‘OLARTERAISBECK

OLARTE RAISBECK FRIERI MOURE & CASTRO LTDA.

Sefiores

SUP_ERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E. - S, | B

- USTRIA Y COMERGIO

‘ﬁOGu 0000

St Dsr 2020 NUEGREAGIONE
, £ 7y ~ASCNACIONALI
Ref: Expediente No. 03.079.617 w44 RTSVLESVESTT L ¢ oS 46

Solicitud de patente de invencion titulada: “DERIVADOS DE PIRAZOL.”
Solicitante: PFIZER INC.

RESPUESTA AL OFICIO No. 7341 NOTIFICADO POR FIJACION EN LISTA
No. 202, DE FECHA 15 DE JUNIO DE 2007.

(REQUERIMIENTO ARTICULO 46)

CARLOS R. OLARTE, mayor de edad y vecino de Bogota, identificade tal como aparece al pie
de mi ﬁrm_a, en mi caricter de apoderado de la sociedad solicitante, me- permito manifestar lo
siguiente ante el auto emanado por ese Despacho, dentro del plazo legal previsto en el articulo 46
de la Decision 486:

1. Presento eopia completa de los siguientes documentos exigidos por el Examinador en el
examen de bﬁsq'ucda de anterioridades, segun lo previsto en el Articulo 46 de la Decisién 486 de

la Comisién de-la Comunidad Andina;

By

© XMODIS J ET AL: "The Synthesis and
Transformations of Substituted

T 2-Hydroxy-3-dimethylaminopropenoates. The
Preparation of Condensed
A~Hydroxypyran=-2-ongs"
TETRAHEDRON, ELSEVIER SCIENCE PUBLISHERS,
AMSTERDAM, NL,
vol. 54, no. 33
13 August 1998 (1998+03~13}, pages

. 9799-9810, XP004127445
ISSN: 0040-4020

“World Trade Center - Torre A, Calle 100 No, 8A - 37, Piso 10, Bogota D.C., Colombia
Tal + €9 1 A£01.THY Fav 4+ 2% 1 &AN1.17700 b oot anlarmtora lchenl oams vy nlamesraiobacl: frrmm

R il

A




R

OLARTERAISBECK

OLARTE RAISBECK F’msm MoURE & GA$TRO LTDA

wer A uat

2)

LEPINSKI ET AL: “"Bronchodilator and
antiulcer PhenoXypyrimidinones”
JOURNAL OF MEDICINAL CHEMISTRY.,
vpl. 23, 1980, pages 1026-1031,

KP602291971
AMERICAN CHEMICAL SOCIETY. WASHINGTON., US

ISSN 0022-2623

3. _
REGITZ; SCHAFER; "Stabile enole von
aptpha—‘sry?(alky!)oxy*dibenzoylmethanen"

LIEBIGS ARNALEN DER CHEMIE.,
vol. 7, 1981, pages 1172-1185 XP002201972

VERLAG CHEHIE GMBH. HEINHEIM., DE
ISSN: 0170-2041 .

4

- MUNCH; HAUSER: “Acylations of certain
a]pha-a‘lkoxy ang a\pha-aryloxy ketones and

esters”
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY.,
yol. 71, 1949, pages 770-773, XP002201973
%gialcgﬂ CHEHICAL SGCIETY HASHINGTON

U
ISSN 0002-7863

5)

ORAZIO ET AL: "Reaction of some
1,2-diaza~1,3-butadienes with activated
methine compounds™®

JOURNAL OF ORGANIC CHEMISTRY.,

vol. 63, 1998, pages 9880-9887,
XP002201974

AMERICAN CHEMICAL SOCIETY. EASTON., US
ISSN: 0022-3263

LK c)s R. OLARTE
C.C.No. 79.782,747 de Bogot4
T.P. 74.295

Anexo:. Articulos mencionados.

Pagina2 de 2




ID: P

Pesrwamon Tetmhedron 54 (1998) $799-9810

The Synthesis and Transformatioas of Substituted 2-Hydvoxy-3- -
dmeﬂyhmopropenoam. The Preparation of Condensed 3-Hydroxypyran-2-ones

Jaoez Smodit end Branko Stmvni!c"

- Faculty of Chemistry and Chemical Technology, University of Ljubljana,
P. O. Box 537, Alkeréeva 5, 100) Liubljana, Stovenia

Dedicated 1o Professor Alan R. Kairitzky, U:ﬂvz;;igr of Florida, Gainesville, [/SA, on the occasion of his
76" birthday

Received 6 March 1998, revised 24 Aprii 1998; accepted 29 May 1998

Abstreci: A canvenienl synibesic of ubstituted 2-hydroxy-3-dimethylaminopropencates is reporied. They react with
syelic 1.3-diketones, with asomatic and heteroaromatic hydroxy compounds 1o afford the correspoading 3-substituted
hydroxytetrshydro-2/- 1-benzopyran-2-oncs.  bezo- and saphthopyran-2-ones and azolo- and zinopyrat-2-ones.
respeciively. Catalytic debenzylation of 3-benzyloxy substinned fused pyvan-2-ones gives free 3- ky\dmxy derivatives.
© 1998 Elsevier Science Lid, All nghts Tescrved.

2H-Pyran-2-ones and fused pyran-2-ones arc important biologically active compounds.'*® Among
condensed 2/H-pyran-2-ones  derivatives, 2H-l-bonwpynn—2-ons {courmarin) plays an imporaant role;
Derivatives of this ring system can be found in numerous plants as metebolites.* They exhibit various
pharmacological activities as hypnotics, insecticides, antimicrobial agents, diuretics,'** and anumaguhm&"

Rapid progress in the field of 2H-pyran-2.ones and condensed systems in recent years is due o the
mzrodumon of several drug receptor binding models leading 10 novel mhibitors of various enzymes, such as HIV
protease ¥ and a-chymotrypsin. 3.4-Dikydroxy-2H-benzopyran-2-ones and their hexahydro diastereomers
show anti-lipidemic and piatelet antiaggregatory properties. ™

However, from the synthetic point of view, the basic idea of construction of the coumarin system from
the corvesponding aromatic compound #nd C: or C, synthon has remained unchanged for many decades.'’
Recently. substituted alkyl 2-acylamino-3-dimethylaminopropencates -and alkyl 2-(2,2-disubstituted)ethenyi-
aminopropenoates, masked a-formyl-g-amino ecid derivatives, have been used for the preparation of many
heterocyclic systems, mcmdms ZH-pynn-z-ones and fused pyran-2-ones with a protected mnmo group attached
at position 3 of the pyranone ring *

 The synthesis of substitated 3-dimethylamine-2-hydroxypropensates

‘ 1t has been reported that 2-methoxy- and 2-ethoxy- 3-dimethylaminopropenosies have been prepared
from 2-methoxy- or 2-ethoxy- acetoncetate and t—hnuxy-hls(dlmedlyhnumhm They have been used for
the synthesis of derivatives of oxaloacetic acid in c-substinued tetromic acids.® -

We now report, the synthesis of subsiituted 3-amino-2-hydroxypeopenoates (2), a-formyl-oi-hiydroxy
acid derivatives, a8 reagents for construction of fused pyran-2-ones with & hydroxy or substituted hydroxy group
atrached at pasition 3 in the newly formed ring. They were prepared from substituted 2-hydroxyacetic acid esters
and t-butoxy-bis(dimethylamino)methane in 73-90% yield (Scheme ). The structure of compounds 2a-d were
determimed by ‘H NMR spectra, which show a-singlet at 8= 6.95-7,.25 ppm for H,, indicating that only one

~ isomer exisis in soltion. 1t was shown by X-ray analysia that metiyl z-bmwryimcy-}dmahylmnopmpemm
12a) exists in the solid state in the (2)-form.*

0040-4020/98/$ - see front marier © 1998 Ekevier Science Ltd. All rights reserved.
PH: SO040-4020(98)00534-)
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Reactions of 3-aminepropencates with 1,3-dicarbonyl compounds

Cyclic diones, such as cyclohexane-i 3-done (3a) and dimedote (3b) reaci with 2-benzoyloxy- (1a) and
2-henzyloxy- 3-dimethylaminopropenoate (2b) when heated in acetic acid &t 130°C for 2 hours 10 give 3-
benzoyloxy-5-0x0-5,6,7,8-tetrahydro-25- | -benzopyran-2-onc {4a} and its 3-benzyloxy derivative (4b) in 26%
and 45% vield, respectively (Schems 2). :
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Reactions of 3-aminepropencites with aromatic and hetevoarsmatic hydrory compounds

Condensed 3-hydroxypyrancaes have been prepared from 3-minino or substitied 3-smino derivatives by
hydrolysis,” while 3-phenoxy substituted coumarins have been prepared from acetamides and salicylaliehyde in
the presence of phosphorous oxychloride.® 3-Hydroxycournering have been found amang metabolites.* They are
chemically interesting compounds bécause of activation of the 4-position towards electrophilic substitution’ and
sigmatrapic rearrangements.’’ _

Activated aromatic and heterosromatic hydroxy or potential hydroxy compounds react with compounds
2s-d to form 3-substituted hydroxypyran-2-one systems fused to aromatx: or heterouramatic ring. The reactions
were carried out in glacial acetic acid st reflux tempecature. The following compounds wene seleoted: Sab, 749,
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10a.b. 11-15 10 give the following uompounds 16a-d, 17a,h, 18a,b, 19ab, 20a-d, 21, zzb,c 23b; 24, and
25a,b, mpecﬁvaly(&ch«ne 3
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Fused pyran-2-ones containing u 3-benzykoxy group, such as 161, 17¢, I8¢, 19c, 20b. 22b, 23b, 25D,
were catalytically debenzylated with hydrogen aver PA/C gt 3 atm in 2 mixture of DMF and dipxane &s solvent.
The reaction was complete in 2-4 hours to give the products  16e.f, 7, 18c, 19¢, 20, 22¢, 23¢, and 25¢,
respectively, with free hydroxy group at position 3, in $0-98% yield (Scheme 4).

Scheme 4
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Reactions of -aminopropeneates with barbituric acid and aminouracil

Barhituric acid (26) is insoluble in organic solvens, but it is soluble in acetic acid ot boiling point,
However, on reaction with 2-benzoyloxy-3-dimethylsminoprapenoste {2a) 2 mixture of products was formed.
When the reaction was carried out at room temperatre only one product was formed in 24 hours.
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it was conclidod on the basis of the 'H NMR spectrum that nucleophilic addition of a C-nucleophile 1o
the double bond of 2 occured to give methyl 2-benzoyloxy-3-dimethylaming-3-{2 4,6-triliydroxy-S-pyrimidin-
yl)propancate (27) in 70% yield, Similarly, 26 reacts with methy! 2-benzyloxy-3-dimethylaminopropencate (2b)
to give methyt 3-dimethylamino:2-hydroxy-3-(2,4.6-trihydroxypyrimidin-5-yljpropanoate (28), from which
dimethylemine way climinated, allowing cyclization to 6-benzyloxy-2,4-dihydroxy-7H-pyranol 2, 3-pyrimidin-7-
one (30). However, ﬂssufﬁuasakfoﬂmdbetwemﬂnaddnﬂmdhubmmcmd,ﬁomwhchth:benm
group can be easily removed o gwe s-ﬁmmhﬁmm-l-hydroxy-ii-(z 4 ﬁ-mhydmxym'mmdn-s-ylpmpmom
{29). (Scheme 5).

6-Asninourecil (31} is less soluble in acetic acid. At higher 1empmlure a complex mixture of products
was formed from reaction with 2a. However, when the reaction mixture was stimred at room tempengture for 14

days, the C-substitied product 2—benzoy|oxy-3-(6-m3ﬂ-d:hydmypm'dn-5-yi)propum A2) wag

formed, indicating that addikion to-C, oeours in prefevence to addition-elimination of the 6-amino group. This is
in agreement with other observations, that Cy is mare nucleophilic than group at the b-position'" * (Scheme 6).
The structure of 32 was confirmed by the "'H NMR spectrum which shows & singlet at § = 7.2 ppm for
the ofefinic proton (H3), two singlets at & = !04ppmlnd6=lOSSppmfmtheZ—andd—hydroxygmupnt
positions 2 and 6, and 2 broad singlet at 5 = 6,75 ppm, integrating for 1wo protons, mssigned 10 the 6-amino

- group. Aﬁnr addition of deuterated water the last three peaks digsppear.

. . _ Scheme & :
: T CoOMe oM R.T.

" EXPERIMENTAL

Meiting points were taken on a Kafler micro hot stage. The *H minr apectta wers obtained on 4 Varian
EM 360 L and Bruker Avance 300 DPX spectrometers, mass spectra 0n an Autospeck Q spectrometer, and
microanalyses for C, H, and N on a Perkin-Elmer Analyse 2400,
. The fllowing compounds wmprepmdaecordmgmthepmedumdesmbadmthellmre methyl
benzoyloxyacetate (12), "nwﬂqlbenzyioxywente(lb)”and methylphenﬁoxylmw {1c)."

General procedare for tlu synthesis of 2-hydrexy mhmuedd—dlmiyhmnopromum. A mixture of
2-hydroxy substituiod acetates (1; 10 mmele) and t-butoxy-bis(dimethylaminoimethane (12.5 mmale} was stirred
#t 90°C in an argon atmosphere for 2 hours. t-Butanol and dimethylarnine fonmed during the reaction were
distiled off. After cooling, water (S0 mi) was added and the suspension was extracted with dichioromethane {1x,
50 md). The mlvemwasrﬂnovedhmthdnd(NuS&)wgamchycrandthareaduewuwnﬂedby
crystalfization or distillation.

Th:folbmmwnpmnﬂsweprepwwmﬂusmnﬁ
Methyt Myh:y-&-&nﬂylmhcwmu (2a): from mahyl bunsyloxymeme (la), yield 73%, mp

104-106°C {miethano!). NMR (COCh) $: 2.95 (6H, 3, NMey), 3.65 (3H, 5, COOMe), 7.15 (1H, 3, 3-H), 740. .
7.65 (3H, m, JH(PK). 8.05-8.30'(2H, m, ZH(PH)). Anai. Caled. for CsHysNO: C, 6264, H, 6.07, N, 5.62°

Found: C, 62.87, H, 6.04; N, 5.75.
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Methyl 2-benzyloxy-3-dimethylamisopropesioste (2b): from methyl beazyloxyacetate (1b); yiedd 90%, bp o,
metg= 140°C. NMR, (CDCL) 8: 3.0 (6H, 5, NMez), 3.75 (3H, s, COOMe), 4.75 (2H, 5 CH), 6. 95 (TH. 3. 3-H),
7.30-7.65 (SH, m, Ph). Anal. Caled. for CisHwNO;: C. 66.36, H, 7.28; N, 5.95. Found: C, 66.46; H, 7.91; N,
5.94.

Methyl 3-dimethylamino-2-phenyloxyncetate (2¢) from methyl phenyloxyacetate (1c); vield 84%, mp 82-
84°C (cyclohexane/petroleter 2:1). NMR (CDCls) 5: 2,95 (6H, s, NMe:), 3.6 (3H, 5,.COOMe), 6.90-7.40 {6H,
m. Pk, =CH-). Anal Caled, for CizHisNOs: C, 65.14; H, 6.83, N, 6.33. Found. C, 64.94, H. 637; N 6 41.

Ethyl 2-bemzoyloxy-3-dimethylaminopropenaate (2d): from ethyl benzoyloxyacetate {14); yield 74%, mp
100-104°C (diisopropytether/n-hexane 2:13. NMR (CDCL) 8 1.2 (3H, ¢, MeCHz, Iaecsiz= 7.0 Hz), 3.0 (6H, s,
NMey), 4.2 (ZH. g, MeCHy), 7.25 (IH, s, =CH-), 7.5-7.7 (3H, m. JH(PH)), 8.15-835 (2H, m, 2H(Ph)). Anal,
Caled, for CyHsNOy: C, 63.87; H, 6.51; N, 5.32. Found: C, 63.75. H, 6.50; N, 5.27.

Reactions of cyclahexane-1,3-disnes with 2. General prscedure: A mixiure of cyclohexane-1 3-dione
derivative (3, } mmole) and 2 (1 mmole) in glacial acetic acid (5 ml} was heated in an ofl bath at 130°C in an
argon atmosphere for two hours, The residus obtained after evaporation of volatile components under reduced
pressure was recrystatlized from appropriate solvent,

The following compounds were prepared in this manner:

3-Benzoylaxy-5,6,78-tetvahydro-2H-1-benzopyran-1.5-dione (da). from methy! 2-benzoyloxy-3-dimethyl-
aminapropenoate (2a) and cyclobexane-1,3-dione (3n); yield 26%, mp 125-127°C (ethanol/water 1:1). NMR
{CDCh) 8: 2.25 (2H, 1, 7-CH,, Jsr2)75=06.0 Hz), 2.7 and 2.95 (2x2H, 2xi, §-CH, and 8-CiHh), 7.50-7.80 (3H,
m, JH(PAY), 7.80 (1H, s, 4.5, 8.10-8.35 (ZH, m, 2H(PA)). Aral Calcd. for C\dHuOs: C, 67.60; H, 4.25.
Found: C, 67.45. H, 4.17.

¥-Benzoyloxy-7,7-dimethyl-5,6,7.8-tetrabydro-14- 1-benzopyran-2,S-diowe (4b). from ethyl 2-benzoyloxy-
3-dimethylaminopropenoste (2d) and 5.5-dimethylcyclohexane-1,3-dione (3c); yield 34%, mp 135-136°C
{diisopropyl ether). NMR (CDClLy) &: 1.20 (6H, s, 2x7-Me), 2.45 (2H, 5, 6-CH3), 2.75 (2H, 5, 8-CH;), 7.40-7.70

©(3H, m, 3H(PH)), 1.75 (IH, s, 4-H), B.10-8.30 (2H. m, 2H(FR)) Aral. Caled. for CsHliOy: C, 69.22; H, 5.16.

Found: C, 69.18; H_4.97.

3-Benrylaxy-5.4,7,8etrahydro-2H-1-benzopyran-1,5-diene  {dc}: Hom methyl 2-benzyloxy-3-dimethyl-
amimopropencate (2h) and cyclohexane-1 3-dionz (3a); yield 45%, mp 135-137°C (ethanol). NMR (CDCl) 8.
2.15 (2H, tr, 7-CHy, Jos2)r5=6.0 Hz), 2.65 and 2.85 (2x2H, 2xt, 6-CH, and 8-CH), 5.20 (2H. s, PhCH:), 7.10
{iH, s, 4-H), 7.45 (SH, brs, Ph). Anal. Calcd. for C,gH404: C, 71.10; H, 5.22. Found: C, 70.90, H, 5.19.

3 Benzylory-7-methyt-5,6,7,8-tetrakydra-2H- 1-benzopyran-2,5-dione {4d): from methyl 2-benzyloxy-3-
dimethylaminopropenoate (2b) and S-methykcyclohexane-1.3-dione (3d); vield 51%, mp 128-131°C {ethsnol),
NMR (DMSD-dg) 3: 1.00-1.20 (3H, d, 7-Me, hues= 4.0 Hz), 2.30-2.85 (5H, m, 7.1, 6-CH;, 8-CHy), 5.15 (2H,
s. PACHY), 7.15 {1H, s, 4-H). 7.50 (SH, brs, Ph}. Anal, Caled. for Ci:H,s04: C, 71.82; H, 5.67. Found: C, 71,95;
H, 5.70.

3-Benzyloxy-7,7-dimethyl-5,6,7 6-ietrabydro-2H-1-benzopyran-2,5-one (d4e}: from methyl 2-benzyloxy-3-
dimethylaminopropenioate (2b) and 5,5-dimethyicyclohexane-1,3-dione (3¢), yield 52%, mp 149-152°C
(ethanal). NMR (CDCh) &: 1.10 (65, 5, 2x7-AMe}, 2.40 (2H, 5, 6-CHY), 2.65(2H, 3, 8-CH), 5.3 (2H, 5, PhCHY),
7.05 (1H, s, 4-H), 7.45 (SH, brs, Ph). Anal. Caled. for CysHisO¢: C, 72.47; H, 6.08. Found: C, 72.29; H, 5.93.
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Reactions 0¥ 2 with syomatic and heterocyclic hydroxy compouads. General precedure: To a solution of
aroraatic or heterosromatic hydroxy compound (2 mmole) in glacial acetic acid (10 mi), propenoate 2 (2 mmele)
was added. The mixture was heated on an oif bath at 130°C for 1wo hours in an-argon atmosphere. The volatile
componctits were evaporated &7 vacwo and the residue recrystallized from an appropriate solvent. -

In this manner, the following compounds were prepared:

3-Benzayloxy-T-hydroxy-2F-1-benzopyran-2-ome (16a); from 2a and 1.3-dibvdroxybeanzeoe (6a); yield 20%,
mp 220-221°C (ethanol/water 5:1}. NMR (DMSC-ds) 5: 6.85 (1H, d, 8-H, J5,= 2.0 Hz), 6.95 (IH, dd, 6-/:
Js= 6.5 Hz), 7.6 (1H, d, 5-H), 7.6-7.9 (3H, m, 3H(PH)), 8.1 (LH, 3, 4-H), 8.05-8.30 2H, m. 2H(PH). Anal.
Caled. for CeHi0y: C, 68.0%; H, 3.57. Found: C, 68.38; H,336

il &Bemyhxy&?—hydro:y-l-nﬂhyi—ﬂf-l bmopynn—l-one (16b): from 2a and l \3-dihydraxy-2-methyl-

" benzene (6b); yield 42%, mp 260-262°C (DMF/cthanol 1:2). NMR (DMS0-d;) &: 2.25 (3H, s, 8-Me), 3.20-4.50
(1H, brs, OFN, 7.00 {(1H, d, 6-H, Js¢= 8.5 Hz), 7.5 (1H, d, 5-H), 7.65-7.95 (3H, m, 3H(PA)), 3.1 (IH, &, 4-H),
8.10-8.35 (2H, m, 2H(F#)). Anal. Celed. for C1H)204: €, 68.92. H, 4.08. Found: C, 68.84, H, 4.25.

Benzylosy-7-hydroxy-2H-1-benzupyran-2-one (Lé¢). from 2b and 1, 3-dihydroxybenzene (6a), yvield 13%, -
0 mp 242-245°C {ethanol). NMR (DMS0-ds) 3: 5.15 (2H, s, PRCHY), 6.75 (1H, 3, 8-H), 6.85 (IH, dd, 6-H, Js=

8 Hz, Js3= 1.5 Hz), 7.30-7.70 (7H, brs. Ph, 4_:1, s -H). 4nal. Caled. for CieHyz04: C, 71.64; H, 4.51. Found: C,
"J'! I1; H, 4.40.

3-Bmyluy-7-l|rdruy+methyl-z}f-l-hmowmn-l-one (16d): from 2b and | J-dshydrnxy-z-nuhyl-
berizene (6D), .yiokd 44%, mp 232-238°C (ethanol). NMR (DMSO-d) &: 2.20 (3H, s, 8-Me), 515 (2H, s,
PhCH,), 6.90 (IH. d, 6-F, Jss= 8.5 Hz}, 7.30 (IH d, 5-H), 7.50 (IH, s, 4-#7), 7.50 (SH, brs, Pfa) 9.00-10.0¢
(IH, brs, OH). Anad. Caled. for CpHuaO4: €, 72.33; H, 5.00. Found: C, 72.54, H, 4.96.

3-Benzoyloxy-2H-naphths{1,2-blpyran-2-one (17a); from 2a and !-hydroxynaphthalene (7); yield 12%. mp
203-205°C (ethanol). NMR (CDCl,) &: 7.35-8.05 {9H, m, 3H{Ph), 4,5,6,7.8 ,S-H), 8.15-8.40 (2H, m, ZH(PAY),
8.45.8.75 (1H, m, 10-}). Anal. Caled. for CogH,204: C, 75.95, H, 3.82. Found: C. 75.90: H, 4.01,

3-Benzyloxy-2H-naphibo[1,2-5]pyran-2-one (17b). from 2b and 1-hydroxynaphthalene (7); yield 23% mp
164-166°C {ethanal). NMR (CDCk) 5: 5.25 (2H, s, PhCHy), 7.05 (1H, 3; 4-H), 7.40 (IK, d, 5-H, J,,,-H{z).
7.7 (1H, 4, 6-H), 7.25-8.00 (8H. m, SH(PK), 7.8.9-H), 8.35-8.65 (1H. m, 10-H). Anal, Caled. for CzHu0s: C
79.46; K. 467. Found: C, T9.26, H.463. . _

I-Bmmmphtholz.l-blpynn-lm {1%a): from 2a end 2-hydroxynaphthalene (8); yield 47%, mp
: 175-178°C (n-propanol). NMR. {CDCh) 8: 7.40-7.95 (TH, 3H(Pk),.7.8,9,10-H), 7.50 (1H, 4, 5-H, J;= 9.0 Hz),
' u 8.05 (1H, d, 6-H), 8.20-8.40 (2H, m, 2Hi(Ph)), 8.50 (1H, 3, 1-H). Anal. C‘alnd for Cz2oHi04: €, 75.94, H, 31.82.

