C ntp, t solvent (annuls anal-

--

brositho- antiulcer act: % 
dilator decrease in total no. 

of lesions (p value act.: 
10, 100 

% woke- mg mg/kg 
yield tionb po 1p 

I H 0 11 OR 180-181 01,000K, CJt,N,02 C,H,N 49 28 37(+) 81(t) 
2 2-cu, 0 H OR 208-209 CH 00,11 c,1wl,N,o, C, H, N 67 6 0H 25(4 ST 

2. 
a 3-OH, 0 H OR 163-164 0,11,011 C,,Hj4,O, C,H,N 46 8 38(t) 70(t) 
4 4-011, 0 H OR 186-181 01,000111 C,111N,O, C,H,N 15 86 57{#) 0(-) 
5 
6 

2-CH,, 4-CH  
3-CH,,4-CH, 

0 
0 

11 
H 

011 
OR. 

187-138 
124-126W 

CR00, n 
(i-d,H),p --- 

C,,H,,N,O. 
C,,H,,N,O, 

C,H,N 
C,H,N 

69 
48 14 

6(-) 
54 (4 

0(-) 
53(-) 

7- 3-011,5-OH, 0 
0 

H OR 209-210 
152-153 

CH,Có,C,H, 
CH,00,C,9, 

0,11,14,0, 
C,,14NIO, 

C,H,N 
C,H,N 

85 
37 

38. 
3 

50(-) 
28(-j) 

53(t)" 
53(i-)" 8 

9 
3-C,ll, 
4 0 

1-4 
0 

ON 
OR 158-159 000001, C,,H,,N,O, C.N.N 37 98 Ofn) 27f-) 

- - 

10 
-OH, 

44-6.11, 0 11 OR 175-177 C,IISOHŁ CØHHN 0, 0,11,14 11 0 0 (-) 9(-) 
01100CR, C,,H,Cth,O, C,H,N,U 0(-) 11 3-Cl 0 

0 
11 OR 

00 
117-178 
218-220   

cil,,-ou,00,n C,,H,QN0, 0,11,14 
29 
84 

22 
92 

22(7) 
7(-) 0(-) 3.2 

-13 
4-Cl 
8-00H, 0 

R 
11 00. 163-165 

M-    CI,HI,NA, C.H,N 3. 3 55-) 82(+)" 
2. 

14 4-0011, 0 H OR 169-170 011,000-HO C,,H,IINO. 0,11,14 42 45 Oj-) 0(4 54 

15 4-F 0 
C) 

H OR 220-221 
211-213 

CHcI,-bH2O\1 
C,H,0H 

c,n,S 0, 
c_,at1,o, 

C, H, N, F 
C, H, N, Br 

6 
65 

66 
90 

0’ 
(j-) of 0(-) 

0 3.6 4-Br  11 
H 

00 
flU law_ISO VH.flR. (tHU fl C H N 45 55 

(-) 
fl ’_t 

(-) 
of- ’C 

2 - - ’r-..  - "’ ’ Łi,rs, -, -. --- - 
18 4-80011 0 11- OH 259-280 011,01-1 c,,H,,NO,S 0. H. N 78 10 
19 2-0,4-6 0 H OR 210-211 CH,,000R,-H2O CJ1.C1,N 0, C. H. N. Cl 50 47 
20 3-0)1,, 4-01 0 H 011 224-225 014,00 ,0 H, -CH ,OH CH,CIN b, C, H. N 40 6 
21 3-OF, 0 i-I 014 191-192 CH,CO3H-H2O C,1H,F,N 0, C, H, Nh 16 26 
22 H - 0 011 H 189-191 CH,00,lf-H,0 CJ1,,N,O C, H, N 82 23 
23 3-CR, 0 OR H 143-145 CH,000H,-hexane C,,11,,N,0, C. H. N 54 28 
24 4-CR3 0 OR H 122-124 Cll,000I-1,-CH,000,I3, C,,UI,N,O. -C. HN 49 92 
25 3-0 - 0 OH H 159-161 CH,000II,Lhexane - C,,H7CIN,01 H, N’ - 50 - 18. 
28 - 4-Cl 0 011 H 163-164 pptdfroinbase CJ1,CN,0. C,R,N 49 92 
37 2-0 .0 ON H 163-165 011,00011, - C,,1I,CINO, C, H, N. Cl 50 18 
28 41’ o OR ii 146-141 - CHICO C,H,-hexare C,,H,FN 0, 0, H, N 27 80 
29 3-01,4-0 - 0 00 14 165-186 CHQ,-eraste C,,H,,0 ho, C, H, 14 - 74 45 - 
30 -3-0011, . 0 011 H 150-152 CIt,00,C,H,-hexane - C1j1J{!,0, 0,14, N 57 7 
Si 4-0011, 0 - OR II 172-114 .n CO C,115-CRCI,-OH,0R C,,H, NO C, H, N 89 28 
32 - H -S H .011 213-215 ciLoil - cjthbd C,H,N 38 23 
33 8-011,. - - S H OR 208-210 - ch,co,c,,i, c,,R,.?J,os C. H. N 25 
34 4-011, .8 H OR 222-224 CH,00,Wi1,O C,,H,N,OS C, H, N -. 30 26 
85 401 8 H 011 218-220 CU, 000,R-I1,O CJ1,0N,OS C, H, N, 8,0 53 63 
86 11 - 0 011 - OR 297-298 0,11011-,0 - C1011C10114142%, k 60 -25 
Si 3-CU, - .0 OR 01-1 291-296 pptJ from reaction C,,H,,N,0, 0,11,14 - 92 7 
38 4-elf, 0 OR OR H >300 - 0,11,011- C0j4 0, Jr 87 35 
39 4-Cl - 0 OR OR >300 014,000 cji,uI,o, C, H. N 40 50 
cast,tnoxoloite - - - - - 
tbeopbyillne - - - 20-30 

a Structures drawn in ensue form for clearness of presentation. b Respiratory status of guinea pigs exposed to histamine aerosol exptessed as percent 
complete protection = 100. Drugs given 60 mg/kg po I Ii prior to histamine challenge. e Ulcer status expressed as percent decrease in total number of  
stressed rats, Active: pc 005 (-i-); inactive: p> QLO (4. Drugs 10ng1kg P0oT 100 mg/kg Ip given a  before stress. ’ p> 005,p ç  0.10. Ł Tee 
ttested 32 mgflcgpo, ’Tested 32mg/kg ip. ’ F: calcd, 22.25; found, 22.83. ’c: calod, 63.95; round 54.99. rn/c "CI Isotope: caied, 222.0196; 
caled, 27.59;found, 27.15. " Reference 6. - - 

S 60(-:) ’ S 0(4 

221- 19 
4-) 

Of-b 14(4 
39 

(-4 0H Of-) 

27(-) 
18e 28 0-0-

45(-) - 4-) 
O(-) 78(t) 

18- 64(+) 

22(-) O(-) 

67’(t) 
0H 

3s(-) 
88(4) 

toteeton. Control 0; . - 
dons In eo&d-rostralnt, t W 60 6g/kg po-

cu: 
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Table II. 2-Phenoxy- and 2-Thiophenoxy-3-(dimetylsmlno)acroleins 

no. X A nip, t 

CHO 

solvent formula anal. 
% yield 

Is H 0 116-117 0j1 -hexane CUHuNO, C, H,N 81 
a’ 2-CRP 0 3741:;,’143 subflWC(O.lmm) 01;H;No, v;H,N W---

as $-014, 0 103-1050H,00,C1H,-h.xane C,,HNO3 U, H, N 51 
4. 4-CR3 0 87-89 aubllSS C(Olmm) CH,JNO C,H,N 22 

s 

2-CH,, 4-CR, 0 187-188 011,00,0 H, CUHI,N0, C, H, N 69 
Ba S-OH,, 4-OH, C) 124-126 (i-C H,hd C,,H,,NO, C, H. N 48 
7. 
Be 

3-CR,, 5-OIl) 0 
0 

185-136 
6548 

C }t0H-henne 013H1,N0, 
CB,,NO, 

C, U, N 34 
(64,),O-cyctobexsne C, H, N 44 

9. 
lOs 

4-C 11 
4-1-6/4, 

0 
0 

45-48(4H,),O-pet. 
79-80 

ether 
(C,H,hO-hoxane 

CH,,N0, 
CJIaNO, 

C. H. N 15 
Ile 3-0 0 125-128 C.Bcbexane C,,R,,ONO, 

C, H, N 
H, N, Cl 

36 
C, 42 

120 4’0 0 125-126 CH,000H,’hexane CR,,0NO2 C, H, N. Cl 45 
ISa B-oCR, 0 18-79 0H,00,C,H,-hexane C41HN0, C, H, N 4 
14e 4-004, 0 103-104 (C,H,),O C,,H,,NO, C, H, N 26 
156 4-? 0 98-100 bexane-CH,O,C,H, C,,HJ1PNO, C, U, N. P 89 
16* 4-Br 0 131-182 hexane-CH,00,C,H1 C,,H,,BrNO, C, H. N, Br 70 
170 4-804, 0 76-77 henne-CH,00,C,H, C,,HJ,NO,S C, H, N, 8 15 
lØa 2.0,4.0 0 114-116 

bexane-CH,,00,C,14, 0,111j, NO, C. H. N, Cl 34 
20. 
21a 

8CR,, 4-Cl 
3

0 
0 

142-148 
108-110 

CH,00,C H 
hexane-Ch,bO,C,H, 

C,,H14CINO, 
CJ,HJ,N0, 

C, H, N, 0 
C, H, N, F 

53 
-CF, 44 

32a H S 90-92 (i-C,111010 C,,HJ0S C, H, N 36 
34. 4-01, S 88-90(hC,H,),0 C,j115NO3 C, 11, N 29 
854 4.0 B 98-97 (C,Hj,0 C,1H150N08 C, U, N. S6 23 

°Prepared from 2,4’dlchloropbenoxyaoetic acid. See Experimental Section. b Cl i etd, 14,67; found, 15.09 

Table W. Activity In Histamine Aerosol Test. Percent 
Protection and Duration of ActionS 

duration, It, at 
dose, mg/kg pa 60 mg/kg po 

W. 3 10 30 60 1 2 4 8 
4 2 18 81 86 86 86 B 10 

12 22 37 71 92 92 94 94 88 
° Respiratory status of guinea pigs exposed to histamine 

aerosol 

expressed as percent protection. Control -0; 
complete protection = ZOO. Duration (It) refers to the 
time between dosing and initiation of histamine ckaflel2ge. 

less active than the corresponding 2(111)- and 4(3ff)-py-
rimidinonea, their activity is believed to contribute to that 
of the pyrimidinones, since both 2(lfi)-pyrimldinones and 
40J1)-pyrimidinonsa are metabolized to uracik’ 

Marked differences, which may be related to rates of 
metabolism, were observed in duration of action of the 
pyrimidinonea. Thus, pyrimidinones 4 and 12 were 
equiefficacious whasi given 1 Ii before histamine challenge 
(Table I). However, pyrunidinone 12 was still highly active 
when given 8h before challenge, In contrast to 4 winch was 
Inactive (Table LW. A quantitative structure-activity 
study was not attempted, since dose-response curves of 
members of the pyrimidinones were not parallel (com-
pounds 4 and 12, Table Ill). 

Although the pyrimldinones and especially the wadIs 
bear a structural resemblance to theophylline, it Is un-
certain whether bronchodilator activity Is related to ele-
vation of cyclic AMP levels. 

Antiulcer Activity. Antiulcer activity was assessed in 
rats using carbenoxolone, a clinically useful ulcer-healing 
agent, as a positive standard. This drug, which Is not active 
orally In rats because of hydrolysis of the bemlauccinate 
ester moiety by the intestinal microflora In this species,’ 
demonstrated significant antiulcer activity by intraperi-

(9) H. D. Doeban Pflaer Inc., unpublished work. 
(10) P. it-mao.,, W. K Liadup, IX V. Park., and It P. Williams, 

Xenobiaeicc, 1,79 11971). 

toneal administration at doses of 80 mg/kg. 
Some members of the 2(1R)-pyrimidinctes, but not the 

401fl-pyrimidlnones, exhibited significant antiulcer ac-
tivity. Within the 2(1I1)-pyrimidinone series, significant 
oral activity was confined to three closely related ana-
logues, the parent compound (I) and the in- and p-methyl 
derivatives (3 and 4). These compounds provided signif-
icant protection from stress-induced ulceration at dean 
of 10 mg/kg, po, Several other meta-substituted deriva-
tives, 7, 8, and 13, also demonstrated antlulcer activity but 
only by intraperitoneel administration at higher doses (100 
mg/kg). Replacement of the phenolic ether bridge in 1, 
3, and 4 by atbioether bridge (112, 33, and 34) resulted in 
a decrease or lose of antiulcer activity. The uracils 86 and 
38, which are related to pyrlmidinones 1 and 4, were in-
active. However, uracil 37, which Is a metabolite of py-
rimidinone 3 in rat, rhesus monkey, and man," exhibited 
activity at 32 mg/kg, p0. 

In more detailed studies, compound 3 was shown to 
stimulate gastric mucus secretion in viva over the same 
dose range that prevents experimentally induced gastric 
ulceration In rats and to display snucotropic effects in vitro 
In a system employing segments of rat gastric glandular 
mucoss." A direct correlation between the mucotropie 
and antiulcer effects suggests that stimulation of mucus 
secretion, presumably mediated by increased cyclic AMP 
production, underlies the antiulcer activity of this agent 
Following administration of3(Om/p)torate, cyclic 
AMP levels increased by 50% in the glandular region of 
the stomach and, although compound Shad no significant 
effects on rat gastric mucosAl cyclic AMP phosphodi-
esterase1 its metabolite 37 had the same inhibitory effect 
as theophylline (4 = 100 itM)." Compound 3 Is rapidly 
orally absorbed in the rat,9 and the greater oral activity 
of 2(1Ji)-pyrbüidinoue (3) over uracll 37 may be due to less 
favorable absorption of the very insoluble urathL Inhibition 

(11) .1. N. Pereir., 0-A- Men, J. P. Leader, and LA, Hohnk., 
Fed. Proc., Fed. Am. Sea. Exp, Not, *7(2). A484 (*978). 

(12) J. P. Leader, Pfizer Inc., unpublished work. 
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of gastric acid secretion does not appear to contribute 
Ł significantly to the antiulcer activity of &" 

Dose’-response comparisons established that S admin-
istered orally is approximately three times as potent as 
carbenàxokme  administered intraperitoneally in protecting 
rats from gastric ulceration. Futhermore, in contrast to 
carbenoxolone, $ elicits its protective effects in rate without 
fluid. .*nUon or, alterijigjirinary e1eotro)3J output 
Compound 3 has been assigned the nonproprietary 
(USAN) name tolhnidone. 

Espurlrnatal Section 
Ł Maltlrg points were determined on a Thomas-Hoover capillary 
melting - apparatus and are uncorrected. Miuoasielyeee ware 
performed by the Analytical Department of Pfizer Inc. Where 
aSyenareicdlad only by symbols of the elements, analytical 
values were within 104% of theoretical values. NMR and/or 
mass spectra were Sated on all compounds and were consistent 
with etnctuxn sad assignments. NMR spectra were recorded 
on Sthsn Varian MOe T-6O acectroineter. and the mass snectra 

Repreattative procedures for the preparation of compounds 1-21 
(8cbein 1), 32-35 (Scheme U), and 4-31 (Scheme II!) are 1k 
lustrated below. 

Ph=#zy&cdAldebyde Diethyl Acetals. The crude lnfrr 
niediatł  were prepared by literature procedure and were used 
without lerttolve purification for the preparation of the 2-
(substitutedphenoxyfl-(dimethylsnino)acrolelns. A typical 
procedure I liluatated below. 

3.MethyIpbsnoyaest&ldeky4e Diethyl Metal. Into a 3-1. 
three-neck Lissic equipped with a press us-compensating dropping 
funnel, overhead stirrer, and condenser with solvent takeoff was 
added 99.1 g (1.6 awl) of 85% KON pallets. The dry flask was 
heated, alid to the stirred hot XQH pellets was added 170.0 g (15 
MCI) of ni-at The Link was maintained at each a temperature 
that the contents were at 90-1000010 that the phenclate anion 
did not jnecipilate. A clear solution of molten potassium In-
cresolat&aad 1120 resulted. To the stirred molter solution, 376 
g (2.48 mc!) ofchloroecetaldehyde diethyl anstal (bp 152-168 C) 
was added at such a rate that the mixture remained at 90 to 100 
’C. Tbe’mlxture (two phases) was stirred rapidly and bested. 
and an Seotrope of the acetal and 1120 was remand via the 
takeoff on the condenser. Distillation was continued until the 
distlllingnpor was at 140 to 150°C. On cooling, the aseotrope 
separated Into an aqueous and acetal layer and the acetal could 
be readdid to the reaction mixture. The mixture was stirred 

The crude cooled mixture was poured into a stirred solution of 
ice-H2O and ether. The layer, were separated and the aqueous 
layer wnwashe4 with two more portions of ether. The combined 
ether solution, were washed with cold 2 N NaOH solution and 
then dried over anhydrous Na1SO0 lasted with activated oliarimsi 
and concentrated on a steam bath to a mobile ember oil weighing 
424g. The residual traces of ether were removed by distillation 
at atmospheric pressure, and then excess chioroecetaldehyde 
dietbyl acetal we, removed by distillation at HO aspirator 
pressure (20 mm). Final distillation tSar high vacuum at 0.2 
to 0.3 mmHg at 90-96°C gave 291.7 g (85%) of 3-metbylphen-
oxyacetaldehyda diathyl acetal as a clear colorless oil:- NMR 
(MCI) 6 7.35-8.1 (4 H, m), 4.5(1 H, I), 3.98(211, d), 3.68 (4 11, 
in), 2,3 

(a 

H, s), 1.21 (6 H, ft. Anal. (C1H,203) C, H. 
2-&Msthylpbnsxy4-(dlmethylamlno)uroleIn (aa). To 

175 g (2.4 real) of DM7 was added 258 g (2.4 mel) of POOl,, 
maintaining the temperature at 25 ’C by an external to bath. 
Upon completion of the addition, the resultant amber heavy an 
was yenned toSO C for 45 rein and then cooladto 25 ’C. CBCI5 
(700 mL).was added and the resultant solution was brought to 
reflux. While reflux continued, 190 g (0.8 ma)) of 3-methyl-
phenoxyacetaJdehyde diethyl acetal was added over a 30m1n 

(13) C C. Van Arisen. 1.. M. Miller, and M. R O’Malley, J. 
Phonic cot. isp. The,., 13% 90 (1961). 

