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ANEXOS 

EŁ Comprobante de pago tie la tasa. 
Q Poderes, si fuere el caso. 
D Pruebas de los fundamentos de la oposicin. 
0 Dccumentos que acredften el leg fflino intŁrs, Si fuere el case. 
D Documento que acredita la existenciay representaciOn legal tie las partes, cuando sean 

personas juridicas. 
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Sefora Jefe, 
OIVISION DE NTJEVAS CREACIONES 

Superintendenda de Industria y Comercio 

E. S. D. 

Derecho de la Competencia, Propiedad 
Industrial y Comercio Exterior 

Referenda s Expediente N° 08 31016 

Asunto Oposición a la solicitud de patente de Invención titulada 

"SINTESIS DE rNrnBmoREs DE RENINA QUE 

IINVOLUCRA UNA REACCION DE CICLOAD1CI6N" 

Solicitante NOVARTIS AG 

Opositora GYNOPHARM S.A. 

Publicada en la Gacera de la Propiedad Industrial 

N> 606 del 31 de iulio,>3P09 

Yo, CIELO LVGELA PESA RODRIGUEZ, abogada en ejercici, identificada 

. flpr( i.: ii pie de su firma, con tarjeta profesional No. 82701 del . ’orHejo Superior de 

Ia jtidicatuna, en calidad de Agerite Oficioso de la sociedad GY\PIL4RM S.A. 

c>iUormada bajo las leyes de la Repiblica de Colombia y domiciliada en la ciudad de 

Barranquilla, Colombia, atentamente manifiesto que estando dentfo del tºrmino  de ley 

y por orden expresa de mi representada, presento oposiciOn a la c0n:si6n1’gistro 

de la Parente de InvenciOn titulada "SINTESIS DE INHIB1DORES DE RENEN\ 

QUE iNVoLUCRA UNA REACCION DE cICLOADIcION; cuyo titular es 

NOVARTIS AG, y pido a Usted declarar fundada esta oposición y en c>n-ecuencia 

negar el registro de la patcute solicitada. 

Carrera 13 \ i1" >11:’ i. (57 02  I 1 Z 13 -6205021 Faic.(57l)6 1219 79 
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1. INTERES PARA ACTIJAR 

Conforme a lo dispuesto en el articulo 42 de la DecisiOn 486 de 2000 de La 

CAN, estando dentro del tØrmino estipulado por la ley, manifiesto el legitirno interØs 

de nuestra representada para oponerse al registro de La patente de la referencia, 

atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la 

RW ley como se analizarÆ mÆs adelante y de ser. concedida afectaria directamente la 

comercializaciOn de algunos productos /Mi representada, que contienen, en 

particular INHIBIDORES DE RENINA. Por lo tanto, solicito respetuosamente a ese 

Despacho se sirva tenet en cuenta la presente oposiciOn dentro del trÆmite 

administrativo que se surte en esta Superintendencia. 

2. FUNDAMENTOS DE HECHOS 

2.1, La solicitud objeto de la presente fue preseritada el 28 de marzo de 2008 

reivindicando prioridad bajo la solicitud 0B20050019764 del 2005-09-28; y fue 

publicada en Colombia, en la Gaceta de la Propiedad Industrial N° 605 del 30 de 

jun10 de 2009, cuya publicaciOn internacional corresponde a la W02007039183 

del 2007-04-12. 

2.21a solicitud colombiana 08 31016 objeto de la presente oposiciOn, se refiere a un 

proceso para la fabricaciOn de un cornpuesto de la FOrmula III: 

R 
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en donde: R es alquilo; RI es alcoxi-aiquilo; y R’ es hidrOgeno, alquilo, o araiquilo; 

o una sal del mismo; comprendiendo esta fabricaciOn (de preferencia consistiendo 

en); hacer reaccionar un compuesto de la Formula I: 

no (1) 

en donde R y RI son como se definen para un compuesto de la Formula Ill, con 

un compuesto de glicina de la Formula Ii: 

(UI 

en donde Wes como se define para un compuesto de la FOrmula III, con el objeto 

de dar la funcionalidad de imina; y un compuesto de la Formula Ill: 

a 

on donde: R es alquilo; RI es alcoxi-alquilo; R’ es alquilo o araiquilo, de 

preferencia aiquio de 1 a 7 Ætomos de carbono, alquilo de I a 3 Ætomos de 

carbono, fenilo, rnÆs preferibleniente alquilo de 1 a 4 Atomos de carbono o bencilo, 

en especial etilo; o una sal del mismo; con el nombre de etil-Øster del Acido if 144 

metoxi-3(3-metoxi-propoxi)-fenj1]-met-(E)-i1idenJ.amino}-acetjco, o una sal del 
mismo. 

2.3.Ahora bien, con base en el articulo 14 de la DecisiOn 486 de la CAN consagra lo 

siguiente: "Los pulses miembros otorgarÆn patentes para las invenci ones, sean de proclucto o 
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procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel 
inventivo y Sean susceptibles de aplicacidn industrial". Asi las cosas, las invenciones 
objeto de patente deben ser nuevas y tener nivel inventivo. Bien, pues antes de la 
fecha de prioridad de esta solicitud se encuentran los siguientes documentos que 
afecta Ia patentabilidad de la presente solicitud: 

Ł 
Ł Dl: Ayerbe, M. et a!: "Stereocontrolled synthesis of highly substituted proline 

esters via [3+2] cycloaddidon between N-metalated azomethine ylides and 
nitroalkenes. Origins of the metal effect on the stereochemical outcome", 
Journal of Organic Chemistry, vol.63, 1998, pages 1795-1805. 

Ł D2: Hanessian, Stephen et a!: "The power of visual imagery in synthesis 
planning. Stereocontrolled Approaches to CGP-60536B, a potent renin 
inhibitor", Journal of organic chemistry, 67(12), ZQQZ, 42614274. 

2.4.Ahora bien, ci documento Dl, particularmente en la pÆgina 1803, revela el 
procedimiento general de sintesis de una imina, a partir de un ester Æeido rnetil 
amino (Æcido carboxilico) y una amina. Ahora bien, ci documento D2 reveia dos 
estrategias hacia la sintesis estereocontroiada del compuesto: Æcido 8-aril-3-hidroxi-
4-amino-2,7- diisopropiloctarioico, con centros estereogØnicos predeterminados, d 
emanera que Dl, guarda relaciOn con un potente inhibidor de renina, ci 

0 compuesto CGP-60536P Alisufre). Segun D2, ci anÆlisis de rerrosintesis de una 
arnida, ci Æcido 8-aril-2R-isopropil-3S-hidroxi-4S-amino-6S- isopropiloctanoico, se 
indica en la siguiente figura: 

Carrera 13 No 119-95, Of. 104 Tel. (571)21312 13-6205021- Fax. (571) 612 19 79 
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Łompuesto es un potente inhibidor de la renina. Otras reacciones se muestran 
en t siguiente figura: 
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2.5.Por lo tanto, este documento objetode oposiciOn a la luz del documento Dl y D2 

carece evidentemente de ALTURA 0 NIVEL INVENTIVO, dado que cualquier 

persona versada en La materia puede Ilegar de manera evidente, combinando la 

materia revelada la anterioridad D2 con lo indicado en el documento. Dl, para 

Ilegar a definir la sintesis de inhibidores de renina que involucra una reacción de 

cicloadición, conforme se define en el presente capItulo reivindicatorio. 

2.6.En consecuencia y de acuerdo a to descrito anteriormente, se deriva que La solicitud 

colornbiana 08 31016 no puede pretender un monopolio por patente toda vez que 

to que pretende no cumple con uno de los tres requisitos necesarios para su 

protecciOn. 
2.7.Quc por consiguiente, respecto a la solicitud pretendida se tiene que: 

2.7.1. CARENCIA DE ALTIJEA INVENTWA. Segn La DecisiOn 486 de La 

Cornunidad Andina de Naciones, Articulo 18.- "Se considerard que una invención 

tiene nivel inventivo, si para una persona del oficio norrnalinente versada en la materia 

tØcnica correspondiente, esa irtvención no hubiese resultado obvia ni se h.ubiese derivado 

de manera evidente del estado de la tØcnica.". A la fecha de prioridad, 28 de 

septiembre de 2005, a partir del documento D2 en combinaciOn con Dl, 

. puede Ilegar de manera evidente a la sintesis de inhibidores de renina que 

involucra una reacciOn de cicloadiciOn, sobre el cual busca protecciOn en el 

capitulo reivindicatorio. 

2.8. Dado lo anterior, es posible deducir que La solicitud y lo reivindicado no es 

objeto de patentabilidad pues es contrario a lo que dicta la Decision 486 de la 

Comunidad Andina de Naciones, Articulo 14.- "Los Paises Miembros otorgardn 

patentes para las invenciones, scan de prod ucto o de proceclimiento, en toclos los campos de la 

tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicación 

industrial,". La solicitud pretendida no curnple con uno de los tres requisitos de 

patentabilidad. 
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2.9. Por todo to anterior, atentamente solicito a usted que se sirva declarar fundada 

"SINTESIS DE INIIIBIDOR1S DE RENINA QUE INVOLUCEA UNA 

REACCION DE CICLOADICION " cuyo titular es NOVARTIS AG, solicitud 

Colombiana que apareció publicada en la Gaceta de la Propiedad Industrial N° 

606 del 31 de julio de 2009. 

40 3. PRUEBAS 

De conformidad con to dispuesto por las nomas vigentes, solicito a usted tener 

como prueba en este asunto los siguientes 

Ł Dl: Ayerbe, MI. et al: "Stereocontrolled synthesis of highly substituted proline 

esters via [3+2] cycloaddition between N-metalated azomethine ylides and 

nitroalkenes. Origins of the metal effect on the stereochemical outcome", 

Journal of Organic Chemistry, vol.63, 1998, pages 1795-1805. 

Ł D2: Hanessian, Stephen et at: "The power of visual imagery in synthesis 

. planning. Stereocontrolled Approaches to CGP-60536B, a potent renin 

inhibitor", Journal of organic chemistry, 67(12), 2002, 42614274. 

4. FUNDAMENTO DE DERECHO 

Fundamento esta observaciOn en las normas legales siguientes: 

4.1. Numeral 1 del artIculo 586 del Codigo de Coinercio. 

Carrera 13W119-95,Of, 104 Tel. (571)213 12 13-6205021-Fax.(5706. 12 19 79 
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4.2. A4uio 42 de la DecisiOn 486 de la ComisiOn del Acuerdo de Cartagena. 

4.3, UnŁ frs demÆs normas concordantes. 

5.ANEXOS 

Para los ectos correspondientes ariexo al presente escrito los siguientes documentos: 

1. P441er para actuar en el presente.: 

2. Eocumento que acredita al representarite legal de GYNOPHABM S.A. 

3. Jcibo de caja del respectivo pagp de tasa. 

4. (pias de los documentos: 

Ł ) 1: Ayerbe, M. et au i "Stereoccntrolled synthesis of highly substituted proline 

iesters via 13+21 cycloaddition between N-metalated azomethine ylides and 

ttitroaIkenes Origins of the metal effect on the stereochemiLal outcome", 

Ijournal of Organic Chemistry, vol 63, 1998, pages 1795-1805. 

ŁJ 02 Hanessian, Stephen et au "The power of visual imagery in synthesis 

planning Stereocontrolled Approaches to COP 60536B, a potent renin 

mhibitor", Journal of organic chemistry, 67(12), 2002, 4261-4274. 

Ł 6. NOTIFICACIONES 

Para efectos de notificaciones que pot disposiciOn del articulo 50 del Decreto 

01. 1984 debe hacer su Despacho, infornio que mi representada y la suscrita 

Caet13W11995 Of, 1O4Te (571)213 12 13-62O5O21- Fax. (571)6121979 
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Stereocontrofted Synthesis of flghIy Substituted Prolme Esters 
via [ + 21 Cy1oaddition be* twein N-Metalated AzomethinØ Ylides 

and Nitroalkenes OrigI$s of the Metal Effect on the 
Stereochendcai Outcome 

Mirari Ayerbe Ann Arrita and Fernando P Coso 
Kitnika Fakuftiotm, Euskal !*j’ikoUnrnertitatea  , J-K Y072,San ScbsLtdr Donostla Spain 

Ł : Arithohy Linden 1 

OrachcJernisches InsJ;ut cJtr U ivtrsitiE 7.r1cf Winterthuiesirassc iO. 
Ł ()H-80:Y? Zurich, Sw! c/we! 

Ł ROW ved Ju(yZ 1997..Re0sod cr/ptRtdJaauay5. 1998) Ł 

. 

The (3 + 21 cydoaddition reaction between seveaINmetaIted zómethirie vljdei and nitroalkenes 
has been stiidled using AOAc and LzC104 as xi$talating c agcxits in the presence of trlethylamine 
The reactfohts found to be very versatile ano can be extended to tomochiral nitroalkenes. In Ł geileral, lithium and silver salts promote pre f4rential mormauon of tie endo and exo cycloadducts. 
respectively,. The presence of a phenol moiety induces shift toward the e.v-cydoadduct even Ł when 11thh4m is used. A model based upon the experimental resilts obtained and SCFMO 
calctdation$ is proposed to explain the var abe stereuctioim al outcome of thes reactions 

Ł ntaducton Ł: Intci:: 
irt feature of this re43ctiorI is that thestereocori 

4.0troi;:)bserved is u;utdly. sati$factory. Thus, the reaction The 1nportane of substituted prollnes1 in the design be u 1 I u or mi bonyl compounds arid N Ł of new catalystsi or In the chemical synthesis cfphar malaed Oetine ylides derived from amino esters:: niaco1oeallyi or biologically interesting  molecules is iiirIs ye1ds ndo-kydoadducts° as the 
major well recogriied. The 13 + 21 reaction of azonei:hine stercs1111’rs.1flowever, ’öke et al) have observed a Aides and alkenes 

is 

one of the most. i4soful methods for evrs ci’ stereoseiectivit.y in the 1.3-dipolar cycloaddi the preparation of these molecules in a convergent hon br.tween sa’rrai .azointhine ylides and aryl nitro manner Among the different versions of this IC action ,8 oleæi These authors n potted that lithium metalatlon the k u between teracon  N-metaiated azomerhine yhdes promotes the prefrential fox4nation of endo cycloadducts, and r-dfficient alkenes is specially promising since vl)el tho i. cc f,,fsilver salts favors the formation of 
Ł general it allows the synthesis of prolinenudel und. Ł Ł c yrralidiries 15 ajor stereolsomers. Ł Ł mild ioriditions and with good chemical yields.t Ii Ł Ł ,,’.,. Ł . 1 Ł Ł addition the reaction is very versatile 4n i.3 ccnsctuenti dli 1$ nnterr ’nl connection to our ongoing 

Is well suited for combinatorial chemistry Anoche rec a I pri.r a i oa nitroaliene chemistry we present 

Ł (1aho1n M 7 T Calla do, I.: qerr, 3,: Pedregal. C. i. 018. Chew. 1995, o O Ł Ł R. .o/ft,M. 5. .. le1iri 14. 196,J. 36/i. (c) Mm. M. A.; Mizizor, 3 Meier. A Pusrhnann .1 Luger, P 

Synth’ ,  ;U Joist U Hr’iisra 1< A F4irtlet P A 1 Ain. (he,) 123 Ł Ł Ł Ł Ł o. . . .., a a.. Ł Ł Ł 2(ł) ’ataiyt1c4eyinmetnc Synthesig. Ojinia, i. Ed.:VCH p) 3) 1’. c)nrtc ’th. a1C tCCl1iO1tCtS as those in which the - ers Now York 1993 fbi I i A YPlnlehIC tJyffi mO gt4nI elr. Ii r t lthc r’rwire Prow] 1 a and tho suUstrtunt t the C S Syrm31isic. Wiley: New York. 1994. Ł Ł - Ł Ł pa. Ettli 1., In ta and t4.w. reLilonship. respectively. (3) See. for example’ (a) Waid. P. P.; Plyim, C. All. Huhu’, K. W. Ł rW-’ Ł R1 Ł Ł EWO Ł , Sabol. 3, S. Tetrahedron Leet 1998. 37, 4(7)1. (P Khav, V. V L_1. Ł Ł ,./ Mtrtina11i. M. J. Teendearon JAil!, 1999, 37. 4323. (.) K1łdziej. 5: A..e 1 jars Ł Ł Ł Ł Ł Ł Nikiforovich. C. V.: Skeean R.; Upon, M.-P . Martinez, .L:Mersiia11 Ł Ł Ł Ł Ł . Ł G. R. J. Med. Chew. 1995, 38, 137. Ł Ł Ł Ł Ł Ł Ł Ł Ł (4) See for example’ (a) Eishwitk, C. W. C..: i’ostgi’, R. .1.: Car’rR Ł Ł Ł Ł Ł ro K: Thtra/iedoi JAft, 999, 3 3915. Bianco, A.: Magiui. Ł Ł Ł Ł Scarrano, G.; Toniolo, C.: Marconi, C.; Viliadi, (2.: Pram. M. ) in U Pt Sot’ for ea’n’Iir: (a) ’l’suge O,:.Kaawrnasa. S.: Yoaliloket, M. J. Chem. Soc.1996 118 4072 (c) Hirsthriiann R .4ngew. Cam 1;Mt r,t / nt " 35 ( Kefrri eisa N Ysh:n M I sue 0 Ed. Eirgl 1991 3!) 1218 (8) Clanras A 1(oiar. I AnRtre L1ien Jj r, a i489 9,. i196 (c) Grigg, R Kemp J. J f/san JJIL Ed. Eiigi. 1993, 32 1244.ŁŁ ŁŁ Ł . ‘;o,. (nt., i.t,qflrn) 1978, 5855. (d) ’l’sugo. 0.: Keinemasa, 5.; Ohe, (5) (a) Iluisgon. K. Angow. CIei’ni, 19*3 2. 6011. (b) Iiuigon. R. . . . Ł M "’ ’uCt’ K.: ’F tnfu,. 5,: Vmno, K. (,’iw;. LU. 1986. 1271. (P.) Org C-hem, 1976, 41. 403, Ł Ł . Ł 1ot It: Ctrronsa S.: Ctw.M.’Yctrnzu. K.: Tekeriaka, .5.; Vane, K. Ł . (6) (a) Grigg. K. Chem, Soc. Rev. 1987. 18, 89. b) La/un. J. W. 1 Ł &u1, them. Sc r’. 193?. 617 4067. Ł Ł : 1 3 Dipohr C-yfloaddition (hem1st, Padua. A id I VIOl II I N gr s 1 1-1 xci. 1 $iw r K/tics I Ic6vesdr I Sons: New York, 1581: Vol. 1, pp 853-"132. (c) Tuge 0.: Karicitos 1’61.t-, L tr,dw;i3Lt5, Si. U73. (b Nyerges M;:Rudus, M,; Toth, S In Advances ir, 14eterocyc/ic Chemistry Katritzk’ A K I ci C I I I3itcer I ’lUke L, 7iusthcdroo 1995 51 Academic Press: San Diego, 1980: Vol. 45. pp 232-349. (d) vorp, ’. Ł Ł 13221 3 :4: Bitter. 1.: KEidas, I.: ’Tomb, C.; ’lUke, C., Ł Ł In Advances in CyclaanIdIrio)z Curran, V. P.. Ed.: KU Press: Dccci Ł Terrethc:’Jan tctt, 104, 35, 44) 8. wich, 1988: Vol. ,pp .13--SI. Ł . Ł , ( 2) tI Jtyeroe, S’,, Cou;%o. i P. Ttrei/wc/to:i Led. 1995, 38, 444, (7) i<anemssa. S.: Tsuge, 0. In Advances in cvc’ioatklmo,:; Cort’a , (b) A’ at, M.; Met a5 L-.Arrita. A.’ i,)ndon, A.; Cisssic, 11;. P Ł C). P. Ect.;Ji Press: Greenwich. 1933: \I31 . ’pp 99 Ł Th,!:pI.)naLcrt li(U5, 32: i311. Ł $0022-3263(97)0.1212-7 CCI S]51 00 ) P19 rren ti; rio a) Scck ty 11uh1i1im dn Web 05 11 4) 
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d (6)’CH(OBrCH 4J_k.H 
02N ,,l4 Scheme 11, R,N . . >< .... . . (*x4a’o. . Ł. . . Ł. ’)il’ one ci nuoinor of the c0oaddwts 4 is drawn Ł :Ł . L entr.2), 1 cohcrat, the same rection in the . presence of 

fl 
15 equiv of Li( lO ynits 4b in a 30% yield with a a rOtio of ".53-37’. When 5 equiv of LICiO were amØ subsutuenis a he differcsl positions re not specified used the tyrloadduet was obtained in a 47% yield and with K 

Šher..  
sit ocot ii ni (see Table I eatty 2) This results o, the reaction to olefins e p Onot ced wth more substituted subewmhereinour  And azomethies 1 e have extended the reacion to stX’3P uht n U e 1cbŠ’4etra1isfunnat ion was highly substituted methine yhdes and nitroalkenes pet 10 IICU in he preeuce f 0 15 equiv of Li( 104 a and we provide an eb lanation to the metal dependence retiri i tim qi l h mias tcq.ihed to obtain a 56:44 endol of the stereo hern1caL*tcGme of this important reaction, .. exo at.wrØ of cye!oadducts 4e it) 3Q% yield. When the Seine fea’tiOr vas carried tiit with 5 equlY of LIC104, Res . S and Discussion . . . . . . on. 4 h were required to achieve . higher yield of 4e . see.Tehle 1eutr, .5). SImilar results were observed in WŁ Ł . To obtain struCuui iily divetae cycloadducts iminos1 othet eases; Tlii.tfore, we decided to use S equiv of this laŠg and nitroa1ki es aŠd were selected (see Chartl salt in all cases becLue of the lower reaction times 1). In particular, co Il pounds lbŠf were studied because rqured to achieve o ceplabie yields andlor the higher Ł of the potential oft te corresponding cycloadducts steieo:9’iLoi ohs reed. . . . . tridentate ligand.2 r1troa1kele 2d was also selected In . . We ree bsc vetlF pr eferential Formation of the exo Ł . order to study the i nt.hetic potential . of the reaction . cydt dJCL ’V"’011,sii rr azoniethirto ylide possessing a Ł when hmocbiral nir aikenes are used as dipolarophilØs Ł non d nat ies. Ł romatic .*ubstituent reacts with an Lithium and silverl zomethine yltdes (see Scheme 2) at i in a ne tit the rose of the corresponding derived from mIln$ la-g were genoeated from LiC104 In. 7 n endoistet eolsornm Is tot mcd and AgOAc. respect tIy.in the presence Oftriethy1in1n prt . r’aJly f thr siiTJla conditions. For instance, as base arid acetonl Ie as solvent. UCIO4 has not bØex Ł. exa is rite inc i product] in the reaction betweeti in Ł previously descriW as a source of N4itMted . and 2,4 in the c4-sei1ee of AgOAc, whereas er.ido4a is methrnes These active intermediates tire usuan pi efen r alt ricO when U iClO is used (see Table able j generated by rnean NEti W4 I’ either the LiBr/NEt3 or the L1Aen’!) ti lie it r suits wØre beween la ci Ih (tory obtained in the reaction ). When the same experL systems," iave observed that 1,1004usuei1 leads to cleaner cri reaction mixtures with respoct tq ments wne err ed iesin /N-diisopropyiathy1amine ŁŁ Ł Ł the abu’ementlorm1 lithium salts. The results obtaIned as bose i:ctes t iietfrlayhlriØ, the same stereocherrical are collecteaAh T Ia 1. We have found, that when ourrn ra oh nee. 1Thse results are in agreement ŁŁ AgAcO is used to çr Mote the formation of azomethLne jiŁ•O . one at T6ke or CO. structurally ylides, the reaction  ikes place faster than when loran- tion of the dipoles . assisted by LiCIQ1. Pot evaitiple, Ł n f tu. in ta above-mentioned trend can be reaction between 1i nd Zb in the presence of 0.15 equiv rrr. it i tn nrcstncorpo;’atlng certain groups of AgOAcylelds amp xture of cuidc- and exo4b after 3 l at Łr r (-lvaeo iised. Thus, when mime lb ofreacion atroem mperarure in a 69% yield (see 1 able -de r I I IJ and glyune was lloii ed to 
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Table 3 + yloAddttirnt between N Metalat.d Azonit1th e a,vived. 1-’om Iniues 1a" 
0 
an NtroaIkcnes a-c 