Found C 7579 H.3.88, -

2-Beuzyloxy-3i-naphiho[2,1-b)pyran-2-one {18b): Gom Zb end z-hydroxymph:halm: (3 yield 41%, mp
190-192°C {ethanol). NMR (CDCh) &: 5.3 (2H, s, PhCHS), 7.30-8.20 (SH, m, SH(Ph), 7.8.9,10-H), 7.40 (IH,
d, 5-H, Js4= 9.0 Hz), 765 (1H. s, 1-5), 785 (1. d, 6-H). Anal. Calal for CxyH,40s: C, 79.46; H. 4.67. Found
-C, 79.46; H, 4.66. .

Hmwﬂw?mmwm-wmlmzm« {19a): from 2a and 4-Bydroxy-G-methyl.24/-
pyran-2-one (3; yield 26%, mp 200-202°C (n-propancl). NMR (DMSO-dg) 5: 2.35 (3H, s, 7-Me), 6.75 (lH .
8-HY, 7.40-7.50 (3, m, 3H(PR)), 8.05 (H, 5, 4-H), 8.00-8, 30 {2H, m, 2H(Ph)). Anal. Caled. for T, 8,604 C
64.43; H, 3.38. Found: C, 64 63. H, 3.07.
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3-Beazylaxy-7-sacthyl-2H 3F-pyraxof4,3-blpyran-2,5-dione {19b). from 2b and 4-hydroxy-6-methyl-25-
pyman-2-one (9); yiedd 91%, mp 223-225°C (ethanol). NMR (DMSO-dy) 5: 2.3C (3H, s, 7-Me), 5.2 (2H, 5,
PhCH:), 6.65 (1H, s, 8-H), 7.15 (1R, s, 4-H). 7.50 (5H, brs, SH{FR)). Anal Caled. for CiiHy20s: C. 6760, H,
4.25 Found: C, 67.56, H, 4.15.

3-Benzoyloxy-2H.5H-pyrano| 3.2-c][1]benzopyran-2,5-dione (20a). from 2a and 4-hydroxycoumarin (18a);
vield 16%, mp 234-236°C (DMF/ethancl 1:2). NMR (DMSO-de) 5: 7.50-8.00 (6H, m, IH(PA), 7.8,9-H), 8.00-
£.30 (41, m, 2H(PR), 4,10-H), Anal. Caled. for CigHieOu: €, 68.27, H, 3.02. Found: C, 68.05. H, 2.87.

3-Beazyloxy-2H . 5H-pyrane[3,2-c]{1|bemzopyran-2,5-dione (20h). from 2b end 4-hydroxycoumarin (10a);
yield 22%, mp 239-243°C (DMFfethano! 1:3). NMR (DMSO-d,) 5: 5.25 (2H, s, PhCH:), 7.0 (1H, s, 4-5),
7.40-7.80 (8H, m, SH(PA), 7.8,9-H), 7.85-8.20 {18, m, 10-H). Anmal. Calcd. for CoHy04: C, 71.25; H, 3.87.
Found: C, 7§.05; H, 3.66. )

3-Phenyloxy-XH, SH-pyrano(3,2-¢]|1 Jbenzopyran-2,5-dieme {20c) from 2¢ and 4-hydmxycomﬁaﬁn (10a),
yield 32%, mp 230-231°C (DMF/ethanol 1:1). NMR (DMSO-de) 3: 7.10-820 (10H, m, SH(PA), 4,7.8,9,10-#}.
Anal. Caled. for CigH,o0s: C, 70.59; H, 3.29. Found: C, 70.80; H, 3.05.

3-Bexxylexy-9-hydroxy-2H . 5H-pyrano(3,1-c]| I henzopyran-2,5-dlone (20d): from 2b and 4 5-dihypdroxy-
coumarin (10b); yield 29%, mp 297-300°C (DMF/ethsncl 2:5}. NMR. (DMS0-d¢) &: 5,25 (2H, 5, PhCHa), 6.90
(I, d, 10-H, Jg102.0 Hz}, 6,95 (1H, dd, 8-H, J;p=2.0 Hz), 7.55 {5H, s, Ph), 7.80 (1H, d, 7-¥), 10.40-11 40
{1H, brs, 5-OM). Anal. Caled. for CoHy:0s: C. 67.86; H, 3.60. Found: C, 67.70; H, 3.24.

5-Benzyloxy-3-methyl-1-pheayd- 1H,6H-pyrazolo[3 4-b)pyran-6-onc (21} from 3-methyl|-phenylpyrazol.
S{4/)-one (11} and 2b; yield 15%, mp 226-230°C (ethanol). NMR {(DMSO0-dg) &: 2.20 (3H, 5, 3-Me), 4.20 {2H,
5. PhCHD). 7.20-7 95 {1 1H, m, 2xPh. 4-H). Anal. Caled. for CooH\sNOs: C. 72.28; H, 4.85; N, 8.43. Found: C.
1241 H, 4.86; N, 347, '

3-Bemayloxy-5.46-dikydro-2M-pyrane|2.3-c]pyridine-2,5-dioue (22b): from 2b and 4-hydroxypyridin-2(14)-
one (12); yiekd 72%, mp 285-287°C (ethanol). NMR (DMSO-d;) 5: 5.2 (2H, s, PhCH,), 6.4 (1H, 3, B-H, Jop=
7.5 Hz), 7.3 {1H, s, 4-H), 7.50 (5H, brs, Ph), 7.50 (1H, d, 7-H), 11.60-12.30 (1H, brs, NH). Aral Calcd. for
CsHNO C, 6691, H, 4.12; N, 5.20. Found: C, 66.51, H, 3.99: N, 5§29,

3-Fhenyloxy-5,6-dihydro-2H-pyrano|2,3-c|pyridine-2,5-dione (22c): from 2c and 4-bydroxypyridine2{1 -
one (12); yield 62%, mp 228-230°C (cthanol). NMR (DMSO-d) 5: 6.45 (IH, 5, 8-H. };y= 7.0 Hz), 7.10-1.70
(6H. m, SH(P#), 4-H), 7.65 (1H, d. 7-H), 11.40-12,70 (1, brs; NH). Anal. Caled. for CLHoNO,: C, 65.88; H,
355 M, 549 Found: C, 65.70; H, 3.37; N, 5.40.

3-Benzylexy-6-methyl-S,6-dihydro-2H-pyranc{3,2-c]quincline-2,5-dione (23b): from 2b and 4-hydroxy-|-
methylquinolin-2( 15)-one (13); yield 63%, mp 136-139°C (ethanol),. NMR (DMSO-d,) 8: 3.65 (3H, s, 6-Me),
5.20 (2H, s, PhCHy), 7.30 (1H, s, 4-H), 7.20 -7.80 (8H, m, SH(Ph), 7.8.9-8). 7.95 (IH, dd, 10-H, Jgyo= 1.5 Hz.
Js.4= 8.0 Hz), Anal. Caled. for CxHjsNO4: C, 72.06; H, 4.54; N, 4.20. Found: C, 72.29, H. 444, N, 4.20,

3-Beazylexy-6-phenyl-5,6,7,8,9, H-hexahydro-2H-pyrano]3,2-¢clquinoline-2,5-dioat (24); from 2k and 4-
hydraxy- 1-pheenyl-6.7.8,9-tetrahydeoquinalin-2(1 H-one (14); yield 38%, mp 273-275°C (DMF/n-prapancl 2:5).
NMR (DMSO-ds) 8: 1.50-1.85 (4H, m, 8,9-CHy), 2.00-2.25 (2H, m, 7-CH;), 2.55-2.80 (2H, m, 10.CH,), 5.20
{2H, s, PhCHL), 7.20-7.65 (11H, m, 2xPh, 4-/}. 4nal. Cakd. for CuHnND,: C, 75.17, H, 530, N, 2.51.
Found: C, 75.02; H, 5.22; N, 3.43.

é-Bexzoyloxy-1,3-dimethyl-2 d-dioxe-1,2,3,4-tetrahydro-7H-pyrano{2, 3-d|pyrimidin-7-ane (252). from 2a
and 1, 3-dimethybarbituric acid {15); vield 1 7%, mp 194°C (n-propanol). NMR (CDCl) 8: 3.45 and 3.60 (2x3H,
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2xs, 1-Me, 3%).750-7 85 (3H, m, 3H(PH)), 790(1H 5 5-f). 8. 10—835(2H.,m. 2H(Ph)). Anai. Caled. for
CustNzOn C.5854. H, 368 N, 8.53. Found: C, 58.13: H, 3 40, N, 840,

&hmhxrl#-dm&yw-ldwuhydmﬂﬁwz}d]mﬂm-?m (ZSI:) from 2b
and |,3-dimethyibarbituric acid (15); yield 19%, mp 185-186°C (n-propancl). NMR (CDCl) 5:3.40 and 3.55
{2x3H, 2xs, 1-Me, }-Me), 510 (ZH, 3, PhCHR), 7.25 (IH, s, 5-H), 745 (5H, brs, Ph). Angl Calcd. for
CisHN05: C, 61.14; H, 4.49; N, 8.91. Found: C, 60.82; H, 4.50; N, 3.83,

General pracedure for debenzylation. To & solution of benzyloxy denvative {2 mmole) in a mixcure of DMF
and dioxane (1:1, 30 mi), P4/C {10%, 100 mig) was added and the mixturs was hydrogenated in a Parr autoclave
al 3 atm. The reaction was finished in 4 hours. The catalyst was removed by fltration, the solvent was
svaporated i vacno, and the solid residue recrystallized from an appropruate solvent.

{n this manner. the following compounds were prepared:

S-Hydmly-sgﬁ.u-wmhydro-ﬂl-l bmupyrsu-z,&dion (5): from dc, vield 86%, mp 155-162°C
{toluene/cyclohexane 4 1). NMR (DMSO-dg} & 2.10 (2H, 11, 2-CHh, Jsr=hg= 6.0 Hz), 2.5 (2H, 1, 6-CH-). 2.8
{2H, 1, 8-CH3), 69 (IH, s, 4-A}, 10.} {lH,brs QHY. Anal. Cllcd fothH;O; C, 60.00; H, 448 Found: C.
59.3%9; H, 4.37.

3-ny¢my-7,7m&yi.s,s,7mdm;m.|-bumpyun-;.s-m (Se): from de: yield 92%, mp 138-
140°C. NMR (DMSO-d¢) 5: 1.50 (6H, 5, 2x7-Me), 2.45 (2H, 3, 6-CHy), 2.7 (2H, 5, 8-CHy), 7.2 {LH, 5, 4-H).
Anal. Caled. for CuHj04:C, 6345 H, 5.8}. Fourd: Q 63,24, H. 5.85.

3,7-Dibydroxy-2H-1-benzapyran-2-one (16¢): fram 16¢; yield 80%, mp 285-290°C (toluenc/cyclohexane 1:2).
NMR (DMS80-ds) §: 6.75 (IH d, 8-, Jes= 1.5 Hz), 6.30 (IH, dd, 6-H, Jss= 9.5 Hz), 7.15 (IH, s, 4-H), 7.40
[lH d, 5-f), IUN(ZH..brsJ T-OH). Anal Caled: formo-; C, 60.68; H, 3.39 Found: C, 60,39, H, 3.43.

3, T-Dihydmxy-l-uhyl-zﬂ-t-bmpymz-ou (lﬂ) from 16d, yield 88%, mp 250-254°C (toluene). NMR.
(DMSO-de) &: 2.20 (3H, 5, B-Me), 585 (1H, 4, 6-H, Ise= 8.5 Hz), 7.10 (IR, 5, 420, 725 (11, 4, 5-4), 9.70-
10.20 (2H. brs, 3,7-QN). Anal. Caled. for CioHsOy: C. 62,50, H, 4.20, Found: C, 62,67, H.4.17,

J-Hydruy-!ﬂ-nphlh’nll.!-b]pymn—bue {17¢): from 17h; yield 95%, mp 248-230°C (divmane/n-propanol
1:5). NMR (DMSO-d,) &: 7.35 (1H, 5, 4-&), 7.50-8.20 (5H, m, 5.6,7,8.9-H), 8.20-8.50 (1H. m, IOH) 10.60°
(tH, brs, 3-OH). Anal. Caled. for C1xHz01: C, 73.58; H, 3.80. Found: C. 73.17: H, 3.70.

z-ﬂydmywiﬂ-_nlpbtbjz.l-ﬂpyru-z-ne (18c); from 18b; yield 59%, mp 241-243°C {ethanol). NMR

- (DMSO-dg) &: 5.80-7.30 (1H, brs, 2-OH), 8.55 (1H, d. 5-H, b5~ 9.0 Hz), 8.55-8.80 (2H, m, 8,9-4), $.90.9.20

(IH.m, 7-H), 9.00{1H, s, l-H),QM!—BSS(IH,m, 10-4). Anal Caled. forCthoa C. 7358 H. 3.80. Found:
C. 736] H 358

a-ﬂrdroxy-'!-muhyl-ﬂfﬂf mmlmlpyraml.s-diom {1%c); from 19, yicld 80%, mp 277-279°C
(ethanol).. NMR (DMSO-d¢) 5 220 (3H, s, 7-Me), 6.60 (IH, s, B-H), 6.90.(IH, 3, 4-H). Anal. Caled. for

CoH:O4: C.5563 H, 3.12 Found: C, 5579, H, 2.35.

3-Hydrosy-2H SH-pyrano[3,2-c]|1]benzopyran-2 S-dione (20e). from 20b; yield 88%, mp 319-320°C (n.
prapanof), NMR (DMSO-d) & 7.00 (1H, 5, 4-#), 7.30-7-80 (3H, m, 7.8.9-H), Tsmos(:nmju-m Anal
Caled. for C,2HsD4: C, 62.62, H, 2.63. Found: C, 62.64, H, 2.44. .

‘ 3-Hydru:y-s,i-dihydro-w-prmell,.!dprridim-z.&dinne (22d); from 22b; yield 73%, mp >350°C

(DMF). NMR (DMB0-ds) &: 6.35 (1H, d, 8-H, J;9= 5.5 Hz), 7.05 (1H, 5, 4-H), 7.40(1H, d, 7-H}, 9.80-11.80

 (2H, brs, NA. OH). Anai. Calcd. for CeHyNO,: C. 5164 H, 28); N, 7.82 Found: C, 53.39. H, 2.91: N, 7.92.
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3.Hydrexy-b-methyl-5,6-dibydro-2H-pyramo[3,2-cjquinoline-2,5-dione (23¢): from 23b; yield 84% , mp
310-313°C (DMF). NMR (DM50-d,) §: 3.65 OH, 5, 6-Me), 7.5 (1H, s, 4-H), 7.20-7.80 (3H, m, 7.8,9-F), 7.95
{1H, dd, }0-H, Je10= 8.0 Hz, Jy ;0= 1.5 Hz), 10.40-11.3C (1H, brs, 3-OF). 4nal Caicd. for CisHaNQu: C, 64.20;
H, 373 N, 576 Found: C, 63.97,H, 3.9, N, 5.71.

1.3-Dimethyl-7-hydroxy-1,2,3,d-tetrahydro-7H-pyrano[23-d]-pyrimidin- 2.4, 7-triene  (25¢). from 15h,
yield 98%, mp 195-197°C (tolueng). NMR (DMSO-de) §: 3.25 and 3.35 (2x3H, 2xs, 1,3-Me), 7.05 (IH, 5, 5-4),
10.15 (1H, 5, OH). MS: m/z= 224 (M", 100%). Anal. Calcd. for CAN:04: C. 58.22; H, 3.60; N, 12.50. Found:
C.4822,H,393:N, 12.73,

Methyl 2-bemzoyiony-3-dimethylaming-3-(2.4,6-iribydroxypyrimidin-S-yl)propaseate (27). A mixture of
2a (1 mmol) and barbituric acid (26, 1 mmole) in acetic acid (5 ml) was stirred at room temperature for 24
hours. The solven was removed i vacwo at 40°C. The residue was suspended in ethanol {10 mi} and the solid
was collected by filiration 10 give 17 in 70% yield, mp 270°C {decomp). NMR (DMSO-dy) 5: 2.55 (6H, s,
NMez), 3.20-3.60 (2H, m, 2,3-#), 3.60 (3H, s, COOMe), 7.40-7.60 {3H, m, 3H(PH)), 7.85-8.20 (2H, m.
2H(PHY), 8.30-9.2 (1H, brs, O, 9.8-10.3 (1K, brs, OF). Anal. Calcd. for CpsHpN;Oy: C, 54.11; H, 5.08; N,
11.14. Found: C, 54.01; H, 4.956. N, 11.43.

Methyl 2-benzyloxy-3-dimethylamino-3-(2,4,6-tribydroxypyrimidia-S-yl)propancate sal with barbituric
scid (28). A mixture of 2b (1 mmole) and barbituric acd (1 mmole) in acetic acid (5 ml) was stired at room
temperature for 6 hours. The sofvent was removed ir vacuo at 40°C. The residue was suspended in ethanol (5
ml) and the solid collected by filtration to give 28 in 45% yisld, mp 197-200°C (water). NMR (DMS0-d;) &
2.55 (6H. 3, NMe2), 3.55 (3H. 5. COOMe), 3.20-3.50 (1H, brs, 3-f), 4.35 (1H, brs, 2-H), 4.8C (2H. s, PhCH),
7.15 (1H, s, 5-F of barbituric acid), 7.25 (5H, s, Ph), 7.35 (1H, brs, OH), 7.8-8.5 (ZH, brs, 2xOH}, 9.45 (IH,
brs, OH), 9.95 (1H, brs, OF), 10.05 (1H, brs, OF). Anal. Caled. for CHzsNsOy: €, 51.32; H, 5.13. N, 14.23,
Found: C, 5108, H, 512, N, 13.98,

Methyl 3-dimethylamino-2-hydrouy-3-(2,4,6-trihydroxypyrimidio-5-vijpropanozte (293. To a solution of
28 (700 mg)} in & mixture of dioxane (7 ml) and water (15 ml), PA/C (10%, 120 mg) was zdded and the mixture
was hydrogenated {3 atm) in a Parr autoclave for three days. The catalyst was removed by filtration, the solvent
evaporuted 10 dryness. Ethanot (10 ml) was added 1o the residue nd filtered to give 29 in 71% yield, mp 260°C
{decomp). NMR (DMS0-d;) 5: 2.60 (6H, s, NMe,), 3.30-4.10 (m, COOMe, 2,3-H, H;0), 8.0 10.0 (3H, brs,
Ix0H), 1220 (1K, brs, OF). Amal. Calcd, for CioHisMiOe: C, 43.96; H, 5.53; N, 15.38, Found: C, 43.80; H,
526, N, 15,00,

6-Bomylexy-24-dihydroxy-7H-pyranc|2,3-d]pyrimidin-T-ene (38). To a solution of 28 (1 mmole) in acetic
acid (5 m)), sodium acetate {1 mmol) was added and the mixture stirred in an argon atmosphere at room
temperature for 24 hours, then the mixture was heated 2t refhux temperature for 2 hours. The precipitete was,
after cooling, collected by filtration to give 39 in 63% yield, mp 325°C (decomp) NMR (DMSO-dq) §: 3.70-
4.80 (1H, brs, OH), 5.12 (2H, s, PhCH:), 7.25 (1H, 5, 5-H), 7.55 (5H, s, PA), 11.25 (1H, brs, OH). MS: m/z
286 (M" 14%), MS: daled. for CHuwN:0s. miz= 286.0590. Found: m/z= 286.0600. 4nal Caicd. for
CiHpN:Oy: C, 58.75; H, 352, N, 9.79, Found: , 58.90: H, 2.87, N, 8.67.

Methyl 2-Benzoylaxy-3-{6-amine-2.4-dibydrozypyrimidin-5-yl)propencate (32). A suspension of 6-
aminouractt (31, 1 mmole) and 2a {1 mmole) in acetic acid {10 mi) was stirred at room temperature for 14 days.
The solid was collected by filiration to give 32 in 69% vield, mp>300°C (acetic scid). NMR (DMSO-d) 5: 3.75
(3H. s, COOMe), 6.75 (2H, brs, 4.-NAR), 71.20 {1H, s, 3-H}, 7.50-7.80 (GH, m, JH(Ph)), 8.00-8.25 (2H, m,
2ZH{FR), 10.40 and 10.55 (2x1H, 2xbrs, 2, 6-OHF). Anal Calcd. for CsHya™iQg: C, 54,38 H. 3.96; N, 12.68,
Found: C, 54.26; H, 3.99; N, 12.36. '
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rotenone oxime (%), acetylrotencne oxime (8), carbethoxyrotenons
oxirme (7), dehydrorotenone (9), acetylrotanclone ((0), and derrisic
acid (11) were prepared ysing the proceduree doenmented under
“Chemistry Section”. Verification and purity of these compounds
wére established by combustion analysis end spectral data, using
the instrumentation described above.
$s,12a-Dibydro-8,9-dimethexy-2-{1-methylethyl}[1]-
benzopyranold,4-bllure{2,3- k) 1lbenzopyran-6(12H)-one

~———(Yporotenone: 3). A slicry of 1 (25.0.g, 83,4 m

of concentrated HCI was heated at reflux for 20 min, Gas evo-
hetion (HCY) was copius. The mixture was cooled and the pre-
cipitate was collected, TLC (silica geb; 2:1 CHCI~CHyGH) in
dicated mestly }, with s minor amount of 8 which displayed an
R, shightly higher than 1, The solid wes suspended in 400 mL
of concentrated HC] and 100 mL of watar and heated at reflus.
After 60 h, TLC indicated mainly 3, with sotue 1 present. Aftar
&n additional week at reflux, TLC indicatad the absence of 1. The
mixture was cooled and the solid was coliscted and recrystallized
from methanct (600 mLy to yield B.50 g (34%) of 3 as white prisms:
mp 174-176 °C, bt.#¥ mp 177-178 °C; IR (Nugol) 1780 am? (C~Q);
NMR (CDCY) & 127 [d, J = 7 Hz, € H, CH(CH;);]. Anal
(CqsHzsDp) C, H, N. :

Isolation of Dequolin {12) and Tephrosin {13}, The pow-
dered roat of Lonchocarpus nicou™ (884 g) was exhaustively

© extracted with 500 L of ether using a Soxhlet apparatus, On

cooling, the solution deposited crystals of rotenone which were
collested (20 g). The filtrate was concentrated and the dark
residue was reconstibuted in 200 ml of CCL,, whereupon another
crop of rotenone (12 ) was deposited, The CCY, filuate was
concentrated o leave $8 ¢ of syrup, which was dissolved in 200
nul of ethanol. Sodium acetate {8 g) was added and reflux was
maintained for 2 h. The ethanol was removed by svaporation,
end the residue was suspended in CH,Cly and filtered. The filtrate
wan concentrsted and the residue was dissolved in 100 mL of
acetone. The resulting yellow crystals which formed weze collseted
(8.7 g) and successively crystallized from ethsr, ethy! scetate, and
scelonitrile. The resulting white cryutals were shown by high.
performance LC 10 be a mixture of 12 and 18, A Varian Model
8500 high-performance L.C system was used for this and subse-
quent compoeition determinationg, A two-colurs system was
employed; a 4 X ¥/4 in, 0.d. precolumn packed with Cyy Porasil
{(Waters Associates; 37-50 zm) was followed by & 30 ¢em X 4 mm
t.d. coluron of xBondapak Cyy {Waters Associates). Elution was

" (29) S. Takel, Biochem. Z., 157, 1 (1925). -

{30) The powdered Lonchocarpus nicou root was oblained from 5.
B. Penick, Lyndhurst, N. J. _
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B'ronchodi,latdr and Antiulcer Phenoxypyrimidinones‘

C. A. Lipinski,* J. G. Starn, J. N. Pereira, N, R. Ackerman,® and H.-J. Hess
Central Research, Pfizer Inc., Groton, Conngcticut 06340. Received December 6, 1979

Series of 5-phencoxy-2(1H)-pyrimidinonss, 5-phenoxy-#(3H)-pyrimidinones, and related compounds were prepared
it 8 follow-up of a lead prepared s a polential cyslic nuclsolide regulating agent. Compounds were evaluated for

. bronchodilater ectivity in bistamine-chellenged guines pigs and for antiuieer activity in a cold-restraint, stressed
rat ulcer model. Bronchodilator activity comparable to, or greater than, that of theophyiline was found in both
the 2(1H)- and 4{3H}-pyrimidinone series and wes moat prominent in analogues contsining either an eleciron-
withdrawing or -donating substituent in the para position of the phenoxy ring. Significant antiulcer activity was
chserved only in the 2(1H)-pyrimidinone series among three 5

sccomplished with 3:2 CH;CN-H,0. ;

A portion of the mixture of 12 and 13 (1.4 g} was chromato-
graphed on a ailitic acid column. Ehnion with 9:1 C}lngHCk
yielded 12 (457 mg), mep 188~173 °C, lit." mp 171 °C. Subsequent
elution with 4:3 CHyCl~CHC!, initiaily afforded mixtures of 12
and. 13 and then pure 13 (446 mg), mp 187-198 *C, 1it.¥ mp
187-198 °C.