(24) M. Cra,aland, French Patent 1026008 (1953); Chem. Aba’.; 
SW, 5466g. 

Ł Lipinshi et at. 

period. Provision was GIOdI to trap the large amount of HCl that 
evolved during the addition. After a 3-b reflux following the 
addition, the cooled elicit solution was cautiously added to a 
stirred mixture of 2.3 kg of KC05, 2 L of ice-H0, and 2 L of 
a Sri bonzene-ethw,ol solution. The organic layer was separated, 
concentrated to a dark oil, and taken up in CHCI3 to remove 
inorganic salts. The CHCI, was removed in vecuo to give a dark 
red oil. Isopropyl ether was added to precipitate Big (61%) of 

analytical sample: rep 103106 0(; 
7.33-6.6(411, nfl, 6.60(111, a!, 3.05 

(CHNO2) C, H, N. 
22.4’Ulcbloropbeunxy)4(dlstethylamjno)acrolels (19.). 

To the reagent prepared from 6405(8.75 nra)) of DM? and 908 
g (6.93 mel) of POCIs was added 442 g (2.0 mat) of 2.4-di-
chlorcphenozyacetAc acid Svg the procedure of Arnold5 to give 
It? g (3%) of needle-shaped crystals. Recrystallization from 
hexane-ethyl acetate (1:2) gave needles, sap 114-116 ec.. Anal. 
(C1H1gClNO2) C. H, N, CL 

A solution of (08 g (0.03 mol) of 2.cbloro44dimethylauigio$. acrolein, tOG g (0.66 mel) of trlethylsanine1 and 3.72 g (0.03 mob 
of p-tclueastkdo& In 50 =L of athenal was heated at reflux for 2.6 
Is, The cooled reaction solution was poured one 1120 and ex-
tracted with ether. The ether extracts were dried over anhydrous 
Mg804 and concentrated In vacua to a 100-reL volume. Iaopropyl 
ether (50 saL) was added and the total volume was reduced to 
100 saL on a steam bath. Cooling resulted in crystallization of 
L9g(29%)M34t mp88-9O’C;Nll(CflCl,)59,g6(1H,$), 
73(1N,3),t05(4H,s,3.28(6H,e),2.26(3u,$), Anal. 
(C1H11,N0S) C, 0, N.. 

The crude Intermediate was prepared from a commercially 
available mixture (K&K labs) of -70% m-totuenethloi and 30% 
p-toluenethlol, utilizing the procedure for the preparation of 
compound 34*. 

S(3.Methylphenoxy).2(1fi).pyrinddjoon. (3). Toe solution 
of 39.2 g 036 mot) of NaORt in 150 saL of Etofi was added 
59.8 g (0.288 mot) of 2’(3-inethylphenoxy)4-(dlmethylainino). 
acrolein (Ba) and 34.6 g (0.518 atoll of urea. The mixture was 
heated at refha foe 4 Is, 10 in!. otB2O was added, and refluad 
was continued for another 2 Ii. When the mixture was cooled, 
803 go! a crude tan solid (nip >300 ’C) precipitated and was 
collected by filtration and dried. The crude sodium salt was 
dissolved in 130 sat of In 1120 and filtered from a smell quantity 
of insoluble material. Glacial acetic acid was added to pH 6.0, 
resulting in crystallization of 214.g (48%) of a tan solid1 sap 
162-163 ’O, Recrystalijzatloa from ethanol gave an analytical 
ample. nip 163-164 ’C; NMR (1450)612.0 (N-H, exchange), 
8.26(2 H, a), 1.4-64(4 H. th), 2.26(211, a). Anal. (CuiH,.,NO.) 
C,H,N. 

5-(Tblephenoxy)40H)-pyrtaddln,uei 32-35. These com-
pounds were prepared from the (thlophenoxy)(dimethyt, 
smlno)acrolsina 32a45a using the procedure for comnound a. 

for 3. 

isomer (33),mp 208-210 ’C, uncontaminated b3rthS 4:zefl. 
thiophenoxy isomer (34). sap 222-224 ’C. The isomeric purity 
of 33 could be readily determined by the position of the N)4R 
absorption of the tolylthio methyl group; NMR (MesSO) for 83, 
424 (3 H, a); for 34, 2.27 (3 H, a), Anal. (C25H9N1OS) C, H, 

N. 

6-Pheaoxy.4-bydroxypyrinddlsse (22). To a solution of 22.0 
g (0.56 mcI) of NaO}f in 700 saL of HO was dissolved 121 g (0.65 
Inol) of 2-tb -hydroxy-5.pbenoxypyrjinldlne To the stirred 
solution was added slowly 1250 got wet Haney nickel at such a 
rate that the resultant Learning remained under control. The 
mixture was stirred well and heated at reflux for 2 b. The sus. 
Pension was filtered while still hot, and the Raney nickel residue 
was washed with 1,5 L of boiling water, with cere being taken that 
the catalyst remained wet. The combined aqueots aoM&oxs were 
concentrated to 700 ml. and acidified with acetic acid to pre-
cipitate a white solid. This was collected by filtration and dried 
to give WAS 9 (82.5%) of 22, mp 188-168 ’C. RecrystallizatIon 
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from aqueous acetic acid gave 22: rap 189-191 C; NMK (Me5SO) 
o&I3 (1}l,$),7.88 fl N.e), 73Srt38 (511. m).

 
AWL (0,ORSNSO2) 

C, 1% N. 
5.[4(Methylaulfinyl)pbeuoxy1-2( I H)-pyrlmldlncue (IS). 

To a slurry of 1.17 g (0.006 icc!) of 11 in 20 ml, of methanol at 
0°C was added 1.175g (0.0055 mcI) of N404 in 10 ml, of P120, 
and the slurry was stirred at   9C for P hand than for 20k at 
25 °C. The resultant slurry was diluted with H20 and the 
methanol was-removed in-vacuo. Filtration-gave 0$17 g (73%). 
eta white solid, inp 259-260 °C. Anal. (C11HxN5O5S) C, H, N. 

Pharmacological Procedures. Guinea Pig Histamine 
Aerosol. Bronchodilator activity was evaluated according to the 
method of Van Arman, Miller, and O’Ma1e)43 In conscious female 
Read-wallet guinea pigs (200-250 g) fasted overnight. One hour 
following PO adminiseatfon of vehicle, or the test drug dissolved 
in I N 001 or suspended in vehicle, each animal was challenged 
with histamine aerosol as (elton a 0.4% aqueous solution of 
histamine was placed in a Vaponephrine standard nebuliser 
(Vaponephrine Co., Edison, NJ.) and sprayed under an air 
Pressure of 6 pal into a closed 8 x S X 1210. transparent plastic 
container for 1 rain. Immeditely thereafter, the guinea pig was 
placed in the container. The respiratory status (a reflection of 
bronchoccmstrictiw,) of the guinea pig after! win in the container 
was scored as follows 0, norm ii breathing; 1, slightly deepened 
breathing 2. labored breathing 3, severely labored breathing and 
ataxia 4, unconsciousness. 

The percent inhibition values were derived by comparing the 
total score of a gzaç  of eight treated animah with that of a similar 
control group to generate a single value with no standard deviation. 

In order toasaess the significance of a result, data on Ii groups 
of eight animals were recalculated by assigning a percent inhibition 
value to each animal (based on the store 0 10Q% inhibition, 
1-75%, 2 50%, 325%, and 4-0) and where more than 
90% of control scores were 4. Based on this calculation, the 
standard deviation of the mean value for eight animals was &3& 
As a result, it is likely that any two values differing by more than 
11% would be significantly different based on the premise that 
values differing-by more than 2 standard deviations represent 
different populations. 

Col4Reetpalnt, Stress-Induced Gastric Ulceration. Ulcer 
protective effects were determined in rats using a modification 
of the method of Perkins.15 Cold-reetraint, stress. Induced gastric 
ulceration was produced by immobilising nonfasted, female, 
00-120 g Sprague-Dawley rate in a supine position and placing 
them In a refrigerator at 12 ’C for 3 K Experimental drugs 
suspended in saline containing 10 g/L cerboxymethylc&Jules 
and 2 g/L Theep 80 were administered 3 b before the initiation 
of the stress period. At the conclusion of the ulcerogenic stress, 
the rate’ were sacrificed by cervical dislocation, their stomachs 
were yeanoved.and the degree of gastric: ulceration was determined. 
Differences in number of ulcers per animal were compared with 
Witcoxon rank sum taste in order to calculate a p value. Cont-
pounds were considered aah, (+) if the decrease in number of 
uloera per animal compared to control were significant at the p 
S 0.05 level. 

(15) W. E. Perkins and L. Van, Br. J. Pharmocoi., 47, 847(1973). 

Synthesis of a.Methylene-y..butyrolactones: A Structure-Activity Relationship 
Study of Their Allergenic Power 

Gilbert Schlewer, Jean-Luc Stampf, and Claude Benezra 

Laborato&e de Dermato-Chimie, Maccit cu CNRS, Unizmnite Louis Pasteur de Strasbourg, Clinique Dermatologiqu., 
CUR de Strasboutg, 87091 Strasbourg, France, Received February 2?, 1980 

Thirty-five .methyIene-t-butyrolactones have been prepared and their allergenic properties tested on the skin 
of guinea pigs experimentally sensitizad to (a) alantolsctone (I), (b) isoalantolactone (2), and (c) a-methytene.y-
butyrolactonc (3). The two first groups of animals cross-react to lactona, containing 9 to 28 carbon atoms but not 
to smaller o-methyIene-butyrolactones. Conversely, animals sensitized to a-methylens-y-butoIactone react only 
with a-rn tbylesia-y-butyrolactones containing Band 1 carbon atoms. These results are discussed in relation with 
the allergic contact dermatitis mechanism. 

The biological properties of compounds containing the 
a.methylener-’y.butyrolactone moiety have been the focus 
of a considerable amount of wait Research has been 
focussed mainly on their cytotoxic, antitumoraI,’2 anti-
bacterial,3 and plant growth inhibition activities.’ These 
compounds, which occur naturally in many plants’ (such 
as compositee, frullanaaa.e, magnohiaceae, etc.), can also 
cause severe allergic contact dermatitis (ACD) in man. 

We have been interested in this last property for some 
time. The mechanism of ACD has not been completely 
elucidated,7 It is generally believed that an allergen 

(l) C IL Smith, J. Lamer, A. M, Thomas, and S. M. lCupchan, 
Ricahim. Riopdsys. Acts, 276,94 (1912), 

(2) J. I,. Hartwell and t J Abbott, Ado, Thannacol. Chemt*her., 
71117 (2969). 

(3) LIL Le, tlbuks,B,Y. Wu, end tkCelssrrsan,Phyto’ 
chemistry, IS, 1177 (1977). 

(4) K It Garciduenas, X. A. Dominguer, .7, Fernandez and 0; 
Alanlz, Rev, Lati,soam, Quint., 1,52 (1912). 

(6) a Yoshioka, t J. Mabry, and B. N. Tjgjmermann, "SeSQLd. 
terpene Laetones, Chemistry, NMR and Plant Distribution", 
university or Tokyo Press, Tokyo, 1973. 

(6) .7,0.Mitchell and G. Dupuls. Br. .t Dermstol., 84,13D (1971). 

Scheme I. R.fonnatsky Synthesis of 7-Substituted 
a-Methylene.rbutyrolsctone 

: 

’tO,C,H, 

Ł 

Za 
flip. 

Schema U. Synthesis of Butyrolactonas from Manganese 
triacetate and Olefins 

P. A, a, 

+MaAc), ACCH  
Ac,o t 

(hapten), in order to become a true antigen, must bind to 
a protein (or another carrier). Why are some compounds 
allergenic while other are not? To approach the answer 
to this fundamental question, we have prepared a series 
of y-rnonosubstjtuted and 3.7- and y,7-diaubstjWted a-
znethylene-y-butyrolactone.s and tested their allergenic 

(’7) P. C. IL Cell and B. Benacerraf, a Pap. Mod,, 113,571 (1961). 
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Stabile Enole von u-[Aryl(AIkyl)oxyldibenzoylrnethanen 

Manfred Regitz! und Ansgar Schafer 
P.D. Q .. 

Fackbereich Chemie der Universität Kaiserstauterh, .  
Paul-Ehrlich-Stral3e, D-6750 Kaiserslautern 

Eingegangen am 17. September 1980 

Herræ Prof. Dr. K. Dimrolh zuth 70. Geburtstag gewklrnet. 

Die Enole 13a - in von a-(Aryloxy)- und u.(Alkyloxy)dibcnzoylmethanen 49 - in werden durch 
Zerlegung der Kupferchelate us - m nit Schwefelsaure erhatten; Zn den Kupferverbindungen 
gelangi man emweder durch Estcrkondensation der Acetophenone 6bŠm mit Benwesaure-phe-
nylesteT (7) oder durch nukleophile Substitution von u.Bromdibenzoylmethan (9) mit den Pheno-
len 10 a - g. Die in Oegcnwart von Natriurnhydrid bzw. Triechylamin zunachst gebildeten Enotate 
8 lassen sicb direkt mit KupIerOfl-icetat in die CheZate II umwandeln. Die EnoCe 13 siud durch 
Isomerisicrung zu den 13-Dikelonen 4 sowie durch die Bromierung zu.12 charakierisiert. 

Stable Ejiols of alAry1(AikyI)Gxyldibenzfllmethafles 
The extols l3isŠm of u-(aryloxy)- and a-(alkyloxy)dibenzoylmethanes tiŠrn are obtained by 
decomposition of the copper chelates 11* -m with sulfuric acid. The copper compounds are syn-
thesized either by ester condensation of the acetophenones6h - m with phenyl benzoace (7) or by 
nucleophilic substitution 61 u-brornodibenzoylniethane (9) with the phenols ]DaŠ g. The enolates 
8, primarily formed in the presence of sodium hydride or triethylaniine, respectively, are directly 
convened into the chelates 11 with copper(fl) acetate. The enols 13 are characterized by isomeri-
zation to thefl-diketóncs 4 as well as by bromination to 12. 

Die quantitative Bestimmung der Keto/Enol-Gleichgewichte von -Dicarbonylver-
bindungen naàh  Meyer’ beruht darauf, dat) man deren Enolgehalt dutch bromometri-
iche Titration ermittelt, Hierbei mug man die aul3cren Bedingungen so wh1en, dO die 
Nachenolisierung ,,.vernachlbssigbar" in und die Bromierung selbst ,,rnornentan" Cr-
folgt, was in Methanol ala Solvena und bei - 20°C i. a. gegeberi ist; Zahirciche Anwen-
dung diŁser Tcchnik2 oder auchder hieraus entwickelten automatisierten coulometri-
scheri BromtitratiOn4 stehen naturgeniali nur wenige Arbeiten Ober die Kinetik des 
Bromierungsablaufes selbst gegenUber5’6’7. l-lierbei wurde gefunden, dat) die Enole ha-
logenierter LDicarbonylvebindungen bei 25°C in Methanol Łtwa loOniat langs.amer 
brqmiert werden als die Grundverbindtrng selbst61. Diese Tendenz setzt sich - wie wir 
fanden81 - in beeindruckender Weise bei den Enolen von u-(Aryloxy)- bzw. -(AIkyl-
oxy)dibenzoylmcthan (13) fort. Urn nun den sterisehen und elektronischen Substituen-
teneinflul) auf die Bromierungakinetik zuuntcrsuchen, haben wir uris zunächst nit der 
Synthese eincs repräsŁntativen Spektrums derartiger Enole befaBt (flier 41e im folgen-
den berichtet wird, 
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Stabile Enoic von u-[Aryt(AJkyI)oxy]dibenzoylmeihanen 1173 

Verkoclwng von (Diazo)dibenzoylmethau (1) 

Aus dem a-Diazofl-diketon 1, das durch Diazogruppen-Ubertragung bequeju zu-
gangIich9"0 1st, entstehen die u-[Alky](Aryl)oxyldibenzoylmethane 4 dürch VcrkO-
chuag in Gegenwart von A koholen bzw. Phenolen; fur die Isomerisiening zu den [3-Di-
ketonenolen 13 bat sich is a. der Weg fiber die entsprechenden Enotate an. Literaturbe-
kannt 1st z. B, die kupfetkütalysierte Umwandtung von a-Diazoaeetessigsaure-methyl-
ester in a-Methóxyacetesigsaure-methylester" oder auth die Rortrif]uorid-katalysier-
te Herstellung von - Met hoxyacety1aceton aus a-Diazoacetylaceton U) 

Ph (rPh 

Ph--KDCH3
 Ph 
Ph ROTC 

Ph 

th 51:BrCH2 

b;RPh 
C, 

Eigene orientierende Versuche mit I zcigten aber sehr schnell, dali diesem Synthese-
weg for die Hersteltung von 4 bzw. 13 doch sehr engc Orenzen gesetzt sind, Oa-sich die 
mit der Insertion konkurrierende Wolff-timlagerung von I nur schwer unterdrucken 
1*I30. So tiefert zwar die kupferkatalysierteThermolyse von 1 in Methanol bei Gegen-
wart von Perchiorsaure mit 42proz. Ausbeute das gesuchte u-Methoxy--diketon 4b, 
doch fflhrt bereits die Schwefetsaure-katalysierteUmsetzung der gleichen Reaktanden 
nut noth zur Woiff-Umlagerung ($a, 3941a). Entsprechend 1st das Ergebnis der thermi-
schen Zersetzung von I mit Phenol in Gegenwaxt von Kupterpiliver (Sb, 7707o); Die 
Konstitution der beiden -Ketoesl.er 1st zusàtzlich abgesichert durch saure Hydrolyse 
und Decarboxylierung zu Desoxybenroin. 

Kupierchelate h Š rn 

Ats Methode der Wahl zur 1-iersicllung ether breiten Palette von a-fAryl(Mkyl)oxyj-
dibenzoylmethan-Enolen (13a - m) hat sich die später bcschricbene Zerlegung der Kup-
ferchelate 11 a - in erwiesen Die letzteren werden aol’ zwei Wegen erhalten. 