U1U Acetonitrile Solvent uc1 in th ’i’onee of ApOc nd Z4C14ti
 

 

H 

Ł . .. . . : . . : ii’ ’iod A (Ai()/..c) . n’rhod Ii(L1CIUji 
TM . product 14 142 145 . tOm . eict %):exo"P9 ) y9JJs (% 9Ł/ 

’49k LH5 H H 4 UH43 w i743 667624 
2 : 4b CJi5 H .. H . 404)C5H4 3 (iii 30:10.. 3 47 8317 
3 4e HO CbH4 H ri 4-.l 

c bH4 2 25 2 14:96 
4 Id: 2-HO-CF1 . . H. H .. 4-CH5005H 2.3 41 2518 Ł. 2.3 . . .45 2:98 
5 4e 2-110-0tH4 .. 043 H 4CI-J2oCH 48:. : 19 t2:58 4 . 37 58:42 

: C .- 4f. 2-HO-C6H4 H : CH3 4-C3-13008H 17 30:70. I? 24’ 5.45 
7 4 2 HO Q1 Is C11 4 C1bOC11 40 30 30 10 7.5 47 
8 4.2H3COC,H4 H Ł. H . 4-0.1:0504 2 62’ . 38:37 2 3W . 4357 
9. Ł4. 41 2-CH3005H 14 Ł. .. 11: . 4CH10CaH. : 37:9 2 61 39:91 

10Ł 1 2-CH0C5H4. . CO3 :13 .4CH30C5H . 16 60 : 36:64 . 16 56 73:21 
. 11 2 C1-JOC}J4 CH 0113 4 CHiOCtO 24 60 3 67 15 bO 34.66 

12 : 41 2-pyridyl S II 11 Ł4CL01’14 4 Z51, 33:67 . 2.3 .. .34. 65I5 
13 . 1.4 2-pyridyl 

.- H .1-1 4CH30C . . 4 ti . 22:72 
. 2,5 . . Ł5 

14 4n 4 HO 1OC94 H 1- 4-04,11H4 2 - 40 237 
15 40 4-00-3 CFhOCsI-b H F 4-CF90C1 . Ł 2 3 31)’7 : 56 24:76 

11otthe major storeolsornr purified by roli nut thremat aptiy. L D0’::1er’n :r ioi’ isured.by 300 MHz 111-NMR o crude 

reacUoi dxtures. ’Yioid f the major stereolsomet purified by. stall atlor. . "tl0 o Onlerosth,Iai.ed. froth the uibaures 
obtaintd roni the o1uein chromatography. This isomer t:ou1dr t be isoltod. . o isomer MUnu4ted from- the nilidures obtalndfrOm the cloiunzn chromatography. This isoniercoulçl it be 1,itciL . Ł. . . react [4h rntroalkenes Za 01 2b In the presence of AgOAc and 2 equv of triethylnun.Ine, the aocyc16adducts 4c and : IA end Alkene enisf &weraIAddith’es 40 were obtained u ith excellent stereocontrol (i’ndo cxc4 - - - - - - -  - 2:98), When the same reaction was carried out in tb Jelti - drup’) presence of LiC 104 the eo cydoa&ktcts were also th / Ui IC 3 21 73 major stercoisorners (see Table 1 entrIes 3 and 4) hi I 5 ’10:110 effee i slnthcant1y lower when the irnme lid. wl Ltel Incorporate a 2 rnethoiyphenyl group was used Ins i uo4 d/ u 1’h(1 jd II 49 of lb (dee Tab1c 1 entries 8 and 9) When azometh ne ? 5 27 ’3 derived fronl umne lf Which has a 2 pyrldyl group wer 1 IC1O4Cfill N 5 3664 used tt rmrrnat" sense of Stereocontrol was otis’ved, Ł Ł Ł :01 . Ł *’ ,.ao ondtr.ted using ashas""aceton1trlh -.olvent Ł lthuh the stereose1ecttvii w lower see -Table d , art([ Hm as" lnc h Ohe cquivalentof the additive was entrIes 12 and 13) In afl these systems there tan L pwi UStO I’ erni r &termiucd by 30(5 MH, IF NMR oil -basic center located at the ortho position, which Li I: ’1CiCUrC- VII eriuiva1eulsomtriethy1iniueweie. . Ł rnepbie to intramolecular coordination to themttÆ1lc . . Ł : ŁŁŁ center, To test if this effect can also opecota iatermt gitle ’t.e’ic: 1 Iii’ ’t0fe*7Chemical outcome of the 1ecuarlly, mine 1l derived from vatdlimn and Olt: methyl la-* I p s L Table 2 entries I ’in’ 6) ester of glycine, was, allowed to react with.n1troaIk’ets Ł . . cr. J$n5 to c  ’1zqzte.thineS derived. from Ł 2a and 2b. The results. .ate .shown in ’’entries 14 and 1j5. stii:eU-’i7t" aSi : oslo - arich as alanthe (see compounds . Ł of Table 1. 

As can be Seen, the ionized par-phccthIc- ,. lye. L e (’7-:-niothyl’2-(arylnitro.lethylcnes moiety also promotes preferential formation of he ev (see i d 2 S 1 1) -u-c mirth ks-i reactive than cycloadducts 4n and 46 in the presence r.rf’ I tIll ’ "hn j’ 1- en x renpie the reaction although the effect is less pronounced than 

in the . e be 1’ & Ic T4 I e m4 4b to fmm 4e require-s 48 Ft 
of entries 3 and 4 (dde supra). Ł - - - - - at ’’in :1 tJJIi9CitItln d n Lint ci-esence of Ag(?Ac, whereas With these;eesults In mind, we reasoned that t to tb -- los- Sei cii h ((i’ H) and 2b tokc place in presence of additives incorporating highly cootcbuii g - 00 ’ 7 dr Su,Tnc’ r-rrnditiofls (see. Table 1 entry moieties such as nitro or phenmcygroup-rniphr road fy .. 4). ’l  -in’ of thghtysuhstltuted reactants the stereochemical outcome of th6 reatioa ber-a M is, a Cr1 .-v:tlu.e,.ciiice thecyrloadducts are readily aromatic nitroalicenes and Nlithu,.r3 a7)methm C 91 -if’( ’I P elitnned 1 cccptahle yields In dddltlOfl rived from la. We perfoirned thö exprirnentSs reported in SUbStrflLCstleseffctCt of (lit/lO-in Table 2 to verify this hypothesis. In en’ a’ she plr rt . if. cry lof iruased with respect ’to their presence of phenol (cnn-v 4). 2,6-dl-ter’t-hutyl put-nd Ic s -ritted ii i"’-i Trtis irhr reaction of itnine (entr), 5) and nitrobeuzene (entry 7). reveres the ,ter(-A3- li - -- ’r:rst-ji: "- 2 ’ Tn yield ric)odducth rode- and chemical outcome observed in the reaction between imne eca- -. I ’- v 7) I ioss:ofstersirquntrdl is observed la and nitroalkene 2a to form the cycloadducts entc- aid -’01  frI : tic’-- Table rxo-4a. As e’qected, the effect induced by the hindi’ ’ed 1 ’i r Ł cSi.. IT,., ii’ l.7is used, the prapoitlon of cxm ., Z,6-di-tei’t-butylpheriol is less prorio’rrced than I rat - 4s i h haL .:tairned-iri tIre caSQf the 7a-I-2b promoted by phenol itself (see Table 2, eiSti-i5 4 end- 5); - : . - ,tllirego the- c;m oceloaddurtis the nipjOr Ł - In the case of using A-M. these addithes liavu i-’eU- 
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$cheme 3 r1 och ni4t was seured by X .aythffractzon 
aii’Aysils. 1 C It tgranls of compounds exo-4c and 

MetO2,3 
an 

ti ;hown ixiFigures   and 2 ofthe.Supportlng 
Ii ltri, IOU ’LS1 rti ely. 

Ł . . . . 

ri ihe ckse a cômtnund exo-4p, its structure was 
Ł . . . I 

Ł. 

. 

asr ig’d by.NUE. experiments, by analogy with structur-
aflv jeaLtd compni and pppIyin8 the endo-olkoxy 
We d•wioped -lij Uł  k. in several cases, oily cycIoad. 

ŁGHOt ts ranitarmed 
in 

their $olidN-acetylated de-
ocer 0 laci1itattheu purification Thus 

Ł Ł cyIo.idiicts. i:fr4h aridçi4hJ.were heated with 
. tie oscetic addl elA the torresponding salts were.. 

for 48 It, Ł . r- O*N Me ahLd whetic auhydride to yield the 
OA 

(MatnodAi or . . . . ... .yjaAih and ex5hJrespectively see Sup-M4 (MGtfod 0) 2d(75%) ti’j I tl rn 
n u tdd tibnal details) t n tu udy was to lucidate 

the origins Ł - . . . . . . of tb’ isr . rrs in the 
sense OfSterC(OnteOL 

.. . .. o . . Obn G. - 

rwtic.crnditions 
this stereocantrUl is. Ł - . . . Ł. 62N, ON dt’rt- im-s. o r d ifxencs in tnergy between the CU; ri g -i ten oznenr pansition structures the atio;:al . i.s rowadays aniloble lo the organic N OMC .Ph N .. . cni’o ac ta; ;’ul LIV co ye lent to address this ci p; l I ic ;n c it wOs prt umed that solvent I 4e4 an -I . ct hould play a sigr ifx ant tole the li n 1t Ian21 was used in view of it u bi 11 dr the pa hculai feattiies of the We next extended our study to the chit 11 nitronlkene at d ’Ł t s4Idt:i point TSI (lure 1) Zd see Chart 0. This compound was prepared via 

the as .l c 21 cycloaddil.ion between ethyl-Henry reaction betwden -(benz oxy)proparial and en ........1i .Itiiit; i vrcrothine ylUte of N(formylrneth.- nitronjethane in the presence of a carilytic amount of k ne ;r ie- I is [ransihon structure curre trlethlmzne The diastereomeric intro alcoho1st sp n i .rnr ted i w tpz topology as would be Ł .. formeI Were . ttansfornie In. the corresponding mesy- e:r.::l horn tl. We 1wr&4io.ftniCnn rules for ther-. late&4 nd treated in situ with ANditsopropyiethyl- mt- Jctrtc cciciadditiops, However, inclusion of a amine to yield the nitralkene 3d in good yield reac 11"T0 0 ITh 1 0s1( change in the potential tion of this dipolarbhilc with awmethine ylides dc-1 Ł eu b-pi., -5ui,ic.’. i hus totIkene Is highly r-de-fic. Ijel-tavos Michael than ried from. Ia lead to the diastereometic pair rmli4p a ; ao a acceptor rather a and endo4’p (See Stheme 3) Interestingly, thi l;p11a dl; ii it o I;irr lb rot ire., the 3 21 cycloaddition actu tic mtroalkone yields endo cycloaddui ts using borh aU> i i o t t and ra ’4tths I- Henry reaction as It lithium and silver aomethmes thu-s suggesting t tat Fie f r ir . 6 to Th first stcp is .a nurleophilic group in introalkenes 2aŠc also plays a Ct f > 4 lii ic. 

Th a-sit iptluIii alid" on the ni1 roalkene .aryl the Steienchemical outcome. of the reaction (vtde mica)) -to it. : ru wft.-r icc: t;pe.ies denoted in Sehern 4 as Ł . . When lithium perchiorate vas used mste"d of slIve’ b 2 r hnd r u mcii The set and acetate the observed cliaStereomeric ratio o’ St() > niT; il crrc,cn in which the rutronate favor of endü-4p (see chexne 3) The major rvcloaclduc Ii ii I iti nar eari of INT. This is In was purified by crystallization in ethyl acetate -Ii; cnes( I c R that Sc-i al author, s7 2 have Despite the higher stCreocanitrol observed wit ii I C) ( Lwltl dwin: ii;; tOt of Mch iJ adducts in the reaction: lithium azomethine ylide of la was used, the chemic Ł . ......... . yield of endo4p was similar to di it obtained i n c L lit c it; , factors) for the il sj AgOAc as the metalatmg reagent (see SUietro 3) 1hi fore the reactiQn was fOund to be of Preparative iIn 11 ;!!’›0 cit nit (DC 1 lint; kited and provides a usijui access to the as uric-ti it sinc.h 1 0>2 ?71 31&;13 euimii epes;r of compounds of this kind 17 u 

it 
4 ;Jht M I £ aimond; Pr.littc The structure of cycloodducts 4aŠp was estob1tsbe T. T .L((iit. ; :s,.0;)O9T, 2 2220. fbI P2nd. M: tellIy, ( by means of then H NMR and 1J(" NMR spis t; I h I It17/!t’Oi,1i1993J/5707 (c)  Chem 1991, 60,:5005. most significant coupling cot ist-mts a; ni ted in I he it I I 

it S R ;Nu, ( 1 tn-lan N G Jager. I of the SupportIng Information.In two case’ hn Ł v I  1854 166 LS0 b) I 1.-Y,: Mose, S. R CIipn, S&-. Ł Ł Ł I . hrt . . c,; Dl, .1. Am, c..(ta)(a) (13)(a)For a recent review sac: Roi$nI, 0. 1;; Con ,itetc.-ca>1ve Ł . -, Ł 0 I l.,;L.-1f, W.. U. J lit;; (.1wi.&ic 1996 118 Qigenic iI1cesic Tutu B. M I’d t’crgan;o;; 1’kw \Oek J01 2, pp 321340. (5) For n study on ih4 mecheriicn; of This c.’-i-tin, Ł I r .1. I. O!;; /d’. (WLJS!;i;nitrh 1).C) 1983 8.53. see Litcita B &rrieta A Morao 1 (.ostlo I’ P Li P 1 i. 1 1? 1197 cc I itipii (fn-, 1088 tO 209 (5) Anders 3,20. . . Ł 

I’ . .-i;e -. .’’J’i:itc;r.(h’’).10hi3 14. 1301-- (14) Melton, I McMurry, J. t J i)r (.Jieni 11113 40 il8tt I ; cJ iptcii-1 & I tlitI Jfrs 19110 4.1 (16) ?atzd itt all;, hoyt prepared structurally retited cidra’ riitrn k - -u’ I;.; unit ;iriFota ioeilviig azomethirce ylides Ł emits using different reerririn tm;; ci an-s a A loivo ub..rc. r I -c 16wt, u 

it 
; ltrr;pnuu; 1 ci ;l’ukuwa A ICa Ł uteceocoruital See (alley 0 HLbnc’r I At kiu’u S Inc I PtzeI, M. Thtratathna Lott. 1898, 37.6307. w 

it 
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endo-TS2 7.34 kcaVrnol -21.6:. kcaIImil v = 403.5 I cm’ 

era107.8 1.935 

exa-1S2 16.61 kcat/mol = -28.87 keat/mol v=45".9 lam1 

Figure 1. Computer plots of the traniic.n Lructu1es1’S1, 
endo-TSZ, and exo-TS2 computed at the PJiI/PMS ievr-. Bond 
distances and angles aie given in angstrGer; and deg, I.pec4 
tively. In this and thefollowinp figures, which iicorporiall 
and-stick representaions, unless otherwise noted, awe ale 
represented by 1ncrecd order of shadowing es fail:ws: I-i 
C’.0, N. 

between ,r-defick,nt alkenes and waethine ylides de 
rived from alkyl alebydes or, ketones. 

We tried to isuiSte and characterize st’.eral of thes 
Michael intermediates in order to crit’y jur ccmputa4 
tional results. Huwever, in most cases the inliazen 
Instability of the intermediates precluded l.heir hoIatrnn 
although they were observed in the I i-I NMR specud of 
several reaction n1itures. We re.asw ed that, S;C: the 
more substituted he nitronate is the lower its i’(’eictivt. 
a-methyl nitroakenes could be more convenient star-ring 

(24) (a) Tsuge, 0.; Kiwmas. S.: [the, T’t; ’row, IC: Tekcaka 
S.;UenO. K. c’heni, Lcttl 1986, 1271. (h) KanernnFa7 S.: YesI:inL, M.; 
Isuge, 0. Bull. Chern. $Oe. Jpn. 1989, 02, BOO. 
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Scheme 4 
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(Henry) l.Icr 

21 
_on 

I oc It- .t fl d- i he Jihereict psiflons are not 

:),. 011 i. r hand, we have found that the 
re c.? r:c  .....p re -- c-re s1ol v. hr-n it is carried out 
injc: e :cc-;.trrh- P.15 iquiv of .Li.00.1 (vide supra). 

11,0 Je:r ’tc-P the rcactioti betoecu lb and 2c 
ir h sence 0i ’J.1.5 uiv ofLi00. (Scheme 5). After 
16 F: ii %,.i corn temperature. a 55:47 mixture of 

c’t-lfcwd .t02h of Michael intermediates 7 was 

oi::evd. The r,:loeci licts tif and the intermediates 
wtceX1.,lo u t a ca. 2:1 ratio in the crude reaction 
nO e,sb Ic o. 2V5 of Zcrern,tincd U11 reacted. When 
thti:uirr ’tte _tlu.r_ r r1 -5C for additional 10 Ii the 

li I - .l r(.--tt I r:: op ocr ;rrrl lwly a rnixrure of Cy 1. coi a. :IrccrsL(fl In clii ’ase a complex Mi of ol:tai.iecl because of the 

ft .i hc;s of ii . Itt H. reftrtion:,ib between the nitro 
are1 : : .- It.1 .-..’ rut 0 ft’OU[e.....-’dl our’ attempts to 

is hi tt ri tb: :o -rri’oi th: SC: t:ttlrmecuiattis in a pure 
fe: o 1:: tIed Lu, . n ci p.tLrehs 01 tIre !mine moiety in 
7 :1:’ lu ci 0 Lv .,li.: acV!auon vcith 4-hromnbcnzoyl 
ch’;Ir’. e.htr-ec n’: 1.Ot pit-Ic chcr-acterh’ation of amide 

B, a ri i . ’- rot: c Wrsterc-oreer observed in the cri 0:: --iŁiŁi- liii Wft J.’Fr,’.- ovr:re’l virOd of 8 from lb 

fi I:W liP: I’ I taint it the hi....I I signal and 
1’ ’r (ni’ ::rh ............i itiotis (side ?nfr5) indicate 

1 .( itt ’t.-t . -ti .pi it i’rmr’ejhrr hydrogen bond 
br-ala I: :J v’ P i; drogen aed the nicro group, thus 

lii cut-tort...!hwtfi.:,’e, the relative 

i ’ido(’t wrs established on the 
hoOch :erpi :.....stirns bet:,nen the citiguous mr HiP. r Jerpi i). In summary, the ol; c.............- un’: P-ott- 7. it conversion to the 

Ce: tŁtc rJiec -i(!..iuscrrtd tIe complele ciharacter-
is. 6-:; lv;. tIc- p-i-os Ide- r--;-per-trncranl support 

fcrt t:i’c cotta c :-:-t-’c. H :.ni prcrdico’d by cur calculations. 
r:-;: i’-it:r cl-in 1: :’d either in the azo-

rn r.r- to 1-: Pit o:ftrr:lic:r’t- curing the course of tL -’-: ’,:Oti 1 tOL . i: i,fll-JSO-. c- the cyrloadducts is 

cwde between both 
de1 Pie two diaster-cc. . .a 1......’as-: T5t ;oakIlc ;.kita. In t-r,do-.TS2, 1, c lOtid ( the litJPom atom, with a I ’ r h’,ici,vc-cf POP . InihclattersaddJe 



1800 .1 Org. Cbm,, Vol. 63, Ara 6, 1998 . . Ayecbe et al. 

Scheme 5. 

M 
.OMe 1S3 

-

+ NEtCHON , S110 

OH 

(53:47) 
coeNleMe

 

OH 

7 

I.- 2N  HO) -1420/ŁThF 
Ł 2 4-rCH4COCT NE13I . 

, Ł .. -. - 

N mbers In pareutheses rw’rflSponr In computed rcnifA 
con ts 

(see text). ’1eVa11t hytlrng -n aror’)S I.vc ’en -.T - It ornl r :. .3aPmet 
Ł . . - 

point, exo-TS2 ihe htl-uuw atom is d)ca-ordinated azit 3, Ł therefore the stabilizing Li ... ONO imeraction.. is no 
present. In contrast, this transitien structure is rnucl Ł .. more flexible and the Gn value for esTS2 is cal cu . , 
lated t be 124 kcal/mot 1or than that obtained fo 

I? ni p n h Ii hmnstruciuu’ eiido-

W endo-TS2 at the RH1/P’fl level (see F’iguxe 1) Thes di’ u in omc md deg espcc 
results are not in agr mentwithourexperlmentai data, Ł )jy .h&. . in . fe Idijnal dclails. 
since we have observed thar when oomethine vhdes . . . . 
derived from bnz)dehyde are used. the endGcld - .-t . t- Lniut:naflytIieeffcct of’ the 

Ł . Ł ductsare obtalned with. a relatively lov stere.001iLrI &f..111( i . ir’ .i inhemlcal outcome, Ł 
Ł . Ł Ł . Ł(tj44d 

supra). Therefore, 
we cakulated additional tis tptr 3 itm. - - .ni- in ,L1’UCtUFCS fouid for Ł. 