Pharmacological Methods. Measurement of SRS-A Ao-

agonism_ The SRS-A used inthe present study was cbtained.__
by collection of peritoneal shock ffuid from rats subjected to

“passive peritoneal anaphylaxis as described previously.® The

material was assayed on g steip of guipen pig ileum suspended
in u tissue bath containing Tyrode's solution, maintained at 37
*C, and contintousty aerated with 95% 0,-5% COy. Reaponses
were checked in the presence of atropine (5 X 10°7 M} and me-
pyramine maleate (10% M} ® a3 well as the selective SRS-A
antagonist FPL 55712, to assure pharmacological activity and
stlectivity. :

A doee-response study allowed ua to salect a doss of SRS-A
which produced a contraction which wea ca. 60% of the mazimum,
This dose was employed in the evaluation of all antegonista, All
antuegonists were addad to the tiesue bath 2 min prior to challenge
with SR8-A. Activity was recorded by calculating the percent
inhibition induced by the entagonist.

In mommemanoﬁnhiblﬁmofﬁggicmﬂiom was done
using the method of Greig and Grifim® Guinen pigs were
immunized to ovalbumin with a I-wl subcutaneous and a 1-mL
intraperitoneal administration of a 10% sclution of ovalbumin
After sensitization developed (ca. 4 weeks), the animals were
challenged with aerosolized antigen (ovalbumin). Time of collapse
was the end point, Failure to collapse within a 6-min expaosure
to the antigen was considered maximal protection. The collapse
times for enimals receiving the antagonists were compared with
collapse times of control animals, Bartleti's test was employed
to dalineats the horaogeneity of variances among the treatment
groupa. Since the variances were homogeneous, a one-way enalysia
of variance and a Dunnett’s test were utilized to determine any
significant differences batween exparimental and control groups,

Acknowledgment. The authors are grateful to Fisons
Pharmaceutical 11d., Loughborough, Leics,, for supplying
& sample of FPL 55712. We also thank Ben J, Cerimele
for statistical analyses.

{31) H.J. Repp, J. Physiol. {London), 188, 35 (1961).

{32) J. W. Roes, H. Smith, and B, A. Spicer, Ind. Arch. Allergy
. Appl. Immunel, 51, 228 (1976).

(83) M. E.Greig and R. L. Griffin, J. Med. Chem., 18, 112 (1975).
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osely related analogues. One of thess, S-(m-

_methyiphenoxy)-2(1H)-pyrimidinone (3), exhibited more potent antiudeer effects than the clinically useful antiulcer
" agent earbenazolone, without demonatrating bronchodilator activity. .

Series of chemlcal prototypes having esttain structural ~* lator theophylline were prepared as potential eyclic nu.

features in common with the clinieally useful branchodi-

0022-2623/80/1825-1026501.00/0 © 1980 Ameriean Chemical Socisty

cleotide regulating agents. One of these, 5-phenaxy-2-
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Scheme I. Synthesis of 5-Phenoxy-2{1H)-pyrimidinones
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Scheme 11, Synthesis of 5-Thiophenoxy-2(1H)-pyrimidinones
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(LH)-pyrimidinone (compound 1, Table 1), prevented
bronchoconstriction in guinea pigs challenged with hist-
amine and protected cold-restraint, stressed rats from
gaatric ulceration. This compound provided the basie for
a giructure-activity study reported here, which was aimed
at optimizing antiulesr and bronchodilator aclivily,

Chemistry. The 5-phenoxy-2(1H)-pyrimidinones (1-21,
Table 1) were synthesized as illustrated in Scheme I by
cvelization of an acrolein precursor with urea in the
presence of sodium ethoxide. The 2-subatituted 3-(di-
methylamino)acrolein precursors (Table 1I) were obtained
by Vilsmeier resction of phenoxyacetaldehyde diethyl
acetals using & modification of the method of Amold?
The required acetals, in turn, were prepared by reaction
of phenclate arion with chloroacetaldehyde diethy! acetal ¢
Phenoxyacetic acide were inferior substrates to phenoxy-
acetaldehyde diethy! acetals in the Vilsmeler reaction.
Thus, while phenoxyacetic acid gave acrolein Ia in only
11% yield, an 81% yield of 1a was obtained using phen-
oxyacetaldehyde diathyl acetal as the substrate.

The 5-(thiophenaxy)-2(1H)-pyrimidinones (32-35, Table
1) wera prepared according to Scheme II by cyclization of
the appropriate 2-(thiophenoxy)-3-(dimethylamino)-

acroleing with ures in the presence of sodium ethoxide.

Attempted preparation of the latter intermediates hy
Vilsmeier reaction with (thiophenoxy)acetaldehyde diethyl
acetals was uhsuccessful. The only products isolated from
this reaction were disulfides. The 2-(thiophenoxy)-3-{di-
methylamino)acroleins were prepared instead by reaction

(1) Proserted in part by C. A. Lipineki, J. G. Stam, J. N. Pereira,
N. R. Acksrmam, and H.-J. Hess gt the 176th National Meoting
of the Ameriean Chamical Scclety: see “Adniracts of Papens™,
178th National Mesting of the Awerican Chemical Society,
Miami Beach, FL, Sept 10-15, 1978, American Chemical So-
ciety, Wanhington, D.C., 1978, Abstr. MED! 030,

(2) Symtex Rasonrch, Palo Alie, CA S804

3 2 Armég}md P, Sorm, Collect. Crech. Chem. Commun., 23,
452 {1958).

4) C. A, Lipizgki, J. G, Stam, . G. DeAngells, and H.-J, Hess,
U.S. Patent 3992345 (1975); Chem. Abser., 84P, 59552u.

O D

of the appropriate thiophenols with 2-chloro-8-(di-
methylamino)acrelein® in the presence of triethylamine,
As ghowm in Scheme I, it seeme Bkely that the mechanism
of this reaction involves initie} Michael addition of thio-

phenol to the acrolein double hond, followed by dis- -

pPlacement of the activated o-chloro group by a second
equivalent of thiaphenol; the bis(thiophenol} adduct then

" loses thiophenol to generate the acrolein.

The b-phenoxy-4(3H)-pyrimidinones (22331, Table )
were prepared as illustrated in Scheme [11 by Raney nicke}
desulfurization* of the correspending 5-phenoxy-
pyrimidine-2{1H)-thiones, most of which were readily
available by known procedures®” Hydrolysis of these
pyrimidine-2(1H)-thiones with chloroacetic acid in con-
ft)eﬁ:ated HCI afforded the 5-phenoxyuracils (96-39, Table

Biological Reaults and Discussion

Bronchodilator Activity. Theophylline, s clinically
weeful bronchodilator, served as a positive standard in the

guinea pig bronchodilator test, giving 20 to 30% protection

againgt histemine-induced bronchoconatriction, Both se-
ries of pyzimidinones exhibited potent activity, with some
compounds producing protection equal to theophylline at
ten times lower doses, while at high doees producing
greater protection. The degree of protection elicited by
the parent compounds (! end 22, Table I} was comparable
to that of theophylline; however, bronchodilator activity
was markedly enhanced by para 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(1H)-py-
rimidinone series and p-methy! (24) and p-chloro (26)
derjvatives in the 4(3H)-pyrimidinone series were all hi
potent, nearly completely blocking the histamine effect.
By comparison, meta-substituted derivatives generally had
significantly reduced activity, in the range of theophylline:
(7, 11, 21, and 23), or were inactive (3, 8, 13, and 25).
Ortho-aubstituted derivatives (2 and 27) lacked sipnificant
bronchedilator actlvity, as did the 4-isopropy) derivative
10. Replacement of the phenalic ether bridge (1, 4, and
12) by a thioether bridge (32, 34, and 35) led to a dimin-
ution of bronchodilator activity.

Broachodilator activity was alse observed with the
uracils 36, 38, and 39, Substituent effects amnong these
compounds paralleled those Jound in the 2(1H)- and 4-
(3H)-pyrimidinone series. Although uracils were generally

{8} Z. Arnold, Coliect. Czech. Chem. Commun., 28, 3651 {1961).

6} C.-N.Chang, 8.-A, Yang, T.-T. Wang, and Y. Hu, Yoo Hauek
Hsueh Fao, 10, 800 (1963); Chem. Abstr., 80, 14504b,

{7} E.A. Fuleo, P. B. Rumell, and G. H, Hitchings, J. Ant. Chem.
Soc., 73, 4488 (1951}, -

(8) C. A, Lipinaki, U. 5. FPatent 4080454 (1978).
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Table [. Bronchodilator and Antiulear Pyrimidinones®™ . - : : . g
: . ‘ . antivleer aot s %
@-—n /4 \>—c _ _ b""“fo“" decrease in total no, %"
X = o d::th.' of lesions (p value) 3
: : - : % 19, 100 =
. . : %  protec:  meg/kg milikg =
no. . X A B c mp, °C solvent formula anal. vield tion? po ip E
T 8 0O H OH 180-181  CH,COCH, CHNO, G, H,N 49 28 87(+) BL(+) :
2 2CH, 0 H . OH  208-208 CH.COH ChH,N,0, CH.N 87 8 0{-)  25() 5
3 3CH, © H OH 163164 CHOH : CLELNO; - CHN 6 3 38(+)  70(+) g
4 4-CH, O H OH 186-187 cu,bocnh‘ ChHLN.O, C,H, N 15 86 57{+) 0{4) Q
5 2CH,4CH, O H OH 187-138  CHCOC C,H.N.0, C,H,N 8 € (-) 0{-) 3
§ 3CH.4CH, © H OH 12412 - (-GHJO - ChaHLN0, C H.N 48 14 B4(-)  53() g
7 3CH.SCH, ©O H OH 208210 CH,CO,CH, CLH.N,0, CH,N 365 38  B0() S3(+¥ 5
8 3CH, o n OH 152-152 CH.CO,C.H, CoH.ND, CHN . 37 - 8  28() H3(+ ¥ 5
----- 8 - §CH, o . OH  158-150  CH,COCH, 'CLH.N.O, C.H.N 37 o8 0 a) 27(-) b
10 4iGH, O H OH 176-171 CHOH. ST N.O, C.H.N 1m0 0 (- 9(-} B
11 30 6 H OH  177-178 CH,COCH, CHON0, .CHNa 29 22 22 {-) o) -
12 4Q 0 H OH ‘218220 CH-Cnlon - ChHON.O, CHN 84 97 ) 0(-) s
18  3-0CH, O H OH 163165 - CH,00,H-H,D . CLHLN,0, C H.N 3 3 55 (—)  B82{+y o
14 4.0CH, 0O H OH  168-170 CH,COMH-H.O CLHLN.O, C.H.N 42 45 0(-) 0 {-} 8
15 AF O H O©H 230-221 cnab-bn,oh WHFN.O, CHNF 8 66 oy 0() >
15  4-Be 0O H OH 211-213 CH,OH c,.n,nrbi,o, C.H, N, Br 6% 90 of (-} 0 {- e
17. 4.§CH, . o H OH . 197-189 . CHOH. : _ CyH,N,0,8 C,H.N 46 55 S0 0(-% ©
18 4SOCH © H. OH 259-260 CH,OH _ C,H,N.0,§ CHN 73 10 50 (-] 0 (-}
19 2 44 0O H OH 210-211  CH.COCH,-H,0 CLH.ON,0, C,H N 50 47 29 (~ 19€ (-) :
20  3-CH,, £-Cl o H OCH 224225  CH,CO,C,H,-CH,OH . ChH.GND, CHN 0 8 0 14 (=) .
2 3CF, 9 H OH 191192 CHCOH-H,0 CLEF,N.0, CHN 16 26 29 (- - R
2 H O OH H 189-191  CH,CO.H-H.O WHNO  CH.N 82 23 0(-)
23 3CH, ¢ oH H 148-145  CH,COCH,-hexane C,.H,.N,0, CHN 54 28 0(-)
2¢  4-CH, C oH H 122-124  CH,COCH,-CH,COC,H, CLH.N.0O, C.H.N 49 92 27 (-) f
% 30 O OH H 158-161  CH,COCH, hexane _ JHONO0, H N 50 13 ) 18% (-}
28 - 4C O OH H 163-164  pptd from bese CHCN.O, CHN 49 92 | 0()
7 2q ‘0 OH H 163-165 CH,COCH, _ CLHCINO, CHN.C 50 18 g .
28 4F 0O OH N 146-147 © CH.CO,C,H,-hexane C, H.FN,O, C.H.N 27 80 28 )
28 3G, 4-Cl 0O OH H 165-166  CHCI,-hexane CHANO, CH N 74 45
30 300H, 0 OH H 150-162  CH.CO.CH -hexane C.H,N.O, C.H N 57 7 0
31 4-OCH, 0 .0H H 172-174 CO,CH;-CHCL,~CH,0H  CLH,N.0 CHN 89 26 of_l
32 H § ®H OR 213es CHod CoH.N, 08 CH.N 38 23 45 (=) - 47()
‘g8 3 '8 B OH 208-210 CH,CO,C,H, C . H,N,08 C,H.N 25 0{-) . 78{(+)
34~ 4CH, 8 H OH 222-324 - CH,CO,H-H,0 CLH,N,08 CHN - - 30 2 18()  64(+)
35 4C § ¥ OH  218-220 CH,COH-H,0 C.HONOS CHNSECQ 53 63 g , .
% H O o©OH ‘OH 207208 O 0HHO .G H,N,O, k 60 35 22 (-
7 3cn, .0 oOH OH  291-295 pptd from reaction ¢ H_ N0, C.H,N 92 7 0{-) &M (+)
38 4CH, O O OH »>300 . CHOH C H, N k 87 35 o)
39 4 O OoH OH >300 CH,C0,H c,HakO, CHN 40 50 36 {-)
. carbenoxolomne . ) - : ] 88 (+)
theophylline : - 20-30

 Structures drawn in enolic form for clearness of presentation. ® Respiratocy status of guinea pigs exposed o histamine aerosol expressed ag percent protect;l’:n. Control = 0;
complete protection = 140. Drugs given 60 mg/kg po 1 h prior to histamine chatlenge. © Ulcer status expressed as percent decreage in botal number of lesjons in cold-restraint,
stregsad tata,  Active: 2 < 0.06 (+);ineckive: p > 0.10 (-). Drugs 10 mg/kg po or 190 mg/ke ip given 3 b before stress, “ p > 0.05, p < 0.20, * Tested 60 ng/kg po.

f Tegted 32 mefkg po, f Tested 32 mg/kg ip. " F:  caled, 22.25; found, 22,83, 4 C: caled, 53.95; found 54.99. m/e ¥Cl isotops: caled, 222.0196;foursd,'222.0198-. 1ot
caled, 27.39; found, 27.15. * Refersnce 6, -
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Bronchodilutor and Antiuicer Phenoxypyrimidinones

Table 11, 2-Phenoxy- and 2-Thiophenoxy-3+{dimethylamino Jaeraleing

Journal of Medicinal Chemistry, 1980, Vol 23, No. 9 1029 (‘6/

CHO
O
x \ R(CHalz

m KR 29TA_t s

no. X A mp, °C soivant formula anal. % yield
s H G 116-117  ,H,-hexane €y HoNO, C.H N 81
22 ™ 2-CH, O  T41143  subl'T25°C (0.1 mm) ~CLH NO, COTELN 88"
3  3CH, O  103-106 CO,C,H, huxane  C, HI:NO, C H, N 81
& 4CH, 0 8789  mbl125°C(0.1mm) CLH,NO, C H N 22
a  2CH,4CH, ©O 137-188  CH,CO.CH, B, NO, CHN 68
8a SOH,4CH, DO 124136 (+CH).0 C,H,.NO, C.H.N 48
7a  8CH,5CH, ©O  136-136  C,H,OH-hexane CoH,:NO, CHN 34
%a H, 0 es-66  (G,H,),0-cyclohexsne C.H,NO, CHN 44
9a 4-C.H o 45-48 2C,H.),0-pet. ether  C,H,NO, CH N 16
02 4--GH, 0  79-80 C:H,),0-hexane CoH, NO CH.N 36
112 30 0  125-128  C,H -hexane Croo, CHN,Q 42
12a 400 O  135-126  CH,COCH-hexame  C,H.CINO, CHNQ 48
188 3-OCH, O 7879  OH,00,CH, hexane C,H.NO, C.H N A
14s  4-OCH, 0 108304 (CH,,0 “H.NO, C H N 28
15 4P O 98100  hexane-CH,CO,C,H, C,H,.FNO, CHNF 59
36a  4-Br O  18i-133  hexane-CH,CO,C.H, Cy.H,BNO, CHNB 70
1 4-8CH, O  75-77  hexane-CH.CO.C.H, CnH,.NO,8 CHNS 15
192 20, 40 0 114-1168  hexane-CH,C0,C,H, OnH,CLNO, CHNG o
20a  3CH, 4-01 0  142-148 CH,CO,C,H LHLCING, CHNGQ 53
21s  3.CF, 0  108-110  hexane-OH,00,C,H, C,H.F,NO, CHNP 44
aza H 8 90-93  (i-C,H,),0 . H.NOS CHN 36
342  4CH, 8 88-90 EF-G,H,],O ELNOS CHN 29
36 40 5 96-97 C,A,5,0 C) H,,CINOS CH NS 23
 Prepared from 2,4-dichlorophenoxyacetic acid. See Experimental Section. ® Cl: ealed, 14.87; found, 15.08.
Table III. Activity In Histamine Aerosol Test. Percent toneal administeation at doses of 30 mg/kg. '
Protection and Duration of Action® Some members of the 2(1H)-pyrimidinanes, but not the

duration, h, at
dose, mgfkg po 60 mg/kg po
no. 8 10 3 60 1 2 4 8

4 2 18 81 86 88 8¢ 8 10
12 22 37 11 92 92 B4 M 88

% Respiratory status of guinea pigs wxposed to histamine
asrosol expressed as pareent protection. Conirol = O
compiete protection = 100, Duration (h) refers to the
time between dosing and initiation of histamine challenge,

less active than the corresponding 2(1H)- and 4(3H}-py-
rimidinones, their activity is believed to contribute to that
of the pyrimidinenes, since both 2(1H)-pyrimidinones and
$(3H)-pyrimidinones are metabolized to yracils.?

Marked differences, which may he related to rates of
metabolism, were observed in duration of action of the
pyrimidinones. Thus, pyrimidinones 4 and 12 were
equiefficacicus when given 1 h before histamine challenge
(Table ). However, pyrimidinone 12 was still highly active
when given 8 h before challenge, in contrast to 4 which was
inactive (Table IIT). A quantitative structure~-activity
study was not sttemptad, since dose-response curves of
members of the pyrimidinones were not parallel (com-
pounds 4 and 12, Table II).

Although the pyrinsidinones and especially the uracls

bear a structural resemblance to theophylline, it Is un-

certain whether branchodilator activity is related o ele-
vation of eyclic AMP levels,

Antiulcer Activity. Anthnicer activity was assersed in
rats using carbenoxolone, a alinically useful uleer-healing
agent, a5 & positive standard. This drug, which is not active
orally in rats becanse of hydrolysis of the hemisurcinate
ester moioty by the intestinal microflora in this species,'®
demonstrated significant antiulcer sctivity by intraperi-

4(3H)-pyrimidinones, exhibited significant antiuleer ac-
tivity. Within the 2(1H)-pyrimidinone series, significant
oral activity was confined to three closely related ana-
loguss, the parent compound (1) and the m- and p-miethyl
derivatives (8 and 4). These compounds provided signif.
icant protection from stress-induced ulceration at doses
of 10 mg kg, po, Several other meta-substituted deriva-
tives, 7, 8, and 13, also demonstrated antiulcer activity but
only by intraperitoneal adminfatration at higher doses (100
mg/kg). Replacement of the phenotic ether bridge in 1,

- 3, and 4 by a thivether bridge (32, 38, and 34) resulted in

a decrease or loss of antiulcer activity. The uracils 36 and
38, which are related to pyrimidinones 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, po.

In more detailed studies, compound 3 was shown to
stimulate gastric mucus secrotion in vivo over the same
dose range that prevents experimentally induced gastric
uiceration in rats and to display mucotropic effects in vitro
in a system employing segments of rat gastric glanduler
mucoss.t' A direct correlation between the mucotropio
and antiulcer effects suggests that stimulation of mucus
secretion, presumably mediated by increased cyclic AMP
production, underlies the antiuleer activity of this agent.
Following administration of 3 (50 mg/kg, ip) 1o rats, cyclic
AMP lgvels jncreased by 50% in the glandular region of
the stomach and, aithough compound 3 had no significant
effects on rat gastric mucosat eyclic AMP phosphodi-
esterase; its metabolite 37 had the same inhibitory effect
as theophyliine (7, = 100 «M).2® Compound 3 Is rapidly
orally absorbed in the rat,? and the greater oral activity
of 2{1LH)-pyrimidinone (3) over uracil 37 may be dua to Jess
favorahle absorption of the very insoluble wracil, Inhibition

(@) H. D. Doshan, Prizer Inc., unpublished work,
{10) P, Iveson, W, E. Lindup, D. V. Parke, and R, T. WiBisms,
Xenobiotica, ¥, 79 {1971).

(11} J. N. Pereira, G. A. Menrs, J. P. Loader, and L. 4, Hohnks,
Fed. Proc,, Fed, Am. Soc. Exp. Biol., 37(2), Ad8¢ (1978),
(12} J. P. Loader, Pfirer Inc., unpublished work.
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of gastric acid secretion does not appear to contribute

-gignificantly to the antiulcer activity of 3.1

Dose-response comparisons established that 8 admin-

istered orally is approximatsly three times as potent as

carbenoxclons administered intraperitoneally in protecting
rats from gastric ulceration, Futhermare, in contrast to
carbencxolone, 3 elicits its protective effects in rats without
fluid retention or altering urinary elactrolvis_output.
Compound 3 has been sssigned the nonproprietary
(USAN) name tolimidone.

Expari:mnul Section

. Mdtit}gpﬁbmedawﬁnedmammﬁmupiw
melting point spparatis and are uncarvected. Microanalyses were

. performed by the Analytical Department of Pfizer Inc. Where
analyses

wre indicated only by symbols of the slaments, analytical
values werg within #0.4% of theoretical values. NMR gnd/or
mass spectra were obtained ou all corepounds and were consistent
with structures and assignments. NMR spectra were recorded
on sithera Varian A-60 or T-60 spectrometer, and the mass specira
wers obtained on s Hitachi Perkin-Elmer RMU-BE spectrometer.
Represemitative procedures for the preparation of compoupds 1-21
(Scheme ), 3235 (Scheme I1), and 22-31 (Scheme ITI) are iI-
lustzated helow. : .
Phenoxyacetaldehyde Diethy] Acetals. The orade inter-
mediates:were prepared by literature procedures*™ and were used
without sxtesstve purification for the preparation of the 2-
(substituted
ptgﬂd\m i

~Methylphan

three-neck fask equipped with e pressure-compensating droppiag
funne), overhaad stirrer, end condenser with solvent takeoff was
added 99.1 g (1.6 mol) of 85% KOH pellets. The dry finsk was
heated, aibd to the stirred hot XOH was added 170.0 g (1.5
mal) of mi-czesol. The flesk was maintained at such & temporeture
that the éoutents were st 80~100 °C 30 that the phenolate gnion
did pot precipitate. A clear solution of woltén potassium m-
cresolate-and H.0 resulted. To the stirved molten solution, 376
g {2.46 mol} of chloroacetaldehyda diethy! scetal (bp 152-156 °C)
was added at such & rete that the mixture ramained at 90 to 100
*C. The mixture {iwo phases) way stirred rapidly and heated,
and an azectrope of the acetal and H;O was removed via the
takeoff on the condanser. Distillation was continued until the
dietilling 'vapor wes at 240 to 150 *C. On cooling, the

separated into an aqueous and gcetal layer and the acetal could

be readded Lo the reaction mixture. The mizture wan stirred
vigoroinly enid heated for 8 h, during which time KC) precipitatad.
The crude cooled mixture was poured into a stirred solution of
fce~H,0 and sther. The layers were separated and the aqueous
laysr was.washed with two moze portions of ether. The combined
ether solutions were washed with cold 2 NN NaOH solution and
M&hﬂmuﬂwﬁmNﬁmwﬂhmm
and concéntrated on & stéam bath to a mobile amber oil weighing

424 g. The restdual traces of ether were removed by distiflation -

st atmospheric pressure, and then excess chloroacetaldehyde
diethyl nceial was removed by distillation at H,0 aspirator

pressurs (20 mm). Finsl distillation under high vacuum at 0.2 -

te 0.3 mmHg at 90-85 *C gave 261.7 g (85%) of 3-methyiphen-
oxyacelaldehyds disthyl scetal as a clear colorless oil: NMR
(CDCly) £ 7.35-8.Y (4 H, m), 4B {1 H, ), 396 {2H,d), 368 (4 {,
m), 23 (3 H,s), 1.21 (& H, 1}, Anal (C;3Hy 0y C, H,
2-{3-Methylphenexy)-3-(dimethylamino)acrolein (3a), To
175 g {2.4 mol} of DMF was added 358 2 (2.4 mel) of POCL,
maintaining the tempezature at 25 °C by an external ice bath.
Upon completion of the addition, tha resvitant amber heavy oil
was warmed to 50 *C for 45 min and then cooled 1o 25 °C, CHCl,
(700 mL)-was added and the resultent eolution was brought 1o
reflux. While reflux continued, 190 g (6.8 mol) of 3-methyl-
phencxyacetaldehyde diethy! acetal was added over a 30-min

(13) C. G. Van Arman, L. M. Milles, snd M. P. 0'Malley, J.
Pharmacol. Exp. Ther., 133, 90 {1981).