Einerseits kondensiert man - in Anlehnung an Erfahrungen von Munch-Petersen 
und Hauser") Ether die Acytierung von u-Aikoxycarbonylverbindungen - die Aceto-
phenone 6h - in mit BenzoesAure-phenylester (7) in Gegenwart von Natriumhydrid (an-
stdlle von Natriuniamid) und wandelt die Natriumenolate Zh - in durch Zusatz vrni 

cP.I97aAU. 
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Kupfer(H)-acetat unmittelbar in die Kupfcrcheiate 11 Ii - ni urn (41 - 53cc). Ms auf 6j 
und It die dureb Kupferacetylacetonat-katalYsiertc Zersetzung von (o-Diazoaceto-. 
plienon hergesteilt wurden tS) sind die anderen o-Alkoxyacetophenone literaturbe-
kannt. 

OR on H Or 
kH Ph W(CM  Ph ; 

6’NHIC2H5b 

OR 

Ph Ph 

Cal)2 TI 

OR OR 

if 

Ph  AT 

a a .0 0 

12 13 4 

4,1010-13 1 a b C d ’ S 

11 C6H5 C1I-0CH3Jp) C04-Dl3ip) C61$44Ip) CA-BrIpJ C5H4-NIpi 

1 1 m 

CH4404ii CR3 C2H5 C3117 CH i-CA t-C4H9 

Andererseits laBi sich in 9 das Broin glatt durch nukicophile Substitution mit Pheno 
ten (ba - g) in Anwesenheit von triethytarnin in MeLon austausehen, wobei zun*chst 
vermutlich wieder die EnOlate S gebildet werden, die erneut mit Kupfer(IT)-acetat in die 
enisprechenden Küpferchelate HaŠ g ubergefUhrt werden. Eventuell nicht umgesetz-
tes 9 stOrt hierbei nicht, da es selbst keinen Kupferkomplex bildet". Die Umsetzung 
von 9 mit Alkanolaten fUhrt offenbar schon deshaib nicht zuin Ziel, weil sie von den 
Spaitung des -Diketonsystems begleitet ist. So with bei den Umsetzung von 9 mit Na-
triummethanolat in Methanol Benzoesaure-methylester neben fi-Methoxyadetopheno  
(fib) erhaltcnM. 

Alte Kupferkoniptexe 11 a - in geben exakte Elementaranalysen. In den IR-Spektren 
(XBr} febli zunachst als Folge der Chelatisierung die CO-Absorption un Ublichen Be-

< 2O1V2A_J,. 
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reich, was für die Metallehelate von -Dicarbonyverbindungen charakteristisch ist18. 
Ł Innerhaib recht enger Orenzen zeigen alle CheSe intensive Absorptionsbanden bei 

1600– 10, 154$ – 15, 1500 – 10, 1450 – 15, 1335 – 20 und 1225 – 15 cm’, wobei 
die energiereichste Schwingung den Phenyiresten z, ukommen soilte, Starke Absorptjo. 

Ł tien in 1500-ctn-Bereich treten auth bei andereq MetaUkomplexen von 3-Diketonen 
auf’9’2°.  

Die 70-eV-Massenspektren von 11* - m zeigen 
mit Ausnahme von 11 in - bei venninderter Ele] 
forderte IsotopenverhAitnis. In alien Massens 
[(M-Cu)/2) + 1 ant, das dem Molpeak der re1e 
dieser Beobaclitung ausgehend wird verstandlic 
rungsmuster von dem der Eno!e nicht mehr unte 

Enole 13aŠm 

ne Molpeaks, doch treten these - 
nenenergie auf und zeigen das ge-
tren trilt ein Fragment We = 
Len Enole 13* - in entspritht Von 
dafl sich das weitere Fragmentie-
ieidet (s. unten). 

Ms den Kupferchelaten haŠ in setzt man die Eio1e 139Š in mit halbkonzentrierter 
SchwefelsAure frei. C}enUgend schnelle Aufarbeitung bei Vermeidung alizu hoher Tent-
peraturen liefert these mit cinem dutch coulometri$he Bromtitratiozi erjnittelten Rein-
heitsgrad von 99.5%; sic steUen gelbe, kristaliin? Verbindungendar, die nach eini-
gem Stehen am tier Luft zerfliel3en. Das Enol 13* ist1lbercits bekanni, wurde abet mlsch-
licherweise als das tÆutomere J3-t)iketon 4a angesehen’4. 

Keto/Enol-Gleichgewichte o ffenkettiger j3-Dic2 sind tempera-
tur- und lOsungsmittelabhangig; hohe Temperature und po1are protischc Solventien 
begUnstigen die KetDform. tinter diesen Aspekten ’vird es verstandlich, dab die Enole 
13a-- in beim mehrstUndigen Erhitzcn in Methanol/?Wasser zu den 13-Diketonen 4a - m 
tautomerisieren. Letztere sind farbios und zeigen - ausgenommçm  4i - Where 
Sehmetzpunkte Ms die Enoitautomeren (s. Tabelle 4); die gelben Schmeizen enthalten 
vermuthcb wieder mehr oder minder groBe EnolantŁile (vgL auth Lit. 13)) 

Me Enole reagieren mit aquimolaren Mengen BrÔm im Einklang mit liner Konstitu-
lion zu den a-AryAlkyfloxy-a-brom4-diketoneni 12a -m, wobel die Reaktjon im 
Fafle von 13m allerdings nicht auf der Bromierungsstufe Jim stehen bleibt (s. unten). 

In den IR-Spektren (KBr) der Sromverbindungen12aŠI treten intensive Banden im 
C/O- und C/C-Doppelbindungsbereich auf 0715 – 5, 1680 – 107 1600 – S nüd 1585 
– 10 cm’). In den Massenspektren (70 eV) der Rrornverbiudungen 12 findet man 
ebenso wit bei den zuvor erwähnten Kupferkomp1een it - bis auf 12b - setbst bei 
verminderter giekironenenergie keine Moipeaks, wofur die leichte Bromabspaltung 
verantwortlich 1st; der weitere Fragmentierungsablauf gteicht dann wiSer den der Ke-
tone 4 bzw. der Enole 13 (s. unten). 

a ir-Hr 

+03300 
12mPh Ph -.e--] Ph Ph 

-tD,CBr -C1338 
3 0 Ł 0 0 

Zu erwahnen ist noch die ,,ungewOhnliche" Bromirung von 13 in, bei der primar zu-
nächst 12m entsteht. Dieses geht abet unrnittelbar uner der Abspaltung von tert-Butyl-

2V 
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bromid in Diphenyltriketon (14) Ober und addled daM noch das Solvens Methanol 
zurn Halbketal IS  Für die Richtigkeit der tiler gegebenen Interpretation dot Reaktion 
13m -# 14 &bt es Sen unabhangigen Hinweis; u-Diazo-f5-dicarboaylverbindungen 
reagieren mil :ert-Butylbypochlorit tinter Stickstoflabspattung und 0/Cl-insertion, 
wobei primar Zwischenprodukte des Typs 12m en-tstehen; these zcrfallen spontan in 
:ert-Butylchloæd und vicinale Tricarbonyiverbindungen2". Das ’H-NMR-Spektrum 
(CDCI3) von 15 zeigt die crwarteienSignale (s. Experimenteiler Teil, naàh  vier StuAden 
bat sich abet tin Gteichgewicht mit dem gelben 14 und Methanol (8 = 3.43, QCH3) em-. 
gesteilt (ca. .2: 1). Ł . . 

Spekiren der Tautomeren 4 und 13 .. 

Die Enole 13a- m zeigen mi IR-Spektrum (KBr) elite breite, mehrfach aüfgŁspaltene 
AbOrption, wobei die Banden bei 1605 – 5, 1305 t 10 und 1175 – 15 cm boson-
ders deutlich hervortreter (s. Tabelle 9; zusätzliche Absorptionen (1495-1510 sowie 
1215- 1245 cm 7’) treten nut bei den Aryloxyderivaten 13* - g auf. Dali in den chetati-
sierten Enolen cis-konligurierter fl-Diketone aufgrund tines weilgehenden Bindungs-
ausgleichs sowie dot Wasserstofibrucke keine Carbonylfrequcnz. im Ublichen Bereich 
und auch keine deutlich sichtbare OH-Absorption in den IR-Spektren (KBr) erseheint, 
1st bekannt22; ebenso kennt man das Auftreten-starker Absorptionen irn 1600-cm-
Bereich, die einer stark abgØschwachten CO-Frequenz –ugcschrieben wird,,U). 

Im Gegensatz hierzu findet man bet den isomeren frDiketonen 4*-, in die typische, 
aufespattene Carbonylabsorption (1705 – 5 sowie 1685 – 10 cm- 1)25.26) neben weite-
ten in Tabelle I aufgefUhrten Absorptionsbanden. Die Frequenzaufspaltung resultiert 
offenbar mis der mechanisehen Kopplung der bØiden CO-Gruppen mid nicht aus dem 

Ł Vorkegen von Rotationsisomerºn27, . * 
Beweisend flit die Konstitution dot Enoichelate in das in den 1H-NMR-Sektren 

Ł - (CDC13) von 13a- rn auftretende, tieffeldverschobene und konzentrationsunabhangige 
OK-Signal (8 = 1527-16.05; s. Tabelle I); relativ thin unsubstituierten Dibenzoyl-
methan-Enol 0 = 16.9) bedeutet dies tine Abschwthung der Wasserstoffbrucke in Ł den RO-subtituierten EnoIen29’30’, was vorrangig auf dent,- I-Effekt der Substituen--

Ł ten beruhen sollte Des gleicht Phänomen tritt atich’imSystem u-Methoxyacetylaceton. 
Ł (6 14.1)31VActylaceton(8 = 15.632 auf. Ł’ 

In den 1H-NMR-Spektren (CDCI3) dot j3-Diketone 4* - in tritt folgerithtig tin Me-
Ł thinproton auf (s. Tabelle 1), wobei theses in den aryloxysubstituierten Verbinduhgcn’’ 
4a- g bei deutlich ticlerem FeIdtiegt (8 6.32.- 6.60) als in den alkoxysubstituierten 
SysternØn 4W- an (S 6 5.65 -5.86). Es sci noch vcrmerkt, dali skh das Keto/Enol-
Oleichgewicht 4. n 13 so 1angam einstellt, dali bei der AufnÆhme dot}l ’-NMR-’ 
Spektren keine weebselseitigen Tautomerthanteile gefunden wurden. 

DieS Massenspektren (70 cv) Jet Enole 13a- iii SOWIC der -Diketone. 4* Tm zeigen 
- - frappierende Ahnlichkeit, was vermu-tlich entweder aid einseitiger oder auth auf gegen- - 

scitiger Isomerisierung unter dØr thcnnischen Belastung beruht. AuGer bei 13m und4m, 
findet man schwache Molj,eaks, die bei den Enolen 13 intensiver sind (5- 29%) als bei 

- den -DiketonisOmertn 4(1 -9016), - 

Ł Das MolekUlion zeigt elne RŁihe einfacher Bindungsbrfiche, die weitgehend substi-
Ł -Ł. tuentenunabhAnglg sind. Die Spaltung-ciner CIC-Bindung des 13-Dikótonsysterns selbst 

cXP f101#?2A_J_, 



Tabelle 1. Ut- und 1M-NMR-Daten tier Emote 13 aŠrn sowie der -Diketone 4 aŠrn 

En lb IR(KEr) fern - 3M-NMR(CDCL3; 

Keton 13 (Doppelblndungsbereich) 4 (Doppelbindungsbereich) 13 (ŠC 4(CO - CM) 

a 1600 1495 1315 1220 1110 1705/1695 1595/1570 1485 1450 16.05 6.41 
b 1610 1510 1315 1215 1190 170511695 1605/1590 1515 1455 15.93 6.32 

1600 1495 1305 1225 1180 1700/1685 160511590 1510 1450 15.98 6.39 
d 1600 1495 1305 1225 1180 1705/1690 1605/1590 1515 1460 16.00 6.37 

1600 1485 1295 1215 1160 1705/1690 1605/1590 1495 1460 15.97 6.39 
1 1610 1505 1315 1245 1115 1700/1685 1605/1590 1510 1455 15.97 6.53 
g 1600 1495 1315 1230 1175 1 1700/1685 160011585 1500 1455 15.98 6.60 
h 1603 1305 1175 1700/1675 1595/1580 1450 15.78 5.65 

1605 1310 1180 1710/1685 1605/1590 1560 15.78 5.71 

j 1605 1305 1180 1710/1685 160511590 1460 15.73 5.68 
k 1610 1305 1185 1705/1695 1605/1590 1460 15.70 5.67 
I 1600 1300 1175 1705/1695 1605/1590 1460 15.62 5.78 
In 1600 1300 1180 1705/1685 1600/1585 1455 15.27 5.56 

111 



Tabelle 2. Massttspektrometrische Fragmenticrung der EnOle 13a -m und der -Diketone 4a -m 

Fiagnicitte (nt/i: % relative 
IntqnilIar. in 

Klamnien die entsprethcndcn Nverte von 0Šrn) 

5nol C414,  0=C=CHŠCS0 Ph PhŠCOH 
PhcHC.0

 Ph Ph!hyiyPh rh..,slçFh  zmÔH - It’. - a-oil a -co 

32 69 - TV 
- tOS- 247 223 - 224 240.- M--133 M-239 R.+ 17 R425.. 

(33 10 (8) 49(49) 10(10) - - 6(5). (7) - 12(7) a) - 14 

13b 6(8) (8) 39(36) 10(9) (5) -- 5(27) (7) 32(9)Ł 6 15(7) 6 

13c 18 (33) 5(57) 52(73) 10(11) (32) (43) (37) -. 6 (4) 4(8) 18 - 

13d. 8(14) . 43(60) 10(10) - - 3(4) - 13 (5) 3(7) 6(4)-
4i13e

 Me 7(4) - 38(32) 10(9) (4) 5(3) - 

Of 13(8) 
- 

26 -- 48(42) 10(10) 14 23 - 16 4(5) 
-

:3. 
- 13g -7(5) . - - 43(35)- 9(9). - (3) 5(3) 

13k 10(5) - - - 42(34) - 10(9)  
IN. 9(6) 

- . 

39(36) 12(10) . - 3 
13J-- 12(7)- 

- - 

48(38) - -19(11) . . 5 - - -6(6) -. - 

13k . 32(28) 11(12). - .- . -. 5(3) 4(5) 

131 10(5) - -42(28) - 24(9) . 29(3) 
. 

5(5) 

13m -5(8) 28(32) 14(11) . 10(3) 
.: 

18(11) - 

Identischntii Ph I aus dci- Spaltung der Ph/CO-Bindung. - b) Identisch yftit dem Basjspeak P1ICO 

rz1 

N 
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Jiefert das Benzoylkation (mle = 105), das zugleich den Basispeak darsteilt; in dessen 
Gefolge treteæ die Fragmente We = 51 und 77 auf (s. Tabelle 2). Die Bildung des then-
falls durchgangig auftretenden Bruchstilcks We = 106 kOniite unmittelbar von den 
Enolen 133--rn ausgehen. Der RPeak tritt verstandlicherweise umso deutlicher her-
vat, je stabiler das betreffende carbeniumion 1st; an markantesten 1st er naturgemaA 
bei 13m bzw. 4m (s. Tabelle 2). Die vollige Abspaltung des RO-Restes gibt AnlaB zur 
Bildung von mie = 223; sie wird nur bei Aryloxysubstitution beobachtet. Im Faile von 
13b und c bzw. 4b mid c 1st sie von den Entstehen des Molekuuions von Dibenzoylme-
than (mie = 224) begleitet, das von den für dim Verbindung charakteristischen Frag-
mentionen We = 147 bzw. 69 begleitet wird3 (s. Tabelle 2). - Ferner treten in cmi-
gen Fallen (b, c und f) BruchstUcke der Massenzahlen ft + 11 sowic 240 (bet j - m) au!; 
sic sind mit Wasserstoffwanderungen verknOpft. Umlagerungen unter der Beteiligung 
von Kohlenwasserstoffresten sind fur das Auftieten der Fragmente M 133 sowic 
R + 28 verautwortlich, die beide nur bei Aryloxysubstitution von 13 und 4 auftreten 
(s. Tabelle 2) 

Dent Fonds tier Chernischen Industrie danken wir für finanzielle Untersttlizung; Frau M. Ale-
sier schulden wir Dank für die Durchftthrung der Elernentaranalysen, Herrn G. !faage für die 
Aufnahme der ’H.NMR- und MS-Spektren. 

Experimenteller Tell 

Die Schmelzpunkte wurden im Kupfcr-Hcizblock bestimmi mid sind unkorrigiert. - Die Ele-
mentaranalysen wurde nach dem Verfahren von Men und Pfab durchgefUhrt. - IR-SpekLren: 
GerM Beckman JR 20 A; 1H.NMR-Spektren: Geitti Varian NV 14 (Tetramethytsilan als macret 
Standard); Massenspektren: Gerat Varian MAT 311. - Dci alien Umsetzungen wurden wasser-
Irele LOsungsmittet eingesetzt. 

Versuche mit 2-thaw-I ,3.diphenylpropan4 ,3-dion (1) 
2-Methoxy-1,3-dipheflYIPrOPGfl-I,3-diOfl (4h) ma 1: Die Losung va 12.5 g I in 150 ml Metha-

nol wird nach Zusatz von 1 g Kupferpul vet mid 5 Tropfen loproz. Perchiorsaure I Ii tinter Rock-
(lull erhitzt (100019 Stickstoff). Nach Filtrieren wird bel 30°C i. yak. eingedainpft, der Rilekstand 
in 200 in] Ether gelost, zweimai mit je 50 ml Wasser gewaschen mid Ober Natriumsuifat getrock-
net. Nach erneutem Eindamplen, Aufnehmen des zurUckbieibenden Oles in wenig Methaiiol und 
Kiffilen auf Trockeneis erhMt man 5.3 g (42011j) farbioSes 4h vom Schmp. 17°C (ats Methanol) 
(Lit. 14); 77-78 °Q. - Anatytisehe mid spektroskopische Daten s. Tabelten I, 2 und 4. 