Iontructures taking intoaccount ai rtasely oartcssble ti1-. .-)ie.(-t ’1 . klgm’ of ’ i... ’addle points in the 
the effects operating under the epetu ntai ondlhox Rt nI’c .nr I. 1ruiatiort thow namely th aryl substituent of the. nibóaikere atQ- ti- I pn it. Łnik!1:iint has a i-emsrkahleeffect solvent. lnFIgure 2 we present the ’LPia- and x6-TS3 T In , -;( i’.-t h d.TS4, ’ iosechifgeornettic 

transition strutures, which..ineocporate two acetoritrfle fe-r ’ r’’ t1ie of cia’’-TS. However, in 
molecules. In rxc4T$3 the lithium atom is pentacoo tis . ilni r. re-aPrkabl1 repulsive Coulombic dinated and its surroundmg hgandb adopt a bxpytrmd1 m an I the jhenoxy groups 

disposition, in kwhich..the nirrogeris f tha azomethhe c - - -c i.:siur iiiom:. l-u.artitibning of 
moiety and of.one solvent nnoleeale cub’ the.ndtl tin P -np........ Ł positions. In contrast, xo-TS shh;;: et.raheditcally be i p nnnt. Pi4 kraimel, which corresponds - . coordinated lithium atom-; with a close pt’o,dntlty.hetwrn te in - p . o’nhc. rpr.iloon.- We hoe also the methyl group Dfoneacetanitrih rOnieealt a-nd TheID 0’ . {1L[if,Pt *ith P as- iciated with the phenyl group of the nitroalkene. The omhlned effects ftn -i tI : p e)d.tug a ryci ddw’t. This 

result in a slightly higher stability & nrc10-Tiin-se t[ - .....- de1da cinL-TS4 in Figure 3. 
iG2 calculated valuels only 0.47 kci1!moUower tom .-.-. . .------.. -_---------- that  found for it$ eXO congener. Thk result is irpair . r - remcrp’ I’ P -gO-OlUlXygrOups agreement witl’i the dlastereomeric e a - pe ’n ci I ly Sc lot a7i3zol Ł found for dipoJes-f this type. Ł lb -. - .1 nemv cur. t91, ;, 
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endo 

ŁiŁ 

-27.76 kcaflrnol 

aatti 

v1O.4crn 

keai/mot. 

77 
endo 

140 

Ł 

23, 

Hç’.1O2.C6kcWmol 
-924 ca/ma - Ł, Ł 

v=202.2 

4 

Li 
I 1 

Ł 107.2 

I raUm .Ł 
- kal/moi 

Ł a a r rh, tin -i on -truciures enfr Ł 
Łi--,ii--Ł t o ua tiUf[M3 Icve hood exTS4 

di i 0 , -iii and de, oSpec-Ł f-1Qt87kc’mo rŁ. 
or kral at 

v2234ftm 
tr :- ŁŁi..  Fitslarfur saddle 

Figure :& Computer plots cfdi Liati. - S cir dd- pa n i Łil V - a Ł 
TS4 and moo TS4 and ex- 1’S4 iputiJ at the iI1 "Ma ha if- - - a a Št 4 a a hon-cru na.s a heat 
level. Band distances andsa-j1a- ay gvr i Ox4 a- -tad of - ,- I. .V - i - ti that ctdcujated 
deg. respectively. See F1urc’ 1 ca in fe stinona oh. 

t Ł r -y of so-TS4 is 
li hi a - i- : ’u -a -i nor.. .Th’remre, ac-Both R34F/PM3 calculated Ia au- of tOtior n- iree or ta 

H - a ih- hen 
energy at 

2-k 1< of energies predict that this ltIerH . 
a- -- (1 f- ’kt Aaiwlraorestabl,a than 

having a tncow dmared litlit to rxior, is sir -at liv 
ci? V ir. H I’ e arL 3) 

more stable than oTS in -ui on u- Ł insiIjuO structures shows an almost perfect an perpLaai Taeflt hit l-- --- -al si t it and n riddiriatial between the N1ŠC2 and C3--C4 heals. and u Ian- p -a - a ieu The resulting Iated C2C3ŠC4 bond angle :se -a he ca iL. a di  ac t:n sath1e paints are value ’in good agreement VV

- h ilta Beatfr -flimia-. a- ojec- Ł - - Ł a a i-a-as a’ structures -rn unite toryi7 usually associated a it ca of Ł Ł - a -. it iica i-’’St tiona–y yints organometallic compounds to He-. tiHili, dcc t- 105. i at . --i:ivaaled, the ox aeii and Therefore, we can cotta lude t u a 4 ce-n, a be Ł a ( qattit tiil posh saddle point that one can eagrat fot a Hih H on V - V Ł : r ’n’u-TS ti-a, at-ohpn organornetaMic aarboc tatoleorla’ at a Ł -u not rr a i Ł a Ł Ri arc u -C I braids is olri. al a a a Ł ha. IL inst i’ fag in a lower In addition, we have also Ic, teri La- lr111 In cou-ture etv TS4, whose main i,eomen-ic nil gn?i tea- - ii - c’ I’- is hi her titan in its - - 0; a -2-i - a (271(a)BhrglH.liuI eu,.J-M V pf a n n- l -, q’ i’ii - t,-)fricr1itia that iJ) Vai acrt’l/4, ---;e 2 Ł ’ i i-t:t- ii- Irrianrirgy -0, Ł a - - ...... 
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balance favors formation of (<oTSi 
c itt’ 1 sLcre , 

higher than that calculated fnr thc aoci-’i no-suh.; :r.it-c1 
analogues, in good agreerw’..t with crrr •cxpe j’tl 
results. 

In summa*y, our omp.atiunnL 
’* a 

useful information on the ori.ins of hr  
these cycioaiditions. . Whoa ioruoo 1 hl suL:r 3: i:t 
are present,. entropie fact:ws, th:r 11’l ’youp he 
dipo1arophil (or Michael aoceotor. %n:1 In, so. yr 1 nor 
the preferential formation of the i.’ oycioadu:r by 
coordination of the Tdtro iyovip with i Hit’ r"  
In contrast, .hen groups otin t  lian tir too p coo but 
with high affinity for the lyohi3n: Loin crli ;sst. n:, the 
same factors shift the sense sd slcrel33oIor’ti.rf; tce’irr rOe 
preferential formation of tti o-n cy:i a: 

At this stage of our study, }P7’si s.c. r:t.-oi o- .ect 
which remained unepkne’). rrn’o . ib:.......-nr::r -a1 
fbrmation of exo cycloadduc:t: ’’r -to’in inc 
ylides are used. Given that silvoi is or tsoc S rS#-i. ’x1 
in PM3, we used an indire(:t apprcr i t codn’< his 
problem. As we have prev ic.n.l ty.’:’i, 
of stereoconti-ol can arise f’or t1 : .rni :iciea ts..t . ’en 
the nitro and cyano groups rfj.0i. ft’: , he oil;ii 3 ’la 
energy associated with eq 1  
the relative affinity of lift nan a ’d cJ :’- 0 truic, f:, he 

HNO2"A9’1’ + HCN’ ’Li - 

nitro and cano groups. (Pvot-:i rIo::,ns 
of silver tatibil, the ’elaiivini Ic con:.:  
developed b  Stevens, Kraus.’-_ Liash; ,::l J isi  rliL I? 
was used. At the MP2(FC)i’ia.J-t.,T i-C-  
(vide infra) the silver ratio: ii b" .:3f-::-r 
the Iithiin, cation, the diti.r ’ac.o :-.Ł.lns’:;-’-’’ of 

1.01 aü. In additiou3 70 CC’Irp.L. :3 VdL.3t3 73 7. is 
’--2.74 kcaliifnol, thus indicai.:wncs a vi rh i ;i flaY.’ :i vet’ 
for the cy4no group. ’3 isir.’tojr. 1. . .!’:L of 
acetonitrile OS solvent, the  
efficientlywith the nitro 8’,’ v’ire.n 3’. ’ 
are used, thus resulting in i.h :: ç’r7: -’ i! ............ 

’in of scxU cycloodducts. Con: heiio 

From the combiried-eqo: 
studies reported in this pps-’i tio 3>1 ’a.......’p .J ’r  
can be draWn: (a) The reaction between ’.:isi’ near’ .......ost’, ’:3 old 

lithium azomethines hat r:>’ a-th’:not .3fl1f’’ i’’ ’a a in 
the preferential form a:ica of ru:  
in the case of lithium Di’  

(b) The : reaction betnee. olin iachiral lithium azomnibli r’ ....:’e v.: value, altiiugli lbs U7C: ol el :..’ 3>7’ 

ft ;;:in 
a lower .sthreoccai:rol. 

(c) Computational 5Euft4 c s ..rp’’  
cyc1oadd&tn is actually 0 car 11cm ’L ."c.r3 ’ni, aic-

cess. 
In one case, a static .1313;! .......:7 ;n’ -iyj 

intermediate has seen 1S0,r 7: :1 no ’ r ;’. (d) According to the comm 3 "’ .5, i: ’-to-chemical outcome of the i a. :ii :1’: 3 rn ’ -’’-rn-a (2)Sters.W,j.:Krvis ...1-...s,3 .: ......a .T. Chat)). 199, 70,612, 3r Ayr-; he ci al. of . . S -i’:’ :-’’ 1’S ;r’-.11ol.faai bc,$r:’n’ii the C(., r: 37 0: a . 3 -v e;t:’n q "1:3> mId ttn"l of the scf -". ’ :: ’’’:]of’rc J, pan. i>t 3-’1::.; a, 3.. a’ ;, ’-’iii’ its 3 is 

S ...7,33.3. u-ni :atcmrlicv of the 
IT shows no 7;er:liv>u 1 ’0-37 ii’ 3i3Łi’ U’ 1 Il101Orit ’$j,I C: tS1 Sc c’;..fl;J;iun.6 Oa-ses 1,1.3 3’ ..,,r Yn’J pfl30C015.>9 N ’. - 3 -. 73. ..: .-3i’ 13. :3 1 30510 :-i’p’o’t:’d pro-- pi’eVi-10.. -1.1,3 Ł 0.11 lI’CLI.d, Utcinical I ’j ii. 1: j 3’ : I; a’ ’;n Ill, U0>T17i’1 using .........!ed’ai3h Na2- 3 -Ł 3 -. 3 - 3] 3 0’ ’’3’. ’27 1, 3,., ,t:IIUCN’>S’l’-SSIZI’e. 17, ,-;; HO-i--li (3 1,001005 i’i.fl ’-3.-.’ a- ’:3..? ,.,010r.,,.ft’’,1’C7-’l,tSDd, - - a .............- an’’;! 1. nfl .;: 7’3 anA shett’ed ci  Cl-. --:’-. -. 1!. - fl’ - , ’’Or’’. ’.3,31, 3.50tH’:’:, ,313l’C --Un 7 ;’-’’ , - ’r - i r’ - - 3’; ’1 - . 3 0t3:3 ’,-:3,’ it.>, rtitl. >r:

-j’ tinted I,>. Ł, -- i. ---- ----I ’I’ ’I, ’l-:’’tia P m . , ilvr ’--7 :305 ’’’-At-Irig 5 5 .’ - - : - - r’ ,’ 33 ) 7 i:?.’ ’’13.3 13’ and Jr . :,; ’ - - :- 1 ’ ’-.i(.(7Ł3 -. :. :3’’ 3 

ct’l00!,!’..’,fl was 1 3tZCO.>34 - ----- - - 1, - : ’’ 331.33’ HO -, ’3113 lIe ’,fl.liltlUfll (Ic - : ’’:,:.’’’-.-:-’. 3--- ’I’ it’.’.3 ’is ne the (-’3’ ------------S - - 391’," 95. 7822. - - 3 - - .’’’}., -’ - 3’ Ł’, 3,31. L. ,J. 5 _5__ -- 5 -.3 - -- 3’ ,3, 3 ’ .5. 3 . 53 .Ł1 ’i-’t’k S, 1-I, 3:3. 1 - -3 - . - - - I - . 3’,’ ..; ’ ----: 1. 33 sl. A. I," J. ’2310t3yer. I J. A.; 03- 
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Synthesis of Highly Substitutf a Prt4i a H.aw’s ,, ’’at’ , ’t i J. 9S 1903 

?vvl2* force e1d4 as inplemant LI L’l U Jlii": ii ire Łr oir’ ;icciiiig to e mo-
ot progranis,41 The differeni os-Hjw I ’a . - c.r Ce reHu a no 4lCion os i’1l as 
epUmized arid their Morile Carlo irrro al ia acer-n 

.’ 

’ad th - H 
on 1000 sCrurtures. The  
cluded in Scheme 5 were pr’nnm4. or’. Hm i-a-i’ a iHo b. a ’a .’ t--aitd-e. ("i a:rdoixomer), mp 
conformations using ix MtO.flrl rm ri vi.’ 1:- ’ a H I-NMR ’5 rpm. 

General Procedure for the iireparionefrr’ees C’ C ’’ 1  

la-g. To a solution cit the co r’sporrl1n-’ nnirrci acid e:- iryl Ii’ .:, 3’I Ii.), 408 
ester chlorhydratc (23 tnninl) in CJ I ’! 173 rat,) ’er’e iod (’t I jH -, ’aiH 5 ppiii. CIICJa) 
MgSO4 and of NPk (3,5 ad,, 25 trnanl). ’a nero enpr’ ice. H .- ’ H H12.2, 128,7 126.4, 
The resulting mixture was strai I ti, rrrc 96 1. Ł’ a (’a 1 .IIaiC’ ’hCl: C. 
for 1 it. Then the aldr’hy&i was e.dd"’ or ia u .a2’.g 5° 9 ’ I C.. - -I. 4.8; N, 7.02. Ł mixture rk’as stirrod for 16 Ic’ (ercep in 021, a -i- r,,g i  

lfwhlclt’only neodc’d 7 h).  The.n the M’hU1 was  .. c., a ma’ c ia t’xo1soucr)i nip 
and the organic laver Washed with warn- H 27 a I. -,It led, H ’- )’3’i’. a. . ’II .NMi’t5ppm, 
and evaporated. Tire .ludnes showed ’ ), ’ i’ I ’s’R C. C . ’ I I I 7.H 14, 4.49 

spectra and were Used in s bser.iuer.rai’i’"t’. hr a’i (ct-i, 1 ii . 7 1, . 1, 7= iHi Hz, .Y Ł S 

without further purification, Ł. . . . ii HO ii .1 hiLl3) 
Synthers of (L-(3. 3 (lteriz’4lnr) I rn i ’i at ne I 2 0 Hf S 5 1 67 2 Ł . Ł. (3d). P mixture of (’i) 2eotylokv)jci-ipatw ’I .1 ’. ’ H ’a ’ . ,. ’. .3, C, .hHSI if, Ł . minol), ffltrornethanc’ (2.7 mU, E0 rarutti) tOiti I’. 

t- 
. ’1.) 4  

was stirred at room te.xnperrit.rre ICr 1- P :1’ it’ jofboxy 
nitromethOne was emoved v t1Vaoe.r)Ljofl 1 L’t’ H ad .... ... . . .pressur.  

The nitroaldol 1iL tibtlirti a it ic of  
dlasterqomers was dIco1s ed H / I ( i Ito p ii i II hI 4 89 (s -70’C MsCI (09 iii) 12111 1 ii) was c’iC’d I I (f 11 1 191) bya solutionolAH\tdflse.prir.e.a’llhyhariii’:"..’. ii . 011.101) VL. . Ł,. I .i(i ’. . "a . i$’i I, 128.6, in CHtCl2 (5 taL), keeping tlii’ Jtcreti)Tr iin1ru’a I’. ’a- Ł . 1C" ’ ’ . , . I’ ’ . H1,7, 53 ’a. Anal. The mixture was slit red at --70,-C for .0 hand 

Ł . to reach room temper mitre, ’lit- itniurIli’ Ł,am ’,’a. - iii  
ater (5 taLl HCI 1 N 4 ’ itS I at 1 5 v d I It ) (15)C1 4tXOt 

and evaporated. Y.he poathact was pera’ ad 1,-, La, ,, tnn be r ’t’. -- 1 ’a’ - - -7 - - to isomer): cup 

Chromatography, ’14c)dirrg 75% c o pdr iaili, oH. ’34 H . . - . .’’ ’ 7141Ł (r ’C(O.Q’tmrniig):IR(uilcn) 1522 cla,’,’a ’.%l .5 , CC 1. -.- - Hi J’.7.(,iJl4c4.4O CISc-h) 7 19-7J7 (at 2-1) 4.6 1. I I 6 Ii I I ) r / (s it-’) 114 Hz, J33Hz) 1.39’ 6f; 311 i-on ii H iii) I,)! 4(1 1a03 CDC],) 142.8. l39., 1ii.3. 128.4 k‘.AqL I 05,3.57 -, 64.2, -39.1l (’= 1,25, CfCl4. .. . - - Ł- . 0- - H . - (1 ’,, C. 25,02: H, Genera,! Procedtr for’ t’i lit 1,II’- lift, t ’ I 1)5 and the Nitroalkenes 2. MetHod A. ha a

the reaction bctwiei’n inilde to ’rdiiIt,niC .arie 2a-k’,re’ 4’r , ) ’  ’3’rrohdine (c-ex 
Mow-, the inane la fO S in I " us U 4 r 1 1 C. (50 taL) arid their NI ii (0 7 uS 0 r a ii all ia’ (Ia II I (i 119.3 (0.92g. 5 nimot). and A8OA: (13.390 H - - . I , . 11L4 I-Ia.), 1.41 

The progress of the reaction lit-i; not.Il ’-cl  t=r 11 L  I) IiC7 IaMR (5 completion of the rC;ic-Vjirli,, (ha mO5i i’’--,’ ii-.:"’ 0, ’711 H ’ Ł - - _ - I , 
’a 

126 L 1.29.1, Ł..aCe1ite pad arid wasie6wirimNFr(i’ , ;n- .- ’ II Ł ’ Ł H ’ . ’. 774 510. Anal, : (2x10ruL)anth1’ate)’(2j0r-’ .1 ’ir H, 11 - bri was evaporated, and the. CtPIi’I tilt,] c - ’ per .eL ’ "-li ’3’. ’ ’ - , . 

S Ł ŁŁ chromatography to gh e both ru i r a Ir 4. wi l ie. 2 a ) 11 (me duonycar Ł Ł crystallized separaieI.’ in RUN-1Ł Ł ’ i ’ - ’ -- 3 ’2 . ’- . n 4k11’ea. (4d-exo Method H. As a typic ml flTJi I I’ ( 14 ad Li I Ł) I iii cm imim ic and nrroirl1mne 21, r,1 s ml . I cIlia Il , Ii I -’ 93 Ic (0.97g. 5 tamelY was soIve3. tar CIC Is (-Hi Itt 1. in on I-a ’.. ’ - ’ I I I 0.1. 0 4A0 

- NFt10.4 mLlOinmel) ticnit &iI r, it IW i 1) I 2 an,: 

and U004 (2,66 g 25 ITiIIIOL ii itO I In I H I H) a l 2 - the reaction was nrnflitw i’d I H ’is "5 ii s 

ml I 1 ’ a-, 4 reaction, the rtr1tutewe.s waelr’t°w"ii Nil .. , in -.ci.’.sfrr-..  solution (2 x lO nr) and tals-’ ’ I Ias dned and evapoirtcd The nor f maci 1 s a I rf I ir I in V it lvii 2 Et30 rto give a white powdc r I air &r a sal p90 lia. l’i a itt ,i cmli isomersof4dWhie14wnresepari Ilan In CtOJl I / I I Ilan 1.3cŁ (39) Popte. .1. Aa S-Idetrl, 5; ic, situ’. - , ’ - i. j, , . . N’ - ’ ’. ’’’ - .1 I - 3 120.1 1 28.9 Ł Ł J,S,;Frrsch,H,tWlritet3ck-,RHllci 2 I ha’, -. 7, 4’. 1 . Ł ’a’ - S i’ 33 Quantum Chain, Synip. ’l8-1 J’i  2r73’ ’73’ (40) Aillngcr. N: L. / ’Ian, C . -, " - . -’ a A ii , ’" 0,1,), t\, 1 15, Ł (41) lvtacrnMrxlei a3,Q: MoO’. ’a, , - Ida ’itO ’ ’ Ia, I’" t - - , . - -’ ’ , Ł . W,Cakislsarnp,R.:Lip%nM.::au’ ’au. ’ a,, ’ a. ’a, 2 ’- -’7a’SttlI. W. C .1. Cl -7 4’ha-a.. ’t39 /.’ ’-lii . Ł Ci - Ł - ’ . - .: . . .tucnv1) .5 acitro-(42) (a) Chang, G Guide V ., .,,#u I I I) I 723 .111 4379 (b) Saudtr M I Ic ’ I ’1 51 1 P 5/ / M Chong C Guida N 4:,a, (43)Hassnoot,C,a C,,di,’ai’ai;61-lIla,. dron 1980, 36, 2783 Ł ŁŁ.. ŁŁ Ł , ’ - ., 3d. 35 s, Ł Ł ............................................_______________ 
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3H), .44 (cIa, IH). 1.76 (s. 3J-1; \ ’Cl 9" in " . 6. 2 ’ il- 3 ’niycaHony1) 
159.8, 157.0,  3-4 "opyrro-
Anal. CaIcd for C2012N O 1 2, 1. ri ...’5 ’. 5, WI’. -’ ’ , ;W 141, i’H 1536,. 
Fouw: C, 6245: H, 5.70: IN 7.11 1.10 1s, 11-I), 

3. 2’ 1 ’. I. :,7 ’’.,. if  1.72 (s, 
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Two strategies were developed toward the steieoccntro1led synthesis of 8-aryl-3-hydroxy-4-amino-2,7-diisopropyloctanoic acids with predetermiied stereogenic centers. This is a generic motif in a new class of potent inhibitors of the enzyme I renin, exemplified by CGP-80536B. The synthesis relies on the utilization of L-pyroglutamic acil as chiron, and proceeds through the incorporation of required functionality by exploiting Internal induction. One of the strategies shows the power of visual imagery in synthesis planning, akin to Dali-like representation of objects that can be viewed in more than one way. Thus, the entire carbon skeleton of the target molecule is encompassed in a partially functionallzed bicyclic indolizidlncne precursor. In a second strategy, an Intermediate common to the first approach Is elaborated into an appended y-Iactane which i alkylated through enolate chemistry and ultimately transformed into the Intended target compound. X-ray crystal-lography was used to corroborate the structures and stereochemistries of several intermediates. Introduction inhibitors has been replaced with nonpeptidic V .......A...., ..,t...,....t...., f.,.... .’.t..,.,....,...L,.. l..thfl.t...... 

The aspartic protease renin’ has been associated with 
the cascade of events Involving the selective cleavage of 
a LeuŠVal bond in anglotensinogen to anglotensin 1, In 
the so-called reninŠangiotensin system (RAS). Further 
enzymatic cleavage produces the octapeptide angiotensi-
nogen 11, a vsoconstricting peptide resulting eventually 
in hypertension In man.2 A major advance was made In 
1982 when renin inhibitors were synthesized on the basis 
of a transition-state structure to replace the scissile 
bond.5 Dipep tide hydroxyethylene and related isosterØs 
of the LeuŠVal bond in the natural substrate were 
actively pursued by many groups.4 Intensive effoits 
on the chemical and biological fronts followed over the 
past two decades, leading to a better understanding, of 
the molecular events involved in the release of renin In 
animal models, and its inhibition by designed transition-
state-based inhibitors.5 Nonpeptidic Inhibitors of ream 
based on substituted piperklines with remarkable activli  
have been reported.6 The amide backbone of rezin 

To whom correspondence should be addressed. Phone: (514) 43-
6738. Fax: (514) 343-5728. 