{14) Mz'yw French Patent 1026008 (1958); Chem. Abstr.,
. 5! . 5'35!- .

afsooci: .ocp__.___m?ﬂu}

}-3-{(dimethylamino)acroleine. A typiesl
baiow. .

b

Lipinski et al.

period. Provision was made to trap the large azott, of HCI that

evolved during the addition. After a 3-h raflux following the
addition, the cooled CHC, solution wea cautiously added to 4
stirred mixture of 2.3 kg of K,COy 2 L of ice~H,0, and 2L of
& 91 benzens—ethanol solution. The organic layer was separated,
concentrated to a dark cil, and taken up in CHCly to remove
inorganic salts. The CHCl, wag remaovad in vacuo to give & dark
red oil. Isopropy! sther was added to precipitate 87 g (61%) of
agranular light yellow. sclid,-mp 93-101 °C,. Recrystalization frow,
athyl acetate-hexane gave an analytical sampie: mp 103-105 °C;
NMR (CDCly) § 523 {1 H, 9), 7.33-85 (4 H, m}, 5.80 {1 H, ¢}, 3.056
(6 H,8), 232(3 H, 1). Aval. {C;;H,NQ;} C, H,N.
2-(24-Dichlorephensxy)-3-(dimethylnmina)acrolein {15a).
To the reagent prepared from 6840 g (8.75 mol) of DMF and 808
g {5.93 mol) of POCl, was added 442 g (2.0 mol} of 3 4-di-
chlarophenaxyecetic ecid wsing the procedure of Amold® to give
18.7 g (3%} of needle-shaped cryatals. Recrystallization from
hexane~ethyl scetate {1:2) gave neodles, mp 114-115 *C. Anpal.
(Cy H;,ClsNOg) C. H, N, CL ‘
2-{4-Methykthiophenoxy)-3-(dimethylamino)acrolein (31a).
A solution of 4.08 g {0.03 mol) of 2-chloro-3-(dimethylamino}-
acrolein, 6.08 g (0.05 mol) of triethylamine, and 3.72 g (0.03 mol)
of p-loluensthicl in 50 ml of sthanol was haated at reflux for 2.5
h. The cooled reaction solution was poured over HyO and ex-
tracted with ather. The ether extracts were dried over anhydroos
MgS0, and concentratad in vacuo to a 100-mL volume, Kuopropyl
ether (50 mL) was added and the total volume was reduced to
100 mL on a steam bath. Cooling resulted in crystallization of
19g (29%) of 34a: mp 88-90 °C; NMR (CDCly) 4 9.6 (1 H, a),
753 (1 H, 3}, 7.06 {4 K, s}, 328 6 H, e} 228 (3H, a]. Anal
(cliHleOS) cl Hs N.. .
2-(3-Msthylthiophenoxy)-3-(dimethylamine)ucrolein (33).
The crude intermediate was prepared from s
availeble mixture (K&K Labs) of ~70% m-toluensthiol and 30%
p-toluenethiol, utilizing the procedurs for the preparation of
comtpound 34z, :
5(3-Methyiphenoxy)-2(1 H)-pyrimidinone i3}, To a sohution
of 38.2 g 10.576 mol) of NaOEBt in 150 mL of EtOH wes edded
56.3 g (0.288 mol} of 2-(3-methylphenoxy)-3-{dimethylamino).
scrolein (3a) and 34.6 ¢ (0576 mol) of ursa. The mixture was
heated at reflux for 4 k, 10 mL of HyO was added, and refiuxed
was continued for another 2 h. When the mixture was cooled,
80,3 g of e crude tan solid (mp >300 *C} precipitated and was
collected by filtration and drisd. The crude sodium salt was
dlasolved in 1200 mL, of hot H0 and filtared from & small quantity
of ineoluble materiel, Glacial acetic acid was added to pH 6.0,
resulting in erystallization of 21.4.g (46%) of & tan solid, mp
162-1683 °C. Recrystallization from ethanol gave an analytical
sample: mp 163-164 *C; NMR (Me,S0) ¢ 120 (N-H, sxchange),
8.26 (2H,8), 74-8.5 (4 H, ), 2.26 (3 H, n). Anal. (C;;H;,N,O;)

CHN .

5-(Thiophenoxy)-2{1 H}-pyrimidinones 32-35. Thess com-
pounds were prepared from the {thiophenoxy){dimethyl.
aminojacroleing 32a-85a vsing the procedure for compound 3.

§-(3-Mathylthiophenoxy)-2(1 ) pyrimidinone (33), Crude
product containing 34 -wes prepared from 32a using the procedure
deseribed for 8. Fractional erystallization of the crude product
froary ethyl aceterte resulteod in isolaticn of the 3-methylthiopbenoxy
isomer (33),. mp 208-210 °C, uncontaminated by the ¢-methyl-

- thicphenozy isoter (34), mp 222~224 °C, The iscmeric purity

of 33 could be readily determined by the position of the NMR
abgorption of the talyitlio methyl group: NMR (Me,SO) for 33,
'1{{ 2.4 (3 H, 9); for 84, 2.27 {3 H, 1), Ansl, [&'_J;.H,QNgOS} C. H,

5-Phenoxy-4-hydroxypyrimidine {22). To a solution of 22.0
£ (055 mol) of NoOH in 700 L of H;0 was dissolved 121 g {0.55
mal) of 2-thio-4-hydroxy-5-phanoxypyrimmidine. To the stirred
sclution wea added slowly 1250 g of wet Eaney nickel at such a
rate that the vesultant loaming remained under contro). The
mixture was atirred well and heated at reflux for 2 b. The sus-
pension was filtered while still hot, and the Raney nickel rastdue
was washed with 1.6 L of bofling water, with care being taken that
the catalyst remained wet. The combined aqueots solutions were
concentrated to 700 L and acidified with acetic acid to pre-
cipitate & white solid. ‘This was collacted by filtration and drisd
o give 85.5 g (B2.5%) of 22, mp 188-183 °C, Recrystallization
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from agueous acelic acid geve 22; mp 189-181 °C; NMR {Me,S0)
% &]1_13 %1 H, 8}, 7.59 {1 H, o), 7.55-8.28 (5 H, m). Anal. (CpHaN,0;)
'5-[4-(Methylsultinyhphenoxy 121 H)-pyrimidinone (18).

" To a slurry of 1.17 g (0.005 mol) of 17 in 20 mL of methanol at

0 *C was added 1.175 g (0.0055 mol} of NalQ, in 10 mL of H;0,
and the sluwrry was stiveed ag 0 °C foe § h and then for 20 h at
25 °C. The resultant slurry was di with H;0 and the
methanol wag.removed invacuo, Filtration-gave 0.917 g {73%)-
of & white solid, mp 259-260 °C. Anal. (C,;H,N:0:8) C, H, N.

Pharmacologica! Procedures. Guinea Pig Histamine
Aerosol, Broochodilator activity was evaluated according to the
method of Van Arman, Miller, and O'Malley? in conscious female
Reed-Willst guines pigs (200~250 g} fasted overnight. One haur
following po administzation of vehicle, or the test drug dissolved
in 1 N HCI or suspendsd in vehicle, each animal was challenged
with histamine asrosol as follows: a .4% agueous solution of
histamine was placed in a Vaponephrine standard nebulizer
(Vaponsephrine Co., Edison, N} and sprayed under an air
prasaure of 6 pei into A elosed & X 8 X 12 in. transparant plastic
container for 1 min, Inxmeditely thereafter, the guines pig was
placed in the container. The reapiratory atatus (a reflection of
bronchoconstriction) of the guinea pig after I min in the container
was scored as follows; 0, normal breathing; 1, skightly deepened
Dreathing; 2, labored bresthing; 3, severely labored breathing and
ataiia; 4, unconscipusness. )

The percent inhibition values were derived by comparing the
total seore of a group of eight treated animals with that of & similer
control group to genarate & single value with no standard deviation,

In order to assess the significance of a result, data on I1 groups
of eight animals were recaloulated by aseigning a percent inhibition
value to each anima! (based ob the score O = 100% inhibition,
1=75%,2=50%,3 = 25%, and 4 = ) and where more than
80% of control scores were 4. Based on this calculation, the
standard devistion of the mean value for eight enimals was 5,33,
As a result, it is likely that any two values differing by more than
119 would be significantly different based on the premise that
velues differing-by more than 2 standard deviaticna represspt
differerit populations.

Cold-Restraint, Stress-Induced Gastric Ulceration. Uleer
protactive effects were determined in rats using a modification
of the mathod of Perkine.* Cold-matraint, stresé-induced gastric
ulceration wes produced by immobilizing nonfastad, Femals,
80-120 g Spraguwe-Dawley rats in & supine position and placing
them in a refrigerator at 12 °C for 3 h. Experimental drugs
suspended in seline containing 10 g/L carboxymethylceliulnse
and 1 g/L Twesn B0 were administered 3 h bafore the initiation
of the strosa period. At the conclusion of the ulcercgenic stresy,
the rata wers sacrificed by cervical dislacation, their stomachs
were removed, and the degres of gastric ulceration was determined,
Differences in number of wicers per animal were compared with
Wilcoxon rank sur tests in order to calculate a p value, Cem-
poumds wera conpidered active (+) if the decrsase in number of
uleceﬁas;;er elmm' I compared to contro} were aignificant at the p
£ 0.05 level. .

{16) W.E. Perkine and L. Vars, Br. /. Pharmacol., 47, 847 (1978).

Synthesis of a-Methylene-y-butyrolactones: A Stiructure-Activity Relationship

Study of Their Allergenic Power

Gilbert Schlewer, Jean-Luc Stampf, and Claude Benezra*

Laboratoire de DermatosChimie, Associé au CNRS, Université Louiy Pasteur de Strasbourg, Ciinique Dermatologique,
CHR de Strasbourg, 87081 Strasbourg, France. Received Februery 27, 1980

Thirty-five o-methylene-v-butyrolactones have been prepared and their allergenic propertles tested on the skin
of guinea pigs sxperimentally semitized to (a) alantolactans (1}, (b) isoalantolactone (2}, and (¢) a-methylene-y-
butyrolactone (3). ‘The two first groups of acimals cross-react to lactones containing 2 to 18 carbon atoms but not
to smaller a-methylens-y-butyrelactones. Conversely, animals sensitized Lo c-mwthyleney-butyrolactone react anly
with g-metbylege-y-butyrolactones containing 6 and 7 carbon atoms. Thase results are discussed in relation with

the ellergic contact dermatitis mechanism.

The biological properties of compounds containing the
a-methylene-y-hutyrolactone moiety have been the focus
of a considerable amount of work, Research has been
focussed mainly on their cytotoxic, antitumoral, > anti-
bacterial ® and plant growth inhibition activities.' These
compoutids, which occur naturally in many plants® {(such
a8 compositee, frullanaceae, magnoliaceas, stc.), 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.” It is generally believed that an allergen

(1) C. H. Snith, J. Larner, A. M. Thomas, end 8. M. Kupchan,
Biochim. Biophys. Acta, 276, 94 (i972).

{2) J. L. Hartwell and B. J. Abbott, Ade. Pharmocal. Chemother.,
T, 117 (1969).

(@) K, H. Les, T. lhaks, & Y. Wy, and T'. A. Geissman, Phyto-
chemistry, 16, 1177 (1977),

(4) M. R. Garciduenss, X. A. Dominguez, J, Fernandez, and G,

Alaniz, Rey, Latinsam, Quin., &, 52 (1972).

{6) H. Yoshicka, T J. Mabry, and B. N. Timmermann, “Seaqui-
tarpens Lactones, Chemistry, NMR and Plant Distribution”,
University of Tokyo Press, Tokyo, 1973

(8) 4. C. Mitchel) and G. Dupuis, Br. J. Dermarol., 84, 130 (1971).

Bcheme I. Reformatsky SBynthesis of -Substituted
a-Methylene-y-hutyrolactone .
CH; Br

R ¢ L
+ In
THF L+
R 1CsHs ' T

Bcheme [I.  Synthesk of Butyrolactonss from Manganese
Triacetate and Olefins

R, R' f’ R
+ MafoAd), _ACOH "::i \
I..Ikl A0 Ri ° °

(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 enswer
to this fundamental question, we have prepared a series
of y-monosubstituted and 8,y- and v,y-disubstituted o-
methylene-y-butyrolactones and tested their ellergenic

{7} P.G. H. Gell and B. Benacerraf, J. Exp, Med., 113, 571 (1961),
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XP-002201 972
Stabile Enole von u-[Aryl(Alkyl)oxy]dibenzoylmethanen

Emgegangen am 17. Septcmber 1980

Herrn Profl. Dr. K. Dimroth zum 70. Geburtstag gewidmet.

Dic Enole 13a~m von c-(Aryloxy)- und a-(Alkyloxydibenzoyimethanen 42—~ m werden durch
Zetlegung der Kupferchelate 11a—m mit Schwefelsdure erhalten: Zu den Kupferverbindungen
gelangt man entweder durch Esterkondensation der Acetophenone 6h —m mit Benzoesaure-phe-
nyiester (7) oder durch nukieophile Substitution von a-Bromdibenzoylmethan {9) mit den Pheno-
len 102 ~g. Die in Gegenwart von Natriumhydrid bzw. Triethylamin zun&chst gebildeten Enclate

" 8 lassen sich direkt mit Kupfer(Il)-acetat in die Chelate 11 umwandeln, Die Encle 13 sind durch

Isomensmrung zu den B-Dikectonen 4 sowie durch die Bromierung zu 12 charaklerisiert.

_Stable Enols of cr.-lf\ryl(Alkyl)oxyldlbenzoyhnethanu

The enols 13a-m of a—(aryloxy)« and a-(alkyloxy)dibenzoylmethanes 4a—m are obtained by

decornposition of the copper chelates 112 — m with sulfuric acid. The copper compounds arc syn- -

thesized either by ester condensatxon of the acetophenones 6h —m with phenyl benzoate (7) or by
nucleophilic substitution of a-bromodibenzoylmethane (9) with the phenols 10a — g. The enolates
8, primarily formed in the presénce of sodium hydride or triethylamine, respectively, are directly
converted into the chelates 11 with copper(1} acctate. The enols 13 are characterized by isomeri-

- zation 10 the B-diketones 4 as well as by bromination to 12.

ch quanmatwc Bcsnmmung ‘der Keto/EnoLGle}chgewnchte von 8- Dncarbonyiver—
bindungen nach Meyer" beruht ‘darauf, daB man deren Enolgehalt durch bromometri-

-sche Titration ermittelt. Hiérbei mull man die 4ufieren Bedingungen so wihlen, daB die

Nachenolisierung ,,vernach?ﬁssngbar“ ist und die Bromierung sejbst ,, momentan“ er-
folgt, was in Methanoi als Soivens und bei ~20°Ci. a. gegeben ist. Zahlrciche Anwen-

 dung dieser Technik? oder auch der hieraus entwickelten automatisierten coulometri-

schen Bromtitration®* stehen naturgemaB nur wenige Arbeiten tiber die Kinetik des
Bramierungsablaufes selbst gegeniiber™® 7, Hierbei wurde gefunden, daf die Encle ha-
logenierter B-Dicarbonylverbindungen bei 25°C in Methano! etwa 100mal langsarper
bromiert werden als die Grundverbindung selbst®. 6, Diese Tendenz setzt sich — wie wir
fanden® — in beeindruckender Weise bei den Enolen von o-(Aryloxy)- bzw. a-(Alkyl-

oxy)dibenzoylmethan (13) fort. Um nun den sterischen und elektronischen Substituen--

teneinflub auf die Bromierungskinetik zu-untersuchen, haben wir uns zunichst mit der
Synthese ¢eines reprisentativen Spektrums derartiger Enole befaflt, iber die im folgen-
den berichtet wird, .

BHEDOCID: <XP, 220197241 >
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Stabile Enole von a-[Aryl(Alky{)oxy]dibenzoylmethanen

Yerkochung von (Diazo)dibenzoylmethan (1)

Aus dem o-Diazo-8-diketon 1, das durch Diazogruppen- -Ubertragung bequem zu-
ginglich®19 ist, entstehen die 0:-[Alkyl(Aryl)oxy]dlbcnzoylmethane 4 durch Verko-
chung in Gegenwart von Alkoholen bzw. Phenolen; flir die Isomenslerung zu den §-Di-
ketonenoien 13 bot sich u. a der Weg iiber die cntsprechenden Enolate an. Literaturbe-
kannt ist z. B, die kupferkataiyswrte Umwandiung von a-Diazoacetessigsiure-methyl-
ester in cc-Meihoxyacetesmgsaure-methylester“' oder auch die Bortrifluorid-katalysier-
te Herstellung von o-Methoxyacetylaceton aus o-Diazoacetylaceton '2.

Ph
ph IR =t
 wendeng Ph
2

3 0

ROH

0CH - . Ph
Ph Ph y anﬂ_ﬁf '
0

Lh ) sﬂiﬂﬂ:ﬂg
b:R=Ph

. m

Eigene orientierende Versuche mit 1 zeigten aber sehr schnell, daB diesem Synthese,-
weg fiir die Hersteilung von 4 bzw. 13 doch sehr enge Grenzen gesetzt sind, da-sich die
mit der Insertion konkurrierende Wolff-Umlagerung von I nur schwer unterdriicken
NP, So liefert zwar die kupferkatalysierte Thermolyse von 1 in Methano! bei Gegen-
wart von Perchlorsure mit 42proz. Ausbeute das gesuchte o-Methoxy-p-diketon 4h,
doch fiihrt bereits die Schwefelsiure-katalysierte Umsetzung der gleichen Reaktanden
nur noch zur Wolff-Umiagerung (53, 39%). Entsprechend ist das Ergebnis der thermi-
schen Zersetzung von 1 mit Phenol in Gegenwart von Kupferpuiver (Sb, 77%). Die
Konstitution der beiden 8-Ketoester ist zusiitzlich abgesichert durch saure Hydrolyse
und Decarboxylierung zu Desoxybenzoin.

Kupferchelate 11a—m

Als Methode der Wah} zur Herstellung einer breiten Palette von a-[Aryl(Alkylyoxy]-
dibenzoylmethan-Enolen (13a ~ m) hat sich die spiter beschricbene Zerlegung der Kup-
ferchelate 11a— m erwicsen, Die letzteren werden auf zwel Wegen erhalten,

‘Einerseits kondensiert man — in Anlehnung an Erfahrungen von Munch-Petersen
und Hauser'® ober die Acylierung von a-Alkoxycarbonyiverbindungen — die Aceto-
phenone 6h— m mit Benzoeséure-phenylester (7) in Gegenwart von Natriumhydrid (an-
stelle von Natriumamid) und wandelt die Natriumenolate 8h—m durch Zusatz von
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" phenon hergestelt wurden'®, sind die anderen w-Alkoxyacetophenone literaturbe-

Kupfer(ii)-acetat unmittelbar in die Kupferchelate 11h — m um (41 — 53%). Bis auf 6 j
und k, die durch Kupferacetylacetonat-katalysierte Zersetzung von w-Diazoaceto-

kannt. . . j
ph._<<~ }.ph L Fh—HH— e Ph—n)S—Pmnun :E'
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: \ CoMs Cgh-OCHs1p)  Cof-OHalp)  Celiy-Fiph Cghi~Brip)  CgH,-Chip)
9 h i j N i n

ChNGl T Oy G Gy i-Cgh -Gl

Andererseits li8t sich in 9 das Brom glatt durch nukleophile Substitution mit Pheno- i
len (10a - g) in Anwesenheit von Triethylamin in Aceton austauschen, wobei zunfichst ;
vermutlich wieder die Enclate 8 gebildet werden, die erneut mit Kupfer(I)-acetat in die |
entsprechenden Kupferchelate 11a— g fibergefiihrt werden. Eventuell nicht umgesetz-
tes @ siart hierbei nicht, da es selbst keinen Kupferkemplex bildet'®. Die Umsetzung -
von 9 mit Alkanolaten fiihrt offenbar schon deshalb nicht zum Ziel, weil sie von der
Spaitung des B-Diketonsystems begleitet ist. So wird bei der Umnsetzung von 9 mit Na- -
triummethanolat in Methanol Benzoesdure-methylester ncben @-Methoxyacetophenon
(6h) erhalten*?, |

Alle Kupferkomplexe 11a-m geben exakte Elementaranalysen. In den IR-Spektren -
(KBr} fehlt zunichst als Folge der Chelatisierung die CO-Absorption im iiblichen Be- -
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reich, was fiir die Metallchelate von B-Dicarbonylverbindungen charakteristisch ist!,
Innerhalb recht enger Grenzen zeigen alle Chel&:te intensive Absorptionsbanden bei
1600 £ 10, 1545 + 15, 1500 £ 10, 1450 = 15, 1335 + 20 und 1225 3 15 cm ™!, wobei
die energiereichste Schwingung den Phenylresten iukommen sojlte. Starke Absorptio-
nen im 1500-cm~!-Bereich treten auch bej and:ren Metallkomplexen von p-Diketonen
auf’? 30,

Die 70-eV- Masscnspektren von 11a —m zeigen kelne Molpeaks, doch treten diese —
mit Aushahme von 11m — bei verminderter Elekt;onencnerg:e auf und zeigen das ge-
forderte Isotopenverhdltnis. In allen Massenspe"ktren tritt ein Fragment m/e =
[(M-Cu)/2] + 1 auf, das dem Molpeak der relevanten Enole 13a— m entspricht. Yon
dieser Beobachtung ausgehend wird verstdndlich, dafl sich das weitere Fragmentie-
rungsmuster von dem der Enole nicht mehs unterstheldet s. unten).

Enole 13a~-m

Aus den Kupferchelaten 112~ m setzt man die Enole 13a - m mit halbkonzentrierter -

Schwefelsiure frei. Geniigend schnelle Aufarbenung bei Vermeidung allzu hoher Tem-
peraturen licfert diese mit einem durch coulometnsche Bromtitratior ermittelten Rein-
heitsgrad von = 99.5%; sie stetlen gelbe, krlstalhne Verbindungen'dar, die nach eini-
gem Stiehen ander Luft zerflieflen. Das Enol 13a ist ‘bere:ts bekannt, wurde aber filsch-
licherweise als das tautomere P-Diketon 42 angesehen”‘ -
Keto/Enol-Gleichgewichte offenkettiger B- charbonylvcrbmdungcn sind tcmpera-
tur- und 1¥sungsmittelabhingig; hohe Temperaturen und polare; protische Solventien

beginstigen die Ketoform. Unter diesen Aspekten wird es verstindlich, dab die Enole

133 - m beim mehrstiindigen Erhitzen in Methanol/Wasser zu den p-Diketonen 4a—m
tautomerisieren. Letztere sind farblos und zeigen - ausgenommen 4i ~ hohere
Schmelzpunkte als die Enoltautomeren (s. Tabelle 4); die gelben Schmelzen enthalten
vermuttich wieder mehr oder minder grofie Enolanteile (vgl. auch Lit. ).

Alle Enole reagieren mit dquimolaren Mengen Brdm im Einklang mit ihrer Konstitu- -

tion zu den a-Aryl(Alky!)oxy-u-brom-ﬁ-d:kctonen 12a—m, wobei die Reaktion im
Falle von 13m allerdings nicht auf der Bromlerungsstufe 12m stehen bleibt (5. unten),

In den IR-Spektren (KBr) der Bromverbindungen 12a—1 treten intensive Banden im
C/0- und C/C-Doppelbindungsbereich aul (1715 +: 5, 1680 + 10, 1600 + 5 und 1585
+ 10 ¢cm~7). In den Massenspektren (70 ¢V) der Bromverbindungen 12 findet man

ebenso wie bei den zuvor erwihnten Kupferkomplexen 3t — bis auf 12b — selbst bei

verminderter Elektronenenergic keine Molpeaks, wofiir die leichte Bromabspaitung
verantwortlich ist; der weitere Fragmenuerungsablauf gleicht dann wieder dem der Ke-
tone 4 bzw, der Enoie 13 (s unten).