2.Oxo2,3diphenyIptopansaUre-methYfS1et 0$: 10.0 g in 500 ml Methanovschwefel-
säure 2: I werden 40 It bei Raurntemp. gerUhrt, mit 21 Wasser verdUnnt und zweimal mit je 500 ml 
Ether ausgeschUttett. Nach Trocknen Ober Natriumsuifat mid Eindampfen i. Vat wird der Olige 
RUckstand in senig Methanol gelost und bei - 20°C gekuhlt, wobei man 4.0 g (3907o) farbloses 
5* vom Schmp. 73-74°C (aus Methanol) erhait (Lit. 35): 74-75°C). - IR (KBr): 1679, 1748 
cm’ (CO), - tI-1-NMR (CDC13): 8 = 3.72 is, 0043), 5.63 (s, fen -CE!). - Erhitzen von 59 in 
ha]bkonzentrierter SaIzsure (6 h) Helen Desoxybenzoin vom Schmp. 55°C (Lit. 36): 55-56 °Q.  
1R-Vergleith mit authentlscher Probe. 

2-Oxo-2,3-dipheny!prOpaflSaUr&PheflYkSle’ (S b): Zu 150 ml Phenol gibt man 12.5 g sowic 
1.0 g Kupierpulver mid erhitzt 30 min auf 90-100°C (100% StickstolO. Man filtriert hem und 

tel 
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destilliert das uberschUssige Phenol bel 85°C/12  Toir ab, wobel 12.2 g (77%) farbloses Sb vom . 
Sehinp. 121’C (aus Methanol) zuruckbleiben. - IR(KBr): 1615, 1772 cm (CO). - 1WNMk 
(CDCI3): & 5.85 (s,Łtert-CH). - Die satire Hydrolyse geniM3 der von Sa liefert ebentalls Des- .1 

oxybeazoin. . 

Kupterc}telate Its-rn 

2Brom.1,3.dipheIIy1PrOPQfl-1,3-d10fl (9): Die 40-45°C  warme Losung von 56.1 3(0.25 mol) 
1,3.Diphenylpropafl-1.3-4i0U mid 25.3 g (0.25 mot) Triethylamin in 800 ml Methanol lath man : 
tinter Ruliren tu der Losung von 40.08(0.25 mot) Brom mid 51.7 g (0.3 mol) 47proz. Bromwas-
serstolfsAure in 200 ml Methanol fliefleri. Die last farbiose LOsung.wirdmit 11 Wisser verditnut 
mid das gusgesehiedene 9 obrie Trocknen aus 500 ml Methanol urnkristallisiert. Kuhlenauf 0°C  
liefert 65,1 & (86%) farblose Kristalle vom Schmp. 92°C  (Lit. 16). 92-93°C).  

Ł w-.4!koxyacetophenone Lh - m: Die Synthese von 6h, I, I und mist in Lit. 15) beschrieben. 

Ł w-PropoxyEcetophenon (6j): Die LOsung von 146.2 g (1.0 molw-Diazoacetophenon Thin 1.5 1 
Propylalkohol.wicd mit 0:2 g Kttpfer(H)-acetylacetonat tinter Rithren im Wasserbad erwärmt. Bel 

Ł 50- 60°C kommt es itt heftiger Stickstoffentwieklung, nach deren Beendigung noch 2 h unter 
RuikfIuJ5 erhitti wird. Nach Rindampien i. Yak. wird der dunkelbraunc Ruckstand fraktionie-
rend destilliert. Ausb. 74.1 g(42%) fast farbloses6j vom Sdp. 67-69 °C/0.04  Tort. - IR(Film): I 

Ł 1710 cnr’ (CO)..- ’U.NMR(CDCI3): 8 = 4.68(s, CO-CH2). 
Ł C11H1402 (278.2) Bet. C 74.13 1-I 7.92 Oct. C 742 H 7.78 

oj.Butoxyacetophenon (6k): Aus 146.28(1.0 mol) o.DiazoacetophcnonTh, 1.51 Butylalkohol 
.mid 0.2 g IcupferQl)-acetylacetonat erhalt man geniall voranstebender Vorschrift 102.3 g (53%) 
fast larbloses 6k vom Sdp. 100°C/0.007  Tort. - JR. (KBr): 1710 cmt (CO). - 1H-NMJt 
(C003): 8 = 4.67 (a, CO-CR2). 

C12H1602 (192.3) 8cr. C 74.97 -.H 8.39 Oct C 75.0 H 8.12 

KI4pferche!ate lib - in durch KondensQtion, - Aligemeine Vorschrifl: Zü der Suspension aus 
2.2 g ciner SSproz. NatriumhydridpastŁ (50 mmol) in 50 ml Ether tropft man tinter Stickstoff mid 
bei RiThren 25 mmol Acetophenon 6h -I in 100 ml Ether innerhalb von 30 mm. Zn dent Reak-
tionsgemisth tropft man anschlieOend 5.0 g (25 mmol) Benzoesaure-phenylestØ00 in 50m1 Ether 
liii Laufe von 60 min und erhit2t dann S Ii unter RtIckfluU. Im Falle von Urn werden Benzoe-
saure-phenylester mid 6m in 150 ml ether zusammen zur Natriumhydridsuspension getropit mid 
60 It WI Rautntemp. ierUhrt. Man giefli auliflO nil Eis/Wasser, schtlttelt die Etherphase zweimal 
mit je 50 ml Wasscr aus mid tropft die vereinigten waBrigen Phasen tinter Rühren itt ciner heiBen 
Kupter(1l)-acctat-LOsung 10.68(10 mmol) Eises4g und 0.8 &(10 mmol) Natriumacetat in 100 ml 
Wasser werden mit 4.5 g (25 mmol) Kupfer(1l)-acçtat  versetzt, kurz aunt Sieden erhitzt timid 
flltriertj. Die olivgrttncn Kuplerebelate ill, - in werden abgesaugt, raft .vie[ heiflem Wasser gewa-
when und lit Luftstrom getroàknet. Ausbeuten, Zersetzuugspunkte ad analytisehe Daten in 
TabeIlC 3. . ŁŁ 

Kupferchelate 11 a- g dutch nukitophile Substitution. - A ilgemeine Vorschr(f(: Die Losung 
von 6.1 g (20 mmol) .9, 4.2 g (42 mmol) Trietltylarnin mid 21 mmol Phenol 10 In 30 ml Aceton 
wird kräftig gerührt, wobel Cs nach wenigen Minuten. zur Abscheidung von Triethylammonium-
bromid kommi. Man erhitzt 90 min unter RilckfluuI, verduænt nach Abkuhlen mit 100 ml Metha-
no), wobel sich das SaIz aufiOst urn! Ittgt 1.8 g (10 mmol) Kupfer(lfl-acetat in 50, ml Methanol au. 
Die ojiugrunen KupferchelatC 111- g werden abgcsaugt, zweimal mit je 100 ml Methanol ausge-
kochi und bti 40°C/0.1  Tort getrocknet. - Ausbeuten, Zersetiungspunkte mind analytische Da-
ten in Tabelte 3. 
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Tabelle 3. Anaiytische Daten tier Kupferchclate ha-rn 

11 .1,3.propandionatolkupfcr(IL) Ausb.[°CJ 
Summenformel Analyse 

a Bis[2-phenoxy-1,3-diphenyl- 74 220 CH06Cu Her. 72.66 4.36 
(694.2) Gel. 72.5 4.39 

b Bi5124p.mcthoxyphefloxY).1,3- 64 200 CH3401Cu Bet. 70.06 4.54 
diphenyl. (754.3) Get. 70.0 4.51 

e Bi512.(pmethylphenoxy)-1.3- 67 220 C441-13406Cu Her. 73.17 4.74 
diphenyl- (722.3) Gel. 72.9 4,74 

4 Bus(2-(p.tluorphenoxy)-J,3- 66 230 C42HF2O6Cu Her. 69.08 3.86 
diphenyl- (730.2) Get. 68.9 3.92 

C Bis[2-(p.Bromphenoxy)-1,3- 73 230 CH28BrO6Cu Bet. 59.21 3.31 
diphenyl- . (852.1) Get, $9.0 3.38 

I Bis(2(p-Cyanphenoxy)-1,3- 74 240 CHN205Cu Bar. 71.01 3.79bJ 
diphenyl- (744,3) Gel. 71.3 3.87 

g Bis2-(p-nitrophenoxy)-1,3- 77 210 C42HN2010Cu Bet. 64.33 3.600 
diphenyl- (784.2) Get. 64.1 3.65 

h Bis(2-methoxy-1,3-diphenyl’ 53 200 C32H26O6Cu Bet 67.42 4.61) 
(570.1) Ccl. 67.6 4.56 

Bis(2-ethoxy-I,3-dipbenyl- 50 200 CH,0O6Cu Br. 68.27 5.06 
(598.2) . Ccl. 68.3 5.11 

1 Bisfl,3-diphenylr2-propoxy- 42 190 C361-13406Cu Bar. 69.05 5.47 
(626.2) Gel. 68.9 . 5.36 

k Bis[2-butoxy-1,3-diphenyl- 41 180 C38H3806Cu Bar. 69.76 5.85 
(654.3) . Get. 69.5. 5.81 

I 8is2-isopropoxy-1,3-. 45 190 C5H3406Cu Bar. 69.05 5.47 
diphenyl . (626.2) Oct. 69.0 5.53 

n Bisj2-(tefl-butoxy)-1,3- 46 190 C883306Cu 8cr, 69.76 5.85 
diphenyl . (654.3) Oct 69.9 5.78 

Ł) Genauc Angaben sind uicht moglich, da skh die Verbindungen Ober cinen grol3eren Tempera-
turbereich nut Iangsam zcrsetzen. - b) Her. N 3.76, get. N 3.6. - , Bet. N 3,57, gel. N 3.5, 

Enole 13a -m 

Enole 13a - in dutch Zerseizung der Xupferchela(e 11 a - M. - .4 (Igemeine Vorschr(ft: Div. 
Suspension von 1.0g 11 a-rn in 100 ml Ether wird im ScheidEtrichtŁr mit 50 ml eiskaltgr 50proz. 
.Schwetelskure ugtcrschithtet und krAltig geschUtteit. Die wa8rige Phase wird abgetrennt, mit 
100 ml Ether gewasehen, end die vereInigten Etherphasen warden ilber Natriumsulfat getrocknet. 
E,nfernen des LOsungsmiuels bei 25°C/12 Tort, LOscn des Jtuckstandes in 5 -to ml Methanol 
und Kuhien un Trockeneis/Methanol-Bad liefert die Enole 13a-rn Ms gclbc Kristaile. Die 
a.alkoxysubstituieflcn Enole 13k - in zeigen nach noebmaliger Rekristallisation aus Methanol ei-
nen teistheitagrad von mindestens 99.54 39). Die u.aryloxysubstituierten Enole iSa - g warden 
folgenderinal3en weitergercinigt: Man nimmt das Rohprodukt in 50 All 0.1 N Kaliwnhydroxid au!, 
(iltriert, giel$t die alkalische LOsung enter kraftigcm Rtlhren auf 500 ml 0.1 N SchweIelsaure und 
extrahiert die Emulsion mit 100 ml Ether,.Nach Trocknen tibet Natriumsulfat, Eindainpfen and 
Umkristallisieren aus S nit Methanol warden die Enole 139-g mit einem Reinheit.sgrad you miii-
destens 99.8%) erhalten. - Ausbeuten, Schmelzpunkte end analytisehe Daten in Tabelte 4. 

isomerisierung der Enole 13a- in a’ den fi-Diketonen 4a - in. - Allgemeine Vorschrifl: 1.0 g 
Enol iSa- in in 50 ml MethanolJWasser 1:1 wird 5  unter RuciclluQ erhitzt, nach AbkUhlcn mit 
500 ml Wasser verset.zt und mit 200 TO Ether extrahiert. Die waGrige Phase wird nochmals mit 



I.  
- - Tabetle 4. Anaiytischc Dawn der Enote 13*-tn und der frDiketone 4*-rn - 

-1.propen-2-on(13) % - - Schznp. Summenformel Analyse 
-propan-1,3-dion (4) Ausb. t°Cj  (Molmasse) C H 

-. -- - - Her. 79.73 5.10 
- 1-Hydroxy-2-phenoxy-1,3-diphenyl-(139) 13*: 70 13*:. 9810O Gel. 13*: 79.8 5.13 

2-Phenoxy-1.3-diphenyl- (4*) - - 4*: 50 --4*: 123 (316.4) Gel. 4*: 79.8- 5.07 
1-1-lydroxy-2-(p-methoxyphenoxy)- - - Ber. 76.24 5.24 

1,3-diphenyl--(13b) - - 13k: 61 13b: 89-90 - - CH1804 Gef., 13b: 76.3 5.19 
2-(p-Methoxyphenoxy$1,3-diphenyl- (4b) 4b: 49 4b: 123 (346.4) Get. 4b: 76.4 5.21 

Ł
 

1-Hydroxy-2.(p-methylphenoxy)- - - - Ber, - 79.98 5.49 
1,3-diphenyl- (13c) 13c: 55 Dc: 84-85 CH103 - Gel. lit: 79.8 5.45 

2-(p-Methylpbenoxy)-1,3-diphenyl- (4c) . - 4c: 43 - - 4c: 107 (330.4) Gel. 4c: 79.7 5.48 
1-Hydroxy-2-(p-fluorphenoxy)- - - Her. 75.44 4.52 

I,3-diphenyl-(13D 13d: 67 13d: 109-110 C21H15F0 Gel. 13 d: 75.5 4.57 
2-(p.Fluor-phenvxy)-.1,3-diphenyl- (44) 44: 45 - 4d: 112 (334.4) Gel. 4d: 75.6 4.58 

Ł 2-(p.Bromphcnory)-1-hydroxy-1,3- - - - - - Her. -63.81 3.83 
diphenyl- (lie) - 13e: 53 13c: 122-123 C21H15Br03 Gel. Ut: 63.8 3.81 

2.(p-Broinphenoxy).l,3-diphenyl. (4e) 4e: 47 4e: 138 (395.3) Gel. 4e: 63.7 3.86 
2(p-Cyanpheitoxy)-1-hydroxy- - Ber. 77.41 4.43W 

1,3-diphenyl- (131) - 131: 56 13?: 108-109 C H 5NO3 Gef, 131: 77.5 4.47 
2-(p-1,3-diphenyl.(41) 41: 59 41: 127 134.4) - Gel. 41: - 77.4 4.48 
1.Hythoxy-24p-iitrophenoxy).- . - . - Ber. 69.80 4.18 

1,3.diphenyl. (Jig) - 13g: 50 t3g: 
- - 

124 C21H25N05 Gel. 13g: 69.6 4.21 
2.(p-Nitrophenoxy)-1,3-diphenyl- (4g) - 4g: 57 4g: 133 (361.4) 

- Gel; 4g: 70.1 4.16 
1-Hydroxy-2-rnethoxy-I,3-di. Her. 75.58 5.55 

phenyl- (lfl) - 13h: 50 23k: 61-63 C16H,403 Gef. 13h; 75.4 5.52 
2-Methozy-1,3.dipbenyl- (4b) - 4h: 59 4h: 77d) (254.3) Gel. 4k: 75.4 5.51 

--I 



S 

2. 

Tabelle 4 (Foraetzung) 
. £ 

-1-propen-2-on (13) % Schmp. $ummenformel Analyse 
-propan-1 ,3-dion (4) Ausb. [°CJ (Molmasse) C H 

c. 
’C 

2-Ethoxy-1-hydroxy-1,3-diphenyl- Ber. 76.10 6.02 
(131) 131: 54 131: 57-59 C17141603 Get. - IN: 76.1 6.05 

2-Ethoxy-1,3-dphenyL- i) 41: 37 41: 57 (268,3) Gef. 41: 76.3 6.00 
a 

1-Hydroxy-1 ,3.diphenyl-2- Bet. 76.57 6.43 
propoxy- (13$)- 13j: SO 131: 55-56 Ci3H,O3 Gel- 13j: 76.5 6.36 

1,3.thphenyt-2-propoxy- (4$) 4$: 53 4j: 60 (282.3) Get. 4$: 76.7 6.45 
2-Butoxy-1-hydroxy-1.3-di- Ber. 77.00 6.80 g 

phenyl- (13k) 13k: 64 13k: 48-49 C191103 Gef. 13 k: 76.9 6.74 
2-Rutoxy-1,3-diphenyl- (4k) 4k: 44 4k: 72 (296.4) Gel. 4k: 77.1 6.84 
1-Hydroxy-2.isopropoxy-1,3-di- - Ber. 76.57 6.43 

phenyl- (131) 131: 78 131: 65-66 cj HIS03 Gel. 131: 76.5 6.41 
2-Isopropoxy-I,3-dipbenyl- (41) 41: 37 41: 78 (282.3) Gel. 41: 76.7 6.45 
2-(tert-Butoxy)-1-hydroxy.1,3-di- Bet. 77.00 6.80 

phenyD- (13m) Urn: 70 13m: 88-89 C19HQ3 Gel. 13m: 77.1 6.79 
2-(1en-Butoxy)-1,3-dipheny1- (din) 4m: 57 4,w 112 (296.4) Gel. 4m: 76.7 6.78 

&)j  Lit. 14) fMlschiichcrweise (0r4aangegeben. - b) Ber. N4.t0,.gef. 131:4.0, gel. 41: 4.1. - q Ber. N3.88, gel. 13g: 3.9, gef. 4g:4.0. - d) Lit. 14): 
77_78dC 



1184 M. RegUz und A. &hàfer  

50Łrnl Ether ausgesehUttelt. Die vereinigten Etherextraktc werden Uber Natdumsalfat gecrocknet, 
eingedanipft und aus 5- 10 ml Methanol umkristallisiert - ggf. unter Zusatz von Aktivkohle -, 
wobei man die farbiosen 0-Diketone 4*-rn erhalt. - Ausbeuten, Schmelzpunkte und analyti-
ache Dater’ in Tabelle 4. 

a.Brom-fi-diketone 42* -1. - Ailgemeine Vorsehrif(: bit Losung von 5 mmol Enol 13 a-i in 
10 ml warmem Methanol wird mit 0.8 g (5 mmol) Brom in 10 ml Methanol versetzt, wobeles zu 
raseher Entfarbung kommi. Eindampfen bei 30°C/12 Torr, Aufnehmen des Ruckstandes in 
100 ml Wasser, Ausichütteln mit 50 ml Ether, Trocknen fiber Natriumsulfat and Entfernen des 
LOsungsmitlels i. Vat liefert die farbiosen u.Biom-P-diketone 12* - I, die noch aus Methanol 
umkristallisiert werden. - Ausbeuten, Schmelzpunkie mid analytische Daten in Tabelle5, 