(5) (a) Reid. I. A.: Morris. R. .1.; Ganong. W. F. .4nr:u. Rev. Phy1o1. 
1918, 46. 377. (1,) Skeggs. L. 1.: doven, F. E.: Levins, M.: Lentz K.; 
Kahn, 1. R. In The Renln.Angiotensin Systenm,  Johnson, J. A., Ander-
son, R. R.. Eds.; Plenum Press: New York, 1980: p1. (c) McGregor, G. 
A.; Markandu. N. 0.; Roulston, J. E,; jones,

 
J. C.; Morton, 3.3. Nature 

1991, 291. 329. 
(2) (a) Antoaiaccio, M. J. Anna. Rev. Pharroacoi, Ticoj. 1982 22, 

57, (il) Patchett, A. A.; Conies, E. H. Adv, Enzymoj, 1985, 57, 1. (b) 
Valloton, MB. 75 ’ends Phaimacol. Sc!, 1987.8.89. (c) Boger. J, Trends 
Pharmacol. 15cf. 1987, 8,370. 
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Peptide Symposium: Hruby, V. 3.. Rich, D. H., Eds.: Pierce Chenilcal 
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inylogous 
18 IUVY ILA 1.1.1 001L flu ill LI1U i iii vitro.7 

Several drug candidates were successfully developed 

(4) For selected examples, see: (a) Evans, B. F.: Rittle, K. F.: 
Homnick, C. F.; Springer, J. P.: Hlrshfleld, 3.; Veber, D. F. J. Oxg. 
Qiern. 1985, 50, 4615. 

(a) 

Fray, A. H.; Kaye, R. L.; Kleinman, F. F. J. 
Oxg. Ghesn. 1986, 5!. 4828. Holladay, M. W.; Salituro, F. C.; Rich, 
D. H. J. Med. Chem. 1087.30,374. Boils, C.: Fang, A. K. 1..: Greer, 
J.; Kleinert, H. 0.; Marcotte, P. A.; Perum, T. 3,; Plattner. 3. .1.; Stein, 
H. H. -1. Med. Chain, 1981. 30, 1729. (e) Thaisrivongs, S.; Fda, D. T.; 
Kroll, L. T.; Turner, S. R.; Han, F.-S. J. Med, Chc,n. 1987, 30, 976. 
Buhlmayer, P.; Casefli, A.; Fubrer, W.; Göschke, P..: Rasetti, V.: RUeger. 
H.; Stanton. J. L.; Criscione, L.; Wood. J. M. J. Med. Cisein, 1988, 31, 
1839. (9 Wuts. P. 0. M,; Putt, S. R,; Ritter, A. R. J. Org. Chain. 1988, 
53.4503. (a) Luly, J. F.: BaMaung, N.; Soderqulst, 3.: Fiing. A. K. L.; 
Stein, H. i-f.; Kleinert. H. 0.: Marcorte, P. A.; Egan, D. A.: Bopp, B.: 
Merits, I.; Boils, C.; Green 3.; Perun, 1’. 3.: Plattner, J. J. J. Med, 
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Lea. 1989, 1993. (1) Harold, P.; Outhaler, K.; Rihs, C,; Angst. C. J. 
Org. Chain. 1989, 54, 1178. (3) Bradbury, K. H.; RevlU. J. M.; Rivert. 
J. F.; Warersen, P. Tetrahedron Lerr. 1989, 30, 3845. (a) Chakravaty. 
P. K.; (Ic Lassie, S. F.; Saniefla, C. S.; Springer. J. P.: Scl’,uda, P. F. 

Tetrahedron Lett. lOSS. 30.415. (1) Sh1ozki, M.; Hata, 1’.; Furukawa, 

V. Tetrahedron Lair. 1989, 30. 3699. (m) DeCamp, A. F.: Kawaguchi. 
A. T.; Volante, R. P.: Shinkal, I. Tetrahedron Lair, 1991, 32, 1867. (a) 
D’Anieilo, F.; Cehanne, S.; Taddel, M. Ten-ithedron Jett. 1992. 33,5621, 
(a) Baker, W. K.; Condon, S. L. Tetrahedon Lett. 1992, 33. 1581. (p) 
Lagu, B. R; Lintta, D. C. Tetrahedron Lett. 1994, 35,547. (q) Pegrler, 
L.: Larchevesque. M. Tetrahedron Lett. 1092, 33. 1581. 

(5) For selected reviews, see; (a) Kleinert, H. D. Exp, Op/a. Invest, 
Drugs 1994, 3, 1087. (b) Mlddlemiss, B.; Watson, S. P. Tetrahedron 
1994, 50. 13049. (c) O’Caln, T. 0.; Abou-Charbia, M. Drugs Future 
1991, 16. 37. (d) Hutchins. C.; Greer, J. Cs-it’. Rev. Bloc/ian,. Mo). Biol, 
1991. 26, 77. (a) Greenlee, W. J. Med. Res. Rev. 1990. 10. 173. (1) 
McAreavey, Li.; Robertson, 3.3. S. Drugs 1990, 40, 326. (a) Creertiee, 
W. J. P)ies-rn. Rca, 1987. 4364. (h) Antonacclo, M. 3.; Wright, 3.3. Ping. 

Drug Res. 1987, 31, 161. (0 Rich. D. H. J. Mad. Chain. 1985, 28. 263. 

(6) (a) Vieira, F.; Bieggeli, A.; Breu, V.; But-, V.: Fischli, W.; COlier. 
R.; Hirth, G.; Mlrki, H. P.; M011er, M.; Oefner. C.; Scalone, M.: Stadler, 
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worldwide, culminating with compounds that exhibited 
potent in vitro and in viva activities, although good 
bloavailability remained as 

a 

major challenge. Unfortu-
nately, these programs were eventually terminated vir-
tually in every pharmaceutical company, primarily for 
strategic marketing reasons. Although good pharmaco-
kinetics and excellent antthypertensive activity were 
achieved with some compounds in experimental animals, 
a major obstacle was concerned with oral bioavailabffity 
In man, and in devising cost-effective syntheses. The 
structures of some of these compounds, harboring four 
or more stereogenic centers, with heterocyclic, alkyl, and 
hydroxy appendages on a peptidic backbone are shown 
in Figure 1A. More recently, a new class of inhibitors 
having the general structure 1(Figure lB), and exhibit-
ing sub-nanomolar specific binding affinity to human 
renin, with excellent oral activity in primates, was 
reported.8 The generic structure 1, varying in the nature 
of the aromatic substituents, the amide moiety, and the 
alkyl groups, represents a novel carbon backbone with 
unique binding affinities to renin. Of particular signifi-
cance was the nonpeptidic nature of the truncated 
tetrasubstitu ted 8-aryloctanoic acid amide backbone in 
1, in which the P1_24 units of peptide-type inhibitors 
(Figure 1B) were modified by directly linking r1_3 
moieties as shown In another series.10 X-ray ctiystai 
structure data of recombinant glycosylated renin with a 
representative analogue of 1 revealed favorable h’dro-
phobic and hydrogen-bonding interactions within the 
SI-SZ subsltes, which were not utilized by peptidic 
Inhibitors." Extensive optimization of the backbone 
appendages in the 8-aryloctanoic acid motif revealed a 
distinct preference for two Isopropyl groups with 2J7R-

(8) (a) Cöschke, R.; Cohen, N. C.; Wood, J. M.; Mibuam J. K. 
Bloorg. Med. chain. Lea. 1991. 7, 2735. (b) Gschke, R.: Ma1bum, J. 
K.; Schilling, W.; Stutz, S.; Rigoilier, P.; Yainaguchl, Y.; Cohen N. C.; 
Harold, P. U.S. Patent 5,654.445. Aug 5. 1987. 

(9) LeTker. B. A.; Hada, W. A.; Right. A. S.; Martin, W. K; Stock, I, 
A.: Schulte. C. K.; Pandit. 3.; Danley, ti K: Ammirati, M. J.; Sreadon, 
S. F. E/coig. Mccl. Chem. Lett. 1995, 5. 2623. 

(10) (a) Plummer, M. S.; Shahripour, A,: Kaltenbronn. 3, S.; Ltrnney, 
K A.; Steinbaugh, B. A.; Hamby. J. M.; Hamilton, H. W.: Sawyer, T. 
K.: Humblet. C.: Doherty, A. M.: Taylor, M. D.; Hingorani, G.; Batley, 
B. L.; Rapundrtlo. S. T. J !vfrd. Cheip. 1995, 38. 2893. (b) Plummer. 
M. S.: Hamby, J. M.; Htngoranri. C.: Barley, B. L.; Repunalad. S. T. 
J3ioorg. Med. Chew. Lett. 1993, 3. 2119. 
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configurations rather than methyl or combinations thereof, 
as indicated in the generic structure 1." 

Very recently, two synthesis routes to CG?-60536B, 
an analogue of! (where R, 2,2-dimethyiproplonamide, 
R2, 93 = dialkoxy; R4, Rs = isopropyl), representing 
original efforts at ex.Clba-Geigy in Base!12 and the U.K., 13 

respectively, were published. Both groups utilized a 
convergent approach where a derivative of 2R-isopropyl-
4R-hydroxymethylbutyrolactone, obtained by auxiliary-
mediated asymmetric alkylation14 of appropriate amide 
enolates, was a key chiron. Despite the need for chro-
matographic separation of mixtures of diastereomers, It 
was possible to develop viable routes to the target 
structure. The source of nitrogen in the fi-hydroxy amino 
alcohol portion of 1 was azide Ion, introduced via an SN2-
type inversion of a suitably protected dial intermediate. 
A third synthesis was based on nitrone chemistry, and 
led to the target compound as a minor diastereomer.’5 A 
synthesis of N-substituted 2,7-dialkyl-4-hydroxy-5-amino-
8-aryloctanoylamides has been reported in the recent 
patent literature.’6 

We report herein a full account of our efforts toward 
the development of stereocontrolled synthesis routes 
aimed at the generic structure 1, while allowing flexibility 
for variations in the aromatic substituents and the nature 
of the amide moiety. In considering various practical 
approaches, we chose to capitalize on a synthesis plan 
that utilizes readily available N-containing chiral tem-
plates as starting materials, thus avoiding the potential 
hazards of azide reagents. Added to this daunting task 
was the desire to combine practicality with innovation, 
even if the project was an academically based endeavor.’1 

(11) Rahuel, 3.; Rasettt, V.; Maibuam, 3.; ROegger, H.; Coschke, R.: 
Cohen, N. C.; Stutz, S.; Cumin, F.: Fuhrer, W.: Wood, J. M.; Grutter, M. C. Ghem. Eta?. 2001, 7,493. 

(12) Roegger, H.; Stutz, S.; Cdschke, It: Spindler, F.; Maibuam, J. 
Tetrahedron Lett, 2000, 41, 10085. 

(13) Sandhaxn. d. A.; Taylor, R. 3.; Carey, J. S.: Fasslar, A. 
Tetrahedron Lett. 2000. 4/. 10091. 

(14) Evans, D. A.; Ennis. M. D.; Mathre, D. J. J. Am. Chem. Soc. 
1982. 104, 1731. 

(15) tior,donl, A.; DeLathauwer, C.; Perrone, B. Tetrahedron Lett, 
2001, 42, 4819. 

(16) Herold, F.; Stutz, S.;, Indolose, A. WO 109083, Feb 8, 2001. 
(17) For a previous approach, see: Hanesslan, S.; Raghavan, S. 

BIolnv. Med. C/rem, Lett. 1084, 4, 1696. 
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The retrosynthetic analysts of an 8-aryl-2R-lsoprópyl-
35-hydroxy-4S-amlno-65.isopropyloctanoic acid amide 
representing the prototypical structure of 1 (R U, 
pmethoxy; P.1 1-I; P.4. P.5 = Isopropyl) is shown in Figure 
2. Inspection of the generic backbone structure of 1 with 
the required substituents reveals that It may be derived 
from 2 by two logical disconnections, involving cleavage 
of the lactam and the hydrogenolysis of the N.bezyi 
bond in the pyrrolidine motif (Figure 2). The alcohol 2 
may, in turn, be obtained by a simple diastereoselective 
reduction Of ketolactam 3, originating from an litra-
molecular Dieckmann cyclization reaction between the 
two ester moieties of 4. To simplify the process, our 
original plan called for the utilization of a racemtc 2-
isopropyl succinate side chain as in 4, with the lope 
that the correct stereochemistry could be attained by 
equilibration of the unwanted isomer en route to the 
intended target 3. Amide 4 would be obtained ft’om 
the pyrrolidine 5, Itself synthesized from pyrrolidirlone 
6 via the diastereoselective addition of aryl cuprate&8 
to an intermediate iminium ion precursor. 19 Finally, 
pyrrolidinone 6 would be prepared from the readily 
available L.-pyroglutamic ac1d20 by a stereocontr1led 
Introduction of the isopropyl group. The synthesis plan 
shown in Figure 2 presented a number of practical 
advantages, in addition to being Innovative in design. 

The principle of using conformational constraint to 
control stereochemistry, as well as to avoid protec!ve 
group manipulations. is particularly noteworthy in his 
strategy. It is also of heuristic interest to point out the 
value of visual imagery in synthesis planning.2’ Depicting 
the familiar acyclic representation of the target structure 
I as one whose backbone overlaps better visually With 
the bicyclic lactam 2 reveals a strategy that may not have 
been so obvious otherwise. Once assembled as 2, it would 

(18) (a) Kemp, D. S.: Renold. P.; McClure, K. F. J. Org. Chew. 1995, 
60,454. (b) Ludwig, C.: Wistrand, L,-G. 4 cta Chew. Scanct 1990, 44, 
707. (c) Skrinjar, M.; Wistrand, L.-t. Tetrahedron 1991. 47. (d) 
Thanning, M.; Wistrand, 1,-C. .4cm chew Scsznd. 1992, 46,194. (e) 
Ludwig, C.: Wisirand. L.-G, Acm Chew, Scand. 1994, 48, 367. (I) 

iot1ow, A Streckan E. J Org Chain 1994,59,5658, (g) CŒlImene 
C.; Dhimane, H.; Le Bail, M.; Lhonnnet, C. Tetrahedron Left. 1894, 
35 6105 (h) Collado I Pedergal C Ezquercs J. J Org Chain 1095 
60. 5011. 

(19) (a) Speckamp, W. N.; Hierostra, H. Tetrahedron 1985, 41, 4367. 
(b) Hlemstra, H.; Speckamp, W. N. In Comprehensive Ozank 
S,ynthesi.c, ’frost, B. M., Fleming, 1., Eds.: Pergamon: Oxford, 1991: 
Vol. 2, Chapter 4.5, p 1047. 

(20) For a review, see: Najera, C.: Yus, M. Tetrahedron: Asymmetry 
1999, 10, 245. 

21) Hane.slan, S.; Franco. 3.; Larouche, B. Pure Appi. Chem. 190, 
62. 1887. 

suffice to cleave two bonds, thereby unveiling the in-
tended acyclic target structure 1. Attractive as this 
Daliesque synthetic plan appeared to be,22 It was Impera-
tive to test its feasibility, particularly as related to 
stereochemistry issues and overall efficacy. 

Results 
The first task in this synthesis was the introduction 

of the 2R-isopropyl group in a suitably protected L-
pyroglutamic acid. Unlike many examples of lactam 
enolate alkylations with reactive halides such as methyl, 
benzyl, or allyl in a pyroglutamic ester motif.21 the 
Introduction of an isopropyl group has few precedents.24 
In fact, the treatment of the lithium, potassium, or 
magnesium enolates of N-Boc-L-pyroglutamic acid methyl 
ester 7 (Scheme 1) with isopropyl iodide failed to give 
any of the desired 4-isopropylated lactam. We were 
successful in adding acetone to the lithium enolate of 7 
to give S in 85% yield as a 5:1 mixture of anti- and sym 
Isomers, respectively, with no evidence of racemization 
of the ester.25 The diastereoselectivity of the acetone 
addition reaction could be raised to > 10:1 in favor of the 
desired anti-isomer by using the bulkier benzylhydryl 
ester to direct the approach of the electrophile. It was 
decided to proceed with the methyl ester and to separate 
diastereomers further downstream. Moreover, we sur-
mised that the methyl ester would be a better Intermedi-
ate in the intended intramolecular Dieckmann conden-
sation. Thus, protection of the tertiary alcohol of the 5:1 

22 For fascinating examples of concealed imagery in Salvador 
)alfs work, see. for example: (a) Slave Market with Visible Bust of 

Voltaire, 1940, Dail Museum, St. Petersburg. FL. (b) Gala Looking at 
the Mediterranean Sea-Concealed Portrait of Lincoln, 1976, Mlriami 
Museum. Tokyo. 

(23) See, for example: (a) Ezquerra, .3.; Pedergai, C.; Yruretagoyana, 
B.; Rubio, A.; Carreno M. C.; Escribano, A.; Ruano. J. L. G. J. Org, 
Ghern. 1995. 60, 2925. b) Brena-Valle. L. 3.: Sanchez, R. C.: Crux-
Almanza, R. Tetrahedron Lea. 1996, 37, 1019. (c) Dorsey. B. D.; Levin, 
R. B.; McDaniel. S. L.; Vacca, 3, P.: Guare, J. P.; Darke, P. L.; Zugay, 
J. A.; Ernmt, E. A.; Sebleif. W. A.: Qulntero, J. C., Liu, J. H,: Chen, 
I.-W.; Holloway, H. K.: Flizegerald, P. M. D.; Axel, M. C.; Ostovic, D.: 
Anderson, P. S.: Hufl 3. R. J. Med. Chew. 1994,37.3445. (d) Makianer. 
A.: P1111. R. A. Tao ahedron 1999, 55, 13321. (a) Charrier, J. -D.; Duffy, 
J. E.; Hitchcock. P. B.: Young, D. W. Tetrahedron Lair. 1998, .99.2199. 
- (24) For lactone enolates, see: Takahashi, Y.; Hasegawa. S.; Izawa, 
T.; lcobayashi, S.: Ohm, M. Chain. Pha,in, Bull. 1986, 34, 3020, For 
lactam enolates, see: Meyers. A. I.; Wallace, R. H.; Harre, M.; Garland, 
R. J.  ft. Cheri. 1990, 55, 3137. 

(25) For examples of aldol reactions with lactam enolates. see: al 
Uikshit. D. K.; Panday, S. K. J. Org. Chew, 1992.57. 1920. (b) Dikahit. 
D. K.; Baipsi, S. N. Tetrahedron Let?. 1995, 36, 3231. (c) Escribano. 
A.; Ezquerra, .1.: Pedregal, C.; Rublo, A.: Yruretagoyena, B.; Baker, S. 
R.; Wright, R. A.; Johnson, B. G.: &hoepp, D. D. Bioorg. Med. Chain. 
Lett. 1998, 8, 765. 
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Reagents and conditions: (a) LJIIMDS, Š78 C, TH?, then 
acetone, 85%; b) TMSCI, imidazole, DCM, 70%; (c) DIBAL, Š78 
C, TM?, then MeOH, pTSA, 95%; (d) MsCI, DMA?, EtN, 726; 

separation of minor syn4setner (e) 142, Pd/C, EtOAc, N4HCO3, 
82%: (1) PhMgBt, CuBrŠMe2$, BPOEt2, ThF, 89%; (g) L1OH, 
THF/H20; (h) MCi, dloxane, 80% (two steps). 

mixture of diastereomers $ as a TMS ether afforded 9, 
which was reduced with DlAL-H to give the core-
spending mixture of hemlaminals. Subsequent treatment 
with acidic methanol afforded the methoxy analogue10 
in high overall yield. Mesylatiort of 10, followed by base-
catalyzed elimination, proceeded regloselectively to give 
the alkene 11 exclusively, which could be separated from 
the minor syn-2-propenyl isomer by chromatography. 
Hydrogenation over Pd/C in the presence of sod1.im 
carbonate gave the desired 0-methyl hemiaminal 12 in 
excellent yield. An alternative synthesis of 12 in our 
laboratory relied an a radical-induced deoxygenation27 
of the half niethyloxalate ester of V8 Thus, we had 
successfully Introduced an isopropyl group with the 
desired reglo- and enriched stereochemistry In six high-
yielding steps starting from the readily available 7. the 
next task was to explore methods for the introduction of 
an aryl group following the synthesis plan outlined in 
Figure 1. We focused on introducing phenyl and p 
methoxyphenyl groups as prototypes, and further exlor-
Ing chemistry toward the elaboration of the generic 
structure 1. Thus, treatment of 12 with 4 equiv Of a 
mixture of phenylmagnesium bromide, copper bromideŠ

(26) Dolan, S. C.; MacMillan, J. J. Chem. Soc., Chem. Coinman. 
1985, 1588. See also ref 4h. 

(7) Haneian S Abad Cnllo 1’ McNaughton Smith C 7eti-a 
hedma 1997, 53 6281. 

(28) Hanessian, 5,: McNaughton Snilth, C. Unpublished results. 

Hanessian et al. 

dimethyl sulfide complex, and boron trifluoride diethyl 
etherate15 resulted in the formation elan adduct, 13, in 
89% yield (Scheme 1). Deprotection of the iVBoc and 
ester groups afforded a crystalline praline analogue, 14, 
whose structure was ascertained by single-crystal X-ray 
crystallography. Contrary to expectations based solely on 
steric effects; the phenyl group had been Introduced from 
a trajectory of attack on the intermediate iminium ion 
that was opposite the ester group and synto the isopropyl 
group. The coordination of the ester group with the excess 
organometallic reagent, coupled with a possible confor-
mational change as a result of such a steric encumber-
ment, may explain the observed result. It is of interest 
that the steric effect Imposed by the 4-isopropyl group is 
counterbalanced by the bulk of the coordinated ester in 
directing the attack on the: iminium ion. The formation 
of anti-adducts In the reaction of N-Boc iminium Ions 
derived from L-pyroglutamic esters with organocopper 
reagents has been rationalized on the basis of complex-
ation with the ester, resulting in a shielding of the syn-. 
face)8 This tendency also overrides the 1,2-induction 
of a C-4 subst1tutent,m as observed In the case of 13. 
However, exceptions to this stereochemical course of and-
addition can be found. 180 

In an alternative approach, we opted to introduce the 
phenyl group prior to deoxygenation of the tertiary 
alcohol (Scheme 2). I.this strategy one would expect the 
nucleophile to approach the imlniuin ion from the side 
opposite the bulky metal alkoxide organic complex, 
provided excess reagent was used. Thus, treatment of 10 
with 5 equiv of the phenylmagnesiocuprate reagent gave 
the corresponding adduct 15 in 55% yield as a 5:1 mixture 
of diastereomers. Reaction of the alcohol with mesyl 
chloride, triethylamine, and DMA? gave the correspond-
ing alkene I?, which could be separated from the minor 
syn-isomer by column chromatography. Catalytic hydro-
genation afforded 19 as a single isomer in high overall 
yield. There was no evidence of any product arising from 
ring opening by hydrogenolysis. Hydrolysis of the ester 
with lithium hydroxide gave the acid 21, which after 
X-ray analysis showed that the phenyl group had, in fact, 
added to the Iminlum ion in an anti fashion to the alkoxy 
Isopropyl group. The same sequences were performed in 
the p-methoxyphenyl series to give 18, which was further 
transformed to 20 as described for the phenyl analogue 
(Scheme 2). With both 4,5-syn-proline 14 and 4,5-ant/-
prolines 19 and 20, available In enantiopure form, we 
turned to the introduction of the second isopropyl group 
and to test the prospects of a Dieckmann cyclization.2° 
It was interesting that 

a cursory literature search for 
carrying out the synthesis of substituted .iridolizidinones 
such as 3 (Figure 2) by a Dleckmann cyclization showed 
no precedents.30 which heightened our interest to pursue 
this strategy. The more directly accessible 4,5-ant/-
praline analogue 19 was investigated. Removal of the Boc 
group, and converting the resulting product to the 
n’ionobenzyt 2-isopropytsuccinamlde 22 proceeded smoothly 
to give a 1:1 mixture of diastereomers (Scheme 3). 