0 :

ongh Ho_ _ocH,
"M i Ph‘n/lk“—l’h CEeT—® P —~Ph
10,3, 08 ~CH,0
a 0 ' 0 0
% 15

Zu erwihnen ist noch die ,,ungewdhnliche” Bromierung von 13m, bei der primér zu-

nitchst 12m entsteht. Dieses geht aber unmittelbar unier der Abspaltung von fert-Butyl-
. _ I
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bromxd in Dlphenylmketon {14) iiber und addlr.rt dann noch das Solvens Methanol -
zum Halbketal 15, Fir die Richtigkeit der hier gegebenen Interpretation der Reaktion

13m - 14 gibt es cinen unabhingigen Hinweis: a-Diazo-B-dicarbonylverbindungen =

reag:eren mit tert-Butylhypochlorit -unter Stlckstoffabspaltung und O/Cl-Inserstion,

. wobex primér Zwischenprodukte des Typs 12m entstehen; diese zerfalien spontan in

tert-Butylchlorid ‘und vicinale Tricarbonylverbindungen??, Das 'H-NMR-Spektrum
(CDCly) von 15 zeigt die erwarteten Signale (s. Experimenteller Teil), nach vier Stunden
hat sich aber ein Gleichgewicht mlt dem gelben 14 und Methanol (6 = 3. 43 OCH ) ein-
geslelll (ca..2: 1)

" Spektren der Taulomeren 4und 13 -

. DieEnole 13a—m zeigen im IR—Spektrum (KRr) cine brelte, mchrfach aufgespaltene
Absorpnon, wobei die Banden bei 1605 5, 1305 £ 10 und 1175 % 15 cm™? beson- -
ders deutlich hervortreten (s. Tabelle 1); zusitzliche Absorptionen (1495 —1510 sowie
1215 - 1245 cm™") treten nur bei deri Aryloxyderivaten 13a — g auf. DaB in den chelati-
sierten Enolen cis-konfigurierter f-Diketone aufgrund eines weitgehenden Bindungs- -
ausgleichs sowie der Wasserstoffbriicke keine Carbonylfrequcnz im Ublichen Bereich
und auch keine deutlich sichtbare OH-Absorption in den 1R-Spektren (KBy) erscheint,
ist bekannt?i’ ebenso kennt -man das-Auftreten starker Absorptionen im 1600-cm -
Bereich, die e:ner stark abgeschwﬁchten CO-Frequenz zugeschrieben wird 22429,

Im Gegensatz hierzu findet man bei den isomeren p-Diketonen 4a—m die typische,
aufgespaliene Carbonylabsorption (1705 + 5 sowie 1685 + 10 cm~')2-29 neben weite- -

‘ren in Tabelle 1 aufgefithrten Absorptionsbanden. Die Frequenzaufspaltung resultiert - .
offenbar aus der mechanischen Kopplung der beiden CO—Gruppen und mcht aus dem -

Vorliegen von Rotationsisomeren®?,
Beweisend filr die Konstitution der Enoichelate ist das in den *H—NMR—Spektren :

(CDCI,) von 13a — m auftretende, tieffeldverschobene und konzentrationsunabhiingige -
"OH-Signal (& = 15.27-16.05;s. Tabelle 1); relativ zum unsubstituierten Dibenzoyl- -’

- methan-Enol (§ = 16. 928) bedeutet dies eine Abschwﬁchung der Wasserstoffbriicke in |

den RO-substituierten Enolen?:%® was vorrangig auf dem — [-Effekt der Substituen- .

ten beruhen sollte. Das gleiche Phiinomen tritt auch im System a-Methoxyacetylaccton .

(8 = 14.1)¥)/ Acetylaceton (8 = 15.6)*? auf. :
ln den 'H-NMR-Spektren (CDCL,) der p-Diketone 43— m tritt fulgenchtlg ¢in Me-

: thmproton auf (s Tabelle 1), wobei dieses in den aryloxysubstituierten Verbindungen .-
Cda—gbei deutlich ticferem Feld liegt (6 = 6.32 - 6.60) als in den alkoxysubstituierten

Systemen 4h—m (5 = 5.65—35.86). Es sei noch vermerkt, dad sich das Keto/Enol-
Gleichgewicht 4.# 13 50 langsam einstellt, daB bei der Aufnahme der 'H-NMR- "

-.Spektren keine wechselseitigen' Tautomerenautelle gefunden wurden.

Die- Massenspektren (70 eV) der Enole 1351 m sowic der B-Diketone 4a—m ZElgCﬂ
frappierende Ahnlichkeit, was vermutlich entweder auf einseitiger oder auch auf gegen-
sciliger Isomerisierung uater der thermischen Belastung beruht Auber bei 13munddm .

" findet man schwache Mo]peaks die bei den Enolen 13 ; mtenswer sind (5~ 29%) als bel

‘den p-Diketonisomeren 4 (1 - 5%),

Das Molekiilion zeigt eine Reihe einfacher Bmdungsbruche, dle weltgehend substi-

tuentenunabhingig sind. Die Spaltung ciner C/C-Bindung des f-Diketonsystems selbst

mﬂmu_
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Tabelle 1. IR- und !H-NMR-Daten der Enole 13 a= m sowic der f-Diketone4a—m

YH-NMR (CDCly;

" Enol bzw, ( IR (KBr) femi— 1) . .
Keton 13 (Doppelbindungsbercich) 4 (Doppelbindunssbereich) 13 (E__‘girg}{{ n ';!z()co —CH)
a 1600 1495 1315 1220 1170 170571695 159571570 1485 1450 16.05 6.47
b 1610 1510 1315 1215 1190 170571695 160571590 1515 1455 15.93 6.32
c 1600 1495 1305 1225 1180 1700/1685 160571590 1510 1450 15.98 6.39
d 1600 1495 1305 1225 1180 170571690 160571590 1515 1460 16.00 6.37
[ 1600 1485 1295 1215 1160 170571690 160571590 1498 1460 15.97 6.39
f 1610 1505 1315 1245 1175 1700/1685 1605.{1590 1510 1455 15.97 4.53
] 1600 1495 (35 123¢ 1175 170071685 160071585 1500 1455 15.98 6.60
h 1605 1305 1175 1700/1675 1565/1580 1450 15.78 5.65
i 1605 1310 1180 171071685 1605/159% 1560 15.78 5.71
i 1605 1305 . 1180 171071683 160571590 1450 15.73 5.68
k 1610 1305 - 1185 1705/1695 160571590 1463 15.70 5.67
1 1600 1306 1175 1705/1695 160571590 1460 15.62 5.78
m 1600 1360 1180 1705/1685 160071585 1455 15.2%7 5.86
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Tabelle 2. Massénspektrometrische Fragmenticrung der Enole 13a~m und der B-Diketone 4a—m. h ) - !

Fragmente fm/-a: o eelative Intensiidy, in Kiammern die enusprechenden Werte von dn— m)
L]

. : - - - - : ™
Baol CHy* ' 0=C=CH-C=O* PB* PheCaOH PheCsCH-Cmd m_X _m A b m MmoPA-C=OH RV R-OH  R-C=0
i o St e ¢ SIS & Sl & R , 5
s 8 ” e - 147 - T @4 . 40 M- 133 M - 239 R+17 R+28 . |
3a  10(8) . 49 (40) 10 (10) ' 6. (M L 12(D) -2 .n '
13b - 6 (8) % 39(36) 10 (9 6)) ¥ ) 7 32(9)° 6 15(M 6
3¢ 8@ 56D 52097 101 (32) (43) agn 6 (4) 4(8) 18 .
13d 8 (14) . 43(60)  10(10) SRR ¥ ) B : 13 (5) 31N : 6 {4y
13e 1.4 - 383 10O | 4 53 : .
131 13(8) 26 -~ 48 (42) 10 (10) 14 23 16 4 - - 3
13g 745 S 43(35) - 9(9 . : (3) ‘ . 503) o
t3n 10(5) - - 234 10 S . o
Bi - 9(H) 319036 12 (10) . - , : 3
13j 12(7) : 48038 150 . - .5 - 646)
13k 76 . 32(28) 1112} - o L 5(3) 4(5)
131 e - 42 (28) 4% : , 2%9¢(3) - 5(5)
Bm 5B 28 32 14 (11) ‘ o 10 (3) . 18{11)

9 Identisch mit Ph* aus der Spaltung der Ph/Cd—Bindung. ~ b Identisch mit dem Basisbeak PhCO*.
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liefert das Benzoylkation {m/e = 105), das zugleich den Basispeak darstellt; in dessen :
Qefolge treten die Fragmente m/e = 51 und 77 auf (s. Tabelle 2). Die Bildung des eben- %/
falls durchgingig auftretenden Bruchstiicks m/e = 106 kénnte unmittelbar von den

Enolen 13a— m ausgehen. Der R*-Peak tritt verstéindlicherweise umso deutlicher her-

vor, je stabiler das betreffende Carbeniumion ist; am markantesten ist er naturgemif

bei 13m bzw. 4m (s. Tabelle 2). Die vollige Abspaltung des RO-Restes gibt AnlaB zur

Bildung von m/e = 223; sie wird nur bei Aryloxysubstitution beobachtet. Im Falle von

13b und ¢ bzw. 4b und ¢ ist sie von dem Entsichen des Molekiilions von Dibenzoylme-

than (m/e = 224) begleitet, das von den fiir diese Verbindung charakteristischen Frag-

mentionen m/e = 147 bzw, 69 begleitet wird*? (s, Tabelle 2). —~ Ferner treten in eini-

gen Fillen (b, ¢ und f) Bruchstiicke der Massenzahlen R + 17 sowie 240 (bei j — m) auf;

sie sind mit Wasserstoffwanderungen verknipft. Umlagerungen unter der Beteiligung

von Kohlenwasserstoffresten sind fiir das Auftreten der Fragmenie M - 133 sowie

R + 28 verantwortlich, die beide nur bei Aryloxysubstltunon von 13 und 4 auftreten

(s. Tabelle 2).

Dem Fonds der Chemischen Industrie danken wir fiir finanzielle Untersttitzung, Frau M. Afe- .
- ster schulden wir Dank fir die Durchfithrung der Elememaranalysen, Hefrn G. Haage fiir die
. Aufnahme der "H-NMR- und MS-Spektren.

Experimenteller Teil

Die Schmelzpunkte wurden im Kupfer-Heizblock bestimmt und sind unkorrigieri. ~ Die Ele-
mentaranalysen wurde nach dem Verfahren von Merz und £feb34 durchgefithrt. — IR-Spektren:
Cearat Beckman IR 20 A; ‘H-NMR-Spektren: Gerdt Yarian NV 14 (Tetramethylsilan als innerer
Standard); Massenspektren: Gerdt Varian MAT 311, — Bei allen Umsetzungen wurden wasser-

freie Losungsmittel eingesetzt.

Versuche mit 2-Diazo-1,3-diphenylpropan-1, 3-dion (1)

2-Methoxy-1,3-diphenylpropan-1,3-dion (4h) aus 1: Die Ldsung vn 12.5 g I” in 150 ml Metha-
nol wird nach Zusatz von 1 g Kupferpulver und 5 Tropfen 70proz. Perchlorsdure 1 h unter Riick-
flull erhitzt {100% Stickstoff), Nach Filtrieren wird bei 30°C i. Vak. eingedampft, der Riickstand
in 200 mi Fther gelost, zweimal mit je 50 ml Wasser gewaschen und ber Nalrmmsuif’at getrock-
‘ nel. Mach erneutem Emda.mpl‘en Aufnchmen des zuriickbleibenden Oles in wenig Methanol und
. Kilhten auf Trockeneis eshilt man $.3 g (42%) farbloses 4h vom Schmp. 77°C (aus Methano!)

{Lit, 19: 77~ 78°C). — Analytische und spektroskopische Daten s. Tabellen I, 2 und 4,

2-0Oxg-2 3-d;pheny&aropansdure—merkyfester (5a): 10.0 £ 19 in 500 ml Methanol/Schwefe!-
saure 2: 1 werden 40 h bei Raumtemp. gerishrt, mit 21 Wasser verdiinnt und zweimal mil je 500 mi
Ether ausgeschiittelt. Nach Trocknen tber Natriumsulfat und Eindampfen i. Vak. wird der dlige
Riickstand in wenig Methano{ geléist und bei — 20°C gekithlt, wobei man 4.0 g (39%) farbloses
Sa vom Schmp. 73—74°C (aus Methano!) erhalt (Lit.3): 74-75°C). - IR (KBr): 16179, 1748
em=1(CO), ~ 'H-NMR {CDCly): 8 = 3.72 (s, OCH3), 5.63 {s, fert-CH). ~ Erhitzen von 5a in
halbkonzentrierter Salzsiure (6 b} liefert Desoxybenzoin vom Schmp. 55°C (Lit, ¥ 55 - 56°C).
IR-Vergleich mit authentischer Probe.

2-Ox0-2, 3-diphenylpropansaure-phenylester (5b): Zu 150 ml Phenol gibt man 12.5 g 19 sowie
1.0 g Kupferpulver und erhitzt 30 min auf 90~ 100°C (100% Stickstoff). Man filtriert hei} und
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destilliert das tiberschissige Phcnol bei 85°C/12 Tort ab wobc: 12,2 g (TT%) farbloses 5b vomi .

Schmp. 121°C (aus Methanol) zurdckbleiben. ~ IR (KBr): 1675, 1772 em™* (CO). ~ 'H-NMR

(_CDCI,J. 5 = 5.85 (s, rert-CH). — Die saure Hydrolyse gemﬁﬂ der von Sa liefert ebenfalls Des- ‘

oxybenzoin. .

Kupt‘crchelatc 1Ig-m

2-Brom-1,3-diphenylpropan- 1,3-dion {9) Die 40 ~45°C warme Losung von 56.1 g {0.25 mol)
1,3- D:phenylpropan -1,3-dion und 25.3 g (0.25 mol) Triethylamin in 800 m! Methanol Bt man
unter Rijhren zu der Lissung von 40.0 g {0.25 mol) Brom und 51.7 g (0. 3 mol) 47proz. Bromwasr

. serstoffsiure in 200 ml Methanol fliefen. Die fast farblose Losung. wird mit 1 1 Wasser verdilnnt

und das auSgeschxedene % ohne Trocknen aus 500 ml Methanol umkristallisiert. Kithien-auf 0°C
liefert 65.1 g (86%) farblose Kristalle vom Schmp, 92°C (Lit. 16): 92~ 93 f’C) .

s w—AIkoxyacémpheuone 6h-~-m: bie Synlhﬁc von 6ﬁ i, 1 und m st in Lit. 15) beschrieben.

w-Propoxyacefophenon (6)): Die Losung von 146.2 g (1.0 mol) w-Dlazoacemphenon“) in1.51
Propylalkohol wirdmit0.2 g Kupfer(ll}-acelylacetonat uriter Rithren im Wasscrbad erwdrmt. Bei
50-60°C kommt es zu heltiger Stickstoffentwickiung, nach deren Beendigung noch 2 h unter-

. RiuckfluB erhitzt wird, Nach Emdampfen i, Vak. wird der dunkelbraune Riickstand fraktionie-

rend destilliert. Ausb, 74.1 g (42%) fast farbioses 6j vom 5dp. 62 - 69°C/0.04 Torr. — lR {Film):
1710 cm™" (CO}..— 'B-NMR (CDCly): § = 4.68 (5, CO~CHy).
C;H,0; (178.2) Ber. C74.13 H7.92 Gef. C74.2 H7.78 ‘

w-Buloxyacetophenon (6k): Aus 146.2 g (1.0 mol) u»Dlazoacemphenon n, 151 Butylalkohol

und 0.2 g Kupfer(Il)-acetylacetonat crhitlt man gemiB voranstehender Vorschrift 102.3 g {53%)

(CDCL): 8 = 4.67 (5, CO-CHy.
C,2H1602 (192.3) Ber. C74.97-H8.39 Gef. C75.0 HB. 2.

Kupferchelate 11h—m durch Kondensation. ~ Allgememe Varsckr;ft Zu dr:r Suspension aus

.fast farbjoses 6k vom Sdp, 100°C/0. 007 Torr. — IR (KBr): !710 v:.rn‘l (CO) - ll-l-NMR

2.2 g einer 55proz. Natriumhydfidpaste (50 mmol) in 50 i Ether tropft man unter Stickstoff und *

‘bei Rithren 25 mmol Acetophenon §h—11in 100 ml Ether innerbatb von 30 min. Zu dem Reak- ¢

‘tionsgemisch tropft man anschlieBend 5.0 g (25 mmol) Benzoesiure-phenylestér38! in 50 ml Ether

im Laufe van 60 min und erhitzt dann $ h unter Ridckflufd. Im Falle von 11m werden Benzoe-

sfure-phenyiester und 6m in 150 ml Ether zusammen zur Natriumhydridsuspension getropft und ;

60 h bei Raumtemp, gerithrt. Man giefht auf 100 ml Eis/ Wasser, schitttelt dié Etherphase zweimaj - '

it je 50 mi Wasser aus und tropft die vereinigten wiBrigen Phasen unter Rithren zu einer heiBen

" Kupfer(ll)-acetat-Lasung [0.6 g (10 mmol) Eisessig und 0.8 2(10 mmol) Natriumacetat in 100 m] :

Wasser werden mit 4.5 g (25 mmol) Kapfer(ll)-acetal versetzt, kurz zum Sieden erhitzt und -
filtriert}. Die olivgriinen Kupferche]ate 11h - m werden abgesaugt, it viel hciBem Wasser gewa- ..

Tabelle 3.

~ schen und im Luftstrom getrocknet. — Ausbeuten. Zerset'wngspunkte und analyusche Paten in

Kupferchelare 11a—§g duich nukfeophde Substitution. — A!Igememe Vorschr(fr Dle Lasung =

'von 6.1 g (20 mmol) 9, 4.2 g (42 mmol) Triethylamin und 21 mmol Phenol 10 in 30 m! Aceton -
wird kréftig gerithrt, wobel ¢s nach wenigen Minuten zur Abscheidung von Tneth)'lammomum- .

bromid kommt. Man erhitzt 90 min unter Rickfluf, verdiinnt nach Abkéihlen mit 100 ml Metha-

nol, wobei sich das Salz aufldst und figt 1.8 g (10 mmol) Kupfei(1h-acetat in 50 mi Methanol zu. -

Die olivgrinen Kupferchelaté 11a- g werden abgesaugt, zweimal mit je 100 mi Methanol ausge-
kocht und bei 40°C/0.1 Torr getrocknet ~ Ausbeuten, Zerselzungspunkte und analyhsche Da-.
ten in Tabelle 3.
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Tabelle 3. Analytische Daten der Kupfcrchélate 1la—~m

: % Zers.-P. Summenformel Analyse

11 -1,3-propandionato}kupfer(Il) Ausb. [°CI®  (Molmasse) C H
a  Bis]2-phenoxy-1,3-diphenyl- 4 220 CHyOgCu Ber. 72.66 4.36
(694.2) Gef. 725 439
b Bis|2-(p-methoxyphenoxy)-1,3- 64 200 CuH3,04Cu Ber. 70.06 4.54
diphenyl- ' (754.3) Gef. 70.0 4.51
¢ Bis[2-(p-methylphenoxy)-1,3- 67 220 CaH340:Cu Ber. 73.17 4.74
. diphenyl- (722.3) Gef. 72,9 474
d  Bis[2-(p-fluorphenoxy)-1,3- 66 230 C,H,F,04Cu Ber. 69.08 3.86
diphenyk- . G36.2) Gef. 68.9 3192
€ Bis|[2-{p-Bromphenoxy)-1,3- 73 230 CyHyBrOgCu Ber. 59,21 3.31
diphenyl- - (852.1) Gef, 59.0 3.38

"f  Bis{2-(p-Cyanphenoxy)-1,3- 74 240 CyuHuN,0Cu Ber. 71.01 3.79b
diphenyl- ' (744.3) Gef. 71.3  3.87

g Bis|2-{p-nitrophenoxy}-1,3- 77 210 CpHyN,0iCu Ber. 64.33 3.609

diphenyl- (784.2) Gef. 641 3.65
k  Bis{2-methoxy-1,3-diphenyl- 53 200 CyHypOcCu Ber. 6742 4.60
| t570.1) Gef, 676 456
i Bis{2-ethoxy-1,3-diphenyl- 50 200 Cy3H;,0.Cu Ber. 68.27 5.06
' . + {598.2) . Gef, 68.3 5.11
"] Bis[t,3-diphenyl-2-propoxy- 42 190 CyH3,04Cu .Ber. 69.05 5.47

{626.2) Gef, 689 536 .
k Bis[2-butoxy-1,3-diphenyl- 41 180  CyH;304Cu Ber. ©9.76 5.85
{654.3) . Gef. 69.5. 3551
-1 Bis[2-isopropoxy-1,3-. 45 190 CyH3,0.Cu Ber. 69.05 547
diphenyl- . {626.2) Gef, 69.0 5.53
m  Bisj2-(tert-butoxy)-1,3- 46 190 CygHe0Cu Ber. 69.76 35.85
dipheny}- _ = (654.3) Cef. 69.% 5.78

- % Gepaue Angaben sind nicht moglich, da sich die Verbindungen fiber ¢inen grofleren ‘Tempera-
* turbereich nur fangsam zerselzen. ~ © Ber. N 3.76, gef. N 3.6. — < Ber. N 3.57, gef. N 3.5,

Enote 13a—m

‘Encle 132~ m durch Zersetzung der Kupferchelate 413 —m. - Aflyemeine' Vorschrift: Die

Suspension von 1.0 g 132~ m in 100 ml Ether wird im Scheidétrichter mit 50 mi eiskalier SOproz.
Schwefelsiure unterschichiet und kraftig geschilttelt. Die wiilirige Phase wird abgetrennt, mit
"100 ml Ether gewaschen, und die vereinigten Etherphasen weérden iiber Natriumsuliat getrocknet.

" Emtfernen des Losungsmittels bei 25°C/12 Torr, Lésen des Riickstandes inn 5 —10 ml Methanol

und Kihlen im Trockeneis/Methanol-Bad liefert die Enole 132~ m als gelbe Kristalle, Die
a-alkoxysubstituierten Enole 13k — m zeigen nach nochmaliger Rekristallisation aus Methanol ei-

nen Reinhcitsgrad von mindestens 99.5% 3%, Die e-aryloxysubstituierten Enolc 13a — g werden.

folgendermaBen weitergereinigi: Man nimmt das Rohproduki in 50 ml 0.1 N Kaliumhydroxid auf,
filtriert, gieft die alkalische Losung unter krdftigem Rihren auf 500 mf Q.1 N Schwefelsgure und
‘extrahiert die Emulsion mit 100 ml Eth er,.Nach Trocknen iiber Natriumsulfat, Eindampfen und
Uinkristallisieren aus $ mi Methanol werden die Enole £3a— g mit einem Reinheitsgrad von min-
destens 99.3'3@ ¥ erhalten. — Ausbeuten, Schmelzpunkte und anaiytische Daten in Tabelte 4.