Tabelle S. Analytische Datcu der a-Brorn-fl-diketone 12a -t 

12 -propan-1,3-dion V. Schmp. Summenlormel Analyse 
Ausb, .j°q (Molmasse) . C . N 

a2-Brom-2-phenoxy-1,3- .69 101 C21H1530, Ber. 63.81 3.83 
diphenyl- (395.3) - Gel. 63.4 3.79 

Ii 2.Brom-2-(p-methoxyphenoxy)- 68 91 C22H,78r04 Bet. 62.13 4.03 
1,3-diphenyl- (425.3) Gel. 62.1 3.97 

c 2.Brom-2-(p-methylphenOxY)- 71 107 C22H17BrO3 Bet. 64.36 4.19 
1,3-diphenyl- . - (409.3) Gel. 64.3 1 4.17 

d 2-Brom-2(p-Iluorphenoxy)- 82 . 110 C21H14BrFO3 Bet. 61.04 3.41 
- 1,3-diphenyl- (413.3) Gel. 61.1 3.40 

e 2-Brom2-(p-bromphenoxy)- 67 106 C2gHt4Br2O3 Bet. 53.20 2.98 
1,3-diphenyl- (474.2) Gel. 53.3 2.96 

f 2.Bmm-24cyanphefloxy)- 73 128 CH14BrNO3 Bet. 62.88 3.36) 
1,3-diphenyl- - (420.3) Gel. 63.1 3.36 

g 2.Brom-2-(p-nitrophenoxy)- 72 144 qIHj4BrNO5 Bcr. 57.29 3.21 b) 
4,3-diphenyl- (440.3) Gel. 57.5 3.23 

h 2-Broni-2-methoxy-1,3- - 69 79 C16H3BrO3 3cr. 57.6* 3.93 
dijhcnyt (333.2) Gel’. 57.7 3.89 

I 2-Broin-2-ethoxy-1,3- 52 85 C7I315BrO3 Bet. 58.81 4.35 
diphenyl- (347.2) - Gel. 58.8 4.43 

J 2-Brom-1,3-diphenyl-2. 44 72 C18H178r03 Bet. 59.85 4.74 
propoxy- . (361.2) Gel. 60.0 4.72 

Ic 2-Brom-2-buroxy-3,3- 80 86 C19H19BrO3 Bet. 60.81 5.10 
Ł 

diphenyl- . (375.3) Gel. 60.8. 5.17 
I. 2-Brom-2-isopropoxy-1 ,3- 81 90 C13H17BrO3 Bet. 59.85 4.74 

diphenyl- . (361.2) 
. Ccl. 60.3 4.83 

a) Bet. N 3.33, gef. N 3.4. - b) Her. N 3.18, ger. N 3.2. 

2-Hyd,oxy..2.methoxy-1,3-dipheny!PrOpan-I,3-diOn (15): Bromiert man 1.5 g (5 mmol) Urn 
mit 0.8g (5 mmol) Diem gemaS voranstehender ailgemeiner Vorschrifl und arbeitet enisprechend 
auf, so erhalt man aus der Methanol-Losung nach mehrtagigem Kilhlen bei - 20°C 1.0 g (75%) 
farbioscs is vom Zen.-P. 103-104°C (aus Methanol) [Lit. 40); 96°CJ. - 1R (KBr); 1690 (CO), 
3420 cm ’(OH). - ’H-NMR (CDCI3, friscb bereitete Lôsung):  8 = 3.32 (s, OCH3), 5.93 (a, 
OH, verschwindct beim Dcuterieren mit 020). 
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(Cosnaunoti isoti n.e Dnnnan or Czsr*r, Dan Unnzsrwj 

Axylationa of Certain a-Aikory and a-Aryloxy Ketones and Esters’ 

By Jaw Mvxcx.?trnsant AND CzAnus xi. Rausga 

Although many acylatlons of ketones’ and es-
ters’ have been described in the literature, Se-
tivel3r few successful acylatlons of a.alkoxy and 
a-aryioxy ketones and esters have been reported 
previously. The present paper describes some 
new contributions to this field. Various condens-

telatlons of a-Alkàf  and a-kyforg Ks-
tones.ŠApparently the only acylations of this 
type effected previously are those reported by 
MaBdu and Robinson’ who acylated m.xnethoxy 
and a-4411methnxyacetophenone with ethyl for. 
mate using sodium ethoiide. The copper salts 
of the resulting ft.ketosldehydes (named as cools) 
were obtained lb yields of 16 and 81%, rupee. 
tively.’ 

We have found that, in contrast to acetophe-
none, u.methoxyacetapbenone falls to be acylated 
with ethyl acetate, ethyl proplonate, or ethyl 
benzoate, and a.phenoxyacetopb atone falls to be 
acylated with ethyl acetate, enipl9ing sodium 
amide under the usual conditions. Similarly 
a-metbo*yacetophenone jails to be acylated with 
ethyl acetate employing potassium triphenyl-
metlddi In refluxing ether. In tack of these 
cases, the snethoxy or phenoxy ketone was largely 
tecovered. However, both of tbese ketones may 
be acylated with phenyl benzoate or phenyl pro

 
-

pinnate by means of sodium amide. The ben-
zoylatlons of a.methoxyscetophenone and a-

(1) Pap., XLIe. "Osedeatte&’i P&PW XL. Tan JODaMaL. 
U. 5*0(594Th M On law 04 abnan ku lbs D4pe.t.5 of Orpaf. ChasM. 
try. The Tneal urnerrnt, . of De fl. 40"N  NZ Oop.n. 

Asne out En.-. Tin 
(2540; t.) Saner sad Ada IHA. U, 545 (1aM); (4) Mama ead 
H*, a, W. 554  

(4) See tereekib Han., ’ad seem "Crs.k netins" 
Raw Ads IdItat.Ctl.f. Jt Wl1e7 tad 5n twa., He,, York, It. V. VOL I, PP. SM-5fl. 
(0 M.lkIe ted Ribl.ioa, J. CAn. Sn., U?, 1390 (5951). 
(0 We have reaM isle east wIth a.na---5 -a.. bet 

IS 74rS S tk. fret ttat2d.bde n. e.I*S%; mcetdth.ssth. 
on heto.. .54 na.u.d, It th.of4 be painted eat that this ro-
sin was 0940d .09 at 0’ aM oat. wha ..ttaapto we. made to 
aint the tera.tI.IM, of the eadias de4,atIn of ..sethnyaoete-
PI, un. (pnpmnd with mdAs tsar or potatwa tdpkn$. 
.ethlde) lartain dtha,oatr the mnMn kete4e was retovend. 

(7) Lee., Seaspita aM Hitat, Twa Jeqasaj,. a 1550 
(3044. 

phenoxyacetophenone have been effected in 
yields of 26 and 59%, respectively. 

c.u,cooca, + C4U&OCHsCGCqHs 
NaNR5 

C,a,cocucoca + C,w0B 

The beuzoylation of a-methoxyacetopbenone has 
also been effected with beuzoyl chloride but the 
yield was only 11%. The propionylatlons of a-
inethoxyacetophenone and a-plicnoqacetophe-
none have been effected In yields of 26 and 50%, 
respectively; however, the latter yield is only for 
the copper salt. 
ca.cooca. + cu,00n.coca, NaNBP. 

C,K.COCB coca. + ca,o 

Since some stating materials were recovered In 
these Cases, the yields of acyladon products could 
probably be Improved. 

The acylatlon of a-me thoxyacetophenone with 
acetic anhydride has been eilected n 10% yield 
by means of boron trifluoride. 

Acylatlons of e-Alkoxy and a-Aryloxy Esters. 
Š’me self-condensation of ethyl ethoxyacetate 
was first reported by Conrad’ who used sodium, 
but no yield was given. Similarly, Pntt and 

and ethyl metboxyacetate in yields of 40-50% 

M

ng sodium. battens and Meyer* reported a 
75% yield in the self-condensation of ethyl etboxy-
acetate using sodium ethoxide. We have self-
condensed isopropyl ethoxyacetate in 69% yield 
using potassium trlpbenylmethide and in 85% 
yield using sodium ainide 

2 c,R,ocl4cOocE(CB,)i KC(CeHoe 
orNaNHi 

c,N,OCM,cOCHcOOcB(CH.h + (CHe)tCNOH 

The lower$eld with the sodium amlde may be 
accounted for on the basis that this reagent reacts 

(5) Coend.Jn.,i1.55(I575). 
(9) Pntt end aJ.._t 1. CM.. $’s. 16$ (ifS). 
(*0) barnes ad M. Cnpjl. rut, £15, 475 (lOSS). 
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not only with the a-bydroçen  of the ester leading bromide, but the pure products were not 
to condensation but also with the carbonyl carbon Apparently an alkoxy ester has not 

v 

which iss isolated from the reaction mixture in 
35% yield. Since sodium ankle self-condenses iso-
propyl acetate in better yield (bl%)" and appar-
ently produces little if any aeetamide,’t the substi-
tution of an a-hydrogen of this ester by the ethox 
group evidently activates the carbonyl carbon 
relative to the a-hydrogen toward sodium amide.’ 

The self-condensation of ethyl a-cthoxvjro-
pinnate could not be effected satistactorily. With 
potassium triphenyimethide or sodium hydride 
only a small amount of product was obtained 
even though the ester anion appeared to be 
formeI readily"’ With di-isopropylaminotnagne-
shim bromide a product was obtained but it was 
apparently contaminated with some of the di-
isopropyl amide, giving a positive test for nitro-
gen. Since di-isopropylaminomagnesinm bro-
mide self-condenses ethyl n-butyrate and ethyl 
isobutyrate to form a nitrogen free 8-ketoester," 
the formation of some amide with the ethyl a-

te lends further support to the 
view expressed above, that the crethoxy group 
activates the carbonyl carbon TeltuVely more 
than the it-hydrogen. 

Ethyl pheizoxyacetate was fret self-condensed 
by Johnson and Hill" using sodium; the yield of 
the sodium derivative of the $-ketoester was 
good, but the free Ø-lcetoester was not isolated. 
We have similarly obtained a good yield (76%) 
of the sodium derivative of the fl4cetoester using 
di-isopropylatinmagnesium bromide. We also 
self-condensed methyl 2,4..diehlorophenozyace. 
tate; the free Ø-ketoester was obtained in a 65% 
yield 
2tlgC4UsOH1C00Ol6 

t4C4U,0CR.00CB000CH, + ((CU.)jCEl,M + 

Mg(OCBj)Br 

Ethyl a-phennxypropionate and ethyl a-(2,4-di-
thPP1ZLth apparently atM-con-
densed in the presence of di-isopropylmagnesium 

(11) S.na. bites and Us..,., Tan J.vnm, Its, 12* (1541), 
(U Busn.Lal..apdLb1fl.4b4’,is,fl(1I45G, 
(1s) Ybsi Ok aflcayl nabas Is .Cdnkd by the sth@aypnp 

toward a bade taka Is Indicated by the S (lass le"’Itar n sO 
tibUas b.ydnlyfls of i.dkyl eibornefl.t, that adhyl senate. 
an thmasit, P5n1 organic Cb.abtsy;’ MeGarHhll Pooh 
Co., flew York. N. V., twO, P.S It 
(IC In .vseat with this6 as attempt to axboan. Isowop$ 

tttbOnUS*. Skit (SIStRtSt with sodluc. ends 1t116; Š 
tbny.atsmàd.  (a. p. fl-fl’) was lmIstc4 in 70% Š. Cad.. 
Salkm oq.dftloas isopnp$ sewing u.n (be cStbnstho. prodiol 
(MY.) sad appareotly soot of the ’aide. U 

(ii) With potuSa Spbmaylaetijda, Ohs cola. of as cagot 
was aebsst laatdktaiy, we pit. 1. With pedkm hl’dslds the 
akidatadeatest of burette was noMd whoa iIirSettswooMr 
of this rtsat sod the setti wne reduced In p-heal sth.. (b. p. 
1401 Se. Sepia. and H.o.n. Tat. Joosnt, U, 2541 (194*). 

(14) Usuaw sad FroatLck, awsbUseS s,or (roe this laWn-
ton. 

(U) Jabsas and Kill, An. C&,p. .1., 4*, 295 (1*I3) It 
U, 1030 (15111 

tempt to acylate isopropyl ethoxyacetate with 
phenyl beazoate using sodium snide" or potas-
luin trlpbenyhnethide’ we have obtained the 
self-condensation product of the etboxyacetate 
(35%) even though the addition of the ethoxy-
acetate to the reagent was followed immediately 
by the addition of the phenyl beuzoate)’ Since 
iso’propyl acetate has been bensoylated with 
phenyl benzaatt by means of sodium amids under 
similar condition" either the anion of isopropyl 
ethoxyacetate is acylated more slowly by phenyl 
benzoate than the anion of isopropyl acetate or, 
more likely, isopropyl ethoxyacetate undergoes 
self-condensation more rapidly than isopropyl 
acetate. This again is an indication of the above-
mentioned effect of the ethoxy group. 

However, we have succeeded In acylat.ing  ethyl 
a-ethoxypropioxlate with isobutyryl chloride using 
potassium triphenylmethide. The yield was only 
15% but it could probably be improved 

ICC(C.H.). (cH,)&CBcOel 4- COCII000C,H. p 
CH. 

(Cli).cECoCOoCa. + MCI 

Koelsch and Whitney" have acylated ethyl 
phenoxyacetate with ethyl oxalate and ethyl 
formate using sodium etboxide. We have ben-
zoylsted ethyl a-phenexypropionate with phenyl 
benzoate using sodium ankle but, rather star. 
prisingly, the o_= (13%) instead of the 3-
ketoester was obtained. Most of the ethyl a-
phenoxypropionate was recovered. 

Arknowladgsnent.ŠOne of the authors (5. Munch-Petersen) wants to express his gratitude 
to The Academy of Technical Sciences, Den-
mark, Laurits Andenens Fond Otto Monsteds 
Fond, The AlneTican-Danish ioundation and 
the Duke University Research Council for 
financial support, without which his participa-
tion in this work would have been Impossible. 

Experlmente 
a-Methocyaeetophenate" and a-çbenoxyaeetcpkn-

preparedas descried In the btsttture. 
(15) to tbuo sipsetatats Iwflopy$ basoots is. Obtained I. 

,kld. S 57 and 50%, respaalnxy. This US WS5 Idethiwi by Its 
holing po(ntssd bfbydrolythtu b,s.ole sold sad l.onoppl skokol. 
Is the upoSasat with .odka sSd. a *5% ytsId of sthuyaat-
iSo. (a. p. 9) ws. obtained. The hsovnpyl btt,ati was 
toes, by r.BdOU .1 the ph.nI bensona with the 
Isaprepotide inn whisk was predated as a by-product 10 the sit-
qnd,u.doa otliopop$ .thngnnat. sad, Is the apeeIant with 
sedluso saids, also Is the fe.aazies of etheaynssaide. 

(It) XdeIath and WbIta, tnt Jovi"s.i.. SI. INS (1*41). 
20) "ling paints and aSdag polot, we nsettd; asoty.se 

41* by MIuocbrnInl Lsbaatory, u.inrdtywi Pltnbwgb, Pitt.-
barn.?. 

(21) MoSnu and Sine., "Orsajo Syathosos," jobs Wiloy aid 
Goes. bit., New lark. N. V.. VOL II, 1941, P. Vt 

(1*1 Mohist. as. it 2434 (11*21 

aNS000O c) f101Sfl&_\. 
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Isopcopyl with ethoxyacetate b. p. 181., was prepared so- in the heuzoylstloa of nethoacetophenene 
tnrding to the procedure ethyl ethouyaatats? Sag beuzeyl chloride equlva1an amoemts of sodium aside, the 

a"uslag o-cbloripràplonk acid Instead In the propianyladon of n-enethoxyacetoptecone with 
M; theestabelledat 163-lW (reported pbeayl propionsto the ..dlketone was separated from the 
rhe over-all yield was 68%, the yield do- phenol by fractional distillation in nasa. 
acid, bi V. 89-98 Ł at 10 mm., being 71%. In the propionylatlon of the a-phenoxyacatophenone I 
pacetate, b. P. 247-249’ (reported b. p. with phenyl peoplotate most of the phenol was removed I 
4 et-phenuxyproplouste, b.p. 242-244’" by heating is vats. (4 nun.) in an oil-bath kept at O’ 
team., were obtained be 80% yIelds train for thIrty minutes. The residue, which gave a strong 
fan

 
by the general method Involving rid end test with ferth chloride, was treated with a pfl-

I an etlianclic solution of the acid with
 set-

mated copper aatate solution and the copper ale a the I 
Is. ft-dlk.etooe atystaulsed by standing overnight. Alter dlthlaropbenosy)-propiooate b. P. 129- washIng, the yleld of the copper alt was 80%. ?zoni the 
reported b. P. 17$-176’atl4 mm.)" was copper salt, the .dlketone was recovered as a brown oil. 

procenure Gucribed pieviously" MS beset mociten. 
To a stirred suspension of 0.2 mole of sodium anilde was 
added an ether solution of 0.1 mole of the ketone. After 
ten minutes, an ether solution of the ester was added. 
The Salute as refliued for two hours and then pound 
onto lee. The water layer, after washing with ether, was 
.cldljed and extracted with ether. The ether layer, alter 
washing Ł with saturated sodium bicarbonate solution and 
water, wa dried and the solvent distilled. Treatment of 
the residue vs$ed. 

TAILS I 
A.crLAnoss or ROCHaCOCeHi Uaitio $oawiL Sums 

LeylaUng a , Yield. 
R ecapesed -Dftna. ’C. % 

CU. Pfls w41ethonydlbonsoyl- fl-IS 28 
methane 

C.H. fir a-Pbaioxydlbenpcyl- 97-100 a 
methant 

cii, BzU a.MethoxydJbn_zoyl. 77-78 31 
methane 

Ph?r m-Methoxy.a.pcoplonyl B. p. 
seetopbeaone In-laO 28 

at 0 mm. 
ca flPc e-Pheuoxy.ulonyl W 

acetopbenns 
’Avaf. tiled. for Cufl..Os: C, itS?: H, Lit 

Pc**ad: C ?LW H 6.20. CAnal. CalM. for C,H,a-
0,: C, 7J.73’ 1, tio. Pound: C. 79.93: B 4.90. 
’Anal. Cak.LforCi,liuO,: C,6t88 H,6.84. toned: 
C’5048’ H, 8.85. ’Obtabwd as the copper alt. 