Subsequent treatment with KHMDS at Š50 °C gave 
a bicyclic product, 23, which after hydrogenolysis and 
decarboxylation was converted to 24, isolated as a single 
Isomer in only 3096 yield. Numerous attempts at improv-
ing the yield by variations of bases proved futile. Having 
reached this stage in our planned sequence, we decided 
to continue the synthesis despite this apparent setback. 
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Reagents and conditions: (a) PhMgBr (or p-MeOC6H4I. CuBr-Me2S. BF3OJ2t2. THF; (b) MsCI, DMA?, EtsN; (c) H2, 10% Pd/C, 
EtOAc; (d) L1OH, MeCH, H20, 95%. 

Reduction of the carbonyl group in 24 with L-Selectride 
gave the corresponding alcohol whose structure and 
absolute stereochemistry were definitively shown to be 
25 on the basis of a single-crystal X-ray analysis. Except 
for an important stereochemical caveat revealed in the 
opposite orientation of the new isopropyl group, we had 
indeed succeeded in elaborating the entire carbon skel-
eton and required functionalities in 1. Each chemical step 
leading to the bicyclic product 25 had proceeded with 
excellent stereoselectivity, thus validating to a large 
measure our original synthetic plan (Figure 2). Attempts 
to spimerize the 2S4sopropyl-bearing carbon using a 
variety of conditions3’ resulted In the recovery of starting 
material with no trace of the desired epimer. A simple 
rationalization of the results Is illustrated in Scheme 4. 
On the basis of the presence of equal proportions of 
amides 22a and 22b. it is clear why isomer 23, possibly 
arising from a hypothetical chairlike conformation in the 
pm-S-isomer 22a with a predisposed pseudoequatorlal 
isopropyl group, is the observed product. An analogous 

(29) For examples of inonOcyclic nitrogen heterocycles, see; (a) 
Blake. 2.; Willson, C. 0,; Rapoport. H. I. Am, Chem. Soc. 1964, 85, 
5293. h) Ley, S. V.: Smith, S. C.: Woodward, P. R. Tetrahedron 1992, 
48. 1145. () Toda. F.; Suzuki, 1.: HIga, S. J. Chem. Soc., Perk/n Trans. 
/1998, 3521. (d) STh1. M. P.: Christensen, J. W.; Kim, S.-G.; Eggen, 
M,: Stas.sinan, C.; (lien. L. TetrahedrorrLett, 1995, 36 6209, (e) Knight. 
U. W.; Lewis, N.; Share, A. C.; Haigh, D. J. Chern Soc., Perkin Trans, 
I 1988, 3673. (0 Ma, D.: Sun, H. Tetrahedron Lett, 1999, 4Q 3609. 
For examples of bicyclic and polycyctic nitrogen heterocyles. see: (g) 
Leonard, N. G.; Fulmer, R. W.; Hay, A. S.,11 Am, then,. Soc. 1956, 78. 
3457. (Ii) Davies, W. A. M.; Pinder, A. R.: Morris, I. G. Tetrahedron 
1962, 18. 405. (i) Holden, R. T,: Raper, R. .J. Chem. Soc, 1963, 2541 
J) Beckett. A. H.; Lingard, R. S.: ’l’heobald, A. E. E. I. Mcd, Ghem, 
1989, 1_4 563, Fulmer, R. W.; Hay, A. S. J. Am. C/rein, Soc, 1956, 78, 
3457. (Ic) Senator, W. 3.: Hu. M. W. I. Org, Chem. 1073, 36’, 3848. (1) 
Howard. A. S.: Gerrana. G. C.: Meerholtz, C. A. Tetrahedron Led, 1980, 
2/, 1373. (m) Hatainaka, M.; Ishitnaru, T. Tetrahedron Lett. 1983, 34, 
4837. (n) Jackson, B. G.; Gardner, J. P.; Heath, P. C. Tetrahedron: t,ett. 
1990, 31. 6317. (o) Neyer, S.: Ugi, I. Synthesis 1991, 743. (p) Bureau, 
R,: Mortiei’, J.; Joucla, M. Tetrahedron 1902. 48. 8947. (q) Liu, R; 
toste1Ies. .1.: Rapoport. H. 3. Org. Chem. 1998, 68. 4069. (r) Andrews, 

M. 0.; Brewster, A. C.: CrapnelI. K. M,; Ibbeti, A. 3.; Jones. T.: 
Moloney, M. S.; Prout, K.: Watkin, D. J. Chem. Soc.. Perkin Trans. I 
1998, 223. (s) Li, J.; Wang, T.; Vu, P.; Peterson, A.; Weber, R.; Soerens, 
U.; Grubisha, 0.: Bennett, 0.; Cook, J. M. I. Am. C/rem. Soc. 1999, 
121. 6995. (t) Harrison, J. R.: O’Brien, P.: Porter, D. W.; Smith, N. M. 
J. (’.’hem. Soc.. Perkin Trans. 1 1999, 3623. (u) Haudrechey, A.: 
Chassaing, C.; Riche. C.: Langlois, N. Tetrahedron 2000, 56, 3181. 

(30) For the synthesis of indolizidinones and pyrrolizidiirones by 
Dleckmanrr condensations of praline-derived precursors, see refs 291 
and 29k,p. respectively. 

(.3 1) Baker. W. R.; Pratt. J. K. Tetrahedron 1993, 49, 8739, 
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1Pr2NEt, H02CC1l(CHMcCH2CO2Bn, 85%; c) KHMDS, THE 
-’50 °C; (d) H2, Pd/C. 30% (two steps); (e) L’SeleclrIde, THF, -78 
C, 60%. 

pathway from the enolate formed ft’oxn the desired pro-
R-isomer 22b would be unfavorable (Scheme 4). 

Considering the modest 30% yield in the Dieckmann 
cyclization, and excluding the possibility of equilibration 
between the two isomers via the corresponding enolate 
prior to cyclizaiion, we assumed that the ester enoiate 
of the pro -R-isomer 221b must follow a different course 
during the reaction, leading to unidentified products. To 
lend credence to this supposition, we prepared 221b inde-
pendently, and subjected it to a Dieckmann cyclization 
under the same conditions as for the mixture (Scheme 
5). A complex mixture of unidentifiable products was 
obtained with no trace of the expected bicyclic lactam 23. 
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Reagents and $nditions: (a) Zn. PrOH, 1120, 60%; (b) 02.04/ 
Na104, then Jones oxidation: (c) BnOl’I, EDC, EtaN, 0CM, 40% 
(three steps). 

This could account for the modest yield of cyclizatlon 
when the mixture of 2-isopropyl-2R- and 2-isopropyl-2’ 
suecinates 2aa and 22b was used in the Dieckmthin 
reaction, since only the 25-isomer reacted. The synthesis 
of enantiopure succinate 28 from a known precursor is 
shown in Scheme 5. 

At this juncture, we decided to introduce the second 
isopropyl group later in the sequence, without compro-
mising the orlgiia1 plan shown in Figure 2 (Scheme 6). 
Removal of the JVBoc group in 19 followed by amide 
formation with sucCinic acid monobenzyl ester afforded 
29. In this case lieckmann cyclizatiori was best achieved 
using sodium ter-pentoxide as a base. However, the yield 
of the product 30 after decarboxylation was modest In 
the presence ofóther bases (NaH, Kl-f, LilIMOS) yields 
were substania1y lower. Clearly the possibility of mul-
tiple enolate formation sites and different reactivitias 
must be conboWng factors in the Dieckmann cyclizeitions 
of polysubstitud praline analogues such as 29. Never-
theless, we roinued this sequence with the phenyl 
analogue 30 eduction with i,Select.ride afforded the 
alcohol 31 as the only detectable isomer (NMR). Treat-
ment with hydtchIoric acid in methanol resulted in the 
hydrolysis of the lactarn to afford the corresponding 
lactone hydmhlorlde.32 Protection of the pyrrolidine 

(32) For a related acid-catalyzed lactam to lactone transformation, 
see: Plate, E.J., Lenna, M. R.: Morton, H. E ThiraheciranLelt, 1991. 
32, 3623. 

Ph 

?IXCO28n 

desired Isomer 

moiety as the N-Boc derivative afforded the lactone 32. 
Formation of the lithium enolate and treatment with 
acetone afforded the corresponding adduct 33 as a single 
isomer. Treatment of 33 with phosphorus pentachioride 
in dichloroniethane,33 in the absence of base, gave the 
side chain alkene derivative 34 in excellent yield. Reduc-
tion of the double bond, followed by ring opening of the 
resulting lactone 35 with 2-propylamine in the presence 
of trimethyIa1uminum.4 and catalytic hydrogenation 
alThrded the prototypical target 36. 

We turned our attention to an alternative route that 
utilizei the disubstituted praline scaffolds prepared from 
t-pyrnglutamic acid (Scheme 7). The reaction of the 
p.methoxyphenyl derivative 20 with the lithium salt of 
d$me.thyl rnethylphosphonate351 gave the corresponding 
phosphonate in 88% yield. }-IorneiŠ EmmonsŠWadswort h 
reaction in the presence of UC136 with methyl glyoxal 
gave the unsaturated ester 38 as a mixture of cis- and 
trans-isomers in 6896 yield. Hydrogenation of the 
double bond and subsequent reduction of both the ester 
and the ketone groups with sodium horohydride in 
methanol gave the dial 39 in 88% yield as a single 
cliasteroisomef. as ascertained by tH NMR. Selective 
oxidation of the primacy alcohol with TEMPO and iodo-
henzene diacetate’47 gave the corresponding lad one 40 in 
75% yield. We were now poised to introduce the isopropyl 
group via the corresponding lithium enolate as in the 
phenyl serIes (Scheme 6). Thus, treatment of 40 with 
L.iHMDS, followed by addition of acetone, gave the aldol 
product 41 as a single Isomer in 87% yield. Treatment 
of 41 with phosphorus pentarhlorid& at Š60 4C in 
dichlocomethare in the absence of added base gave the 
desired alkene 42 in 80% yield, whose structure and 
abso)uta configuration were ascerl ainod by X-ray crystal-
lograpL’ic analysis. The remaining steps followed closely 
the chemistry already described in Scheme 6. In this 
series, we opened the lactone ring with 1-huiy1amine8’ 
In the presence of trlmethylaluminum14 to afford the 
amide 43 in 73% yield. 

(33) Rehclers, F.: Hppe. D. Svntfler,is 1992, 859. 
(34) Nahm, S.; Wrfnreb, S. M. Th(rai;edrnn Ltt. 1981. 22. 2815. 
(35) Chakr’avarty, P. K,: Con’ibs, P.: Roth, A.: Creenire, W. J. 

7i’t,;thcdran Leo. 1981, 23, 611. 
36) Blanehette, M. A.; Choy, W.: Davis, J. T.; Essenfeld. A. P.; 

Mesnnune, S.; Roush, W. R.: Sakai, T. Tetrahedron Len. 1984 25, 
2183. 

(37) be Mico. A Margarita, R.; PadsnU, L.: Vr’scovi, A,: Piancatell), 
C. 2. org Ch,’m. 1997, 02, 0974. 
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a Reagents anditions: (a) MePOOMes, "BuLl, THF, 478 C, 88%; (b) CHOCOaMe, LIC!, MeCN, ’PrsNEt, 68%; (c) H2, 10% Pd/C, 
EtOAc, 90%: (d)iaH4, MeOH, 88%; (a) TEMPO, DCM, Ph1(Ac)2, 75%; (1) LIHMOS, Ti-IF, -78 C. then acetone, 87%; (h) PCI5, DCM, 
-60 C, 80%: (i) H 0% PCl/C, EtOAc, 90%: (j) "BuNH2, A1M3, DCM, 75%: (Ic) H2. 10% Pd/C, Me011, 3 days. 60%. 

Finally, cle.ava$e of the pyrrolidine TV-benzyl bond with 
10% Pd/C under an atmosphere of hydrogen at 60 psi 
gave the intendeo prototype 44 in 60% yield. The same 
sequence was adopted in the case of the syn-oriented 
analogue 45, rared essentially as described for the 
phenyl analogie 3 (Scheme 1). The sequence proceeding 
through the spb shown in Scheme 8 led to the lactone 
Intermediate Ø which was transformed to the n-butyl 
amide 50. d*rtunateiy, the same conditions that 
resulted in Sin 4th hydrogenolysis of the pyrrolidne 
iV-benzyl bonI n 35 and 43 were not successful with 50. 
A survey of *hr catalysts and conditions were tried, 

but only unchanged starting material was recovered (10% 
Pd/C. 10% Pd(OR)2. Pd black in methanol, at 60 psi for 
3 days. 

We have reported our strategies for the stereocon-
trolled synthesis of 2R-isopropyl-4S-hydroxy-55-amino-
7S-isopropyl-8-aryloctanoic acid amides representing the 
generic renin inhibitor structure 1, starting from the 
readily available t-pyroglutamic acid. The resident chiral-
ity in this versatile template was efficiently exploited to 
control the stereochemistry of the 4R-isopropyl group and 
to introduce the 5-aryl group, as well as being the source 
of the 5-amino group in the target structures (Schemes 
1 and 2). The difficulty in achieving lactam enolate 
alkylations with 2-propyl halides was circumvented by 
an aldol-type condensation with acetone, followed by 

(38) See, for e*ampk’.: (a) Pass. M. A.: Reid. J. A. Tetrahedron Lett. 
1992, 33, 1411. Q) 1tsuki, H.; Miyazaki, A.: Othi, M. Tetrahedrnn 
Letf, 1991, 32, 43 
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CHOCO2Me LICJ MaCN Pr2NEt 60% (d) M2,10036 Pd/C, EtOAc 
90%; (e) NaBI-l4, MeQH, then pTSA, toluene, reflwc, 40%; (I) 
L1HM1)S, THF, -78 PC, then acetone, 66%; (g) PC15, DCM, -60 
0C, 62%; (h) Hz, 10% Pd/C, EtOAc, 95%; (1) "BuNH2, AlMca, DCM, 
60%. 

S 

elimination to a 2-propenyl appendage, and subsequent 
reduction. Further chemical elaboration of the 4,5 
disubstituted proilne analogues afforded the enantiopur 
8-aryl-7-isopropyl-5-amino-4-hydroocyoctanoic acid skeI 
eton disguised as a pyrrolidinoiactone, 40. Stereocon. 
trol1d noIate alkylation with acetone as a 7S-isopropy 
equivalent, amide formation, and cleavage of the benzyii 
pyrrdlidine bond led to the intended targets exemplified 
by 36 and 44. The entire sequence shown in Schemes i, 
2, and 7 adopting the "fl-kethphosphonate" route consti 
tutes 18 linear steps starting with N-Boc-pyrogiutamU 
acid methyl ester and proceeds in an overall yield of 2.5%. 
Several intermediates were crystalline, and purifications 
were easily accomplished in other cases. 

Although the original plan as outlined in Figure 2 could 
not be realized past the Dieckmann cyclization step, It 
served as a visual stimulus to devise alternative strate-
gies that were successfully executed. The implementatin 
of these and related strategies to other aryl-substitute 
congeners of 1, and variations in the amide portlo, 
should prove useful in further fine-tuning the bio1ogicl 
profile of this class of novel inhibitors of reniri. 

Experimental Section 
General ProedWes. All commercially available reagents 

were used wltho4t Further purification. Solvents were distilled 
under positive pressure of dry nitrogen before use, THF and 
ether were distilled from K/benzophenone and CH402 and 
toluene Were distilled from CaC12. NMR (114, C, 31p) spectra 
were recorded on 300, 400, and 600 MHz spectrometers in 
CDCI3, and DEPT experiments were performed routinely. Low-
and high-resolution mass spectra were measured using fat 
atom bombardment FAB) or etectrospray techniques. 0ptkal 
rotations were rnasurod at the sodium line at ambient 
temperature. Flash column chrothatographyw was performed 

Flanessian et al. 

in the usual way using silica gel (40-60 ,urn. Melting points 
are uncorrected. 

4R- and 45.(1-Hydroxy-1-niethyletbyl)-5-oxopyrroli-
dlne-1 ,2S-dlcarboxyiic Acid 1-tert-Butyl Ester ZSMethyl 
Ester, 8. To a solution of 7 (15 g 61.7 mmol) in dry THF (600 
mL) at -78 ’C was added L1HMI)S (62.8 mL, 62.6 mmol, I M 
solution In THE), and the mixture was stirred at -78’C for 2 
ii. Dry acetone (2 ?.6 g, 5 equiv, 0.3 mel) was then added, and 
the mixture was stirred at -78 C for an additional 4 h. The 
reaction mixture was quenched with saturated ammonium 
chloride solution and allowed to warm to room temperature. 
The organic phase was separated, and the aqueous phase was 
extracted with ethyl acetate (3 x 200 ml.). The organic extracts 
were combined, dried over anhydrous sodium sulfate, and then 
filtered. The solvent was removed, and the residual pale yellow 
oil consisted of a 5:1 mixture of 8 and its 4-epimer, which was 
used directly without further purifimtIon (18.5 g. quantita-
tive): 1H NMR 300 MI-li, CDCI3) S 4.56 (dd, il-f, .1’2, 9 Hz), 
3.77 

(a, 

3 H), 2.79 (dd, 1K, J = 9, 12 Hz), 2.10 (m, 2 H), 1.48 
(a, 9K), 1.24 (s, 3K), 1,22 (a, 3K); hC NMR (75 MHz, CDCl 
5 174.9, 171.4, 148.9, 83.9, 71.0, 56.5, 52.6, 51.1, 27.8, 25. 1, 
24.9; LRMS (n212) (M’ + I) 302.2. 

4R- and 45-(l-Methyl-1-trlmothylsilanyloxyethyl)-5-
oxopyrrolldlne-1,2$.dicarboxylic Acid 1-te-Butyl Ester 
25-Methyl Ester, 9. To a solution of 8 (18.5 g, 61.4 mmol) In 
dry clichloromethane (600 mL) was added Imidazole (4.54 g, 2 
equiv, 0.13 mol), and the mixture was stirred for 5 mm. 
Chlorotrimethylsilane (6.48 g, 60 mine]) was then added in 
one portion, and the mixture was stirred at 0 C for 2 h. The 
reaction mixture was then filtered, and the filtrate was washed 
rapidly with distilled water (30 mL). The organic layer was 
dried over anhydrous sodium sulfate and filtered, and the 
solvent was removed under reduced pressure to give a yellow 
oil which was used without further purification (16.04 g. 
70%): JH NMR (300 MHz, CDCl) 6 4.52 (dd, 11.1, 3 = 2, 9 
Hz), 3.77 (a, 31-1), 2.55 (m, 1K), 2.37 (m, 1K), 2.01 (m, 1K), 
1.48 (a, 9H), 1,42 (s, 34. 1.38(s, 3K), 0.09 Is, 9K): 13( NMR 
(75 MI-li, CDC13 6 172.6, 172.2, 149.0, 83.1. 74.5. 57,0. 52.9, 
52.3, 29.8, 27.8, 26,1, 24,4, 22: MS (44 (M + 1) 374.2; HIMS 
(pz/z (M + 1) calcd for Cp HnNOSi 374.1982, found 
374.1999. 

4E- and 45.(1-Ilydroxy-J -niethylethyl)-5-methoxypyr-z-olldine-1,25-dicarboxylic Acid Wert-Butyl Ester 25. 

Methyl Ester, 10, To a solution of 0 (16.0 g, 42.9 mmcl) In 
dry TI-IF (400 ml.) was added at -78 PC DI?AL-H (80 niL, 80 
rnmol, I M solution In toluene), and the mixture was stirred 
at that temperature for 2 h. The reaction mixture was 
quenched with distilled water, and the organic solvents were 
removed under vacuum. The residue was suspended in 3 M 
NaOH solution, and the suspension was rapidly washed with 
ethyl acetate (3 x 150 niL). The organic extracts were 
combuxed, dried over anhydrous sodium sulfate, and filtered. 
The solvent was removed under reduced pressure to give the 
heiniaminal (15 g, 40 nunol) as a yellow oil which was dissolved 
in dry methanol 050 ml.), pTSA(cat.) was added, and the 
mixture was stirred overnight. Solid sodium bicarbonate was 
added, and the mixture was stirred for 20 min before the 
solvent was removed under vacuum. The residue was dissolved 
in ethyl acetate ad washed with distilled water. The organic 
phase was dried over anIydrous sodium sulfate and filtered, 
and the solvent was removed under reduced pressure to give 
a yellow oil. The oil was dissolved in benzene, and any residual 
water was removed azeotropically. The oil was then used 
directly without further purification (11.4 g, 95%): IR (neat) 
3516, 2978. 1750, 1110, 1470, 1458, 1438, 1368, 1300, 1203 

cm 4S-Isopropyt-5Sphenylpyrrolidlne.1,28-diearboxylic Acid Wert-Butyl Ester 25-Methyl Ester, 13. To a solution 

of 10 (1.0 g, 3.15 mmcl) in DCM (50 mL) were added DMAP 
(15,4 g, 12.11 mmcl), triethylamine (12.7 g, 12.6 mmcl), and 
MaCI (14.4 g, 12.6 mmcl), and the reaction mixture was stirred 
overnight. The solvent was removed under reduced pressure, 

(39) Still. W. C: Kahn, M.; Mitre, A. J. Org. Chem. 1978. 43, 2923. 
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and the crude was dissolved In ethyl acetate and washed 
sequentially with dilute HCI. saturated NaHCO3, arid brine. 
The organic layer was dried over anhydrous sodium sulfate 
and filtered. The solvent was removed under reduced pressure. 
and the crude was purified by column chromatography (1:9 
ethyl acetate/hexane) to separate the minor 4R-isomer to give 
ii as a colorless oil (0.688, 72%). To a solution of I I (600 mg, 
2.0 mmol) In ethyl acetate were added solid sodium bicarbon-
ate (large excess) and 10% Pd/C. The reaction mixture was 
stirred under an atmosphere of hydrogen gas. The solids were 
removed by filtration, and the solvent was removed to give 12 
as a colorless oil, which was used without further purification 
(500 mg. 82%). To a suspension of copper(II) bromide-
dimethyl sulfide complex (1.22 g, 4.4 equiv, 5.95 nunol) in 
anhydrous ether (5 ml..) at -78 C was added phenylmagne-
slum bromide (5.95 niL, 4.4 equiv, 5.95 mmol), and the reaction 
mixture was stirred at -40 °C for 45 mm, BF-OEt (0.84 niL, 
4.4 equiv, 5.95 mmol) was added at -78 °C, and the mixture 
was stirred for a further 30 min. The animal 12 (0.41 g. 1.36 
mmol) was then added and the reaction mixture was stirred 
at -78 C for I Ii and then slowly warmed to room tempera-
ture. The reaction mixture was quenched with a 1:1 mixture 
of NH40HINH4CI and extracted with EtOAc. The combined 
organic extracts were washed with brine and dried over 
anhydrous sodium sulfate. The mixture was concentrated and 
purified by column chromatography (1:4 ethyl acetate/hexane 
to yield 13 (yield 420 mg, 891/6): 11-1 NMR (300 MHz, CDCh 

o 7.38-7.10 (ni, 511), 4.97 (and rotainer at 5.1) (d, 111. J 
7.19 l-fz, 4.68 and rotCmer at 4.58) (d, 111, J= 10 1-17), 3.78 
(a, 3H, 2.35-2.20 (m, 211). 2.10-2.01 m, IM, 1.15 (a, 9H), 
0.91-0.85 (m, 411), 0,78-0,72 (ni, 311): FIRMS (ith) calcd fox 
C2o1sN04 347.2098, found 3472084. 