Isomerisierang der Enole 13a - m Zu den f-Diketonen 4a—-m. —~ Allgemeine Vorschrift: 1.0 g
Enol 133~ m in 50 m! Methanol/Wasser 1: 1 wird § h unter RilckfluB erhitzt, nach Abkithlen mit
500 ml Wasser versetzt und mit 200 m} Ether extrabiert. Die wiiBrige Phase wird nochmals mit

PNSDOCID: XP_______22MOTRA_L>
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Tabelle 4, Analytische Daten der Enole 13:-5 m und der &Dikelonc 4a-m

-}-propen-2-on (13) % S Schmp. _ Summenformel - Analyse
-propan-1,3-dion {4) Ausb. [*C] ~ (Molmasse) . C H
B _ . : o S Ber. 7973 5.0
1-Hydroxy-2-phenoxy-1,3-diphenyl- (132} 13a: 70 ~ ¢ 13a: 98-1002 Cy1Hi604 Gef. 13a; 798 5.13
2-Phenoxy-1,3-diphenyl- (4a) 4a: 350 - .dm: 123 o (316.4) Gef. . 4a: 79.8° 5.07 )
t-Hydroxy-2-{p-methoxyphenoxy)- : . T . Ber. 76.24 5.24
1,3-diphenyl- (13b) . 13h: 61 13b: 89-90 - CyHy 50, - Gef.. 13b: 763 5.19
2~ (p—Melhoxyphenoxy}-l 3- -diphenyl- (4b) 4b: 49 T 49 123 ) {346.4) Gef. dh: 764 5.21
t-Hydroxy-2-(p-methylphenoxy)- ' ) ) Ber. . 79.98 5.49
1,3-diphenyl- (130 13c: 55 13c: 8485 CrH,y 30, “Qef,  13c: 798 5.45
2-{p-Mcthylphenoxy)-1,3-diphenyl- (4¢) . de 43 _ o 4er 107 €330.4) Gef. 4¢: 797 5.48
1-Hydroxy-2-(p-fluorphenexy)- . .- Ber. 7544 4.52
1,3-diphenyl- (13d) 13d: 67 13d: 109-110 CyyH\ysFO; Gel. 138: 755 4.57
2-(p-Fluorphenoxy)-1 ,3-diphenyl- (4d) ) 4d: 45 <. o#d: 112 (334.4) Gef. 4d: 756 4.58
2-(p-Bromphenoxy)-1- hydroxy 1,3- ’ - L Ber. -63.81 3.B3
diphenyi- (13¢) 13e: 53 Be: 122-123 = CyHBrO, Gef. 13e: 63.8 3.87
2-(p-Bromphenoxy)-1,3-diphenyl- {de) de: 47 4e: 138 (395.3) Gef. 4e: 637 3.86
2-(p-Cyanphenoxy)-1-hydroxy- Ber, 77.41 4.43Y
1,3-diphenyl- (131) 13f: 56 13f: 108100 ,NO; Gef, 13f: 77.5 447
2-(p-Cyanphenoxy}-1, 3 diphenl 49 ar 59 af: 127 N 2?345 Gef. 45 - 714 4.48
1-Hydroxy-2-(p-aitrophenoxy)- ) o Ber. 69.80 4.189- IX
1,3-diphenyl- (13g) - 13g: 50 Vg: 124 C;,,H,_.,NO, Gef. 13g: 696 4. by
2-(p_-Nilrophcnoxy)-l,3—diphen_yl— {4 © o dge §7 4 133 (361.4) - Gef. 4g: 70.1  4.16 a
1-Hydroxy-2-methoxy-1,3-di- , Ber. - 75.58 S$.55 &
phenyl- (13h) . 13h: 50 13h: 6163 CieH 404 Gef. 13h: 754 5.52 g
2-Methaxy-1,3-diphenyl- (4h) . 4h: 39 dh: 779 ' (254.3) Cef. 4h: 754 5.51 i
£
Ky
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Tabelle 4 (Fortsetzung)

-1-propen-2-on {13} % Schmp. ‘Summenformet "Analyse
-propan-1,3-dion (4) Ausb. i*Cl {(Moimasse) - C H
2-Ethoxy-1-hydroxy-1,3-diphenyl- Ber. 76.10 6.02
(13i) 130 54 13i: 57-59 CyH 405 Gef. - 13i: 761  6.05
2-Ethoxy-1,3-diphenyl- (4i) 4i: 37 41 57 {268.3) Gef. 4i: 763 6.00
1-Hydroxy-1,3-diphenyl-2. Ber. 76.57 6.43
propoxy- (13§)- 13§: 80 13}: S5-56 CysH,150, Gef. 13j: 76.5 6.36
1,3-Diphenyl-2-propoxy- {43) 4): 53 4f. 60 (282.3) Gef. 4j. 76,7 6.45
2-Butoxy-1-hydroxy-1,3-di- ) Ber. 77.00 6.80
phenyl- (13k) 13k: 64 13k: 48-49 Cy5H300, Gef. 13k: 769 6.74
2-Butoxy-1,3-diphenyl- (4k) ak: 44 dk: 2 (296.4) Gef. 4k: 771 6.84
1- !-lydmxy—z-lsopropoxy-l 3-di- . Ber. 76.57 6.43
phenyi- (131 131 78 13k 65-66 CiaH;30, Gef. 1311 765 6.41
2-Isopropoxy-1,3-diphenyl- (45) 41 37 da1: 78 f 282.3) Gef. 4 76.7 6.45
2-(tert-Butoxy}-1-hydroxy-1,3-di- : Ber. 771.00 6.80
phenyl)- (13m) m: 70 13m: 88-89 - CygHyOs Gef. 1Im: 77.1 . 6,79
2-(tert-Butoxy)-1,3-diphenyl- (4m) dm: 57 -4m: 112 {296.4) Gef. 76.7 6.78

4m:

usueIawAozuaqp [AXO(AY Y HA IV -0 oA sjoug JIqeIS -

@ In Lit. 1 filschlicherweise fir 4a angegeben. — ®) Ber. N 4. 10, gef 13f: 4.0, gef. 41 4.1.

77-78°C.

— 9 Ber. M 3.88, gef. 13g: 3.9, gef. 4g: 4.0, — ® Lit, 14

€811




1184 M. Regitzund A. Schifer -

50m! Ether ausgeschitielt, Die vereinigten Etherextrakie werden iber Natciumsulfat getrocknet,
eingedampfl und aus 5- 10 m! Methanol umkristallisiert — gaf. unter Zusatz von Aktivkohle —
wobei man die farblosen §-Diketope 4a--m erhélt, — Ausbeuten, Schmeizpunkte und analyu-

sche Daten in Tabelle 4.

a-Brom-p-diketone 12a—1. — Allgemeine Vorschrift: Die Losung von 5 mmol Encl 132 —1in
10 ml warmem Methanol wird mit 0.8 g (5 mymol} Brom in 10 mi Methaiio) versetzt, wobsi es zu
rascher Entfirbung komml, Eindampfen bei 30°C/12 Torr, Aufnehmen des Riickstandes in
100 ml Wasser, Ausschiltteln mit 50 ml Ether, Trocknen tiber Natriumsulfat und Entfernen des

Losungsmittels i. Vak, liefert die farblosen a-Brom-p-diketone 122 -1, die roch aus Methanol -
 umkristallisiert werden. — Ausbeuten, Schmelzpunkie und analytische Daten in Tabclle 5.

Tabelle 5. Analytische Daten der a-Brom-p-diketone 128 -}

%  Schmp. Summenformel Analyse

12 -propan-1,3-dion Ausb. {°C} {Molmasse) : c - N
a  2-Brom-2-phenoxy-1,3- 69 10t CyHsBry -Ber. 63.81 3.83
. diphenyl- (1395 3) T Gef. 634 3.79
b Z-Brom-}{p-mcthoxyphenoxy}- 68 91  C,H;3BrO, Ber. 62,13 4.03
1,3-diphenyi- - {425.3) Gef. 621 397
"¢  2-Brom-2-(p-methylphenoxy)- T 107  C,;HyBrO, - Ber. 64.56 4.19
" 1,3-diphenyl- S (409.3) Gef, 4.3 4.17
d  2-Brom-2-(p-fluorphenoxy)- 82 . 110 C,H,BrFO,  Ber. 61.04 3.4
1,3-diphenyl- {411.3) Gef, 61.1 - 140
¢ 2-Brom:2-(p-bromphenoxy)- 67 106 CyHyBryO,4 Ber. 53.20 2.98
1,3-diphenyl- : . (474.2) Gef. 533 2.9

f  2.Brom-2-(p-cyanphenoxy)- 7 128 CpHBrNO;  Ber. 62.88 3.36%
1,3-diphenyl- b Gel. 63.1 3.36

g 2-Brom-2-(p-nitrophenoxy)- 72 - 144 CyuH,BrNO;  Ber, 57.29 3.21%}
1,3-diphenyl- {440.3) Gef. 575 3.23
h Z'Bf-.om-l'methoxy" »3- T &9 79 ClGH\JBrO3 Ber. 57.68 3.93%
T diphenyl- . {333.2) Gef, " 57.7  3.89
i 2-Brom-2-cthoxy-1,3- 52 85  CyyHsBrO, Ber. 5B8.81 4.33
diphenyl- {3471.2) . Gef. 58.8 4.43
i 2-Brom-1,3-diphenyl-2- 44 .78 Cy3Hy;BrO, Ber. 59.85 4.74
propoxy- ‘ : (361.2) Gef. 60.0 4.72
k  2-Brom-2-butoxy-1,3- 80 86  CoH,sBrO, Ber. 60.81 5.10
- diphenyl- . (375.3) Gef. .60.8. 35.17
i _ZUBI'O'm'Z-ISODTOPOK}"I 3"' 8 90 - Clsijij Ber. 59.85 4.74
" diphenyi- . T (361.2) Gef. 60.3 4.83

o Ber. N 3.33, gef. N3.4. —  Ber. N 3.18, gef. N 3.2.

2—Hydroxy‘-2-merhoxy—I,3-diphenymropan-1,3-dion (15); Bromiert man 1.5 g (5 mmol} 13m

mit 0.8 g (5 mmol) Brom gemil voranstchender allgemeiner Yorschrifi und arbeitet enisprechend

" auf, 50 erhilt man abs der Methanol-L6sung nach mehrtiigigem Kiihlen bei —20°C-1.0 g (75%)

farbloses 15 vom Zers.-P. 103~ 104°C (aus Methanol) [Lit. *; 96°C], -~ IR (KBr): 1690 (CO),

3420 cm~! (OH). - 'H-NMR (CDCly, frisch bereitete Losung): § = 3.32 (s, OCH,), 5.93 (s,
OH, verschwindet beim Deuterieren mit D,0). . ‘ ‘
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alons and oo edmixture with the original 4{ar 8)-methyl-d- and 2-aratkylamincimidazolines and -tetrahydro-
nitramino-1,8-diazacyciobezens-2 {m. p. 147-148%}, imidites i .
Fecorey ol e Satar wen 03 5 (8% by g, _yeidines s deacxibed, ‘The formation of oy

iy &XF 22018T3A_1 > .

) Summary
A new method of preparation of 2-elkylamino-

products in this reaction 18 discussed.
Emosron, ONTARIG Recmver Ocroszr 4, 1848

_ T [CoNTRIBUTION FROM THR DEPAXKIMBNT oF Camnsmny, Duxe Universrry]
Acylations of Certain a-Alkoxy and o-Aryloxy Ketones and Esters!
By JoN MUNCH-PETERSEN? AND CHARLES R. Havser

Although many acylations of ketones® and es-
ters? have been described in the literature, rela-
tively few successful acylations of cealkoxy and
o ht:TOE? and esters havedbten reported

T . present paper describes some
gew contributions to this ﬁzld Various condens-

Acylations of u-AlkoI;yhy Eee
tones.—Apparently the only acylations of thig
type effected previously are those reported by
Malkin and Robinson® who acylnted a-methoxy
and o-d-dimethoxyacetophenone with ethyl for.
mate sodium ethoxide. The copper salis
of the ting f-ketoaldehydes (named as encls)
ga?y n‘ht:.ined. in yields of 16 and 81%, respec-

vely. -

We have found that, in contrast to acetophe-
noae, a-methoxyacetophenone fails to be acylated
with ethyl acetate, ethyl propiomate, or ethyl
benzoate, and a-phenoxyacetophienone fails to be
acylated with ethyl acetste, empbzing poclium
amide under the usual conditions’® Similar
a-ur:lyl topheaone fails to be acyl:.dtad wi ;
e acetate emp!oyi potassiuni -
methidge in refluxing 53»« iu each of these
cases, the methoxy or phenoxy ketone was lergely
recovered. . However, both of these ketones may
be acylated with phenyl benzoate or phenyl gg-
pionate by mesns of sodivm amide. The -
© zoylatons of a-methoxyacetophenone and o-
" (1} Paper XLI un “Condadtatione’™; paper XL, Ture Joummas.,
5, 9648 (1960, .

(%) Om lenve of abstnce from the Depuetmant of Organis Chanis.

" try, The Techmica) Uslvenity of Depmark, Sslvgude 83, Copane

bagen, Denmard. .

(3) Ses axpuddally (2} Adewmis azd Eewer, Taxs Jovmnas, 06,
1220 {1944); (50 Lavize, Conroy, Adst apd Heusar, #4d., 87, 1630
U1848); {«) Huuser and Adnme, fiid., 66, 45 (1944); ()} Adnis nnd
Ravser, Qid., #7, SH (1945).

(4} Bay sspeiially Hawser nod Hudson, “Orgamic Rasctions™
Roper Adums, Editor-io-Chisl, Johs Wilsy and Sous, Ine, New
York, N. Y., Vol 1, pp. 358302,

{6y Maikin apd Rodinson, J. Chem. S, 157, 1190 (193E),

16 'Wa kavs verifad this cesult with a-methosyacetopieaons, bt
the yield of tha e p-ketoaidahyde wei ooly 8%: woutof the meth.
- oxy Retome was recaversd, It should bu poloted sut that this te.
sotlon way sarvied ont at 0® aod thet, when sttamipts wera madt o
affoct the Jormyintion of the sodinw derivative of s-methoxyscate-
shonowe (prepared with sodlure amide or polsssium triphbanyie
wethide) in refiuxing sthar, only thre methoxy Eetots was recoversd,
“.l?nmmﬂﬂm , Tow Jooawal, 8h 1230

ﬁpemyacetophenm have been effected in
yielda of 36 and 389, respectively.

Co/CO0CH, + CON,OCHCONH, — s,

CH,COCHCOOH, + CH,0H

The benzoylation of a~methoxyacetophenone has
also been effected with benzoyl chloride but the
yield wag only 11%. The propionylations of a-
cetophes oDl andtophe.ﬁ

or

one and

ponte have been effected in yields of
respectively; however, the latter yield is only for
the copper salt.

NaNH,

. GECO0CH, + CHOCHCOCH, ——

CHOOCHCOCH, + GIHLOH
CHy

Since some star materials were recovered in
these cases, the yidds of acylation products could
probably be im ‘

The acylatiot: of o~me with
acetic anhydride bas been effected in 10% yield
by means of boron trifluoride.

Acylations of a-Alkory and a-Aryloxy Esters,
—~The self-condensation of ethyl ethoxyacetate
way first reported by Conrad® who tised sodium,
but no yield was given. Similarly, Pratt and
Robinson® effected the seli-condensation of methyl
and ethyl metboxyacetate in yields of 40-507,

sodium. Darzens and Meyer” reported a
76% yield in the seli-condensation of etiryl ethoxy-
acetate nsing sodium ethoxide. We have .
condeused isopropyl ethoxyacetate in 690% yield
usu:g potassium tripheny ide and m 356%
yield using sodium amide

3 CLHOCH,CO0CH (CHoy —oicuis

——mpni
or NalNH

CHOCH,COCHCOOTH (CHy)h + (CHJWCHOHE

. Colls

The lower yield with the sodium amide may be
accounted for on the basis that this reagent reacts
{8) Contad, Bur., 11, 58 (LITR),

(0) Prait sud Robinsm, 7. Chewm. Sos., 188 (1085). -
(10} Dwezats snd Meyer, Compf. rend., 295, 478 (1004),




an

not only with the a-hydrogen of the ester leading

b _resulting-in_the formation : ¢ d
' which was isolated from the reaction mixture in
85% yield, Sincesodinm amide gelf-condensesiso-
propy! acetate in better yield (57%)' and appar-
ently produces Lttle if any acetamide, ¥ the substis
tution of an a-hydrogen of this ester by the ethox
group evidently activates the carbonyl carbon
relative to the o-hydrogen toward sodium amide.
The self-condensation of ethyl ctthox%
pionate could not be effected satisfactorily,
potassium {5 tmethide or sodium hydride
only a small amount of product was cbtained
evenl L the ester mnion ap to be
formed readily,® With di-isopropylaminomagne-
sium bromide a product was obtained but it was
apparently coptaminated with some of the di-
isopropy) amide, giving a positive test for nitro-
gea, Since di- laminomagnesium bro-
mide sdf-mdwfgipﬁ;;] n-butyrate and ethyl
isobutyraie to form a nitrogen free S-keioester,'
‘ b the formation of some amide with the ethyl o

ethoxypropionate Jends further support to the
view expressed above, that the a-ethoxy group
activetes the catbonyl carbon relati more
than the a-bydrogen. '

Ethyl phenoxyacetate was first self-condensed
by Johnson and Hill”® using sodium; the yield of
the sodium derivative of the A-ketoester was
good, but the free S-ketoester was not jsolated.
We have similarly obtained a good yield (76%)
of the sodium derivative of the S-ketoester using
di-ispprapylaminomagnesium bromide. We also
self-condensed methyl 24-dichlorophenoxyace.
i tg':i-.‘{ the free g-ketotster was obtained in ¢ 65%,
| ¥
1 [(CH)LCHWNMyBr

2C4CHIOCE, COOCH,
CLCHOCH,COCHCOOCH, + |(CH)):.CHLN +

o MglOCH)Br
i; Ethyl a-phenoxypropionate and ethyl a-(2,4-di-

chlprophenoxy)-propionate apparently self-con.
densed in the ;esence of di-isopropylmagtiesium

i [31) Sbivsre, Dillon sud Hauser, T JounwaL, §9, 120 (1947),
{12) Hauser, Levias and Kibier, idid,, 88, 36 (1948},

. {18! Thes the earbory] carbon is activated bY the ethoxy gremp
toward & basit anien [ jediexted by the Mx titses Jargee rate of
alimline hydrolysis of mwethy] ethoxyacetate thas methyl acstate.
K Bee Hatumelt, *"Physieal Onmupio Chemlabry,” MeGraw-Hill Book
: Ca,, Naw Yerk, N, Y., (940, 9. 312,
\ (14) Iz agremnent with this, an sttempt 1o cArbonats isopropyt
mathorFacotete after treatment with sodium amide failed; we
teaxyectiamiic (m, 5 MB-93% was iwiated in 0% yiald, Under
sicnfiur woditicns lsopropyl seeatate gives the cithopation prodwct
(589,) and spparently acat of the amide. B

(18) With potassisia tiphenyloethide, the color of the eeageat
w3 diacharged Lmmadiataly, sas pal. ¥, ‘Wit sodinm bydekie the
calculnted agtoudt of bydrogets was cvolvad whes Winivalot aoounty
of this reagent snd Lhe weitr were Tefuxed jo R-Botyl sthee (b, 5,
140%). Bee Swamer end Havger, Tms Jounwaa, #, 2067 (1048},

(1£) Heume sl Frostick, vapublished work [rom this Lebom-
tory.

, (1) Joksses and Hl, Am. Chiw. J., 48, 398 (1019); Tun
; Joauaz, B8, 1038 (1913),

LTI\ > A

BNSDOCHE <XP,

to condensation but also with the carboayl carhon -
of ethoxyucetamide
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bromide, but the pure products were not isolated.
Apparently an alkoxy ester bas not previously
e ted.l:ath_a_d:ﬁevlent_estex.._mt:n_a:ﬁ__ﬁ____ !
tem RCY isopr ethoxyacetate w1 .
phenyl benzoate using ;o% amide" or potas-
sium’ triphenylmethide’ we have obtained the
self-condensation product of the ethoxyscetate
(35%,) even though the addition of the ethoxy-
acetate to the re t was followed immediately
by the addition of the phenyl benzoate. Since
isopropyl acetate has beep benzoylated with
phenyl benzoate by means of sodivm amide under
sirailar conditions,!! either the anion of isopropyl
ethoxyacetate is acylated more llowlr by phenyl
benzoate than the anion of isopropyl acetate or,
more likely, isopropyl ethoxyacetate umdergoes
self-condensation tnore rapidly than isopropyl
acetate. This again is an indication of the above-

mentioned effect of the sthoxy .

However, we have suoceedecﬂ:“ acylating ethyl
a-ethoxypropionate with isobutyryt chloride using
potassium triphevylmethide, The yicld was only
156% but it could probably be improved

CH,
KC(CH
(CHHCHCOW + c.n‘m]:ucooc.u.cn—?—-f:'-
: ]

(CH;).CEODJICODC.H, + HC

Koelsch and Whitney? have acylated ethy!
benoxyacetate with ethyl oxalate and ethyl
ommtt:d I:!thlg:l sadi};-lm ethoxide, We ht%vehban-l
oyl a-phenoxypropionate with pheny
benzoate na;;g’-lodim amide but, rather sur-

isingly, the 5-ketoacid (13%) instead of the 8-

ester was obtained. Most of the ethyl o-
phenoxypropionate was recovered,
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mark, Laurits Andersens Fond, Otto Monsteds
Fond, The American-Danish Foundation and
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tion in this work would have been impossible,

Experimental®
a-Methoxyacetophenone® and s-phenoxyacetophen-
Wudﬂmmwﬁtmm.

(19) In thexe ¢nporimests isopropy} b te was obtalasd in
yhldaof 07 and BO%, respactively. This estar was identified by its
beiling pointagd by brdrolyss to bessoic acld sod isepropyl adeobol.
Jo the eapwrizment With sodium amide 3 35% Yield of sthoxpaest-
smide (m. p, §07) Wi cbtained. The [popropyl begsoata was

formad, presumably, by resction of the phenyd bensonte with the
heprepozide lon whith was produced st & by-product in the saif-
eendensation of isopropy! sthoxyetetate atd, in the exporiment with
sodium amide, also io the lormavies of ethouyscetamide.

{1¥) Kcelsch and Whitony, Towes JornNaL, 88, 1702 (1841),

(309 Belling points and melting polpty are uncorreetad; analysss
are by Microchemical Laboratory, University of Pittsburgh, Pitts-
bargh, Ps.

{21) Moffert and Shricer, " Organic Syntheses,” Joha Wiley and
Bons, Ine., New Yark, N. ¥., Vel. §], 1041, p. 79,

{18) Mohian, Ber. 18, 2428 (L00D),
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Iaupmpqummw b. p. 181 prepared ac. In the benzoylatioe of o-methoxyacetophemone with
cnrdhg}:oﬂu % ?w éh:;“m e, using m:oﬂ':i&hﬂa nmo:mtsoiwdinm l.mide.&::

! ketone;theether suspension of-sodbnn nmidrm*mﬁwmd—**--—--

Ethyi a-ethomypropiotiate was prepared according to  for several hours..

the same procedure,t® uﬂnta-cmnro ieueldinsm.d
of chloroacetic acld; the ester boiled at 183-156"* (
ho 4 mg}l«:nhmdn bt Bt iy 77%
&t 1) mm.,
s .-p b p. w—m'{repaw!

2 ity o &g o wm
=0 ethnolici‘:mlou of the acid

ten mioutes, an ether solution of the ester was added,
The misture was for two hours and then poursd
anto lee. The water Ia.yer, after washiny with ether,
acldifed and extracted with ether. The ether layer,
bicarbonate sohition and

%e

Tanre 1
AcvLavions or ROCH,COC.H; Umo Soorum ANmE
Fovi pritis 5-Dikvions Mo Yt
CH, PiBz a-Methoxydibenzoyl- 778 0
. methane®
C4Hy PaBr  a-Phenoxydibengeyl. 97-100 5o
methane®
CH; Bz0l a-Methoxydibenzoyl- T7-78 n
. methpne ‘
CHy PuPr o-Methaxy.a-propionyl B. p,
: acetophenone’ 120-130 25
at 6 mm.
Ol PuPe c-PlEW q-proplonyl 50
'AM. Calod

Found: C, 75, a%" P inel, Cobd. for Cotte:
] b |

O C 76 ﬂ o pond s C. 79.91 B, W,
o Ansl, 16Ot “Found

€, 69.88; H, 8
C,00.68; H, 8.5, c"gbuhed eopwal:

bcmyhtim of a-msthuxmmphmone with
benzoute the was lolated by the copper
method"uudreerymmad&ummuhmol
In the beczoylation .—phmdxym phenmmost.of
the phenol was distilled off s» sacwo. The regidue, which
e Hy kit e Miﬂsn et
s
Bltered. washed with B oo

nmanduluueiu
ﬂm!lymmzed ethansl.

(ﬂl Fuson asd Wolddk, “Orguuic Byathesss,” John Wilay and
Sons, loe,, N. V., Coll, Val, IT, 1841, p. 260.

(94) Schrainee, Ann., 197, 13 [15T8); Purdle, J. Chim. Sou., T8,
243 (1953).

{38} Moarel, Dull. so¢. shim., [3) 51, 028 (1800},

(20} Ssexbach, J. prads. Chem., 1] 93, 153 (1880),

(37) Bleshol, Ber., §3, 1604 13900). -

{38) Fukeroy, Tmis Joumaas, §3; L7085 (1941},

(29) Fanser, Kigpitt, Evamer sod Thonipaow, idd., #5, 848
11049, .

in the ploﬂylntion a-methoxyacetophenone with
pheoyl g;%ilu ¢ A=ilketone was separated from the
ional dbtillahon 3 vacuo.
In the propi tion of the a-p a:ulgnmophenm
with pheuyl proplonate mast of the
byheatln:iumu tmm) in an -bnthluptatmo‘

fwtttyminntes residue, which gave a strong
withferﬂcehhida,mtrutadwithaut-
mudcnppeumnewlutbumd copper salt® of the
A-diketlone by standing o ht. After
waghing, the olthaeoppernltm Yrom the
the: ereall yiskd 879, b butitdidnctermni s ol
over. " ze, :
Acetyiation of o by the

Bogon
'h'lﬁwrido Mdﬂlﬂd ~The ure destribed
e reaction mixtans

mu{e as been mod
of 0.2 nftheketonaudﬂ&whm‘manhdﬂde,

efter saturation with boron triffuoride at temperatures
between - 10 and 3%, was kept at 0% furmehnurandat
room tempersture ("-'ﬁ-80 another hour. The mix-

ture was refixeed with sod acetata for thirty minutes
and cooled. anmmimtiondmt of the acetic
acid with sodium kydroxide, the mixture was extracted
with ether acd the ether solntion washed with scdinm bi-

enrbona.te
it method, wis obtained as

a nilnw liquld bomu; SC110-111° at 4 pom.