In the beagoylatloc of s-snethoxyaatopbenone with 
pbeupl bensoste the 5-diketone was Isolated by the copper 
salt method" and recrystallized from methanol. 

In the bansylatiat of a-$iaidsyacetopbeooue most of 
the phanal we dietliled o8 on vacua. The residue, which 
a-ystslllstd, was brought into solution In S N sodium by-
droxide. By acidifying, the 3-dlketooe via precipitated 
Sltered, washed with water suds little Ice-cold ethanol ima 
finally recrystalllsed from ethanol. 

(IS) taco. sad Woldt, "Oraie Sin thus.," isbn Wiley sad 
So.,. Inc. N V., Call. V.1. II. 1St), p. StO. 

($5) SabSee, As., It?, LI (IlTh); PuSS. CŁj,,. Sot., TI, 
on aea 

(25) Meal, 3.11. M. #Mm.. (105 21, ON (1499), 
W6 beasts,.?. seeM. C40.. 1912% in (1550). 
(In ifl.t. Zn., U. 1004 (1900).. 
(553 heave, tea JdVSMi5, SI, INS (1541). 
(H) faust. WiSer. Sn... aid Thn W. H, no 

(lot,). 

between Š LU and ir was kept at 01 for one hour and at 
re. taupa’ttisrt (i8ot) For another hour. The mix-
ture was retaid with sodium acetate for thirty minutes 
and cooled. Alter neutrailentlon of most of the acetic 
acid with sodium hydroxide, the mixture was extracted 
with ether and the ether solution washed with sodhun bi-
carbonate solution and water. e.Methoxybensoyl ace-
tonebolated by the copper salt method, was obtained as 
a yefiow liquid, boiling at 110-1114 at 4mm. 

Anal. Calcd. for CafluC,: C,68.731-H,629. Fount 
C, 88.78; H. 6.12. 

None of the ketone was recovered and a considerable 
amount of tar was obtained. 

When the motion udztrn woo worked up within 
twenty minute alter saturation below 0’ as described S 
other ketones," no 5-dlketone was obtained end the he-
tone was largely recovered. 

Self-condensatlon of oc-Alkoxy and m-Aryloxy Eaten. 
Table U.ŠThe self condensation of Isopropyl ethozyace. 
tate with potassium trlphazylm,tbldv was carried out 
according to the general procedure,’ except that the test. 
don mutate was refluxed for three hours. The conden-
sation was also effected by sodium amide"; In this ex-
periment ethoxyacetsanlde (as. p. 80’) was Isolated. 

ithyl pbenoxyacetatt and methyl 2,4-dlchlsropbea. 
oxyacetate (m. p. 39-40’) were self-condensed by dl-
isoprepylaminomagnalum bromide by adaptation of the 
procedure for the condensation of certain esters using dl-
ethylandnomagneshzm bromide." The reactions were 
generally carrieloat at a 0.1 or 0.2 mole scale. 

To the stirred solution of ethybuagnntusn bromide was 
added an ether solution of an equivalent of dilsopropyl-
amine, b.p 84. 83-’,’ and after twenty minutes a ether 
solution of an equivalent of the ester was added. Alter 
spontaneous refusing ceased, the n,Luu.e was reduxed on 
the steam-bath for one and one-half hours. After cooling 
In an Ice-exit-bath, crushed Ice and concentrated hydro-
Week add were added and the mixture stirred until no 
solid was left. The ether phase, alter combining with an 
ether extract of the aqueous phase, was stirred with 2 N 
sodium hydroxide. The whit, precipitate of the sodium 
derivative of the ,6.4atoatr was filtered of, washed with 
water and dried In the air. 

lathe experiment with ethyl pheaoxyacetate the sodium 
derivative of the fi-knoesta was a whim owder, which 
melted under slight decomposition at 100. It was con-
verted Into the free 84etoester by shaking ins eepsrstoey funnej. with ether and hydrochloric acid. The water 
layer was extracted with ether, the combined ether a-

($0) We an indebted hi. T. liner Chealal Ceepesy tar a 
sample of tbSi ester. 

(11) faster and Webs, Two Jsua, lens (isafl, 
(1* We age Indebted to the sea "-Š’ Cansade. icr a 

ample at this swine. 
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TAILEIX 
Saz,P-coNDansnow 02, Aaon- AND Asn,oxnsrna 

Ester Cgeutfl spat net. esttr -  -  C Ma. 
% 

Isopropyl ethosyscetate WaNE5 Isopropyl ad1ethoquetoaaebte 137-205 5 35 
Iwpropyl etbosyasetate KC(CsHs)s Isopropyl a, y-diethoxyacetoacs tate 103-104 4 69 
Ethyl phenoxyseetate (I. Pg),NMBT Ethyl a,dlphsanzyaeetoaeetate’ 62’ 
Methyl 2,4-dlahlsopbenoayaastate (i-PrMgBr Methyl at.dk2A-.dichlcrcphenny). M-104 65 

’ArioJ. CSd. for CTh,O.: C, 56.89- ł  8. .Pound: C 56.59; H, 352. ’No stat was found by the 
fusion 

Ł The derivative In 784 ’And. Calcd. for BaO.Cl,: C, sodium test. sodium was obtained 
H, 176; C flSZ. Found: C. 4622; H, fl; Cl, 3110. 

yield. 46.60; 

tracts washed with a saturated sodium bicarbonate salt- droxfde solution. From the ether phase there was re-
clots and water, and dried. After evaporation of the so!- covered 70% of ethyl =phenaxyproplosnte, b. P. 241-248’ 
vent, the fittoester was obtained as a yeflaw oil, which, 
however, distil 

and 20% of the phenyl beusoate, m. p. 68.. Acldt5ca-
did not tryst_suite. Attempts to the 8- 

ketoester lie in decompoition. 
tionof the alhllne extract yielded a precipitate from which, 

factional there eras (3 mm.) resulted 
Attempts to ketonic In 

after crystallization, was obtained 02 C. 
 tc effect cleavage acid" and slightly 

solution and tar. 
acid, as.  114-118’ (reported 

 -p6p"nn  34;. p%  
tLkalne saw phco  

In the upuirnant with methyl 2,441cbloTopbenay.  
of a.beittoyl.a-

pheinozyproplenle add, M. p. 186-1V,, neutr, equiv.: 
acetate, the sodium derivative of the 8.ketoester was Calcd. 270.2; found 270.3 and 270.8. 
sUflIla(W converted Into the fret keto tStfl. and this, Anal. Wed. for Cz4iiA: C, 71.10; H, 522. Pound: after evapcntiosi of the ether, crystsfliad, and WU C, 7147; H, £35. crystallized front ethanol. 

Acylatba of Eth$ e.Ethoxyproplanate with Isobutyryt Summary 
Cbladdc.ŠTo an ether suspension of 0.2 molt of potas-
sium Mphen’hnetblde (treed from ammonia by relualn 
the (or tow bouts followed by the appan- 

1. Although a-metboxyŁ and a-phenoxyaeeto-
mixture purging 

tus with nitrogen) was added 29.2 V. (0.2 mole) of ethyl 
phenone failed to be acylated with ethyl acetate, 

nthoxyproploaate.
 

the red color disappeared mutt- ethyl propionate, 
ditun amide 

and ethyl benzoate by the so. 
method, these ketones have been 

Ł 

diately. Alter tee, minutes. 212;. (0.2 mole) of lsot,uty- 
ryl chloride was added. After refining on the steam- acylated with vhenyl pro ate and phenyl boo. 
bath for three hour., the mixture was poured onto ice and 

The layer, 
watt. a.Methczyacqopbejzone has been acetyl-

Ł 

ether afteroambin-
lag with an ethereal extract t_ ated by the boron triftuoride method, 
washed with saturated sodium bicarbonate solution, . 2. Isopropyl ethoxyaeetate has been self-
with water, and dried. The solvent was distilled and the condensed by potassium trbhenylmethidt and 
residue fractionated In rants, yIelding 52% of the triginat by sodium amide; ethyl jhenoxyacetate and ester sad 20;. 05 qrude 0-ketoester. Redistillatlon fl" 6.5;. (15%) methyl 2,4-diehlorophenoxyacetate have been of ethyl a4aobutyryl.a.ethoxyproploaate, 
b. P. 75780 It 4mm. seensed by diisopropylaminomagnesium 

Anal. Calcd.forCuitseO.: C,6l.08; X,9.82. Pond: bromide. 
C. 01.31; R. 9.41. 3. Ethyl o.ethoxypropionate has been acyl-

Benxoy2atleo of Ethyl a.PhenoxyropIeeata with Phenyl 
Benzoate.ŠTo the 0.1 

ated with isobutyryl chloride by potassium tn-
stirred ulapensIon of state of so- phetylmetbitie. dium anilde was added an ether solution of I0.4 g. (0.1 

mole) 

of ethyl e-phenoxypropioaate. After theta mba- 4. CertaIn related condensatiobs have been 
The 

Ł uter. an ether_,h.ti,.. of 29.8;. (0.1 mole) of pbeayl boa- studied. effect of the a-ethoay group on the 
taste was added, the mixture was retained oath. steam- relative reactivities of the carbonyl carbon and 
bath Ia- ooe basw and then poured onto Ice and hydra- the a-hydrogen of esters has been considered. cidric add, The water layer was entracted with ether. 
The combined ether phase was extractS with sodium by- D"". N. C. Reomyap Ocroen 20, 2948 

(IS) Red... and Raw. ’In Joman. 4 Sits (law. ($4) ant, s.’., as ate U900). 
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Reaction of Some 1,2-Diaza-1,3-butadienes with Activated Methine 

Compounds. A Straightforward Entry to 1,4-Dihydropyridaztne, 
Pyridazirie. and 4,5 (4H,51i) .Cyclopropylpyrazole Derivatives 

1kSAUenSLEa011n0 Filippone. t ___________ 
Fabio Manteilinfl 

Istilufo di Chint?ca Organica dells Facoith di Scienz& (Iniversith di Uthino, Plans delta Repubbilca 13. 
61029 lfrblna Italy, and Dipartimento of Chbnlca SQ CiamlcLan Univenith dl Bologna, Via Seimi 2, 

40128 Boigna. Italy 

Received August 13. 1,498 

i.Aminocarbonyl.1.2.dlaza.1.3.butadienes with -tri- orfl-dlcarbonyl compounds containing at least 
two keto functions give 1,44hydropyridazines. while hydrazone 1,4-adducts are obtained In the 
case of compounds containing one or no Iceto function. 1,4-Dibydropyfldnlnes are transformed 
Into pyridazines. The same substrates with 3-phenoxypentane-2A-dione afford pyridazines. 
Surprisingly, 1 -alkoxycarbonyl- 1.2-dim- I ,3-butadlenes with methyl 2-acetylacetoacetate produce 
1-alkoxycarbonyl4.5(4H5h)-(a1kocycarbOflylqt1OPrOPY0PyraZOIeS deriving from I -alkoxycarbonyl-
i,2-dthydropyrldazine intermediates by ring contraction. These pyrazole derivatives with acetic 
acid show ring expansion to 1-alkoxycarhonyl.1.4-dihydropytidazifles that can be convened into 
1 .4.dlbydropyrldazlnes with sodium hydroxide. i-Alkoxycarbonyl-4,5(4b1.5*(allwxycarbonyicy-
clapropypyrazo1es or 1.alkoxycarbonyl-1,4-dlhydropyrldazifles with trifluoroacetic acid provide 
1-amlnopyrroles via 1.alkoxycarbonyl-1 .4-dihydropyridazine Intermediates in the case of pyrazoies. 
The X-ray crystal structure of I .iez-t.butoxycarbonyl.3.5-dimethyl-4-rflethOXyCarbOnyl-4 .5(41’l.51t-
(methcxycarbonylcyclopropyl)- lJipyrazole was determined. 

Introduction 
1,2-Than-1 ,3.butadlenes have been demonstrated to 

be powerful tools in organic chemistry’ and. In par-
ticular, in the construction of polyfunctlonalized pyrrole, 
pyrazole, thiazole, and irnidazole nngsY5 

In a previous paper, we preliminarily reported the first 
synthesis of some I ,4-dihydropyrldazlnes and pyridazines 
by reaction of 1-amlnocarbonyl-1 ,2-dlaza-i.3-butadlene,s 
with fl-tricarbonyl compounds.5 In Fact, in the course of 
our activity in this field we have detected, with only one 
exception,7 that the reaction between 1,2.diaza-1 ,3-buta-

IJnIvorsIt* dl Ustlno. 
’Unlvusltàdl  Botoam. 
(I) Schand. .1. C 1-Azo-1-alkene. In Reuben. WeyJ. 4th S.: KropL 

H., Schaumann. a. Ed54 mien.’ Stuttgart. 1990; Vol. E15: p 906. 
Scliasiti, J. C. II Fmmsw 1985. SiR 379 and the references therein. 

(2) Ananusi. 0. A.; Cagliod, L. Otgt Prep. Proced. Inc. 19*6, 14 299 
and references thesin. 

- (3) Attanas& 0. A.; Plhpçcne,  P. Spiiett 1987,1128 and refereras 

P. In 

0. A.: Fllippona. P.; Serra-Zanetti. F. in Trends in 

dienes and carbonyl compounds containing activated 
methylene or methine groups always generates pyrroie 
rather than dihydrupyridazine nuclei.38 as erroneously 
reported by previous authors.9"0 This occurrence Is a 
consequence of a domino 1,4-addition (Mlchael-type)-ring 
annulatlon reaction by a nucleophilic reagent bearing in 
the a-position to the attacking carbon atom a ketone, 
nitrile. or ester function on the azo-ene system of 1,2-
diaza-1 3.butadienes.ti concluding in a 13 + 21 instead 
of 14 + 2) cycllzation process (Scheme 1).3 Indeed, 14 + 
2) cycloaddltions of DielsŠAlder-type Øoducing tetraby-
dropyridazine rings have been revealed when 1,2-than-

(8) Attanasl, 0. A.; Santeusanio, S.; Serra-Zanetti, P. Gin CA/nt 
ItaI. 19*9, 1)9. 631. 

(9) Brodka, &; Simon, H. Jusgustietdgs Ann. Client 1972, 745,193 
(i (a) Attanasj, 0. A.: Bonifasi. P.; Fozestl, K; Ptadella. C.). &g. 

Chin. 8982. 47.684. (b) GIus.pp.cti. C.; Tadim. C.: Atrsnasl. 0.A.: 
Grout, M.; Serra-Zanettl, F. Acts Czysraflogr. 1965. C41. 450. (c) 
Attannl, 0. A.: $antousanIo 5.; Barharella. C.: Tugnoll, V. Ma3,,. 
Reson, CAirn. 19*5, 23,383. (c) Attanasa, 0. A.: Grout, M.; Serra. 
Zanetu, F.; Foresu. E. Tetrahedron 1987, 414249.  (e) Attanasl. 0. 

A.; Fllippone. Goat Cairn its!. 19 
is and Proper- F. R.;Santmusanio 
Trivandrum, Risen, then. IBIS 

0 I) TIeta, L. P. 
Iso;, 1997. 53, Anger.. Chin. £999 

Foresti. K; 131. 
997.515017. (12) Boller. D. L 

Attanasl, 0. A.; F1I*ppone, P.; I9orucct. C.; Mantelilni, F. can, c.airn 
Ito!. lOS?. 101. 201. ArcadI. A.: Attanasi, 0. A.; tie Crescentint. L 
Rout, t Tetrahedron Left. 1991. 38, 2329. Attanasl, 0. A,; De 
Ceescentlni. 1..: Forest E.; Gaul, C.; Glorgl, R.; Penulil. F. R,: 
Santeusanb, S J. Chant Sot, Perkin Trans 11997.1829. Arcadi. A,; 
Atflnss4, 0. A.; Do CrescentIni, L; GuldI. 8.: Rout. E.: Santauaanit 
S. Can Chin,. Ira;. 1997. 117. fl9 

(6) AtcanssL 0. A.: Filippone, P.: Plonxcl, C.: Mantellini. F. 5JMr 
Areadi, A.; Attanasi, 0. A.; De Crescentlni. L: Rossi, K; Sara-
U, F. Tetrahedron 1996, 52 3991. 

714. 
it Rev. 1996,98, 115. Thtxe, L F. Belfuss U. 
137: Angew. Chin., mt. Ed. Engi. 1993. * 

ahe, 1083, 39. 2869. 8oger, D. I,.. Cheni. 
r, D. L.; Welsireb. S. M. Retire DieisŠAirkr 
c $p.sfleric Academic: San DIego. iOfl. 
Adv. Jlatemgc). Chern. 1981. 4& 246. Boger. 
ass in I*terocvlic Chemttty. Suschftdcy. H.. 
rgamon: Oxtor& 1989’. Vol. 1. p31. Weinreb. 

m. Rev. IBIS. 1* 152& Weinreb. S. M. In 
Spthn/i  Trost. .B. M., Morning. L. Eds.: 
Vol. 5,p 401. Boger. JJ. L. In Compsehesivr 

.3. lA. Fleming, I., Et.; Perpmon: Oxford. 
,nnga. J.; Toangs. M. Adv. HatenxycL CAirn. 
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Reactions of Some 1,2-Dlaza-1,3-butadlenes 

Scheme 1 

N fl 
0 0 

1 .Nr%, 4 R  

:4,LFie 0 
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low N, 

0 FI*VR’ IR2 N
 

FO  R R1 NHR1 
I .3-butadienes as heterodiene systems were reacted with 
electron-rich otetins as dlenophlies.1212"5 

The synthesis of pyridazine derivatives has recently 
received much attention because of their biological activ-ity.14 In particular. South at al (Monsanto Corp.) pat-
ented pyridazine products exhibiting "bleaching" herbi-
cidal activity prepared from I ,2-dlaza. I ,3-butadienes)5 

For these reasons, we decided to Investigate more 
exhaustively the reaction of both I -aminocarbonyl- and 
1-alkoxycarbonyl- 1,2-diaza-1.3-butadlenes with different 
#-tri- or $-dicarbonyi compounds containing activated 
inethine groups in order to obtain pyridazine structures 
Some interesting diversities In the pathway of these 
reactions have been observed. 