4&Zsopropyl-5$.pheny1-1,2$-dlcarboyllc Acid I -tort 
Butyl Ester, 14. To a solution of 13 (lOt) rag. 0.29 mmol) I 
THF (5 niL) and water (2 mL) was added lithium hydroxid 
(24 rug, 2 equiv. 0.57 mmol), and the reaction mixture wa 
stirred overnight. The THF was removed under vacuum, an 
the solution was extracted with diethyl ether and then acidified 
to p1-1 1. The aqueous phase was extracted with ethyl acetate 
the or,  extracts were dried over anhydrous sodium suifat, 
and t06 solvent was removed to give an oil which was treated 
with lid I in dioxane overnight. The solvent was removed under 
reduced pressure to give an oil Which was triturated with 
dlethyl ether to 14 as a white solid (76 rag, 80%): mp 162– 164 ’C dec; 111 NMR (free amino acid) (300 MHz, CDCI3) 
9.4-8.9 (br s, 2 I-fl, 7.38-7.25 (in, 51-1), 5.18 (d, 111, J 7 H4, 
4.91 (a, 11-fl, 2,40-2.05 (in, 311). 126 (m, 111), 0.8 (dd, 611, .f 
4,6 Hz); 13C (free amino acid) (75 MHz, CDCI3) 0 1715, 132.1 
129.1, 128,6, 128.7, 65.9, 58.6, 49.0, 32.1, 27.6, 21.6, 21.; 
LRMS (m/4 (M4 + 1) 234; HRMS (ith (M – 1) calcd for 
CI4H2sNO2 234.1485, found 234.1494. 

4.R- and 4S’(1-$ydroxy4-methy1ethyi)-5R-phenyLpy*-
rolidh*e-1,2Sdlcarboxy1ic Acid J-ter-Bttty1 Ester 2 -
Methyl Ester, 15 Copper(fl) bromide-dunethyl sulfide com-
plex (204 g, 99.6 mmol) was suspended in dry Ti-IF (450 mL, 
and the mixture was cooled to -40 ’C. Pheny]magnc’siutn 
bromide (99.6 ml-.. 99.6 mmol, 1 M In THF) was then added 
slowly at such a rate so as to keep the reaction temperature 
between -40 and ’-30 "C. After complete addition of the 
Grignard reagent, the yellow suspension was stirred at -30 
’C for I h. The reaction mixture was then cooled to -’18 C 
whereupon BFrOEtr (14,04 g, 99 niniol) was added, and the 
mixture was stirred at this temperature for 30 min. A solutlçin  
of 10 (7.5 g, 24.8 mmol) in dry TI-IF (60 niL) was then added, 
and the mixture was allowed to slowly warm to room temper-
ature and then stirred for 1 h. The black suspension ws 
quenched with a I:! mixture of aqueous ammonia and an-
mordwn chloride (00 niL). and the THF was removed witer 
vacuum. The residue was dissolved in diethyl ether (100 TA  
and washed with ammonium chloride solution. The aqueous 
phase was extracted with diethyl ether (3 x 100 mL), and the 
organic extracts were combined, dried over anhiydrous sodium 
sulfate, and then filtered. The solvent was removed, and the 
dark oil was purified by column chromatography (1:4 ethyl 

acetate/hexane) to afford 15 (5:1 mixture) as an off-white so! d J Oiq. Chem., Vol. 67, No. /2, 2002 4269 (497 g, 53%): nip 122-124 "C; :fk -11,92 (C 1, CHCb): ’H 

NMR (300 MHz. CDC13) O 7.44 (in, 5H). 6,96 (br, lI-fl, 5.00 (d, 
111,3 r" 14 Hz), 4.54 (ni, 111), 3.89 (a, 30, 2.71-2.40 (m, 31-fl, 

1.21 Cs. 31-1). 0,97 (s, 311) (free ambie): ’C NMR (75 MHz 
CDCi) /, 174.0, 153.1, 144,0, 128.3, 128,0, 126.6, 80.1. 71.4, 

63.0, 59.5, 57.9, 52.1, 30.2, 28.16 279, 27.7: LRMS (m14 (M + 1) 3641; HRIVIS (ir vt’ – 1) calcd for 364.2130, found 364.2124. 4R-’and 4S-(l-I-Iydroxy-1-methylethyl)-SR-(4-methoxy-phenyl)pyrrolidlne.1 ,ZSdicarboxylic Acid 1-tert-Butyl 

Ester 28-Methyl Ester, 16. To a solution of pbromoanisole 
(23 6g. 0. 126 niol) In dry THF (150 mL at -78’C was added 
n-butyl)ithium (83.2 niL, 0.326 r.nol, 2 M in hexanes, and the 
reaction ,nixture was stirred at --78 "C for 20 min. The lithium 
reagent was added to a stirring suspension of copper(1i) 
biomide-dimethyl sulfide complex (211 g, 0.126 mcI) at -78 

’C in ’I’HF (150 mi.), and the resultant black solution was stirred at -78 ’C for 1 Ii, BFrOEtr (35.8 g, 0.25 atoll was then 

addc’d in one portion, and the reaction mixture was stirred 
for a kirthr 30 mm. A solution of 10 as described above (8 g, 25.2 mmol) in dry THF (20 ml-.) was then added, and the 

reaction mixture was then allowed to slowly warm to recta 
temperature. Tire black suspension was quenched with a 11 
mixture of ammonium chloride solution and aqueous ammonia 
and extracted with ethyl acetate (4 x 30 niL). The organic 
fractions were combined, dried over anhydrous sodium sulfate, 
and filtered. The solvent was removed under reduced pressure. 
and the resultant yellow oil was purified by column chroma-
tography (1:4 ethyl acetate/hexane) to give a clear oil consisting 
of 5:1 mixture of diastereorners (4,56 g, 46%): luo - 9.3 (c 

1.3. CUCI:,): ’H NMR (400 MHz, CDCI:,) 07.51 (d, 211, J= 9 Hz); 684 (d. 211, J 8 Hz). 4M0-4.46 (m, 211), 3.79 (a, 6 H, 2.40-108 Cm, 311), 1.35-lit) (m. 1511); IiC NMR (75 Ml-{z, CDC13) 6 373,8, 158.3, 134,2, 136.6, 113. 3. 80,1, 71.2, 63.2, 60.3, 57.8. 55.1. 52.1, 30 1,28.7,28,1, 27.9, 27.8; LRMS (rn14 (M – 1) 394: FIRMS fnilA + I) calcd for’ CrrHs,NOc 394.2236, found ,594,222D, 4/.1sopropenyI-5R-phenylyrrolidine-1 ,2S-dicarhox-

ylle Acid 1-tr’rt-l3utyl Ester 25-Methyl Ester, 17. To a 
solution of 15 (3.2 g, 8.77 mmc)) in dry dichloronethane (240 
in[,) were added dry trlethylathine (3.55 g, 4 equiv. 35.2 mmol) 

and DMAP (4.3 g. 4 equiv, 35.2 thrnol), and the mixture was 

stirred ldr 5 nun at 0 "C. Methrr.nesulIonyh chloride (4.01 g, 4 
ecjrUv, 35,2 mmci) was slowly added, and the deep red solution 
was i-flowed to stir at room temperature overnight. The 
reaction mtxt.tn’e was quenched by the addition of animortium 

chloride solutio:r (20 rnL. turd ethyl acetate (100 niL). The 

organic phase was separated, and the aqueous phase was 
wasard with ethyl acetate (3 x 100 niL). The organic layers 
were combined, dried over anhydrous sodium sulfate, arid 
filtered. The solvent was removed under vacuum, and the 
crude red oil was purified by column chromatography (1:9 ethyl 
acetato/liexene) to give 17 in a colorless oil which solidified 

on standing (2.4c g, 81%): nip 46-48 ’C; JaJL, .36.4 (c 0.9, CHCli): ’H NMR (300 MHz. CDC1,) 6 7.53-7,17 (ni, 511), 4.8 br, li-fl, 4.67 (hr. 111). 4.3 (dd, 211. J= 9.20H7), 3.84 (s,311), 3.76 (d, 11-f, J’ 3Hz), 2.94 (ni, 1H, 2.15 (in, 21-1), 1.75-1.09 (hr rn, 1111): "IC NMR (75 MHz, CDCI.) 0 173.5.143.0, 127.8, 1274 28.6. 125.9, 113.0,80.3.66.4,59.1,34.952.1,33.4,28.1, 27. S. 20.2; MS (nr/I (M -i- 1) 346; FIRMS 9th’) CM"’ + 1) calcd Ic,’ C,,H;NO’ 3411.2013, for.ir.d 3462018. 4&1snpu’openy1;5R-(4-metho’phenyi)pyrrollcIine-1,2& dicarbaxylic Acid I -i’ert-Bu"1 Eater 25-Methyl Ester, 18, 

Toe sot:tion of iS (3.1 g, 741 numol) in dry dichlor-omethane 
(200 oil) were added dry tn1thylanrine (3.19g. 4 equiv, 31.13 

mmol), and DMA? (3.86 g, 4 equiv. 31.6 mmol), and the 
mlxturr was stirred fir 5 rain at 0 ’C. Methanc’sulfonyl chloride (3 8 g, 4 equiv. 31.6 mmol) was then slowly added, and rite deep red solution was allowed to stir at room 

temperreure overnight. The reaction mixture was quenched 
by the addition of rrmmoniujn chloride solution (20 niL) and 

ethyl nirtlate (100 ml). and the organic phase was separated 
and processed as described for 17 to give a rod oil which was 

purified by cciurnr chromatography (1:9 ethyl acetate/hexane) to give 18 as a colorless oil (2.40 g. 81%): (elu -12.55 (c I, 
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CHCh); ’H NMR (400 MHz, CDC1) ó 7.35 (d, 214, J = 8 Hz), 
674 (d 214 JŠ 7 Hz) 4.72-4.35  (m 31-!) 3.70 (s 40 366 
(s, 31-1), 2.05 (m, 214), 1.29 (m, 41-1), 1.45-1.02 (m, OH); "C NMR 
(75 MHz, CDC1 cl 173.4. 158.3, 141.8, 135.1, 128.1, 127.6, 
1110, 79,7,65.7.60,0,58.9,54.8,33,2,280, 20.7,13.9; LRMS 
(m/4 (M’ + 1) 3713; HRMS (rn/z) (M4 + 1) caled for C2,143,,N05 
376.2126, found 376.2124. 

4S1soprpyi-SRpbenyipyo11dlne-1,2$.cflcarboxylic 
Add 1-tai’t-Butyl Ester 23’Methyl Ester, 19. To a solution 
of!? (2.46 g, 7,13 rnmol) In ethyl acetate (300 niL) was added 
10% Pd/C (150 mg), and the mixture was reduced under an 
atmosphere of hydrogen at 40 psi for 24 h. The catalyst was 
filtered, and the solvent was removed under reduced pressure 
to give a colorless oil which solidified on standing and was used 
without further purification (2.23 g. 90o); nip 48-50’C; lu)o 
Š31.6 (c 0.9, CHCI,): ’H NMR (300 MHz, CDCI,) a 7.29 (m, 
5H) 4.6 (1)1’, 114), 4.36 (m, 114), 3.82 (dd, 114, J = 4,9 Hz), 3.72 
(s, 314), 2.1-2.0 (m, 31-1), 1.6 (m. 11’!), 1.39 (s, 3H), 1.09 (s, 6H),i 
0.85 (d, 314. J 7Hz). 0.70 (d. 3M, J= 6Hz) (free amine) ’C 
NMR (75 MHz, CDCl5) 6 173.7, 143.9, 128.2, 127.9, 126.9, 
126.6, 126.2.80.3,65.9,59.1, 53.7, 52.1, 29.6, 28.1, 27.8, 26,9,i 
211,17.6; HRMS (rn/z) (M’ + 1)calcd for C20M,,JN04 348 ,21681 
found 348.2175. 

4&IsopropyJ-5R-(4-methoxypheny1)pyrro1idine-1,25 
dicarhoxyflc Acid WertŠButyl Ester ZSMethyl Ester, 204 
To a solution of 18 (2.3 g, 6.1 mmol) in ethyl acetate 000 niL) 
was added 10% Pd/C (200 mg), and the mixture was reduce 
under an atmosphere of hydrogen at 40 psi for 24 h. The 
catalyst was filtered, and the solvent was removed ut,dek’ 
reduced pressure to give 20 as a colorless cli which was used 
without further purification (2.08 mg, 90%): [ct],) Š22.9 (cO.8. 
CHCI,); ’H NMR (400 MHz, CDCI:,) 6 7.47 (d, 214, J = 91-17), 
6.85 (ci, 214, J= 8 Hz). 4.61-4.30 (m, 214), 3.80 (s, 614), 2,13-

0.73

.13-

0.73 (m, 614): "C NMR (75 MHz, CDC11) 6 173.7, 158.3, i54., 
135.9, 128.1, 113,1. 79.6. 65,4, 59.9, 51.9, 29.6, 27.8, 21.6, 17.. 

4S-Isopropy1-5)?-pheny1pyro1ld1nc-1,2Sdicarboxyl)c 
Acid 1 -tart-Butyl Eater, 21. To a solution of 19(100mg. 0.29 
mmtd) in 10:1 MeOHfwater (5 mL) was added lithium hydrox-
ide (1.5 equiv, 0.44 mmcl), and the reaction mixture was 
stirred at room temperature overnight. Methanol was removed 
under reduced pressure, and the aqueous phase was extracted 
with diethyl ether (2 x 10 niL), acidified to pH 1, and thn 
extracted with diethyl ether. The solvent was removed under 
reduced pressure to give a white solid (91.7 mg, 95%); ml> 
200 ’C; 114 NMR (300 MHz, CDCI;,) 6 7.28 (m, 514), 4.51 ’(d, 
114, JŠ 8Hz). 4.33 (d. 1H, JŠ 7Hz), 2.43 (in, 114), 2.16 (in, 
114), 1.88 (in. 114), 1.69 (in, 114). 1.1 (m. 1.514); ’3C NMR 75 
MHz, CDC1 6 177.0, 142.9, 128.2, 127.0, 126.8, 66.4, 60.2. 
53.7, 27.8, 21.6, 17.8; LRMS 00 – 1) 334; HRMS (zhI 
cakd for C,H25NQ4 334,2025, found 334.2018. 

1 (2 Beuzyloxycarbonylznetbyl 3 R S-inethy1butyri1) 
4&isopropy1-5Rphenylpyrrolid1ne-25carbo’ftc Aid 
Methyl Ester, 22. To a solution of 2-isopropylsuccinic acid 
monoberizyl ester (405 mg, 2 equiv, 1.62 nimol) in thy dici10-
romethane (4 mL) at 0 C was added 8OPCI (4)1 ing, 2 equiv, 
1.62 mmcl), and the reaction mixture was stirred at 0 d for 
2 h. A solution of the free amine of 19, obtained by treatment
with TFA 200 mg. 0.81 mmo1), and dUsopropylethylarnine 627 
mg, 6 equiv. 4.86 mmoll In dry dichioroniethane (5 niL) was 
then added, and the reaction mixture was stirred at room 
temperature overnight. The reaction mixture was diluted with 
ethyl acetate and then washed sequentially with dilute 
hydrochloric acid (35 roL), sodium bicarbon’ate so1utior (15 
n-iL), and brine (IS mL). The organic layer was dried over 
sodium sulfate and then filtered, and the solvent was renoved 
under vacuum to give a brown oil. Purification by column 
chromatography (1:2 diethyl ether/hexane) gave 22 (1: 1  mix-
ture of diastereomers) as a colorless oil (330 mg. 85%): ’H NMR 
(300 MHz. Ct)C1,) 6 7.68-7.37 (in, 1014). 5.15-4.81 (m 314), 
4.64-4,56  (m 114) 3.85-3.52  (m 314) 2.87-2.74  (in 1H) 
2,64-2.58 (in, 114). 2.49-2.24 (in, 214), 2.17-1.92 (in, 314), 
1.68’-1.60 Cm, 21--fl, 1.50-1.43(m, 11-1), 1.08-0.29 (multiple dd. 
3014); "C NMR (5 MHz, Clxi,) 6 175.9. 173.2, 172,9.143.s, 
128.5, 128.4, 128.2, 128.1, 127.9, 127.8. 127.7. 127.4, 127.2, 

3?v 
’?o;p 
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127.1,126.5, 68.2, 59.4, 55.6, 52.0, 45.2, 44.2, 33.3, 31.7, 29.7, 
28.7, 23.2, 21.6, 20.8, 20,6, 18.9. 17.9, 14.0; LRMS (m"4 (M-
+ J) M-1-I) 480; HRMS (mlz) (M I + 1) caicd for C25H,,N05 480.2762 
(’cued 4802750. 

2Diisopropy1-3R-phnny1hcxahydrolndoRzlne-5,8-
dion, 24, To a solution of 22 (275 xng, 0,57 mmcl) it, dry THF 
(50 mL) at Š78 ’C ,.,vas added KHMDS (4.513 niL. 2.28 mmdl, 
0.5M in toluene), and the reaction mixture was allowed to 
warm to Š50 "C and stirred at that temperature for 3 ii. The 
reaction mixture was quenched with saturated ammonium 
chloride solution (20 niL), and the organic phase was sepa-
rated. The aqueous phase was extracted with ethyl acetate (3 
x 30 n.), the combined organic phases were dried over sodium 
sulfate and filtered, and the solvent was removed under 
reduced pressure to give 23 as a Crude oil. The oil was dissolved 
Immediately in methanol (5 ml.), 10% Pd/C was added. and 
the mixture was stirred under an atmosphere of hydrogen gas 
for 3 h. The catalyst was removed by passage through a pad 
of Celite, and the solvent was removed. Purification of the 
resultant oil by column chromatography (1:4 ethyl acetate/ 
hexane) gave 24 as a colorless oil (54 ing. 30%, two steps): to.h, 
Š25.8 (cO.5, CHCI;,): ’H NMR (300 MHz, CDC1,) 6 7.32-’7.05 
(m, 514), 5.30 (a, 114), 4.29-4,10 Cm, 11-1), 2.86-2.74 (in. 21-), 
2.43-238 (in, 11-1), 2.25-2.05 (in, ZH), 1.93-1.87 (in, 114), 
1,83-1.72 On, 114), 1.71-1.87 (in, IF-i), 1.10 (t, 31-1,.!"" 6Hz), 
0.99 (t, 31-1, J 6 Hz); "C NMR (75 MHz, CDCI,) 6 170.4, 
142.4,128.5,128.3,124,1, 64.6.63.8,52.3, 49.6, 39.2,30.1.29.6, 
28.3, 28.0, 22.6, 21.2, 20.8, 20.8. 20.1; LRMS (m/ (M + 1) 
313. 

85-Hydroxy-2S,6R-dulsopropyl-3R-pheriylhexahydroln-
dolizin-5’one, 25. To a solution of 24 (54 mg. 0.173 mrnol) in 
dry THF (2 mL) was added T,-Selectride (0.21 mL, 0.23 nimoL 
1 M solution In THF), and the reaction mixture was stirred at 
Š78 "C. AftCr 2 h, the reaction Was quenched by the addition 
of saturated ammonium chloride solution, and the mixture was 
warmed to j’ooin temperature. The organic phase was sepa-
rated, and the aqueous phase was extracted with ethyl acetate 
(3 x 10 niL), The organic phases were combined, dried over 
anhydrous sodium sulfate, and then filtered. The solvent was 
removed under vacuum IC give a clear oil. Purification by 
WIMP chromatography (1:3 ethyl acetate/hexane) gave 25 as 
a white solid (33 mg. 1301/16): nip > 180 "C; o.Ju –4.0 (c 0.3, 
CHCI,); IR (CHCI,) 3684, 3620, 3019, 1658, 1602, 1522, 1476, 
1423, 1046,928 cm 1; ’H NMR (300 MHz, Clxi,) 67.38-7.11 
(in, 51-i), 4.91 (be s, 114), 4.18 (br s, IF-i), 3.68 (dd. 214, J"’ 5. 
12 Hz), 2.58-2.53 On, 214), 2.26-2.18 (di., 114, J = 6, 12 Hz), 
2.06-2.0 On, 11-9, 1.77-1.65 (rn 414), 1.13 (ci. 3M. J = 6Hz), 
0.96 Cd, 314, J 6 Hz), 0.90 (ci. 314. f"’ 7 Hz), 0,84 (d, 31-I. J 

7 F17); 13C N’vIR (75 MHz, CDCl,) 6 170.5, 144.2, 128.1, 
1213.0, 1253, 649, 64.3, 80.9. 52.8, 42,0, 30.1, 29.6, 27.8, 27.6, 
213, M5,19.8’117.3; LRMS (mI4 (M + 1) 316; FIRMS (in’4 
(M 1- 3) calrd for C,,,H,NO, 316.2291, found 316.2276. 

2S4sopropylpent-4-enoic Acid. 27. To a solution of 26 
(500 mg. 2.26 mnrnol) in a 2-propanol/water mixture (10:1, 50 
mL) was added zinc metal 8.81 g, 135,6 mmcl, 60 equiv), and 
the mixture was heated to rehlux for 5 Ii. The reaction mixture 
was cooled, and the 2-propanol was removed under vacuum. 
The aqueous phase was acidified to pH 1 and extracted with 
ethyl acrtate, The organic fractions were combined and dried 
over anhydrous sodium sulfate, and the solvent was removed 
under reduced pressure to give 27 as a dark oil which was 
pumif1d by column chromatography (ethyl acetate) to give a 
colorless oil (I 9a xng, 60%): ’H NMR (400 MHz. CDCI,) 6 5.70 
(in, 11-1), 5.113 (in, 11-1), 4.97 (mu, 11-), 2.19 (m. 214). 2.38 (in, 
111). 2.15 Cm. 114). 1.01 (cL 614). 