Amal. Caled. for CuHnOy: C,88.721 E, 6.29. Found:
C,68.78; H, 5.12.

Nooe of the ketone was recovered and nmﬂdmble
amouat o! tar was obtained.

When the resction mixture wmp worked up within
tweatyn!nutaa!utatwhnbelnwo‘ as deseribed for

other ketories," no .B«-dlketone waa abtained and the ke
tone was lacgely recov

Self-condensation o! a-Albn:y sl g-Aryloxy Estecs

T AT W
¥l et
uxymtahe (m. . 39~40")% were oZIt-ooudeund by di-
nmmumm bromide by adaptation of the
pg;g;uie for the condengation elflcu_r't;tin estmhging di-
[ nomagnesiom bromide react were
generally carried oat on a 0.1 or 0.2 mole scale.
To the surmi solutien

solid was eft. The ether phase, limcomblnlng with an

ether cxtract of the was stirved with 2 N

sodium hydroxide. -‘19; bite puclpltate of the sodlum

derivative of the S-kmtoester was filterad off, washed with

“Im‘t:nd lntq'weit;“‘e'i:h ] tate the sodium

n the experimen phenor,m: &

denntive of the B-htnutuym AW er, which
i:g& slight decomposition ‘;mﬂ ‘Tt was conw

urtul -kumstcr . leparlterr

fuonel with ether and h a.ogd

Iayer way extracted with ether, the mbhud ether -

(8} We are indebted 4 1, T. Bakwr Chemslesl Compaay for 8

sanpie of this ester,

(31} Mauser and Walksr, Txzs Jounnss, 08, 205 (2647),

(5) We are Indebiad to the Shil Chemibal Cuorpotstion for &
mmple of thle smins.

solutinn and wau.r a~-Methoxybensoyl ace.




H, 2.78; Cl, 32.37. Found: C, 40.02; H, 2.78; CY, 3210,

tracts washed with & satueated sodium bicarbonate soin-
tion atnd water, and dried, After evaporation of the sol-
veat, the A-ketocster was obtalned 13 n yellow oil '
however, dld not tallize. &ttemuhtod:stll'the -
ketoester 7 sacus {3 mm.) resulted in dmmdpoitim.
Attempts to effect ketonle cleavagpe in acid® shightly
alkalipe* solotion guwe phenol and tar.

In the experimant with methy! 2,4-dichlorophencxy-
scetate, the sodium derivative of the g-ketoester was
simifarly converted into the free keto ester, and thi,
after evaporation of the cther, crystallised, and was re-
aA lised-f:lmw %&mpropimh with Isobutyryl

-4
Chinside.—~To an ether suspension of 0.2 mole of potas-
slum triphenylmethide (freed from ammonia by ng
the mixture for fous hours followed by purging the appara.
tus with nitrogen} was added 2.2 ¢. (0.2 mole) of ethiy}
a-ath The red color

0X; 11, fmines
diately. ten minutes, 21.2 g. (0.2 } of lsobuty-
ryl chloride was wrdded. e ng on the steam.
ed onto ice and

ing with an ctheréal extyact of the pgusonus phuse, was
washed with satursted sodium bicarbonate soliition, then
with water, aod dried, The sclvent was distlfled snd the
residue frmetionated i wacwo, vielding 533 of the uriginal
aster and 10 f of erude 3-ketopster, Redistillation gave
6.5 g. (15%] of ethyl a-isobutyryl-a-cthoxypropionate,
b p. 75-76" st £ mm.

Anal. Caled. for Cuiei: <, 61.08; H,5.82. Found:
<, 61.31; H, 041

Benzoylation of 1 a-Phen lonate with Phenyl
Benzoate.—To tie suspengion of (.1 mole of s0-

dium amide was afided an ather sclution of 10.4 g. (0.1
mole) of ethyl amysropimte. Afcer fifteen mine
otex, an cthet solution of 19.8 5. (0.1 mode) of pheny! bag-
zoate wae added. The mixture was refluxed ou the stean«
bath for one bour and then poured onto fee and hydro-
chioric acld, The water layer was extracted with ether.
‘The cornbined ether phase was extractéd with sodium hy-

{33) Hwdeon and Hanser, Tom Jornuas, 88, 3168 (1941),

22M97IA_| >
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_SELI-CONDRNAIATION OF ALXOXY- AND ARYLOXYRSTERS
B e e st A mmeeiee s e e e e e § o e—— g —— Wil -
Bater Coaderalog agent AXctanter . Mo B
Tsopropyl ethoxyscetate NaNH, Isopropyl a, y«dlethoxyacetoncetate 107-108 & 35
Isopropyl ethoxyacetste EC({Cash  Isopropyl a, y-liethoxyacetoaceiate® 103-14 4 60
Bthy] phencxyscetate (i-Pr)sNMgBr Ethyl o,y-dipbenoryzcetoacetate® 63
Methyl 24-dicicrophenoxyucetate  (i-PrigMgBr  Methyl a,v-di-(2, ¢ dicklorophenoxy)  102-104 1]
acetoacatace’ (. p.)
s Axal. CTaled, for CuHuOu: C, 58.88; HE, 8468 Foond: C, 53.59; H, 883. * No nitrogen was found by the
sodiam fusion test, * The sodium derivative was obtaived in 78% yield, * Anal, ' Caled., for CnBEuO\Cly: C, 48.80;

droxide sghrtien. Prom the ether phase there was re-
covered 70% of ethyl u-rhmmmpﬁmm, b, p. 241-248*
and 20% of the phenyl beuzoate, t. p. 68°. Acidificz-
tion of the alkcaline extract yieided a precipitate from which,
after fractional tallization, there was obtained 0.3 g,
of a-pheno: le acid, m. p. 114-115* (reperted
m. p. 115-116%)% and 3.5 g. (};8%) of a-benroyle-

.y , M. p. 188-137°, meutr. equdv.:

. 5 found 270.3 and 270.8.

Angl. Caled. | : C,71.10; H,822 Pound:
o, 714%; H, .35, Cublu '

Summeary

1. Altbouph a-metboxy- and a-phenoxysceto-
phenone failed to be acylated with ethyl zcetate,
ethyl mmte, and ethyl benzoate by the so.
dium ¢ moethod, these ketones have been
acylated with phenyl propionate and phenyl ben-
zoate. a-Methoxyacetophenoune hias been acetyl-
ated by the boron trifivoride method.

2. lsopropyl ethoxyacetate has been self.
condensed by potassium tri ylmethide and
by sodium amide; ethyl phenoxyacetate and
methyl 24.dichlorophenoxyacetate have been
;etf»co‘&tdensed by diiscpropylaminomaghesium

rornide.

3. Ethyl a.ethoxypropionate has been acyl-
ated with isobutyryl chloride by potassiunmi tri-
phenylmethide,

4, Certain related condensatiohs have been
studied. The effect of the a-ethoxy group ou the
relative reactivities of the carbonyl carbon and
the a-hydrogen of esters has been considered.

Duorman, N, ¢, Recovep Ocrosse 20, 1048
{4} Bischod, For., 93, D29 (1900},




I

\*é 9880 XP'002201974A- J. Org. Chem. 1988, 63, 9380—0887 PD . 00°C0- Foy
| P azz0-932) '

Reaction of Some 1,2-Diaza-1,3-butadienes wiﬂ1 Activated Methine

Compounds. A Straightforward Entry to 1.4-Dihydropyridazine,
Pyridazine, and 4,5(4H,5H)-Cyclopropylpyrazole Derivatives

Orazio A. Aitanesi! Paolino Filippone,*! Chiara Fiorucei.! Elisabetta Foresti} and
' Fahic Mantellinit
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. 40126 Bologna, Ialy

Received August 13, 1998

1-Aminocarbonyl-1,2-diaza-1,3-butadienes with -tri- ar f-dicarbonyl compounds containing at least
two keto functions give 1,4-dfhydropyridazines, while hydrazone 1,4-adducts are obtained in the
case of compounds containing one or no keto function. 1.4-Dihydropyridazines are transformed
jnto pyridazines. The same substrates with 3-phenoxypentane-2,4-dione afford pyridazines.
Surprisingly, 1-alkaxycarbony}-1,2-diaza-1,3-butadienes with methyl 2-acetylacetoacetate produce
I-alkexycarbonyl-4,5{4 H,5 H)-(alkoxycarbonylcyclopropyl)pyrazoles deriving from 1-alkoxycarbonyl-
1,2-dihydropyridazine intermediates by ring contraction. These pyrazole derivatives with acetic
acid show ring expansion to I-alkoxycarbonyl-1,4-dihydropyridazines that can be converted into
1.4-dihydropyridazines with sodium hydroxide. 1-Alkoxycarbonyl-4,5(4 H.55)-(alkoxycarbonylcy-
clopropyl)pyrazoles or 1-alkoxycarbonyl-1,4-dihydrapyridazines with triflucroacetic acid provide
1-aminopyrroles via 1-alkoxycarbonyl-1,4-dihydropyridazine intermediates in the case of pyrazoles. -

e

The X-ray crystal structure of 1-tert-butoxycarbonyl-3,5-dimethyl-4-methoxycarbenyl-4.5(44,5F)-
(methoxycarbonylcyclopropyl)- 1/¢pyrazole was determined. S

Introduction

1,2-Diaza-1,3-butadienes have been demonstrated to
be powerful tools in organic chemistry’™* and, in par-
ticular, in the construction of polyfunctionalized pyrrole,
pyrazole, thiazole, and imidazole rings.®3

In a previous paper, we preliminarily reported the first

synthesls of somie 1,4-dihydropyridazines and pyridazines -

by reaction of 1-aminocarbony)-1,2-diaza-1.3-butadienes
with f-tricarbonyl compounds.® In fact. in the course of
our activity in this field we have detected, with only one
exception,” that the reaction between 1,2-diaza-1,3-buta-

T L frdversich di Urbino.

1 Liniversith di Bolnﬁ;.
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dienes and carbonyl compounds containing activated
methylene or methine groups always generates pyrrole
rather than dthydropyridazine nuclei.3® as erroneously
reported by previous authors.®'® This occurrence Is a
consequence of a domino 1,4-addition (Michael-type)-ring
annulation reaction by a nudeophilic 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,"’ concluding in a [3 + 2} instead
of [4 + 2] cyclization process (Scheme 1).? Indeed, |4 +
2) cycloadditions of Diels—Alder-type producing tetrahy-
dropyridazine rings have been revealed when 1,2-diaza-

(8) Aztanasl, . A.; Santeusanio; 5.; Serra-Zenettl, F. Gazz. Chim.
Ital. 1989, 119, 631 .
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Chemn. 1982, 47, 684. (b) Gh cti, G.; Tadim, C.; Ateanasi, D. A ;
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Attanasi, 0. A.; Santousank, S.; Barbavella, G.: Tugnali, V. Magn.

" Resorr. Chem. 1985, 23 383. (d) Attanasi, 0. A.; Grossi, M.; Serra-

Zanetd, F.; Forestl, E. Tetrabedron 1987, 43, 4249, (e} Attanasl, O.
A_; Filippane, P.; Guerra, P.; Serra-Zanetd, F.; Foresti, E.; Tugnoll, V.
FGmR & im. Ital. lﬂgl.sfag?. Eg;i. ({7] At;_anBa;i;s?ﬁiA;Grm. M.; Perrulli,
. R.; Santeusanio, 5.; a-Zanetti, F., . A Tugnoli, V. \
Rason, Chem, 1088, 26, T14. it Megr
(11) Timze, L, F. Chem. Rev. 1996, 26, 115. Tiewze, L. F. Beifuss, U.
.;!3 w. Chern. 1993, 105, 137; Angew. Chern., Int. Bd. Engl. 1983, J2.
(12} Boger, D. L. Tewrahsdron 1983, 39, 2869. Boger, D. L. Chem.
Rev, 1988, 86, 781, Boger, D. L.; Wetnreb, 8. M. Hetero Diels—Aider
Mechoni in Organic Synthesis Academic: San Diepo, 1887.
Kametani, T,; Hibino, S Adv, Feterocycl. Chem. 1987, 42, 246. Boger,
D. L.; Patel, M. In Frogress in Hﬂeéi%ﬂk Chemistry. Suschitghy, H.,
Scriven, E. F, V., Eds,; Pergamon; rd, 1989; Vol, 1, p 31, Weinreb,

5. M.: Scola, P. M. Chem. Rev. 1889, 89, 1525, Weinreb, 3. M. In .
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Reactions of Some [,2-Diaza-1,3-butadienes

Scheme 1
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Results and Discussion

1-Aminocarbonyl-1,2-diaza-1,3-butadienes 1a—e easily
react In tetrahydrofuran at roomn temperature with
triacetylmethane 2a or methyl or ethy! Z-acetylacetoac-
etate 2b,c in the prasence of sodlum hydride or potassiurn
carbonate to give in one flask l-unsubstituted 1,4-

;ﬁ:ﬁm

unn‘

1,3-butadienes es heterediene systems were reacted with
electron-rich olefins as dienophiles, 121213

The synthesis of pyridazine derivatives has recently
recveived much attention because of their biological activ-
ity." In particylar, South et al. {Monsanto Corp) pat-
ented pyridazinie products exhibiting “bleaching” herbi-
cidal activity prepared from 1,2-dlaza-1 3-butadienes !t

For these remsons, we decided to investigate more
exhaustively the reaction of both 1-aminocarbony)- and
1-alkoxycarbonyl-1,2-diaza-1.3-butadienes with different
f-tri- or S-dicarbonyl compounds containing activated
methine groups in order 1o obtain pyridazine structures.
Some interesting diversities in the pathway of these
reactions have been observed,

(13) Clarke, §. J.: Gilchrist, 1. L. .J. Chem. Res., Synop. 1085, 310,
Gilkchrist, T. L.; Stevens, J. A Parton, B. .J. Chem. Soc., Perkin Trans,
{ 1985, 1741, Gllchrist, T. L., Sanchez Romaro, (. A.; Wasson, R. £,
J. Chem, Soc., Perkin Tram 1 1389 353. Ferguson; G.; Lough, A. |
Mackay, D.; Wneral.un% Chem. Soc, Perkin Trans. 11991, 3351
ﬁwalns. "Mi.: Babi Cintaa P Hménez, 1, L.; Moiina, M
Palacios, J. C.: Sénchez, §, B. Terraedron L, 1991, 32, 2513, Clarlw
8.J; Gilchrist‘l"l... LemosA Roberts, T. G. Tmahedrmlaﬂl 47,
5615. Bonent, K.; Hagedorn, M. Tetrahedron Lett. 1082, 33, 7391,
Cilchrist, T, [ Lexos, A. J, Chem. Soe., Perkin Trans. | 1993 139)
and references themn

(14) Coates. W. ). Pyridazines and Benzo Declvatives. In Six-
menibered Rings with Twoor Mane Heteroatams and Fused Carbocyelic
Derivatives. Boulton, A. J., Ed, In Comprehensive Heterocyclic Chem-
istry IF, Katritzky, A R, Rees. C. W., Scriven E. F. V., Eds.; Pergamon-
%vuerswm. Amsteﬂlam !996 Vol. 6, Chapter 1 and references

rein
© {15) South, M. 5.; Jakubosid. T. L. Tetrabedron Lert. 1995, 36, 5703,
South, M, S.; Jakuboski, T, L.; West M. D.; Dukesherer, D. R
Tetraheciron Leer. 1996, 37, 1351, South, M. 5. Jakuboskl, T. L;
Westmeyer, M. D. Dukﬂsherer D.R. /. Org. Cbem L8986, 6/, 8921
and references therein.
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dihydvopyridazines sa—in i good 10 excellsnt yielas

{Scheme 2 and Table 1). In most cases, potassium
carbonate instead of sodium hydride as previously em-
ployed afforded less complicated reaction mixtures and
better ylelds in final produets.f The mechanism proposed
in Scheme 2 is the result of some mechanistic findings
presented and discussed in detail below.

Under tha same reaction cenditions, la,b react with
diethyl acetylmalonate 6a or triethy]l methanetricarboxyi-
ate 8b, providing in high ylelds the hydrazanes Tab by
1,4-addition of S-tricarbony) derivatives to the azo-ene
system (Scheme 3} and supporting the first step of the
mechanism proposed in Scheme 2. Since the adducts 7a.b
manifest no tendency to produce further reactions, It can
be concluded that the presence of one or no keto function
fs not able to permit the ring closing owing to the
elimination of an acetic acid molecule.

The reaction under usual conditions hetween la.d.e
and ethyl 2-2-furoyl)acetoacetate 2d or ethyl 2-(2-thenoyl)-
acetoacstate 2e produces a mixture of 1-unsubstituted
B-methyl- and l-unsubstituted 6-(2-furoyl)-1.4-dihydro-
pyridazines Scf.m or -unsubstituted 6-(2-thenayl)-1 4-
dihydropyridazines Sn-r in a similar ratio. This ocour-
rence is likely due to the nearly equivalent possibility of
ring closing on the two different keto groups of the
hypothesized intermediates 3 (Scheme 4 and Table 1),
The pathway A leads to the same compounds 5¢j.m
depicted above (Scheme 2), while the pathway B leads
to new compounds 5n—r with a furoyl or thenoyl ring as
substituent.

The reaction of 1a,b,d,e with 3-phenylpentane-2,4-
dione 2f or 3-{2-chioro-6-fiuorobenzyi)pentane-2.4-dione
2g under the same conditions gives rise in one pot to
1-unsubstituted 1,4-dihydropyridazines Ss=v in good
yields {Scheme 5 and Tahble 1). This behavior proves that
this procedure can be successfully applicable aiso to
cempounds possessing an activated A-dicarboryl methine
group.

The conversion of 5a—v into the corresponding py-
ridazines 9a—v in nearly quantitative yields was achieved
by bromination of the carbon atom tn position 4 with
tribromide on Amberlyst A-Z26 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 phenyltrimethylam-
monium tribromide previousiy utilized by virtue of the
minor presence of reaction byproducts, both in terms of
regioselectivity and yields.*® Furthermore, this polymer-
supported brominating agent is more convenient than
phenyitrimethylammonium tribromide also due to its
easy regeneration and the simpler manipulation of the
reaction mixture {only filuration).}? The expected bromi-
nated intermediates 8 were not isolated because of the
ready dehydrobromination process.

Pyridazines 9a.d.f,h.k have been directly obtained as
exclusive products when 1a—e were reacted In tetraby.

tlﬁjsmuh K James D. M.; Matthews, {; Bys, M: R. J. Chem.
. Parkin, Trans. 1 1992 1877,
ﬁl?‘.\ Cacchi, S.: Cagliodl, L. Spmthesis 1979, 64,




[a )
A,R‘ ' K2CO5
HNOC™ "N + THFA.A
Hﬁ
1a-0 2a-¢
1a: R'=COOMe
1b: R'=COOEt

te: R'=C00Bu
1d: R'= COO{CH,)0Me
1e: R'=C00GH,Ph

Table 1. Yields of
1-Unsubstituted-1,4-Dihydropyridazines Sa—-v

Entry R! RE Yipige
: (%)
5a CO0OMse COMe 84
5b COOMe o0OMe %0
5S¢ COCMe COOEL 58
sd COOEt coMe 87
s¢  COORr COOMe 88
5f  O0OrBu COMe 68
5g COOr-Bu COOMe 83
&b COO(CH2OM: C(OMe 57
5i COO(CH2OMe COOMe 54
8] COOCHpOMe COOB 57
5% COOCHPh OMe - 75
. 51 COOCH:FPh COOMe 7%
gm  COOCHPh oo 87
En COOMe o. ©
5o COOMe E:L 33
S5p COOCHJOMe £}~ 40
Sq  COOCHROMe CL 34
Sr . COOCH;Ph 0. ¥
59 COOMe Ph a
e . CO0B: G‘_\ 4
(] COQ{CHz)zQMe Q;:\ 57
8v CODCH;Ph Q’i\ 6
i

ayield of pure isotated products.

drofuran at room temperature with 3-phenoxypentans.
2,4-dione 2h in the presence of potassium carbonate. In
this case, the intermediates 3 and 4, as weli as the
product §, wera not detected probably because of a rapid

aromatization process due to the loss of phenol and -

carbamm:c acid residues (Scheme 7).
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Scheme 3

o D

w'u-'nj\/nl . R E S,
THEAL
o 0|
tab 6a,b _

1a: R! = COOMe 6a: R2=Me .
1b: R' = COOE! 8b: A< = OFt
7a: R'=COOMe, R2=Me (84 %)

7b: R = COOE, R2 =0Ft (91 %)

Surprisingly, the reaction between 1-alkoxycarbonyl-
1,2-diaza-1 3-butadienes 1¥—h and methyl 2-acetylac-
etoacetate Zb in tetrahydrofuran at room temperature
in the presence of potassium carbonate offered 1-alkoxy-
carbonyl-1,4-dthydropyridazines 14a—c and then 1-un-
substiruted 1.4-dihydropyridazines Sh.e by means of a
more complicated mechanism compared with that of
analogous la—e. A detajled study of some  reaction
products and intermediates allowed us to obtain interest-

mechanistic information, '

%ndeed when the reaction was carried out under the
usual conditions (Scheme 2} the isoleted products were
different from the expected 5b.e as well as from 14a—e.
In fact, the spectroscopic data revealed that the substitu-.
ent group linked to the nitrogen heterpatom of this
product is still present, while in 5bh,e the same group is
absent, Moreover, 'H and 3C NMR spectra exhibit
similar resonances as for 14a—~c but with some signifi-
cant differences: (i} a iarge upfield shift of methine
proton (from ~4.5 to ~2 .3 ppm) in 'H NMR spectra; (ii)
the presence of three C-sp? signals {(~26.3, ~50.1, and
~59.0 ppm) instead of only one C-sp? resonance (~44.7
ppm) of compound Sb.e; (jif) the coupling constant valus
for the carbon that resonates at ~26.3 ppm Is Jgy = 165
Hz, typical for a CH iIn a cyclopropane ring.

Therefore, ail spectroscopical evidence should be fitted
with molecules having the structure of 1-alkoxycarbanyl-
4 5(4H5 H)-{alkoxycar bonylcyclopropyl) pyrazoles 13a—c.
X-ray diffraction investigations were undertaken for 13c,
as 2 modal able to prove unambigususly the structure
assigned to these compounds. The crystal parameters of
such a melecular model inequivocally confirmed our
hypothesis (Figure 1), 7

In particular, the TLC analysis of the reaction mixtures .
reveals two other spots with higher polarity than 13a—
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Scheme 1
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1a: R! = COOMe 2d; A%= &

1d: R’ = COO{CH,),0Me 2
1e; R = COOCHPh 2¢: A%z (;L

c. Attempts to isolate the more polar one were unsuc-
cessfull because of its quick transformation in the middle
one followed by its epnversion in 13a—c. However, it was
possible to isolate a small amount of pure middle
products that demonstrated to be the l-alkoxycarbonyl-
1.2.5.6 tetrahydropyridazine derivatives 1la-—e by 'H
NMR and MS spectroscopy, mairdy due to the GH and
NH signals at ~6.77 and ~12.84 ppm, respectively, as
well as to the presence of tweo different methyl group
signals at ~1.92 and ~2.45 ppm, respectively, attribut-
able to two acetyl groups of the starting methyl 2-acetyl-
acetoacetate. In tetrahydrofuran, this cempound spon-
tarnecusly penerated exclusively 13a—c. Thus. we sup-
pose that the greatest polar spot corresponds to the
transiernt hydrazone 1,.4-adduct 10.

On the basis of this evidence, it seems reasopable to
conclude that the reaction takes place by means of a
preliminary 1,4-addition of 2b to the substrates 1f—h as
consequence of the nucieophilic attack by the activated
methine group on the heterodiens system producing the
hydrazone intermediate 10. The subsequent intramo-

lecular nucleophilic attack by the terminal hydrazane.

nitrogen atom to the carbonyl function determines the
closing of 11a—¢. The elimination of an acetic acid
malecule from this last intermediate furnishes 12, which

-;iDOGD: P __2P018T4A_ >
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affords 13a~c owing to ring contraction of the six- to Mive-
membered heterocycle {Scheme 8.

Further praof of the interconversion between thuese
heterocyciic structures was furnished upon reaction of
13a~—c with acetic acid at ropm temperature, determining
ring expansion to 14a—c that in turn afforded 5h.e hy
cleavage with sediumn hydroxide in methanol at rogm
temperature {Scheme 9).