1: GiIthrlst. t L J. Qwpt. Rn, 5ypp. 1085. 310. 

A.: Wasson. R.C, 
iG.;LoughA.J.; 
am. 11991,3361, 

5615. Bonen, K; Hagem. M. Tetrahedron Let 1092, 33, 7331, 
Cilchrist t L.; lames. A- 2 Chan. Soc., Perkin Tins. .51993. 1391 
and ref&ences therein. 

(14) Cones. W. J. Pyrldazlnes and Bean. Derivatives. in Six. 
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Results and Discussion 

l-Amlnocarbonyi-1 .2-dlaza-l.3-butadlenes laŠe easily 
react in tetrahydrofuran at room temperature with 
triacetylmethane 2a or methyl or ethyl 2-acetylacetoac-
etate 2b,c in the presence of sodium hydride or potassium 
carbonate to give in one flask 1-unsubstituted 14-

(Scheme 2 and Table I). In most eases, potassium 
carbonate Instead of sodium hydride as previously em-
ployed afforded less complicated reaction mixtures and 
better yields in final products.’ The mechanism proposed 
In Scheme 2 is the result of some mechanistic findings 
presented and discussed In detail below. 

Under the seine reaction conditions, la,b react with 
diethyl acetyimalonate Oa or triettiyl methanetxtarboxyl-
ate 6b, providing in high yields the hydrazones Ta,b by 
1,4 -addition of .tricarbonyl derivatives to the azo-ene 
system (Scheme 3) and supporting the first step of the 
mechanism proposed in Scheme 2. Since the adducts Ta.b 
manifest no tendency to produce further reactions. It can 
be concluded that the presence of one or no keto function 
Is not able to permit the ring closing owing to the 
elimination of an acetic acid molecule. 

The reaction under usual conditions between la,d.e 
and ethyl 2-(2-furoy4acetoacetate 2d or ethyl 2-(2-thenoyl)-
acewacetate 2e produces a mixture of 1-unsubstituted 
6-methyl- and i-unsubstltuted 6-(2-furoy1).i .4-dihydro. 
pyridazines 5cJ,nt or I -unsubstituted 6-(2-thenoyfl. 1.4-
dihydropyridazines 5nŠr in a similar ratio. This occur-
rence is Likely due to the nearly equivalent possibility of 
ring closing on the two different late groups of the 
hypothesized intermediates 3 (Scheme 4 and Table I). 
The pathway A leads to the same compounds 5cJ,m 
depicted above (Scheme 2), while the pathway B leads 
to new compounds 5nŠr with a furoyl or thenoyl ring as 
substituent. 

The reaction of ia,b,d,e with 3-phenylpentane-2,4. 
dione 2f or 3-(2-chloro’6-fluorobenzyl)pentane.2.4.dione 
Zg under the same conditions gives rise in one pot to 
1-unsubstituted 1,4-dihydropyridazines 5sŠv in good 
yields (ScIwineS and Table I). This behavior proves that 
this procedure can be successfully applicable also to 
compounds possessing an activated ft-dicarbonyl methine 
group. 

The conversion of SaŠv into the cot-responding py 
ridazinas 9aŠv in nearly quantitative yields was achieved 
by bromination of the carbon atom In position 4 with 
tribromide on Amberlyst A-26 in methylene chloride at 
room temperature (Scheme 6 and Table 2). The use of 
this solid-phase brominating reagent Implicated remark-
able improvements with respect to phenyltrisnethylam-
monium tribromide previously utilized by virtue of the 
minor presence of reaction byproducts,6 both in terms of 
regioselectivity and yields.10 Furthermore, this polymer-
supported brominating agent is more convenient than 
phenyltrlsnethylan,monium tribromide also due to its 
easy regeneration and the simpler manipulation of the 
reaction mixture (only filtration)? The expected brorni-
nated intermediates 8 were not isolated because of the 
ready dehydrobromlnatlon process9 

Pyridazines Oa,d,th,k have been directly obtained as 
exclusive products when laŠc were reacted In tetrahy. 

(16) Smith. IC: James, D. M.; Matthews, 14 Bye, M: R. J. Chan. 
Socc, Perkin. Trans 11992, 1011. 

(I?) Catchi. S.: Cagiloci. L. S,yTithnis 1979. 64. 

ŁN600c10 CXP_,22019745_L. 
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K3NOC’Nk 
+ 

la-s 

fl-c la: 

A1 = COOMe 
ib: H1=000Et 
le: R1=C00t’Bu 
icR R1 = COO(Cl-bJ3OMe 
Is: A1 = COQGHPh 

Scheme 2 

THFIN  v[ç?at*s] TLH] ŁMWOCM 

i 

2a; R2=COMe 
211b: A2 = 000Me 
2c: A2=COOEt 

Table 1. Yields at 
1.Unaubstftutedi.4-Dlhydropyrtdfllnes 5aŠv 

E!ntry R1- *2 Yidd-
(%) 

5* C00%k COMa 84 
Sb COMe COOMe 90 
Sc COMe COB 58 

Sd CDOB mMC ai so 
COot CO(** 88 

St COOs-Eu COMe 69 

Sg (DOW 83 

fib C)O(CHiJ2OMe COW 57 

SI COO(CH2hC*,b (DOMe 54 
SJ COqCH2)201t COB 57 
5k COOCH2Pb tflt 73 

Si COOCH1Pb CMo 74 

Sea COOCH2Ph (DOEs 87 

Se (DOMe (k43 

So (DOMe 33 

Sp coo(cH2)2C’Me (L 40 

Sq COO(CH3)2OMe (k.34 

Sr cOOCH2PIi 37 

Sq (DOMe Ph 42 
51 ,CtO& 43 

5  CO(CHthOMC 57 

U COOCH2PIi 
 

61 

’Yield of pure isolated products. 

drofuran at Mom temperature with 3-phenoxypentane-
2,4-dione 2h In the presence of potassium carbonate. In 
this case, the Intermediates 3 and 4, as well as the 
product 5, were no; detected probably because of a rapid 
aromatization process due to the loss of phenol and 
carbammic acid residues (Scheme 7). 

Scheme 3 

us, 
WINCO 

THM.L 

i%b Ga,b ie,b 
Ia: R1=000Me Se: R2 =Me 
lb: B’ =COOEt Sb: R2=OEt 

7*: B1 =COCMe, R2=Me (84%) 
7b; A1=COOEtF12=OEt(91%) 

Surprisingly, the reaction between 1-alicoxycarbonyl-
1 .2-diaza- 1 .3-butadiertes ifŠh and methyl 2-acetylac-
etoacetate tb In tetrahydnth.tran at room temperature 
in the presence of potassium carbonate offered 1-alkoxy-
carbonyl-1 .4-dihydropyridazines HaŠc and then 1-un-
substituted 1,4-dlhydropyridazines 5b,e by means of a 
more complicated mechanism compared with that of 
analogous laŠe. A detailed study of some reaction 
products and Intermediates allowed us to obtain interest-
ing mechanistic Information. 

Indeed, when the reaction was carried out under the 
usual conditions (Scheme 2) the Isolated products were 
different from the expected Sb,e as well as from 14aŠc. 
In tact, the spectroscopic data revealed that the substitu-. 
ant group linked to the nitrogen heteroatom of this 
product is still present, while In We the same group Is 
absent, Moreover, ’H and 13C NMR spectra exhibit 
similar resonances as for haŠc but with sØme signAl-
cant differences: (I) a large upfteld shift of methine 
proton (from -"4.5 to Š2,8 ppm) In 1H NMR spectra; (II) 
the presence of three C-a? signals (26.3. Š50.1, and 
Š59.0 ppm) instead of only one C.sp3 resonance (-44.7 
ppm) of compound The: (lii) the coupling constant value 
for the carbon that resonates at Š26.3 ppm Is JcH 165 
Hz, typical for a CH In a cyclopropane ring. 

Therefore, all spectroscopical evidence should be fItted 
with molecules having the structure oil -allcoxycarbonyl-
4.5(41L5t4-(alkoxycarbonylcyclopropy0pyrazoies 13aŠc. 
X-ray diffraction Investigations were undertaken for 13c, 
as a model able to prove unambiguously the Structure 
assigned to these compounds. The crystal parameters at 
such a molecular model Inequlvocally confirmed our 
hypothesis (Figure I). - - 

In particular, the TLC analysis o(’the reaction mixtures - 
reveals two other spots with higher polarity than 13aŠ

DNSOooID cXt____flQ1974A_I_ 
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Scheme I 

+ A2 

1840 2d,e 

me 

rHJ 

a 

’elo

 I I 
] I o4’caj 

’ 
A 

j [Q j 

- R’GOOH MOCOOH 

S CONH 

H’ 

npNH
G4c*oA’
 

NH 

Q 0 A’ 

5c4,in Sn-v 

is: R1=OOMe 2d: F12= çi. 
Id: R’ CCO(Cl1OMe 
is; A1 =C000H?h 2e: R2= 

c. Attempts to Isolate the more polar one were unsuc-
cessfull because of its quick transformation in the middle 
one followed by its conversion In 13a-c. However. it was 
possible to Isolate a small amount of pure middle 
products that demonstrated to be the 1-alkoxycarbonyl-
1.2.5,6-tetrahydropyridazine derivatives I la-c by ’I-I 
NMR and MS spectroscopy, mainly due to the OH and 
NH signals at -6.71 and -12.84 ppm, respectively, as 
well as to the presence of two different methyl group 
signals at -1.92 and -2.45 ppm, respectively, attribut-
able to two acetyl groups of the starting methyl 2-acetyi-
acetoacetate. In tetrahydrofaran, this compound spon-
taneously generated exclusively 13a-c. Thus, we sup-
pose that the greatest polar spot corresponds to the 
transient hydrazone 1,4 -adduct 10. 

On the basis of this evidence, it seems reasonable to 
conclude that the reaction takes place by means of a 
preliminary 1,4-addition of 2b to the substrates if-h as 
consequence of the nucleophilic attack by the activated 
machine group on the heterodiene system producing the 
hydrazone Intermediate 10. The subsequent Intramo-
lecular nucleophilic attack by the terminal hydrazone 
nitrogen atom to the carbonyl function determines the 
closing of ha-c. The elimination of an acetic acid 
molecule from this last intermediate furnishes 12, which 

I Oig. Chem.. Vol. Cs. No. 
ea iooe 9883 

affords 13a-c owing to ring contraction of the six- to live-
membered heterocycle (Scheme 8). 

Further proof of the interconversion between these 
hetni-ocyctie structures was furnished upon reaction of 
l3a-cwIth acetic acid at room temperature. determining 
ring expansion to 14a-c that in turn afforded Sb.e by 
cleavage with sodium hydroxide in methanol at room 
temperature (Scheme 9). 

In our opinion, the preliminary hydrazone intermedi-
ates 3 and 10 in the reactions both of la-c and 11-h 
with activated methine compounds previously detected 
in similar circunlstance& and indirectly supported by the 
1,4-adducts 7a,b can be considered common for all these 
reactions. However, the absence of any detectable inter-
mediate. as well as the concomitant loss of the CONH2 

group, in the case of la-c hinder us to extend in tow or 
in part the remaining detailed mechanism established 
for the reactions of If-h on the basis of Isolable inter-
mediates. 

When 13a-’c were reacted with trifluoroacetic acid at 
room temperature (13e) or under reflux (13a,h), the 
corresponding l-aminopyrroies iSa-c were recovered. 
The same products were obtained when 14a-c were 
submitted to the same reaction (Scheme 10). In both 
cases, Sb,e were revealed as side products of these 
reactions. 

Therefore, taking into account the reaction pathway 
depicted in Scheme 9. the formation of ISa-c from 
13a-c involves 14a-c as Intermediates. In some cases, 
in fact, these intermediates can be Isolated by column 
chromatography from the reaction mixtures when the 
reactions are interrupted before the complete conversion 
of 13a-c into 15a-c. 

Conclusion 
The reaction of l-aminocarbonyl-1,2-dlaza-1,3-buta-

dienes with activated methine compounds represents a 
straightforward entry to 1.4-dihydropyridazine and py-
ridazine derivatives. Surprisingly, the analogous reaction 
between I -alkoxycaiionyl-1 .2-diaza-1 ,3-butadienes and 
methyl 2-acetylacetoacetate produces I -alkoxycarbonyl-
4 ,5(4H,5f 4alkoxycarbonylcyclopi-opyflpyraz&es. A de-
tailed investigation of the reaction pathway demon-
strated that these compounds derive from 1-aikoxycar-
bonyl-1.2-dihydropyridazlne Intermediates by ring con-
traction. Ring expansion of I -aikoxycarbor.yl-4,S(4H.5!4 
(alkoxycarbonylcyctopropyflpyrazoles leads to 1-alkoxy-
carbonyl-I.4-dihydropyridazlnes that can be converted 
Into 1-unsubstituted 1,4-dihydropyrldazines. 1-Aikoxy-
carbonyl-4.5(41i514-(alkoxycarbonylcyclopropyl) pyra-
zoles and 1.alkoxycarbonyl-1,4-dlhydropyridazjries sepa-
rately give I -aminopyrroles via l-alkoxycarbonyl-1,4-
d1hydropyiidazlne intermediates in the case of 1-alkoxycar-
bonyi-4.5(4JL5I-(alkwcycarbonyJcycIopropyl)pyrazoles. 

In conclusion, this paper reports not only useful access 
to new heterocyclic systems but also deals with some 
Interesting interconverslons of five-membered rings of 
pyrazole type into six-membered rings of the I ,4-dlhy-
dropyridazine type and then the last one Into some five-
membered rings of the pyrrole type by ring opening-
closing mechanisms. - 

Experimental Section 
General Methods. - 1-Amlnocarbunyi-I 2-diaza-1 ,3-buta-

dienes la-c and 1-alkoxycarbonyt-1.2-diaia-1 3-butadienes 
If-h were synthesized according to previously reported 

(XP fl01174&L, 
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Attanasi 

Scheme   

+ r [I 4H o. Itcothil] 
’MeGOOH 

- 
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Is: R1=000M8 21: R2=Ph 
1b R’ =0008 
IS: RC00(Cl4)2OMi 2g: 

1s R1a0000Rjfli CI 

Scheme 6 

:xi 
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FI X 
9 9.-v 

procedures.8,1 Starting materials of the above-mentioned 
reagents. as well as ttlacetylmethane (Za), methyl (Zb) and 
ethyl 2-acetylacetoacatates (to), diethyl acetyhnalonate (6*), 

etate 

diane (2._). 3.pheooxypentane-2.4’dione 4Th), trlbromide on 
Amberlyst A-26, sodium hydride, sodium hydroxide, potassium 
carbonate. trifluoroacetic acid, acetic acid, and solvents are 
commercially available materials (Carlo Erba, Aldrich. Acros, 
Fluke, Lancaster, Avocado, and Maybridge) and were used 
without further purification. Melting pobns were determined 
in open capillary tubes and are uncorrected. The products often 
decompose at the melting point jR-FT spectra were per-
formed In Nujol mull. MS spectra were made at an Ionizing 
voltage of 70 eV. ’H NMR spectra were recorded at 200 MHz, 
while C NMR’were recorded spectra at 50.32 MHz. Chemical 
shifts (6) are reported In ppm downfield from internal TMS 
and coupling constants 0 In Hz. The abbreviations used are 
as follows: a, singlet; d, doublet; t. $ triplet; q, quartet; m, 
multipiw, I,, broad, Precoated silica gel plates 0.25 nun were 
employed for analytical thin-layer chromatography and silica 
gel 35-70 irn for column chromatography. 

Sa-v.To a stirred solution or triacetylmethane (Za), methyl 

(te). or -(2-ch1ozv-6-tlu6roben2yI)pentane (tg) (1 rnmol) in 
tetrahydrofuran (10 mM was added potassium carbonate (4 
mmol). In the case of 3.phenylpentane-2,4.dlone A (1 mmol), 
a catalytic amount of sodium hydride (0.3 mmol) Instead of 
potassium carbonate was added. The reaction mixture was 
allowed to stand at room temperature under magnetic stirring 
for $ mm. and then the 1-amlnocarbonyl-12.diaza-3.3-buta-
diene la-c (I mmol) in tetrahydrofuran (5 niL) was added 
dropwise until its red color disappeared (-10 mm). Stirring 
was continued for 2 Ii, and then the reaction mixture was 
filtered and concentrated under reduced pressure. The residue 
was chromatographed on a silica gel column (elutlon with 
cyclohexane-ethyl acetate mixtures), affording 1.4-dihydro-
pyridazhnes 5*-v that were crystallized from ethyl acetate-
petroleum ether (40-60 t). 

5a: nip 63-65 t; fit (MuJo vŁ,,,,, 3281. 1705. 1688, 1591 
cm’; ’H NMR (ODd,) 6 2,03 (a. 311, Me), 2.14 (s, 3K, Me). 
2.31 (s. 31-I, Ma), 3.72 (s. 3M, CO2M. 4.31 is, lit 04). 7.55 

(18) Somswr, S. T.tnj,edronLeff. 1977. £9.117. 
U9) Auanasi, 0. A: FilippOnt P.: Mal. A.; Santausanlo. S. 1dmELs 

1984. 873. Atcanasl, 0. A Fdippone, P.: MS. A.: Santeusanlo, S. 
Synthesis 1984. 671, 

(hr a, lit NH, OzO-excb); 11C NMR DCkj .317B (Me), 22.3 
(Me), 27.6 (Me), 512(C4), 51.5 (CO2M4. 89.6 (CS). 145.7 and 
147.2 (C3 and C, 1672 (COO). 204.9 (CO); MS ml: 210 (2) 
[MI 119 (5).167 (IDD). Anal, CalctL for C10H14N2O3: C, 57.13; 
H. 6.71: N. 13,32. Found: C. 57.06; H. 6.65, N. 13.36. 