2Sisopropylsucclnic Acid Monobenzyl Ester, 28, To 
a solution of 27 (150 nig. 1.06 mmcl) in TI-IF/water (0 I, 5 niL) 
was added sodium metaperiodate (0.45 g. 2.1 mmcl), and the 
reactioil mixture. was stirred. Osmium tetroxidt’ solution was 
added (cat.), and the reaction mixture was stirred overnight. 
The solvent was removed, and the aqueous phase was ex-
tracted with ethyl acetate. The combined organic extracts were 
dried over anhydrous sodium sulfate and then concentrated. 
The crude aldehyde was dissolved in acetone arid treated with 
the lones reagent at 0 "C. The reaction mixture was quenched 
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with excess 2-propanol, the solvents were removed, and the 
crude acid was purified by column chromatography(ethyl 
acetate) to give 2S.isopropylsuccfnic acid as a colorless oil. To 
a solution of the diacid (100 mg, 6.25 mmol) in dichloro-
methane (5 rnL were added benyl alcohol (101 mg, 935 
mmol), EtN 94 rng, 9.31 mmol), and EDC (178 rug, 9.3 mmI), 
and the reaction mixture was stirred overnight. The solvent 
was removed under reduced pressure, and the residue was 
dissolved in ethyl acetate and then washed sequentially With 
dilute 1-JCI (10 ruL), NaHCO3 solution (10 ml), and finally 
brine solution (10 mL). The organic phase was dried over 
anhydrous sodium sulfate and concentrated. The crude 
mofloester was purified by column chromatography (1:4 ethyl 
aceateJhexane) to give 28 as a colorless oil (62.5 rug, 40%): 
HNMR 6 7.19 Cm, 51›, 5.34 s. 214), 2.98 (m, 1H, 2.48 rn, 

2H), 2.15 m, IH), 1.01 Cd, 61-IL. 
1-(3-Beuyloxycarbonylpropionyl)-4S.isopropyi-5R-

phenylpyrrolidinc-2$-carboxylic Acid Methyl Ester, 29. 
To a solution of succinic acid monobenzyl ester (2.35 g, 11.3 
mrno), 2 equiv) in a mixture of dry dichloromethane and DMF 
(50 mL. 4:1) was added BOPCI (2.9 g, 11,4 nimol, 2 equiv), 
and the mixture was stirred at 0 C for I h. A solution of the 
amne of 19, obtained by treatment with TFA (IA 8, 5.7 mmol), 
In dichloromethane (20 mU and Hunig’s base (4.4 g, 34 rnrio1, 
6 equiv) were then added, and the reaction mixture was stirred 
at room .temperature overnight. The solvents were removed, 
and the residue was dissolved in ethyl acetate (10 ml). the 
organic phase was washed sequentially with dilute HCI, 
saturated sodium bicarbonate solution, and then brine. The 
organic phase was dried over anhydrous sodium sulfate, and 
the solvent was then removed to give a dark oil. Purification 
by column chromatography (1:4 ethyl acetateihexane) gave 29 
as S pale yellow oil (2.2g. 891Y.): kt]L) -22.3 (c 0.6. CHCJY ’H 
NMR (400 MHz, CDCIi) 6 7.62-7.18 (m, 101-I), 5.10-5.02 dd, 
21-f, i = 24, 12 Hz). 4.69 Cd, IH, J13 HzL 4.63 Ct, I  ,L’= 
7 H4. 3.79 (s, 3H), 2.77-2.69 (m, IN, 2.52-2.31 (m. H). 
2.13-1.85(m. 41’I), 3,67 (m, 11-1), 0.94 (d, 6H, J= 71l4;!’C 
NMR (75 ?vfl-lz, CDCL, 6 173.0, 172.5, 171.7. 142.4, 135.9, 
128.7, 128.4, 128. 1, 127.97, 127.9, 66.2, 66.1, 60.2, 59.4, 55,3, 
521, 29,4, 29.0. 28.8, 28.7, 27.6, 21:6, 20.9, 18.3, 14,1: lR’ds 
(in/z), + 1) 438i FIRMS (m14 (M 1’ 1) calcd for Cl-IO5 
438.2288. found 438.2280. 

25-Isopropyl.3R.pbenylhexabydrolndollzlne-5,8Jdl-
one, 30. To a solution of 29 (2.0 g, 4.6 mmol) in dry THF (450 
niL.) at -20 "C was added sodium niir-pentodde (1.5 g. 13.6 
mmol), and the reaction mixture was stirred at that tem$r-
attire until there was no remaining starting material detixted 
by TLC. The reaction mixture was quenched by the addition 
of saturated amrnonlum chloride solution, and the TI-IF was 
then separated. The aqueous phase was extracted with ethyl 
aetCtate (3 x 30 ml), the organic extracts were combined and 
dried over anhydrous sodium sulfate, and the solvent was 
removed to give a yellow oil. The crude product was dissoIved 
in methanol (50 ml), 10% Pd/C was added, and the reaclon 
mixture was stirred under an atmosphere of hydrogen gas. 
The catalyst was removed by filtration, the solvent Was 
removed, and the residue was purified by column chrmatug-
raphy (1:1 ethyl acetate/hexane) to give 30 as a yellow oil 570 
rug 46%) lob +1507 (cO CHCh) IR (neat) 2962 172 
1693. 1802, 1429 cm’: ’H NMR (400 MHz, CDCI3) 6 7.ç34-
1.02 (m, 5H). 5.04 s, 11-0, 4.26 (t, Ili. J8Hz, 2.75 (in, 4H), 
2.18 (m, 21-I), 2,0-1.5 (nz 21-I). 1.10-0.99 (m. 61-I); "C NMR 
(75 M11z, CDC13) 6 207.6, 169.2, 141.9, 130.3, 126.9, 126. 1. 
124.8, 64.9, 63.6 34.9, 31.1 30.8. 26.9, 20.9. 20.1; LRMS(rn’ 
4 (M" + 1) 272; FIRMS (inI4 (M" – 1) calcd for C17H2D2N 
272.1659, found 272.1650. 

zin-5-one, 31. To a solution of 30 (451 rug, 1.6 mmol) indry 
THF (10 ml..) at -78 "C was added 1,-Selectrkle (2.5 mLJ 2.5 
rnmol, 1 M solution in TI-IF), and the reaction mixture was 
stirred at -78’C for I h. The reaction mixture was quenched 
by the addition of saturated ammonium chloride, and the 
solution was extracted with ethyl acetate (3 x 10 niL) and 
dichloromethane (3 x 10 ml). The organic extracts were 
combined and then dried over anhydrous sodium sulfate. The 
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solvents were removed, and the resultant oil was purified by 
coluam chromatography (ethyl acetate) to give 31 as a white 
solid (300 rug, 66%): irip> 200 "C; [ixl, +8.12 Cr0.8, CHCI3): 
IR (CDCl) 3428, 2972, 1731, 1635, 1451, 1410, 1373, 1250 
cm’; Ili F.IMR (400 hfl-lz, (iDC13) 6 7.36-7.13 (ii,. 51-1), 4.94 
(s, IH), 4.17 (s. IH), 3.70 (dd, IH, JT = 12, 5 Hz), 2.6-2.5 (in, 
11-1), 2.35-2.31 (in, 1H), 2.1-1.9 Cm, 314), 1.77 (dd. 11-I, 1 
13, 6 Fl,.), 1.66 (s, 21-0, 1.14 (d, 31-I, J" 6 Hz), 0.95 (d, 31-I, .J 

8 Hz): C NMR (75 MHz, CDC1 6 168.0, 143.7, 128.2, 
126.2, 64.4, 63.8, 61.3, 53.l 29.8, 29.2, 27.3, 27.1, 21.4, 20.5; 
LRMS (nn/4 + 1) 274: FiRMS (rn/4 (M- + I) calcd for 
C17H.,NO2 274.1819, found 274.1807. 

3Sisopropyl-SS-(5-oxotetrahydroftu’an-2$yfl-2R-phenyl-pyrrolldine-1-carboxyllc Acid tert-Butyl Ester, 32. To a solution of 31 (300 rug, 1.1 mmol) in methanol (4 mL was 

added concentrated I  (4 inL), and the reaction mixture was 
heated to refiux for 3 days The solvents were removed, the 
crude lactone was dissolved’ In dry acetonitrile (5 ml), DMAP 
(268 rug, 2 equiv, 22 mmol), triethylamine (450 mg, 4 equiv, 
4.4 moral), and But anhydride (650 rug, 2 equiv, 2.2 mmol) 
were added, and the reaction mixture was stirred overnight. 
The solvent was removed under reduced pressure. and the 
crude was dissolved in ethyl acetate and then washed sequen-
tially with dilute i-Id, saturated sodium bicarbonate solution, 
and brine, The organic phase was collected and dried over 
arihydrous sodium sulfate, and the solvent was removed to give 
a dark oil which was purified by column chromatography (1:3 
ethyl acetate/hexane) to give 32 as a colorless oil 245 mg, 60%, 
two steps): l.Io -27.05 (c0.8. CHCl,); ’H NMR (40(1 MHz, 
CDCI:,) 67.29-7.18 (m;5H), 4,63-4,61 (in, il-I), 4.40 (s, 111). 
4.21 (in. li-i), 2.39_.2.49 (o), 214), 2.36-2.15 (in, 31-1), 1.96-
1.88 (in. IH), 1.77-1.73 (in, 2H), 1.24 (a, 914), 0.94 (d, 314, J 
7 Hz), 0.82 (d, 31-1, 1= 7 lix); IC NMR (75 MHz, CDC14) 6 
176,8, 155.9, 143.7. 128.0, 126,6, 82.7, 80.1, 66.5, 59.5, 52.3, 

29.5, 28. 7, 28.5 28.3. 28.0, 27.6, 25.4. 21.9, 17.5; LRMS (rW4 

(M’ – 1) 374; FIRMS (m (M – 1) calcd for CH3?NO4 
374.2320, found 374.2331, 

55- [45-(i -H,-droxy-1-methylethyl)-5-oxotetrahydro-ftiran-2S.yl]-3S.lsopropyl-2R-phenylpyrrolldine-1-carbox-ylic Acid telT-Butyl Ester, 33. To a solution of 32 (240 rug, 

0.63 mmol) in c,y THF (8 niL at -78 "C was added LIHM’DS 
0.7 ml, 1. 15 equiv, 0.7 mmol, 1 M solution in Ti-IF). and the 

reaction mixture was stirred for 1 h. Dry acetone (187 rug, 5 
equiv. 3.2 mmol) was then, added, and the reaction mixture 
was stirred f8,an additional I h. The reaction mixture was 
quenched by the addition of a saturated ammonium chloride 
solution and extracted with ethyl acetate (3 x 10 mU. The 
combinrl extracts were dried over anhydrous sodium sulfate, 
and the -solvent was removed to give a dark oil. Purification 
by column chromatography (1:4 ethyl acetate/hexane) gave 33 
nsa colorless oil (235 mg, 850A): kr]o +2.18 (r0.6. C1-lC13): ’H 
NMR (400 MHz, CDC),,) 6732-7.19 (rn. 51-), 4,48 (s, IH). 4.15 
ft, 111, .J"" 8 liz), 2,83 (t, Ili, 1= 10 Hz), 2.27-2,10 (in. 21-i), 
1.97-1.88 Cm, li-fl, 1.76-1.67 (a. 2H. 1.31 (s, 171-1), 0.94 Cd, 
311, .1 = 7 114, 0,84 (d, 3H,. .1 = 7 1-14; 13C NMR (75 MHz, 
COd3) 6 1783, 143.6, 128.2, 128.7, 126.4,80.3,70.9, 59.7,52,3, 

48,0, ?9.6.28,6, 28.4, 29.9, 27,1, 25.4.21,9,17.3; LRMS nzI4 (M - I) 432; FiRMS (,ri/4 (M" + 1) calcd for 

432.2750, found 432.2749. 
54S-Isopropenyl-5-oxotetrahydrofuran-23.yl)-35- lsopropyl-2R-phenylpyrrolidine-1-carbox,yllc Acid felT-

Butyl Ester, 34. To a solution of 33 (100 mg: 0,23. mmol) in 
dry dichloromethane (4 mL) at -60 "C was added P05 (53 
nigi LI - equiv, 0.25 mmol). and the reaction mixture was 
stirred for 30 nun. ’lire reaction mixture was quenched with 
saturated sodium bicarbonate solution and then extracted with 
dichlororuetirrune (3 ’.- It) nil..). The combined organic extracts 
were dried over anhydrous sodium sulfate, and the solvent was 
rernoveul to give a yellow oil. Purification by column chroma-
tography (1:9 ethyl acetate/hexane) gave 34 as a colorless oil 

(77 mg. 801o’): lizju +3,63 (c 0.6, Cf-Id3) IH NMR (400 MHz. COCI,) 6 7.29-7.16 (in. 51-0. 5,0 (s. 21-1). 4.55 (a, lH), 4,40 (s. 

11-1). 4.Z0 (t. 11-I, J = 7 HzL 3.38 (t. 1H, .1= 8 Hz), 2.40-226 
(in. 3H). 1,07-1,62 (ru. 51›1) 1.50-1.0 (s. 9H), 1.0-0.8 (in, 61-I); 
’3C NMR (75 MHz.. CDCJ:,)6 182.1, 176.3,143.7, 139.7.128.1, 
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126.6, 126.5, 114.3, 802, 68.8, 59.4, 52.3,46,9, 30.9. 30.8, 28., 
27.9, 27.4, 24.3, 21.9, 21,8, 17.4, 14,0; LRMS (m/4 (M + 1) 
414; FIRMS (rn/4 (M + 1) calcd for C2,H3fNOi 414.2632, fourd 
414.2644. 

3$.Isopropyl..5S(4&lsoprOpyl..5-oxotetrahydrofuz’an-
2S’yI)-2R-phcnylpyrrolidine4-carboxyftc Acid text, utyI 
Ester, 35. To a solution of 34 (75 rag, 0.18 mmol) in ethS’l 
acetate (5 inU was added 10% Pd/C, and the reaction mixture 
was stirred under an atmosphere of hydrogen gas. The catalyst 
was removed by filtration, the solvent was removed, and the 
residue was purified by column chromatography (1:9 ethyl 
acettte/hexane) to give 35 as a colorless oil (68 mg, 901io): Jo, 
+0.14 (c06,ŁCHC1); IR CDC1 2965,2932, 1771, 1739, 1691, 
165t, 1604, 1440. 1369, 1336, l3l2cm;H NMR I400MHz, 
CDC13 67.25-7.15 m, 5}i, 4.95 s. 114), 4.62 (s. IH), 3.93 (t, 
IH, J- 6 Hz), 2.60 (m, IH), 2.35-2,24 (rn. 41-1), 1.96-1.0 
(ra, 41-I), 1.48-1.0 (s, 8H), 1.0-0.8 (m, 121-I); 13C NMR (75 MHz. 
CDC13) 6 178.4, 160.3,139.7, 128 1. 125.7, 126.5, 82.8, 709, 
54.9, 54.2, 51.7. 41.9, 28.6, 25.7, 25.4, 19.5: LRMS (Im’z) (M 
+ 1)416; FIRMS (in/z) (M + 1) caled for C25HNO4 416.278, 
found 416,2801. 

11(2-Beayt3ethy1buty1)-hydroxy-4Sisopio-
pylcarbamoyl-5..inethylbexyl]carbarnic Acid tertBntyl 
Ester, 36. To a solution of isopropylamine (43 rag, 4 equiv, 
0.72 mmol) in dry dichloromethane (1 mL) was added tn-
methylalumlnum (0.37 mL, 2 M solution In toluene, 0.4 
mmol)., and the reaction mixture was stirred at room ten-
perature for 5 min. This solution was then transferred ia 
cannula to a solution of 35 (75 rag, 0.18 mmol) in dry dl-
chloromethane (2 niL). The reaction mixture was then stirred 
at room, temperature overnight and quenched with a saturated 
solution of ammonium chloride, The organic phase was 
soprated, and the aqueous phase was extracted with di-
chloromethana (3 x 10 rnL). The combined organic extracts 
were dried over anhydrous sodium sulfate and then fi1tercI. 
The solvent was removed to give a dark oil whk1’i was u$d 
directly in the next 

step. 

To a solution of the amide (20 rag, 
0.042 mmol) in methanol (3 mL) was added 101/6 Pd/C (40 mgi. 
and the reaction mixture was stirred under an atmosphere of 
hydrogen gas at 60 psi for 3 days. The reaction mixture was 
filtered, and the solvent was removed under reduced pressure 
to gWe a pink oil. Purification by column chromatography 
(1:3 ethyl acetate/hexane) gave 36 as a colorless oil (10 rag, 
50%): lain -15 (c 0,6, CI4C13): IR (CDCI3) 3330, 2950, 167, 
1620,1513, 1358, 1438, 1246, 1041 cm: ’HNMR (400 MHz, 
CDCII) 6 7.30-7.14 (m, SI-I), 5.53 (s, 11-1), 4,64 (d, IH, J=g 9 
Hz), 4.11 (in, IH), 3,53 (Cl, ØH, J = 7 Hz), 3.43 (in, 11-1), 2168 
dd, IH, J = 7, 5 Hi), 2.47 Idd, 11-I, J = 13, 7H7, 2.0-183 
(in,3H), 1.76-0.76 (m, 24H); C NMR (75 MHz, CDCl: 6 
178.2, 157.0, 139.4, ’128.3, 125.7, 73.0, 70.2, 52.8, 44.1, 41.6, 
39.6.:3L6, 30.5, 28.7. 26.4, 23.7, 20.1, 19.1: LRMS (m/4 

+ 1) 477; HRMS (risz) (M + 1) calcd for C21-1.,,N204 
471.3686, found 471.3692. 

Butyl Ester, 37. To a olution of dimethyl methylphosphonate 
(2.98 g, 6 equiv, 24.0 mmol) In dry THF (SC) niL) at -78 C 
was added nbutyllithiurn 00.56 mL, 6.6 equiv, 26.4 mimI, 
2,5 NI In hexane), and the mixture was stirred for 30 rain at 
-78 1C. A solution of 20 0.5 g. 4.0 mmol) in TI-IF (50 raL) 
was added, and the reaction mixture was stirred for 3 i at 
-78 C. The reaction mixture was quenched with saturated 
ammonium chloride solution and then extracted with ethyl 
acetate (3 x 30 xnL, The organic phases were combined, ditiod 
over anhydrous sodium sulfate solution, and filtered. The 
solvent was removed to give a colorless oil which was purified 
by column chromatography (1:1 ethyl acetate/hexanc) to ive 
37 as a colorless oil (1.648,88%): laIn -108,3 Ic 0.8, CHC7L13); 
IR ICDC1 2959, 1726, 1687, 1613, 1514, 1463, 1392, 1$6, 
1248.1178, 1033 cm; ’H NMR (400 MHz, CDCI3) 6 7,3d (Cl, 
211, J= 8 6.83 Id, 2H, J 8 H, 4.60-4.30 (in, 2H), 3.32-
3.78 (2s, 9H), 3.60-3.2 (in, 214), 2.16-1,94 (in, 31-). 1,63 (in, 
11-1); 1.37-1.30 (in, 3H), 1.11 (s, 61-1), 0.92-0.79 (in, fiR); C 
NMR (75 MHz, CDC15) 6 201.6, 158,3; 154.7, 135.8, 128.2, 
127.6, 113.2.80.1, 65,6, 55.1, 53.5. 52.9, 39.4. 38.1, 27.9, 21. 8, 
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18. 1: LRMS (rn/4 (M -F 1) 470; FIRMS (r?I/ (M + I) calcd 
for C. ,H,NNaO7P 492.2140. found 492.2127. 

45.Isopropyl-SS-(3-mcthoxycarbonylacryioyl)-2R-(4-methexyphenyl)pyrrolidine-1-carboxyllc Acid tert-Butyl 

Ester, 38. To a solution of the fl-ke.tophospl-ionate (1.5 g. 3.2 
maini) in dty acetonitrlle (75 mL) were added LiCI (536 rag. 4 
equiv. 12.8 inmul), CHOCO2Me (1.12g. 4 equlv, 12.8 mmol), 
and 1-lunig’s base (1.65g. 4 equiv. 12.8 mind), and the reaction 
mixture was stirred overnight. The solvent was removed under 
reduced pressure. and the residue was dissolved in ethyl 
acetate and washed sequentially with dilute Rd. saturated 
sodium bIcarbonate solution, and brine. The organic phase was 
dried over anhydrous sodium sulfate and then filtered. The 
solvent was removed under reduced pressure to give a dark 
oil which was purified by column chromatography (1:4 ethyl 
acetace/hexane) to give 38 in ayellow oil (935 nig. 68%): laIn 

-33 (c O.6. CHCl:): ill (dL)CL3) 2960, 1731, 1683, 1813, 1513, 1392, 1304. 1247, 1175, 1034 cm’; ’I-I NMR (400 MHz, CDCl o 7.40-7.26 On, 3H,l, 6.86-6.83 (in, 314). 4.76-4.32 (in. 21-), 

3.78 (s. 61-1). 2.0 (a. 31-1). 1.60 (a, IH), 1.33-0.70 (m, 151-1); liC 
NMR (75 Mi-iz. CDC1 6 198.0, 165.6, 158.4, 154,6, 137.1, 

136.7, 131.2, 128.2, 127.5. 113.2, 80.1, 85.5. 64,6, 55.1, 53.5. 52.2, 28.1, 27.9, 21.7, 17.8: LRMS (ni/i) IM 1) 432: FIRMS 

(mn’z) (M + 1) calcd for C1134NO6 432.2400, found 432.2386. 
5(I,4S-Dihydroxybuty1)-4S.isopropyl-2R-(4-metboxy-phnrayl)pyrrolidine-1-earboxylic Acid tert.Butyl Ester, 

38. To a solution of 38 (900 mg, 2.1 mmol) in ethyl acetate (40 
ml) was added 1(Y% Pd/C, and the reaction mixture was stirred 
under an arrno.phrre of lydrogen gas. The catalyst was 
filtered, and the solvent was removed under reduced pressure 

to give a colorle$s oil which was purified by column chroma-

tography (1:9 ethyl acetate/hexane) to give a colorless oil (813 
rug. 90%): 1a10 p29.89 (c 0,8, CHC15); LRMS (ni/i) (M + I) 

434; FIRMS (in/i) ()4 + 1) caled for C24H:5N05 434.2556, found 
434.2542. To a solution of the above compound (750 mg. 1,73 
minol) in inthanol (40 mL) was added sodium borohydride 

and the reaction was stirred until no remaining 
starting materidi was obseryed by TLC. The react ion mixture 

was quenched wit II saturated annnonium chloride solution, 

and the solvent was removed under reduced pressure. The 
crude v.ss dissolved i, ethyl acetate and washed with water. 
The organic phase was dried over anhydrous sodium sulfate 
and thtn filtered. The solvent was removed under reduced 

pressure to given colorless oil which was purified by column chromatography (ethyl acetate) to give 39 as a colorless oil (620 me. 88%): (ala -37,88 (cOO, CHCh); ’H 14MR (40(1 MHz, CDC)j 6 7.17 Id, 2H. J 8Hz). 6.82 (Cl, 2H, J’ 81-14,4.37 d, If .J = 8 1-14,3.91 (t, IHI J= OHs), 3.77 (a, 3M), 3.68 (m, 3H), 1.112 (in, 1)1). 1.80-’-1.61 (in. 81-1). 1.13 (a, OH). 0.89 (d. 3H. .1 7 1-Is), 0.82 (d. 31-1, .1 ’ 9 H4;’C NMR (75 MHz. CtICU ’S 158.3. 135.9, 127.5, 113.4.80.8, 75.9, 65.6,63.3,62.8, 60.2, 5b,1 52.8, 329, 29.1, 28.9, 27.9, 27.5, 21.7. 17.9, 14,0; 

LRMS (ni/i) (M + 1) 408: HRMS (ni/i) (M + I) calcd for 
Ci-1,NO 408.2742, found 408.2750. 45-lsopropyl-2R’(4-methoxyphenyl)-5.5.(5-oxotelxahy-drof’uran-25-yI)pyrrolidirie-I -carboxylic Acid tert-Butyl Ester, 40. To a solution of 39. (510 rug. 125 minol) in 

dichlon’;netl-mne (12 mL) Were added TEMPO (19 rug) and 
iodobeiamcnc cbarc’t.ate (807 rag, 2 equiv. 2.5 mmol), and the 

reaction mixture was stirred for 6 h. The reaction mixture was 
quenched with sodium thiosulfate solution and then extracted 

w1G cli.’. hioromethane (3 x’30 mL). ’l:he organic phases were 
combiucd, then dried over anhydrous sodium sulfate, and 
filtered. The solvent was removed under redued pressure to 
give a c ,,k eli which was purified by column cinomatography (1:2 ci hyl aceiate/hr’xnr,e) to give 40 as a colorless of] (379111g, 75%): )cr}, -8.53 (cO.8, C1101-3): IR (C1Xi13) 2961, 1778, 1691. 1613,1513,1-389.1366. 1247, 1173. lii. 1032 cm*’: ’II NMR (400 Mdx, CDC1-) 67.22 Id, 21-1, J = 91-14,6.83 (’Cl. 211, J= 8 Hz); 4.9 (in, 11-1). 4.30 (a, 11-1), 420 (in. Ili), 3.78 Is, 31-1), 2.52 (in. ?1-). 2.34-2.20 (ni, 31-), 2.04-1.70 (in. 31’1), 1,25 Is, 91-fl. 0.02 (3 31-1, J 7 Hz). 0.80 (d, 3M. J 7 1-14; ’C NMR (75 M1-17, (DCI:) 6 117,0, 158.2, 135.7, 127.9. 113.4, 80.1, 66.2, 59.6 3" 1.4. 51.4, 52 3, 29.1. 28.5, 28.0, 26.0. 25.4, 2.1.8, 17.8: 



S 

LA 

Stereocontrolkd Approaches to CCP-6053613. 