In our opinion. the preliminary hydrazene intermedi-
ates 3 and 10 in the reactions both of la—e and 1f-h
with activated methine compounds previously detected
in similar eircumstances® and indirectly supported by tie
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 CONH;
group, in the case of 1a—e hinder us to extend in toto or
in part the remaining detailed mechanism established
for the reactions of 1f—h on the basis of isolable inter-
mediates.

When 13a~c were reacted with trifluoroacetic acid at
room temperature (13c) or under reflux (13a.b), the
carresponding 1-aminopyrroles 15a—c were recovered.
The same products were ohtained when l4a—c were
submitied to the same reaction (Scheme 10). In both
cases, Sb.e were revealed as side products of these
reactions.

Therefore, teking into account the reaction pathway
depicted in Scheme 9. the formation of 15a—c¢ from
13a—c involves 14a—c as intermediates. In some cases,
in fact, these intermediates can be isclated 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-i,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-alkoxycarbonyl-1.2.diaza-1,3-butadienes and
methyl 2-acetylaceroacetate produces 1-atkoxycarbonyt-
4.5{4H 5F)-(aikoxycarbonylcyclopropyl}pyrazoies. A de-
tailed investigation of the reaction pathway demon-
strated that these compounds derive from 1-alkoxycar-
bonyl-1,2-dihydropyridazine intermediates by ring con-
traction, Ring expansion of 1-allkexycarbonyl-4,5{4.,5H)-
{alkexycarbonyleyclopropylipyrazoles leads to L-alkoxy-
carbonyl-1.4-dihydropyridazines that can be converted
into V-unsubstituted ! 4-dihydropyridazines. 1-Alkoxy-
carbonyl-4,5{(4 .5 H)-(alkexycarbanylcyclopropyl) pyra-
zoles and I-alkoxycarbenyl-1 4-dihydropyridazines sepa-
rately give l-aminopyrroles via 1-alkgxycarbonyl-1,4-
dihydrepyridazine intermediates in the case of 1-alkoycar-
bonyl-4,5(4 H 5 H)-(alkoxycarbonylcyclopropyl) pyrazoles.

In conclusion, this paper reports not only useful access
to new heterocyclic systemns but also deals with some
Interesting interconversions of five-membered rings of
pyrazole type intp six-membered rings of the 1,4-dity-
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-Aminocarbonyl-1,2-djaza-1,3-buta-
dienes la—e and l-alkoxycarbonyi-1.2-diaza-1 3-butadienes
1f-h were synthesized according to previously reported

:
1
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. | 0
HM’N*NJ\’W ) M

—abde

1w Rf =CO0Me

1b: R' = COOR!

1d: R = COOICHR)OMs
18: R' = COOCHPH

: H
L TR CA Y Skl
A® k"u CHClhtL
R

5a-v

procedures. '8 Starting materials of the above-mentioned
reagents, as well as triacetylmethane (Za), methy! (2b) and
ethyl 2-acetylacetoacetates (2¢), diethyl acetylmalonate (6a),
triethyl methanetricarboxylate (6b}, ethyl 2-{2-furoyljacetoac-
ctate (2d), ethyl 2-(2-thenoyl)acetoacetate (2e), 3-phesylpen-
tane-2 4-dione {20), 3-(2-chioro-G-fluerobenzylipentane-2.4-
dione (2g). 3-phenoxypentane-2,4-dione (2h), tribromide on
Amberlyst A-26€, sodium hydride, scdium hydroxide, potassium
carbonate, trifluoroacetic acid, acetic actd, and solvents are
commercially available materials (Carlo Erba, Aldrich. Acros,
Fluka, Lancaster, Avocado, and Maybridge} and were used
without further purification, Melting points were determined
i open capillary tubes and are uncorrected. The products often
decom at the melting point. IR~FT specira were per-
Tormed In Nujol mull, MS spectra were made at an ionizing
voltage of 70 ¢V, TH NMR spectra were recorded at 200 MHz,
while 3C NMR were recorded spectra at 50.32 MHz. Chemical

shifts {&) are reported in ppm downfield from internal TMS

" and coupling censtants (J} in Hz. The abbreviations usad are
as follows: =, singlet; d; doublet; t,’ tiplet; q, quartet; m,
multiplet; b, broad, Precoated sllica gel plates .23 mm were
employed for analytical thin-layer chromatography and silica
gel 35—70 um for column chromatography.

ation of I-Unsubstituted 1,4-Dih; es
5a—v, To a stirred solution of triacetylmethane (Za), methyl
2-acetylaretgacetate (2b), ethyl 2-acetylacetoacetate (2c), ethyt
2-(2-furoyl}acetoacetate (2d), ethyl 2-(2-thencyl)acetoacetate
{2¢), or 3-(2-chloro-6-fluarobenzylipentane gl (I mmol} in
tetrahydrofuran (10 mL} was added potassium carbonate (4
mmol). In the case of 3-phenylpentane-2.4.dione 1) {1 mmal),
# catalytic ameunt of sodium hydride (0.3 mmol) instead of
potassium carbonste was added. The reaction mixture was
allowed to stand at room temperature under magnetic stirring
for 5 min, and then the 1-aminocarbony}-1,2-diszs-1,3-buta-
diene 1a—e {1 mmol) in tetrahydrofuran (5 mL) was added
dropwise until its red color dissppeared (~10 min). Stirring
was continued for 2 h, and then the reaction mixture was
flizered and concentrated under reduced pressure. The residue
was chromatographed on a silica gel column (elution with
cyclohexane—ethyl acetate mixtures}, affording | 4-<tihydro-
pyridazines 5a—v that were crystaliized from ethyl acetate—
petroieumn ether (4060 T).
Sa: mp 63=65 C: IR (Nujol) v 3281, 1705, 1688, 1587
cy~': 'H NMR (CDCly) & 2.03 (s, 3H, Me), 2.14 {5, 3H, M),
2.31 (s, 3H, Me), 3.72 (5. 3H, CC:M4, 4.31 Is, LH, CH), 7.55

{18) Sanuner, S. Tetrmhedron Lett. 1977, 18. 117,

(39) Attanasy, 0. A pone, P.; Mei, A Santeusanio, 3. Syntiarses
1984, 873. Attanasi, O. A.! Filippone, P.; Msi, A.; Santeusanio, 3.
Synthesis 1984, 671,
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MeCOOH Al N
.CONH, R HH
— Sy - T -
Br 1 7
R = ? ._-E—-.'i"__' ﬁl
M ] S |
at “H
A R3
[} fawv

{(br s, LH, NH, D20-exch); ¥C NMR {CDCly) & 179 (Me}, 22.3
{Me}, 27.6 (Me), 51.2 (C4), 51.5 {CO:M48), 82.6 (C5), 145.7 and
147.2 (C3 and C6). 167.2 (COQ), 204.9 (CO); MS miz210 {2)
[M*1, 179 (8), 167 {100). Anal. Caled. for CooHuNeOx: C, 57.13;
H, 6.71; N, 13.32, Found: C. 57.06; H. £.65. N, 13.36.

5b:; mp 94-96 T. IR (Nujel) v 3283, 1724, 1688, 16808
e )y 'H NMR {CDCL} 6 2.13 (5. 3H, Me), 2.32 (5, 3H, Me),
3.69 (s, 3H, CO;Mp), 3.71 (s, 3H, CO:Mg), 4.35 (s, 1 H, CH},
7.77 (br s, LH, NH, D:0-exch}; 3C NMR (CDCls) 8 17.6 (Me),
22.2 Me), 43.2 (C4), 51.0 (COMe), 52.3 {COxMA, 89.0 [C5), .
143.7 and 147.2 (C3 and C6), 167.2 (COQ), 170.5 (COO); MS
miz 226 (5) M*L, 195 (4), 167 (100). Apal. Caled for
CioHuNZO,: C, 53.08, H. 6.24, N. 12.38. Found: C, 53.17, H,
6.32, N. 12.46,

ration of Hydrazones 7Ta,b. To a stirred solution
of diethyl acetylmalonate (Ba) or triethyl methanetricarboxyl-
ate (6b) (1 mmol} In tetrahydrofuran (L0 ml) was added
potassium carbonate {4 mmol). The reaction mixture was
allowed to stand at room: temperature under magnetic stirring
for 5 min, and then the 1-aminocarbonyi-1.2-diaza-1,3-buta-
diene 1a.b {1 mmol) in tetrshydrofuran (5 mL) was added
dropwise until its red color disappeared (~10 min). Stirring
was continued for 2 h, and then the reaction mixture was
filkered and concentrated under reduced pressure, The residue
was chromatographed on a silica gel column (elutlon with
cyclohexana—ethyl acetate mixtures), affording hydrazones
Tab that were crystallized from athyi acetate—petroleum
ether (4060 ).

Ta: mp §103=105 C; IR Mujol) vm, 3499, 3387, 1757, 1747,
1731 em~"; 'H NMR (CDCly) & 1.28 (£, 9H J = 7,] Hz. 3 x
CO:CH:Me), 2.03 {s, 3H, Me), 3.74 (s, 3H, CO:M0), 4.19—4.33
{m, 7TH. 3 x CO.CHMe and CH), 5:82 (br s, 2H, NH;. D;0O-
exch), 9.00 {br 5, 1H, NH, Dx0-exch); *C NMR (CDXCl3) 4 13.7
3 x Me), 17.0 (Me), 52.4 (COMd. 55.4 [CH). 62.5 {3 x
CO:CHaMe). 87.0 {CICO)), 143.9 (CONHg, 158.2 [CN), 165.6
(3 x COO) 1689.2 (COO0);: MS o¥z 403 {2) [M*], 326 (8), 255
(11). 183 (100). Anal. Cakd for CisHasN+Os: C, 47.84; H, 6.25:
N, 10.42. Found: C, 47 8L H, 6.35; N, 10.37.

Preparetion of Pyridazines Da—v from Reaction of 1,4-
Dihydro, nes 5a—v with Tribromide on Amberiist
A-26, To a stiryed solutien of 1.4-dihydropyridazine Sa—v (1
mmol} in dichloromethane {10 mL) was added trlbromide on
Amberlist A-26 (1 mmol). The reaction mixture was ailowed
to stand at room temperature under magnatic stirring for 2h
and then was filtered and concentrated under reduced pres-
sure. The residue was chromatographed on a silica gel column
(elution with cyclohexane= acetate mixtures), affording
pyridazines 9a—v that were crystallizad from ethyl acetate—
petroleum ether {40-60 T). -
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Table 2. Yiclds of Pyridazines a-v

Entry § and 9 R} R= T Vidd oy
2 O Me COMe Me )
b COOMe COOMe Me 9
¢t COOMe COOE: M 9
d COOEL COMe Me 86
. (008 {O0OMe Me 89
f CO0-Bu COMe Mo 9
£ COOr-8u QOXOMe Me ¢l
h COO(CH2)20Me COMe Me %
i COXCHROMe COOMe Me 9
i COOCH ) Oivic COOEL Me ]
k COOCH;Ph OOMe M o
i COOCH, Ph COOMe Me o4
m COOCHPh COOBt Mo o3
n CONMe COOR Q\- 89
a COOMe COOEL f}\ o
P CO(CH2)OMo CooEt 0\ 85
9 COO(CH2)20Me COOE Os &7
r COOCHaPh COOE! QL %
s CO0OMe Ph Me &7
t COCEx d\ Me 2
=]
u COO(CH2OMe G" Me .
v COOCHaPh di\ e o
“Yield of pure isolated products. °
A BA N "'
N~CONH; _w;_”;;T o ZN
RhC  ORt
1o-e 2h 3. 4 9a,d,hk
1a, 8a: R' = OOOMe %a (78 %)
1h, 8d: R' = COOE 8d (72 %)
1¢, ot R' = COOtBu 9 (88 %)
14, 8h: R = COO(CH)20Me ¥h (73 %)

9k (B8 %)

18, 9k R’ = COOCH:Ph

9a: mp61-63 T; IR (NUol) vmee 1723, 1701 em™'; 'H NMR
(CDCly) & 2.52 (s, 3H, Me)}, 2.67 (s, 3H, Me), 2.84 (s, 3H, Me),
3,92 (s, 3H, COxMe).1*C NMR (CDCIy) 4 19.7 (Me), 21.5 Me),
30.8 (Me}, 53.1 ({COAME, 124.7 and 138.3 (C4 and C5), 152.9
and 155.7 {C3 and C&), 1865.5 (COD), 201.1 {CO); MS iz 208
[100) [M*]. Anal. Caled for CgH):N;O5: C, 57.69; HL 581 N,
13.45, Found: C, 57.63; H, 5.85 N, 13.26.

8h: mp 6668 C: IR Nujol) vuwas 1726, 1680 cm ™ 'HNMR
[CDCl3) 8 2.81 5. 6H, 2 x Me), 3.96 (s, 6H, 2 x COM8); 1°C

NMR (CDCL) § 20.7 (2 x Me), 53.1 (2 x COaWd, 1280 (C4
and C5). 155.1 {C3 and C6). 165.6 (2 x COO); M5 miz 224
{100) IM*1. Anal, Calcd for CaoHi2NaO4: C, 53.57; H, 5.39; N,
i2.49. Found: C, 53.61;H,546; N, §247. .

Preparation of Pyridazines 8a,d,fh.Xk from Reaction
of 1-Aminocarbonyl-1 2-diaza-1,3-butadienes 1a—-» with
3-Phenoxypentane-2 4-dione (Zh}. To a sticred soluden of
3-phencxypentane-2.4-dione (2hj {1 mmol) in tetrabydrofuran
{10 mL} was added potassium carbonate (4 mmol). The

b
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Figure 1. X-ray molecular strusture of 1-tert-butoxycarbonyl-
3,5-dlmethyl-4~mothoxytarbarg$4,5[ﬂ£5fﬂ-ﬁnethoxycarbon-
ylcyelopropyl)-1F-pyrazole (13c) with the atom numbering
system used in the crystallographic analysis.

Teaction mixture was allowed to stand at room temperature
under
1,2-dlaza-1,3-butadiene la—e (1 mool) in tetrahydrofuran {3
mL) was added dropwise until its red celor disappeared {~20
min), Stirring was continued for 2 h, and then the reaction
mixture was filvered 2nd concentrated under reduced pressure.
The residue was chromatographed on a silica gel column
{elution with cyclohexane—ethyl acetate mixtures), affording
pyridazines 9a {78%), 9d {72%), 9T (68%); 9h (73%), and 9k
{88%) that were crystalilzed from ethyl acetate—petrojeum
e anon of 1-Alkoy carboryl 4.5 UELS - (allcoxy
tion of 1- yearbonyl-4,54. - -
carbonylcyclopropylipyrazoles (3a—c, To a stirred solu-
tion of methy! 2-acetylacetcacetate (2b) (1 mamo)) in tetrahy-
drofuran {5 mL) was added potassium carbonate (4 mmol). The
veaction mixture was allowed fo stand at room temperatire
under magnetic stirring for 5 min, and then 1-aikoxycarbonyl-
i.2-diaza-1.3-butadiene 17~k (1 mmol) in tetrahydrofuran (3
ml) was added drapwise until its red color disappeared {(~10
min). Stirring was continued for 2 h, and then the reaction
mixture was filteeed and concentrated under reduced pressure,
The residue was chromatographetl on a sillca gel column
{elution with cyciohexane —ethyl atetate mixtures), affording
1-alkoxycarborry)-4 5 (44,5 H) (alkoxycarbonyicyclopropyl)pyra-
zoles 13m—¢ that were crystaliized from ethyl acetate—
petroteum ether (4060 C). To isolate the intermediates Lla—
€, the reaction mixture was filtered, concentrated under
. reduced pressure, and rapidly chromatographed as scorias the
ted color of l-alkoxycarbonyl-1,2-diaza-1,3-butadiene 1f-h
disappeared,
11a: 'H NMR (CDChy) 6 1.92 (s, 3H, Me), 2.08 (s, 3K, Me),
2.45:(s, 3H, Me), 3.7! (s, 6H, 2 x CO¢Ms), 3.76 (s, 3H, CO:Mg),
6.78 (brs, IH, OH, Dy0, exth, 12.84 (br s, 1H, NH, D;0, exch);
MS mz 344 (2) IM*), 302 (5), 284 (18}, 252 {50), 227 (56). 213
(48). 181 (100},
13a: mp 5753 T: IR Nujol} vum 1745, 1724, 1606 o™
"HNMR {CDCly) 8 1.83 [s, 3H. Me). 2.25 (s, 3H, Me}, 2.82 (s,
1K, CH), 354 (s, 3H, COMa), 384 (s, 3H, CO,Ma), 387 (s,
3H, CO:Mg); ¥C NMR (CDCh) 6 15.0 (Me}, 15.4 Me), 265
{CH), 50.1 (C4), 51.6 (COMa), 52.5 {CT2Me), 52.9 (COzAME,
59.2 (C5), 149.4 and 152.5 (C3 and NCGy), 164.5 (COO), 185.0
(CO0): MS m/z 284 (35) IM*], 252 (100). Anal. Caled for
CiaHigN209: C. 50.70; H, 5.67; N, 9.85. Founa: C, 50.67: H,
5.65; N, 8.86. _
" Preparation of 1-Alkoxycarbonyl-1 4-Dihydropyrida-
zines la-c. 1-Alkoxyrarbonyl-4,5(3H.5H)-(alkoxyearbonyl-
cyclopropyl) pyrezale 13a—c (I’ mmol) was dissolved in acetic

! AP i ZHHITA_) >

magnetic stirring for § min, and then !-aminocarbonyl-
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acid (5 mL), and the reaction mixture was allowed {0 stand at
room temperature under maguetic stirring for 10 min. Acetic
acid was evaporated under reduced pressure, and the residue
was dissolved with ethyl acetate (20 mL) and washed with
aqueous (20%) sedium carbonate (3 x 20 mL) and then with
water (3 x 20 mL}. The crude was chromatographed on a silica
gel column {elution with cyclohexane—ethyl acetate mixtures),

C 0 affording l-alkoxycarbanyl-1, 4-ditydropyridazines.14a—c.that ..

were crystallized from ethy! acetate—petrolewm ether (40—60
.. ,
14a: mp 65-69 T: IR (Nujal) vaa, 1739, 1716, 1704, 1656

em™*; 'H NMR {CDCly) 6 2.32 (s, 3H, Me). 2.65 (s, 3H, Me),

3.68 (s, 3H. CO=M2, 3.79 (s, 3H, COMe), 3.92 (s, 3H, COxA4),
4.55 (s, 1H. CH); *C NMR (CDCly) & 17.7 (Me). 21.8 (Me), 44.3
{Cd}, 51.5 [COM4é. 52.4 {COM3), 53.6 (CO2M0. 104.4 (C5),
146.8 (NCOy), i51.3 and 151.9 [C3 and CB}, 165.5 (COQ}, 167 4
(COO); MS 1z 284 (5) [M*], 253 (8). 225 (100}. Anal. Calcd
for Ci2H1Nz05: C, 50.70; H, 5.67; N, 8.85. Found: C, 50.73;
H, 5.63; N, 9.86. '

Preparation of 1-Unsubstituted I.4-Dihydropyridazines
3b.e from 1-Alkaxycarbonyl- ! 4-dihydropyridazines 14a—
¢. 1-Afkoxycarbonyl-§ 4-dihydropyridazine 14a~—c (I mmol)
was dissolved in & } M methanolic solution of sodlum hydrox-
ide (5 mi) and allowed to stand at room temperature under
magnetic stirring For 15 min, Methanol was evaporated under
reduced pressure, the residus was dissolved with ethyl acerate
{40 mL} and then washed with water (3 x 25 ml) affording
I-unsubstituted ! .4-dihydropyridazines 5b.e in nearly quan-
titative yields that were crystallized from ethyl scetare—
petroleurn ether (40—80 ).

Preparation of 1-Aminopyrreles 15a~c from 1-Alkoxy-
carbanyl-4,5(4H,5H)-(alkoxycarbonyicyclopropyDpyra-
zoles 13a—c. 1-Alkoxycarbonyl-4,5(4/4.55)-(alkoxycarbonyl-
cyclopropyllpyrazole 13a—c (1 mmol) was diswolved in triflucro-
acetic acid (3 mL}, and the reaction mixture was heated under
reftux for 2 h (13a,b), or aliowed to stand at Toom temperature
urnder shagnetic stirring for 15 min (13¢). Trifluoroacetic acid
was evaporated under reduced pressure, and the residue was-
dissolved with ethy] acetate (20 mL) washed with aguenus
{20%) sodium carbenate (3 x 20 L) and then with water (3
x 20 ml). The crude was chromatographed on silica gel -
column {elution with cyclohexane—~ethyl acerate mixtures),
affording i-aminopyrroles 15a—¢ in good yields that were
crystallized from ethyl acetate—pentane.

Preparation of 1-Aminopyrroles 15a—c¢ from 1-Alkoxy-
carbonyl-1.4-dihydropyridazines 14a-—c. 1-Alkaxyrarbo-
nyl-1,4-dibydropyridazine 14a~c (1 mmol) was dissolved in
trifluorcacetic acid (5 mL), and the reaction mixture was
heated under reflux for 2 h (I4ab), or allowed to stand at room
temperature under wagnetic stirring for 15 min (24¢). Tri-
fluoroacetic acid was evaporated under reduced pressure, and
the residue was dissolved with ethy) acetate (20 ml} and
washed with aqueous (20%) sedium carbonate {3 x 20 ml)
and then with water (3 x 20 mL), The crude was chromato-
graphed on silica gel column (slutlon with cyclohexane—ethyl
acetate mixtures), affording 1-aminopyrroles 15a~c that were
erystalllzed from ethy] acetate—pentane,

lsa_lﬂl‘.m .

15b: mp 70—72 T; IR {Nujol} vmy 3238, 1761, 1713, 1671
em™; '"H NMR (CDCly). 5-1.29 {¢, 3H, J= 7.1 Hz. 2 x COy .
CH:Me), 2.12 (s, 8H, 2 x Me), 3.76 (3. 3H. COM8), 4.24 (q,
4H, J = 1.1 He, 2 x CO,CHAMe), 8.39 [or 5, 1H, NH, D;D,
exch): *C NMR (CDCl) 9.7 (2 x Me), 14.2 (Me), 144 (Me),
$1.5 (COMd), 604 (COCH Me), 62.6 (COCHMe), 109.8 and
1101 (C3 and C6), 134.6 (C2 and C5), 154.8 (NHCO), 185.5
{COO0}, 166.0 [COO); MS nz 312 (35) [M*], 280 (58), 266 (100). -
Anal. Caled for CiHxsN:Og: C, 53.84; H, 6.45; N, 8.97.
Found: C,53.78;H, 850; N, 891,

Crystal data: £)sH»N:Og, M = 326.35, monoclinic, space
group P2)/n, a= 13.454(8) A, b=9.506{2) A, ¢ = 13.570(6) A,
f1=100.09(5) ¢ U= 1709(2) A%, Z=4, D, = 1.27 Mg m™3, F000)

(20) Artanasi, Q. A; Filippane, P.; Mel, A.; Serra-Zanettl, F. .S‘ml.b.%
Commun 1986, 76, 343, F
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=696, 4 = 0710698 A, T=293 K, (Me Ka) 4 = 0.008 mm"', + 05678/ where P= (F.? + 2F773. The hydrogen atoms were

crystal dimensions 0.50 x 0.70 x 0.30 mm. A total of 3148

reflections were callected (3013 unique, Ry =~ 0.0099}.
Data Collection snd Processing, Intensity daia were
collected on an EnratNonius CAD-4 diffractometer using
graphite-monochromated Mo Ko, radiation, «/28 scan made,
range 263* < & < 25.02°The unit cell parameters were
determinated by least-squares refinement on diffractometer
angles for 25 automatically centered reflections 79% < § <
1 i2e*
Structure Analysis and Refinement. The structure was
i solved by direct methods and refined by full.matrix least-
squares on F*, using the SHELX program packages.*** In the
! fina! refinement cycles 2338 reflections having 7> 20 (4 were
used, with 209 parameiers varied. In refinements were used
weights in accord with the scheme w = /P (R + (0.0782FF

{Z;Iﬁl Sheldrick, G. M. SHELXS-86. 4cta Cryseallogr, Secr. A 1890,
0,

, 467,
{22) Sheldrick, G. M. SHELXL93, Program fir Crystal Siructure
Refinement, Untversity of Gitungen, Geemany, 1893,

located by geometrical calculation and refined using a “riding”
model. The findl agreement indices were R, = 0.0439 and wR;
= 0,1252. Gosdriess of fis on 2 = 1.047. Largesi difference
peak and hole was 0312 and -0.236 ¢ A~ Full crystal-
jogeaphic results for this X-ray determination have been
deposited with the Cambridge Crystaitographic Data Centre.
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