W. rnp 94-96 C IR (cuJ&) v 3283, 1724. 1688, 1608 
cnr’; ’H NMR (CDCW 6 2.13 (s. 311. Me), 2.32 (s, 3M. Me), 
3.69 (5. 311, CO3MÔ). an (a, 3H. CO2M4, 4,35 (s. I ft CM), 
1.77 (his, IH, NH, D20.ezch); "C NMR (CDCI3) 611.6 (Me), 
22.2 (Me), 43,2 (Ci), 51.0 (CC21144. 52.3 (COz.Md, 89.0 (CS). 
143.1 and 1472 (C3 and CO), 167.2 (COO). 110.5 (COO); MS 
in?: 226 (5) IM1. 195 (4), 167 (100). Anal. Calcd for 
C20H,4N204: C, 53.09, H. 6.24, N. 12.38. Found: C, 5317, H, 
6.32, N. 12.46, 

Preparation of Hydrazones la,b. To a stirred solution 
of diethyl acetyimalonate (Be) or triethyl methanetricarboxyl-
ate (6b) (1 mmol) In tetrahydrofuran 

(to 

mL) was added 
potassium carbonate (4 mmol). The reaction mixture was 
allowed to stand at room temperature under magnetic stirring 
for 5 mm, and then the 1 -am arbonyl-1,2 iaza-1,3-buta’ 
dlene lab (1 mmol) in tetrahydrafuran (S ml.) was added 
dropwls.e until Its red color disappeared (-.10 mlii), Stirring 
was continued for 2 h, and then the reaction mixture was 
filtered and concentrated under reduced pressure. The residue 
was chreenatographed on a silica gel column (elutlon with 
cyclohexane-ethyl acetate mixtures), affording hydrazones 
Tab that were crystallized from ethyl acetate-petroleum 
ether (40"-60 C). 

7a mp 103-105 t:IR (4uJol) v,,,3499, 3387, 1757, 1147, 
1731 cur’; ’H NMR (COCI,) 6 1.28 (t, 914 J 1.1 Hz 3 x 
COaCHzMc, 2.03 (s, 3M, Mc), 3.74 is, 3H. CO3M$, 4.19-4.33 
(in, 7H. 3* CO2CH,Me and CU). 5.82 (he a, 211, NHm, DtC)-
exth). 9.00 (hr s, 1H, NH, D20-exth); ’C NMR (0flC1) 613.7 
(3 x Me), 17.0 (Me), 52.4 (CO2Md. 55.4 (Cl-), 625 (3 x 
CO1CHtMe). 67.0 (C(CO)s), 143,9 (CONY!,), 1582 (*1). 165.6 
(3 x COO). 169,2 (COO): MS nil; 403 (2) IMI. 326 (9). 255 
(11). 183(100). Anal. Calcd for C,H25N309: C, 47.64; H. 6.25: 
N, 10.42, Found: C. 47,81: 11,6.35; N. 10.37. 

Preparation olPyridazines 8.-v from Reaction of 1,4. 
Dihydropyridazhnes 5a-v with Tribronilde on Ambedist 
A.M. To a stirred solution of 1.4-dlhydropyrldazlne St-v (1 
mznol) in dlchioroinetharie (10 mL) was added tribromide on 
Amberlist A26 ft mmol). The reaction mixture was allowed 
to stand at room temperature under magnetic stirring for Z ii 
and then was filtered and concentrated under reduced pres-
sure. The residue was chromatographed on a silica gel column 
(Sutton with cyclohexane-ethyl acetate mixtures), affording 
pyridazunes 9a-v that were crystallized from ethyl acetate-
petroleum ether (40-60 C). $ 

ataooCiO .cxp_,,,___1a74A_Jj’ 
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table 2. Yields ot Pyrldazlnes 9a-v 

IntryS and 9 K’ Yieid(%y’ 

0(X)I" CX)Me 89 

b C(Y,Me (tOMe we 97 

c(x)Me LtOQs M 93 

ci (XX)b’ COMe Mc 86 

(Xx)i (YJOMe Mc 89 

f CtO;-Bii CtiMe Mc 91 

g COOt-8L CKX)Me Mc 91 

Ii COO(CflthOMe coMe Mc 34 

COO4C112kOv1e C(XJMe Me 92 

cOOB Mc 93 

k COOCH2Ph 00W Mc 

I COOCH2Ph COOMe Mc 94 

in C00CH2Ph COOEI Mc 93 

o COOMe 0DOE2 89 

a COOMc COOB Q-.94 

p COO(012>20Mc ctOEi 85 

q COO(CH2)3004e cOO•t 
 

87 

r COOCH2PII COOEAc1-__96 

s (tOMe Pb Mc 87 

* cooa cc-
Ii COO(CHZ)2QPIe 

ccMe
 86 

v C00CH2Ph Mc 92 

Yhld of pure isolated products, 

Scheme 1 

M2NOcN?V
 + 

tŠ Pho ION 

x2CO3 r4 

[o 2]0.[t00t*12} ;a4 
I lao 2h 3 4 9a,d,I,h,k 

.1 la,So: R’=COCMe 9a (78%) 

I
 

111, 911. Fit =cOOEt 9d (72%) 

j 1c, Of! A1xCOOBu 91 (68%) 
ld,Sh: p’=000(CH&20M0 (73%) 

Is, 9k: R’-0OOCH2Ph 9… (88%) 

9a: top 61-63 tIR Nujol) v, 1723,1701 cm’; ’H NMR 
(CDCI3) 62.52 s, SE!. Me). 2.61 (s; Sn, Mc), 2,84 (9,3H. W. 
3.92 (a, 31!. COØ(e).’7CNMR (CDCI5) 619.1 (Me), 21.5 (Mc), 
30.8 (Me), 53.1 (CO2AI4. 124.7 and 138.3 (C4 and C5), 152.9 
and 155.1 (C3 and C6). 1653 (COO), 201.1 (CO): MS sSz2O8 
(100) IM*). AnaJ,Cakd for C10HuN20S C, 51.59; H. 5.81; N. 
13.45. Found: C. 57.63; H. 5.85; N. 13.36. 

Sb: mpGO-68 t;IR(NujoI) v 1726, lSOOcnr’: ’HMMR 
(CDC],) 62,8! (a. 61!, 2 x Me), 3.96 (a, 61!, 2 c COtMM: ’Sc 

NMR (CDCh) 3 20.7 (2 x Me), 53.1 (2 x CO2Mt. 128.0 (C4 
and CS). 155.1 (Ca and Ce). 165,6 (2 x COO); MS niz 224 
(100) IMS Anal Calcd for CwHi2NO.: C, 5337; H. 5.39; N, 
12.49. Found: C. 53.52; H. 5.46; N. 12,47. 

Preparation of Pyridazines 9a.d.th,k from Reaction 
of lainlnocarbonyl-1,2.dlan.1 ,3-butadlenes la-a with 
3-Phenoxypentane.2,4-dlone (2k). To a stirred solution at 
3-phenoxypentane.2.4.dlone (Zh) (1 inmol) in tetrahydrtan 
(10 mU was added potassium carbonate (4 ninfl. The 
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Figure 1. X-ray molecularstnsttunotl-twbbuk*ycarbonyl-
3,5.dlmethyl-4.rnethoxycarbonyl-4.5(4/i5t4-(methcaycarbon-
ylcyclopropyl)-lflpyrazole (130 with the atom numbering 
system used In the crystallographic analysis. 

reaction mixture was allowed to stand at room temperature 
under magnetic stirring for S mm. and then 1 -am1nocsstoz’l-
1,2-dlaza-0-butadiene la-a (1 mad) IntetrahydroMan (5 
niL) was added dropwise until its red color disappears (-20 
mini, Stirring Was continued for 2 Ii, and then the reaction 
mixture was filtered and concentrated under reduced pressure. 
The residue was chromatographed on a silica gel column 
(elution with cyclohexane-ethyl acetate mixtures), affording 
pyildathies Sa (78%). Sd (72%). 91(68%). 91,. (73%). and Ok 
(88%) that were crystallized from ethyl acetate-petroleum 
ether (40-60 C). 

Preparation of r.Alkoxycarhonyl.44(4gsJ4-(aflcoxy-
carbonylcyclojkopy0pyrazoies iSa-c, To a stirred solu-
tion of methyl 2’acetylscetoacetate (2b) (1 mmol) In tetrahy-
drtiran (5 niL) was added potassium carbonate (4 mniol). The 
reaction mixture was allowed to stand at room temperature 
under magnetic stirring for S mm. and then l-alkoxyearhonyl-
1,2-thea-i ,3btstdlene If-h (1 mmol) in tetrahydroturan (5 
niL) was added dropwise until Its red colqr disappeared (-10 
nun). Stirring was continued for 2 ii. and then the reaction 
mixture was filtered and concentrated under reduced pressure. 
The residue was dromatographed on a silica gel column 
(elution with cycichexane-ethyl acetate mixtures), affording 
1-alkoç’ctor,14,5(4fl8/t4&kox)carbonylcycloprcpyl)pyra-
miles 13a-c that were crystallized from ethyl acetate-
petroleum ether (40-80 t). To Isolate the Intermediates ha-
C. the reaction mixture was ifitered, concentrated under 
reduced pressure, and rapidly chromatographed as stories the 
red color of I-alkoxycarbonyl-1 ,2-dlaza-1 .3-butadiene If-h 
disappeared. 

Ha: ’H NMR (CDCI,) 6 1.92 (s, 3M, Me), 2.08 (s. aN, Me), 
2.45:(s, 3M, Me), 3.71 (s, GB, 2 x cOgM, 3.16(5. 3M, CO2Me), 
6.79 (be,, 1)1, OH, DtO.exch). 12.84 (be s, IH, NH, DaO.exth); 
MS ,m’z344 (2) IM4I, 302(5), 234(18), 252 (50), 227 (5. 213 
(48). 181 (100). 

ISa: mp 57-59 t: JR (Nujol) ’mM 1745, 1724, 1606 CnI’; 
’H NMR (CDCI3) 6 1.83 (Sc 311. Mc). 225 (s, 3M, Me), 2.82 s. 

in, CH), 3.64 to. 3}L COzM, 3.84 (sc 31!, CO3M), 3.81 (s, 
3H, CO2Me); 13C NMR (CDChJ 6 15.0 (Me), 15.4 (Me). 26.5 
(CM). 50.1 (C4). 51.6 (CO2Me), 52.5 -(CO2M4, 52.9 (COW*, 
59.2 (CS), 149.4 and 152.5 (C3 and NCO, 184-5 (COO), 165.0 
(COO): MS in’: 284 (35) IM-1, 252 (tOO). Anal. CaJcd for 
C,H1N205: C. 50.70; II, 5.67; N. 9.85. Found: C, 50.67: H. 
5.65; N. 9.89. 

Preparation of l.A1koxycarbony1-1.4-Dlhydropyrida 
zines lit-c. I.Alkoxycattonyl-4,5(4H;5J*.(alkoxyearbonyi. 
cyclopropyflj’razo1e 13a-c (1 mrS was dissolved In acetic 

Attanasi et al. 

acid (5 ml.), and the reaction mixture was allowed to stand at 
mom temperature under magnetic stirring for 10 min. Acetic 
acid was evaporated under reduced pressure, and the residue 
was dissolved with ethyl acetate (20 niL) and washed with 
aqueous (20%) sodium carbonate (3 x 20 niL) and then with 
water (3* 20 mt) The crude was chromatographed on a silica 
gel column (elution with cyclohexane-ethyl acetate mixtures), 

---affording 1-alkoxycattonyl4,4-dihydropyrldazlnes-14a-c.that... 
were crystallized from ethyl acetate-petroleum ether (40-60 

ha: nip 68-69 C: IR (’4uJol) v, 1739, 1716, 1104. 1656 
cnrr; ’H NMR (COds) 6 2.32 (Sc 3M, Me). 2.63 (s. 311. Me), 
3.68 (S. 311. COv%* 3.79 (s, 3H, CO2MŁ), 3.92 (s, 3M. COzMe), 
4.55 (s, IH, CM); ’C NMR (CDCh) oh.? (Me). 212 (Me). 44.3 
(Cd). 51.5 (COaM4. 52,4 (COW, 53,6 (COziidW. 104.4 (CS), 
146.8 Q1CO2), 151,3 and 151.9 (C3 and C6), 165.5 (COO), 167.4 
(COO); MS ml: 284 (5) (MI. 253 (8). 225 (100). Areal. Celcd 
for C12H,6N,.05: C, 50.10; H. 5.67: N. 9.85. Found: C. 50.13; 
H. 5.63; N. 9.86. 

Preparation of I-Unaubstituted I .4-Dthydropyridaaines 
5b,e front I-Mltnxycarbonyl’l,d-dlhydrnpyrldazines 14-
c. I -Alkoxycarbonyl-I .4-dthydropyrldazlne I ia-c (1 rurnol) 
was dissolved in a 1 M mothanolic solution of sodium hydrox-
ide (5 niL) and allowed to stand at room temperature under 
magnetic stirring for 25 mm. Methanol was evaporated under 
reduced pressure, the residue was dissolved with ethyl acetate 
(40 niL) and then washed with water (3 x 25 nil.) affording 
l-unsubstituted l.l’dlhydmpyrldazlnes 5b,e in nearly quan-
titative yields that were crystallized from ethyl acetate-
petroleum ether (40-60 C). 

Preparation at I-Anænopyrroles The-c from I’Alkoxy. 
carbonyl.4,5(4fi5J-(alkoxycarbonylc7cIi)propy1)pyra-
aMes 13a-c. I -Alkoxycarbonyl-4,5(4H,51$(alkoxycarbonyl. 
cyclopmpyl}pyrazole 13a-c (1 znmoU was dissolved In trifluoro. 
acetic acid (5 niL), and the reaction mixture was heated under 
reflux for 2 Ii (13a,b), or allowed to stand at morn temperature 
under magnetic stirring for 15 mm (ISc).Trifiuoroacetic acid - 
was evaporated under reduced pressure, and the residue was. 
dissolved with ethyl acetate (20 niL) washed with aqueous 
(20%) sodium carbonate (3 x 20 ml.) and thai-i with water (3 
* 20 ml.). The ’crude was chromatographed on silica gel - 
column (elution with cyciohexane-ethyl acetate minutes), 
affording l-aminopyrroles ISa-c In good yields that were 
crystallized ti-oni ethyl acetate-pentane. 

Preparation of l-Asninopyrro4es ISa-c from 1-Alkoxy-
carbonyl-1.4-dlhydtopyridazines Ha-c. 1-Alkoxycarbo-
nyl-1,4-dlhydmpyrldazmne 14a-c (1 inmo)) was dissolved In 
trmfluoroacetic acid (5 ,nL), and the reaction mixture was 
heated underrefluxfor2 h (14a.b). wallowed to stand at room 
temperature under magnetic stirring for 15 nun (tic). Tn-
fluoroacetic acid was evaporated under reduced pressure, and 
the residue was dissolved with ethyl acetate (20 niL) and 
washed with aqueous (20%) sodium carbonate (3 *20 tnt) 
and then with water (3 x 20 niL). The crude was chromato-
graphed on silica gel column (elutlon with cyclohexane-ethyl 
acetate mixtures), affording I -amlnopyrmies 15a-c that were 
crystallized from ethyl acetate-pentane. 

iota - 
lSb:mp 10-72 C; JR (Nujol) v,,,,, 3238. 1761, 1713, 1611 

cm’; ’H NMR (CDCI3)-64,29 it, 3H. .1- Ti Hz. 2 x CO,.. - 
CHt4*, LIZ (s. OH. 2 x Me). 3.76 (s. Sit COAl$. 424 -(q. 
41-i, J- 7.1 Hz, 2* COaCH,Me), 8.39 (bra, IM, NH, 1)20, 
exctO: "C NMR (CDCW 9.7 (2 x Me), 142 (Me), 14.4 (Me). 
51.5 (CO2M4, 60.4 (CO2CJJ3MeJ, 62.6 (CO2CKMe), 109,8 and 
110.1 (CS and C61, 134.6 (C2 and C5), 154.8 (NHCO), 165.5 
(COO). 166.0 (COO); MS #1:312(35) (Mi. 280 (68).266 (100), --
Anal. Cg)cd for C,JjaaNaOe: C. 53.84; H. 6.45: N. 8.97. 
Found: C. 53.78; H. 6.50; N, 8.91. 

Crystal data: C,,ftN205. M - 326.35, monoclink. space 
group P2/n, a 13.454(8) A, b = 9.506(2) A, c = 13.570(6) A. 
p= 100.09(5)’: (1-1709(2) A’, Z4, D = 1.27 Mg rn"3, FWOO) 

(20) Attanl, 0. k; Ftllppone P.: Mel, A,: Serra-Zanetti, F. Sjsrit& 
Gwwnua 1986, 16.343. 
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696.1 = onoesA. T293K. (K40Kc1)/4-0.09$nwar’. 
crystal dlznemlons 0.50 x 0.70 x 0.30 mm. A total of 3148 
reflections were collected (30 L3 unique, P6 Š(10099). 

Data Collection and Processing. Intensity data were 
collected on an Enrat-Nonlus CAV4 dlffractometer using 
graphite-monochroiflated Mo Ko, radiation, wIZO scan mode, 
range 2,63 C 0 C 25.02 ¶The unit cell parameters were 
determinated by least-squares refinement on ditfractometer 
angles for 25 automatically centered reflections 7.9°  < B 
12-601 

Structure Analysis and Refinement. The structure was 
solved by direct methods and refined by full-matrix least-
squares on P. using the SHELX program p?ackages.nu In the 
final refinement cycles 2338 reflections having! 2o (4 were 
used, with 209 parameters Varied. In refinements were used 
weights in accord with, the scheme w 14o’(M + (0.0782F) 

(al) Sheldridc. 0.14 snELxsa Aria Cz-ptal)ogr., Sea. A 1980, 
46.467. 

(22) Sheldrick. C. M. SHEU(L-93, fltgram for Crystal Structure 
RMr,i-sanc University of Cöttlngeo. Carrnawg. 1993. 

-1- 0.567811 where P (F? + 2PC23(3. The hydrogen atoms were 
located by geometrical calculation and refined using a riding’ 
model. The final agreement indices were H, = 0.0439 and w!?z 
Š 0.1252. Goodness of fit on P 1,041. Largest difference 
peak and hole was 0.312 and -0.236 e A’. Full crystal-
lographic results for this X-ray determination have been 
deposited with the Cambridge Crystallographic Data Centre, 
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