LRMS (rn/4 (M’ + 1) 404; HRMS (rn/4 (M + 1) caled 
C23H4140 404.2427. found 404.2437. 

l-carboxylic Acid ertSuty1 Ester’, 4L To a solution of 40 
(300 mg. 0.74 mmoi) in dry THF (10 mL) at -78 C was added 
LIHMDS 0.82 mL, Li equiv, I M solution In THF), and the 
reaction mixture was stirred for I h. Dry acetone 215 mg, 
equiv, 3.7 mmol) was then added, and the reaction mixture 
was stirred for an additional I h. The reaction mixture was’ 
quenched by the addition of a saturated ammonium chioridO 
solution and then extracted with ethyl acetate 3 x 10 mL). 
The combined extracts were dried over anhydrous sodttnn 
suIfatt, and then the solvent was removed to give 41 as a dark’ 
oil. Pu’iflcation by column chromatography (1:4 ethyl acetate/ 
hexane) gave the product as a colorless oil (299 mg, 87%): frdo 
+306 (r08 0403) ’H NMR (400 MHz CDCl3) ô  721 d 
21-1, j’= 9H4, 6.84 (d, 2H, J 8 Hz), 4.61-4.1 (as, 21-0, 3.79 
s, 31-1), 2.83 (t. 114, 10 Hz). 2.40-2.1 (ni. 21-1), 1.91 (ill, 
IH), 1.66 s, 2%), 1,31 (so, 171-0, 0.93 (d, 31-1, J = 6 Hz). 0.32 
(d 3% J’ 7 Hz) ’C NMR (75 MHz CDCI3) 1784 1583 
135,6. 127,6, 113.5,80.2,70.9,59.7, 53.1, 52451.0,48.9.29.1, 
28.9, 28.3, 28.0, 27.5, 25.4, 21.9, 17.5; LRMS (rn/i) (1…4 + I) 
462; FIRMS (rn/i) (M + 1) calcd for Ce,HNOe 462.2845, found I 

462.2855. 
54S.Isopropenyl-5oxotet.rahydrofuran-25-yl)-4$-

isopropyl-ZR-(4-methoxyphenyl)pyrroiidiue-1-earbox-
ylic Acid tert-flutyl aster, 42. To a solution of 41 (150 mg, 
0.33 mmol) in dry dichlorornethane (8 mL) at -60 C was 
added PCIS (74 mg, 1.1 equiv, 0.36 mmoi), and the reaction 
mixtur was stirred for 30 solo. The reaction mixture was 
quench6d with saturated sodium bicarbonate solution and 
extractcd with dichjorornethar,e (3 x 10 mL), The combined 
organic extracts were dried over anhydrous sodium sulfate, 
and the oIvent was removed to give a yellow oil. Purification 
by co1unn chromatography (1:9 ethyl acetate/hexane) gave 42 
as a white solid (115 mg, 80%: lab +5 (c 1, 0H03); JR 
(CD03) 2967 1781 1752 1686 1813 1513 1457 1387 1200 
1247, 1172, 1148 car’; ’H NMR (400 MHz, CDCl 5 7,21 d, 
2H. J8Hz), 6.82 (d, 2%. J = 9H7.), 4.99 (s, 11-1). 4.92 (s, 
11-), 4.5 (s, 11-0, 4.35 (s, 11-), 4.15 (t., IH. .J = 7Hz), 3.76 (s, 
31-fl. 3.34 (t,, 11-1, .J = 8Hz), 2.33-224 (tn, 3H), 2.02-1,71 (in, 
6%), 1.23 (s, 91-1), 0.0 (d, 31-1, J = 7Hz). 0,79 (d, 3%, J = 6 
Hi) "C NMR (75 MHz CDCI,) 51764 15133 1397 1278 
113.4, 80.1, 66.1. 59.6, 55.1, 52,2. 46.9, 30,9. 293. 28.0, 27.8, 
21.8, 17.7: LRMS (rn/i) (M4 4 1) 444; HRMS (rn/i) (M’ + I) 
calcd for CzoHs&NOi 444.2736, found 444.2750. 

5S.(3-Butyicarbamoyl-1 S.hydrwy-4S.methy1penty1)-
3$-lsopiopy1-2R-(4’.methoxypheny1)pyrro1idine-1-car-
bozyllc Acid tert-Butyl Ester, 43. To a solution of 42 (100 
mg, 0.26 jnmol) in ethyl acetate (7 mL) was added 10% Pd/C, 
and the reaction mixture was stirred under an atmosphere of 
hydrogen gas. The catalyst was removed by filtration, then 
the solvent was removed, and the residue was purified by 
column chromatography (1:9 ethyl acetate/hexane) to give a 
colorless oil ’90 mg, 90%): (all.) +2.4 (c 0.8, CHC1’j; LRMS (n 
il (1vI’ + 1) 446; H1MS (tm’4 (M + I) caird for CajH:zNO 
446.2910, found 444.2906. To a solution of n-butylamine (52.6 
m, 4 equiv, 0.72 mmo)) in dry dlchloromethane (1 inL was 
added trimerhylaiurninuns (0.36 mL, 2 M solution In toluene, 
0.71 mrnol). and the reaction mixture was stirred at room 
temperature for 5 solo, This solution was then transferred via 
cannula to a solution of the above compound (80 nag. 0.18 
mmoi) in dry dichlorometharie (2 ml.). The reaction mixture 
was stirred at room temperature overnight and quenched with 
a saturated solution of ammonium cIdoride. The organic phase 
was separated, and the aqueous phase was extracted with 
dichioromethane (3 x 10 mL). The combined organic extruets 
were dried aver anhydrous sodium sulfate and filtered, and 
the solvent was removed. The residue was purified by column 
chromatography (1:3 ethyl acetate/hexane) to give 43 as a 

colorless oil (70 nig. 750/u): [ti0 -31.9 (c 0.8, CHCIi); 1% (CDC)3) 3322 2959 1740 1651 1538 1514 1464 1401 1367 1289 1247 1175 1153 car’ "H NMR (400 MHz, CDUi)5715fii 2%, J = 8 Hi), 6.81 Id, 2%, .1 8 Hi), .5,89 (s, 1%), 4.30 (d, lei J. Oiq. (Then,,. Vol. 67. No. 12, 2002 4273 li-I, j"= 13Hz). 3.87 (t, Il-i, J’ 81›17), 3.79 (s, 31-1), 3.51 (t, 1%, 10 Hi). 3.34-13.20 (so, 2H), 424 (so, 11-1), 2.17-1.62 (so. 61-1), 1.51 (in. 21-1), 1.41-1,15 (in, 14%), 1.0-0.73 (so, 12%); "SC NMR (75 MHz, CDCIi) 5 175.1 158.2, 136.2, 127.6, 113.3,80.7, 73.7. 65.5, 63,9, 55.1, 52.8, 50.5, 38.8, 36,6, 31.7, 30.2. 28.8, 27.8. 27.$.21.6,21.2,2l,l.20.l, 19.9, 18.1, 13.6; LRMS (rn/i) 

(M’ --1) 519: HRMS fin/i) (M + 1) calc,1 for C.,H50N205 
519.31306, found 519.3798. 2R1propy1-4hydrozy-5&N-butoiçycarbamoyIamino-731 propyl4p-methoxyphenyloctanole Acid /V-

Butyl
-amide. 44. To a solution 01’ 43 (30 rug, 0,058 mniol) in 

methunsi (3 mU) was added 10% Pd/C (50 mg). and the 
reactio mixture was stirred under an atmosphere of hydrogen 
gas a 60 psi for 3 days. The reaction mixture was filtered, 

and the solvent was removed under reduced pressure to give 

a colored oil which was purified by column chromatography 
(1:2 ethyl acetato/haxmme) to give 44 as a colorless oil 08 rag. 60%): (tib-;17,2 (c 0.7. CHCis: JR (CDC13) 3333, 2958, 1693. 1623, 1513, 1155, 1366. 1246, 1175. 1044 cm"; 11-1 NMR (400 Mflz, (.DCI) 5 7.09 (d. 2H, J9 Hz), 6.79(d; 2%, J 8Hz), 5,85 is, 11-0. 4.66 (d, Ili, J"" ip Hz). 3.77 s, 314), 3,52-3.17 (so, 4%). 2.61 (n), 11-0. 2.38 (n, 11-fl, 2.05-1.90 (so, 2%), 1.60 (so, 41-I, 1.5 (s, 91-1), 1.08-0.71 (m, 22%); 15C NMR (75 MHz, CDC1) 5 157.5, 156.11, 1333), 129.9, 113.4, 79.1. 7i.O, 55,1. 53.7. 51,3. 42.4, 39.6, 346,. 32.2. 31.8, 31.6, 29.6, 29.2. 28.3, 27.9, 22.6, 21.1, 20.4, 20.0, 16.6, 14.0, 13.6, 12.1; LRMS (rn/i) 

+ 1.)521: 1-1TMS (’n/i) (M+ 1)’calcd for CSeHS3NSOS 521.3941, 
four&,i 521.3054, 4S-Lsopropyi-55(4-methexypheny1)pyrro11dine-1,2S-. dicar’boxylle Avid i-terc-Butyl Ester 2-Methyl Ester, 45. To a sr;utiorr of p.Liromonisole 0 8.7 g. 5 equiv. 0.1 soot) in th’ TIlt’ (150 niL) at -78 °C Was added n-butyilithium (44 

mU. 0.(! mmnol, 2.5 M in hexants), and the reaction mixture 
wa- yt’Ored at -78 "C for 1 6. The lithium reagent was then 

a stirring solution of copper(II) brornide-tiiinethyl 
sullidr complex (70.5 g, 5 equiv, 0.1 soul) at -78 "C, and the 
rcmsuI/a1t Ijiad solution was stirred at.,-79 "C for I 0, I3F’ 

Ott (29.4 g, tO equiv, 0.2 soofi was added in one portion, and 

the rea:tion mixture was stirrrkl for a further 30 ruin. A 
soluriuu of the mrmir’ai 12 (6 g, 20.’, amo1) in dry ’rHF’ (20 mL was arnleo. and the reaction inbture was allowed to slowly Warm to room tenperature (black suspension). The mixture was q,. :nchcd with a 1:1 nii,ctrn/e of ammonlum chloride soluti," and aqueous ammonium hydroxide and extracted with etl’,yl mm,:etrte (4 x 50 niL). The organic fractions were corn-bin’s). dried over anh9d.roussodiurn sulfate, and filtered. The 

solvent was ren:ove’j under reduced pressure. and the result-
ant Vci.LoW oil was purified by column chromatography (1:4 
ethyl o’etste5mexaue) ’to give 45 as a clear oil (5.29 g, 70%): 
JR (new.) 3019,2976. 1746. 1686, 1612, 1586, 1512. 1395, 1368, 1299, 1.115,  1178. (160, 10311, 757 crrm ; fl NMR (400 MHz, CDCJJS 7.0i-l--6.’77 (m, 41f). 4,90 (d, il-I. J 7 Hz), .1.63 (d, I 1, ./ 6 He), 3.77 (s. 31’), 3.71 (s. 3%), 2.22-2.0 (m, 4%), 1,331:5 )s. 91-ij, 0.84--0.7 (t, $1-): eC NMR (75 MHz. C1)Cl 5 173,9 158. 4, 152.9, 133.2. 128.7115.8, 113. 1,79.9,83.8, 50, 3, T5M, 52,2. 49.9.3)9, 27.9. 27.6, 21.7.20.9; LRMS (MC7: FIRMS (,’c/z) (M) calcd for C,H-,,NO5 377.2210, 7 /.2202. I propyl-5S.(3-incthoxycarhonylacryloyl)-2S-(4- met1ioxyphenyflyrrolldine-1-carboxy1le Acid tcrt-Butyl 

E4-ter, 16. To a selulioa of dimethyl rirethylphosphonate (3.9 
g. 

11 re iv, 31.0 TI,OIUI) in dry THE (80 mIS at -78 "C was add’:d ti botyllitl’durn 03.611111’. 6.4 uqolv_ 34.1 mintrl, 2.5M 

so] :,(ior m, hcwanrs(, and the mixtUre was stirred for 30 mEn 
at --78 ’C. A"smiutun 01,45 (29. 5.31 sonrol) was then added, and the r’eartmoa mixture was stirred for 3 It at -78 C. The rpar.000 mixture was quenched with saturated animoniurn chl)rid,’ sol,iion and extrrsted with ethyl acetate (3 s 30 mL. Thr s ;ariic oh.,scs wart’ combined, dried over anhydrous 

,sodin:e ’..’ult’at solution, and then filtered. ’l’lie solvei,t was 
remove 1 nt give a colorless oil 11.99 g. 80)6) which was used )mrn.d.mI eh in Us’ next st p. To a sç4utiori of the fl-ketophos-phunat. (L94 g. 4.14 mr)iol) hi dry acewnitrile (10 ml.) were 

adder ICI (370 mg. 5 cuiv, 20.7 mont), methyl glyoxalete 
(1.03 . :1 eqrv, 20.7 tnmbfl, and Hunig’s base (2.67g. 5 equiv, 
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21 uM), and the reaction mbtture was stirred overnight. The 3. ’, 23. 25.9,25.4; LRMS (ndzl ON  V’+ 1). 462: HRMS 
so1’eit was removed under reduced pressure. and the residue (in’A (M I- .i)cekd for Cnli.jaNOo 462.2864. found 4622855. 
was dissolved in ethyl acetate and washed sequentially wtb 5S-($&1iopraenyl-5’$.etrahydrof*ra*25yfl-4S-
dll6t MCI, saturated sodium bicarbonate solution, and.brLe. lsopr-ZS.(44nethoicypheny1)pyn’oUd1nei.carbo-.. 
The organic phase was dried over anhydrous sodium sulitate ylic /t Id tert-1v.&yI Este*, 49. To a solution of 48 (100 mg, 
and then filtered, The solvent was removed under redced 0.22 ouriol) .ii dr’ dlchlormetJiane (2 mL) at Š60 .*C was 
Pressure to give a brown oil which was purified by coItmn added .2Ci (50 mg, 1.1 equiv, 024 minol) and the reaction.. 
chromatography (1:4 ethyl aceta tcfhemne). to give 46 $ a mixru ft ’a stirred for 30 thin. The reaction mixture was 

Ł yriIw oil (1.0 g. 60%): fail) -4.76 ((0.6, CHC1): IR (ClCl) qut’dched with satwated sodium bicarbonatt solOtiod and then 
Ł

 
25&1730, 1693, 1611,1521,1394,1247, 1034cm 1; NMR.. ectractad with dk’hloromothane (3 10 mL) The.omhined 

Ł .(40( MHz. CDC,) ô  724 (d. 1H. 1 16Hz), 1.04 d, IH J 
8z), 6.85Š$.79 44, 4.9 211),3.77 OH), 

orgarO’: extracts were.dr1d over anhydrous sodium sulfate, 
(so, (m, (m, 2.24Š and t.e solvent was reni’6d to give a yellow oil which was 

19 (m, 4H), 1.25-1.14 s $H, 0,82 (t. 3H, J 6 0.08.0, purid by columo chromatography (1:9 ethyl acetate/hexane 
H, J 6Hz); ac NMR (75 MHz, CbCb)a 197,8, 165.7 f585, to give 49 as a colorless oil (59 mg. 62%).: ’-’65 (c). CHCi; 
E130 1316 1287 11.31 799 643 l94 52Z 

27.9, 21,6, 21,6, 20.9; LRMS lM’ l 4$2; 
IR ((DCI) 92 1176 1G93 1651 P113 1456 1456 1366306, 1:71. 1HNMR400Mflz,CDC1) (,n14 + - 1208. I?49, 1179.112cm°;  

S (m) ’l I) calcd, for C HNO5 4a2.2386, found 3 6.OtJ (1. 2ft J ii Hz., 6.80 (d, 21-i, J 9 Hz), 5.0-4.5 (so. Ł 3.2396. .  (t Ift J Š8 Hz). 2.63 On, 11-I), 2.2-
4S-)sopropyl.2$.(4-rnethopheny1)-5$(5oxtorah 226 (n. 3jLbj 2.09-165 (so. W. 1.04 (s, H). 0.98-0.75 (so, 

drofuran ZS-yl)pyrroHdrne I carboxylic Acid teruty1 OHi …. NM (7 Mi-li CDCl) ô  176 .3, 1584 155-7. 1400 
Etter. 47. To a solution of 46 (I g, 2.32 mmo1) In ethyl acetate 133.9, 128.5,)114.3, 133.1.81.0, 79.5, 65.7, 58.7,55.1,50.0,47.1, 

. (5 niL) was added 10% Pd/C, and the reaction mlZtue was 
sirred under an tnosphere of hydrogen The cata1st was 

31.2, 31L5, 28.2; 27.1, 211, 1,1, 20.3; LRMS (rth4 (M +Ł 1) 
444: ’IIRMS(;th) (M" f ) calcd forC’,,51 lsNO 444.2741, found gas. 

Altered, and the filtrate was processed as usual to give a Ł. 
61orless. oil which was purified by column chromatqgraphy Ł. 

(.i:9 kerncser 

444.2750. . . . 
5S.(8-&tyknrbampyi-1S-hydroxy-4$inethyJpenty1)-

ethyl acetatO/hexanO to give the saturated as a 4Ssr4:ropd.2&(4-rnethnzyphenypyrrcftdine-1.cathox-
/ colorless oil 904 mg, 90%: lab, Š5.8 (c 0.5, CHC1,) LRMS ylk’ Ald ’ert-Ruty1 Ester, 50. To 6 solution of 49 (50 nig.. 

mJz (M’ + 1) 434; HRMS (m14 + 1) ealcd for CHNO5 0.1 tirunol) ía  ethyl ac.t6te (3 soL) was added 10% Pd/C. and 
434,2342, found 434.2551. To a solution of the above conpound the ia1:tl4n mlxi urn was stirred under’ an atmosphere, Of’ 
500 mg, 1.15 mInol) In methanol (20 niL) was addei sodium hydro gui gets. The cauiyst was filtered. solvent was removed. Ł 

* 
Ł 

borohydrtde (excess), and the reaction was stirred at (I C until ant lie residue was pir4u3ed.by column ehrpmatograpby (1:9 
Ł ..

 
’there was no remaining starting material (observed (iy TLC). ethyl to give a col4less oil (48 mg, 951,16): IO.iu Ł 

. j The reaction mixture was quenched by the addiion of a "-&8. d 1, CHC.ld; LRMS (m14 (M + )) 446; HRMS (ai’4 

solution of am nionmm chloride, and the solvets were re M I- I) ’th d for (j-i eNO 446 2914 found 446 2900 To a 
e mixture was trituted with diethyl ether, and .. moved. Tile *’a solution of.n botylamine (26 mg, .4 equ)v. 0:36 ituno1) to dry Ł Ł Ł the solvent was removed under reduced pressure tog ye a dark dicld,)rltnethane Ii tL) Was added trinnethylalumlnuni (0,18 

oil. The oil was dissolved In toluene (5. niL), pTSA cat.) was niL 2 lI sOlution in toluene. 0.36 somol), and the reaction 
added, and the mixture was heated to reflux for S h. The mi’ctu:’c was stirred at room temperature for 5 min. This 
toluene was removed, and the crude was purified iy column Ł solutk’ was transfrred via cannuki . to a oIutlon of the 

Ł chromatography (ethyl acetate) to give 47 as a cqlorlcss oil . Ł lai’r,ne 40 m, 0.0 mind) In dry dichlorometliane (2 inL). 
(186mg, 40%: La Š16 (cO.7, CHcls);IR(CDCI3}.2929, 1780. Ł . The leaction nixrure was stirred at room temperature over-
1693, 1611, 1513, 1462, 1386, 1250, 1118, 1032 cal l; ’H NMR night aidquerirhad with a saturated solution of anirnonium 
(400 MHz, Ct)Cl,) 6 1.01 (d, 2H, J8 Hz). 6.74 (d/ 21-1. J= B chloride, and the oranic phase was separated. The aqueous 
Hz, 4.93 (in, 111), 4.62 (s, 11-0,4.04 (so, 1H), 3.73 (ii, 3H), 2.4$Šphase 

510, 
extracted with dichloromethana (3 , 10 ml:..), and 

220(m, 2.08Š 1.10 (in 311). 1.31 (a OH). 101 (d  3H. J= Ł the ru’bnic oi’gahk extracts were dried over anhydrous 
Ł Ł B H4, 0.92 d, 31-1, Jr 8 Hz); "C NMR (75 MH, CDC13a SOdiur.’ su1Itie tad Illuned. The solvent was removed togive Ł 

172 .8, 159 .2, 159 .1, 131 6 129 3 113A, 83 8 68 2 560 549 
5.8, 

a dark m s hich s purified by column chromatography (1 3 .  
51.0, 41.8; 25.4. 26.4. 20.1, 17,8: LRMS (rn(z3 + 1) ethyl a taic/hexaisi) to give. 50 as a colorless oil (28 mg, 

Ł . 404; HRMS nz + 1) calcd for CnHuNOu 4042427., found 6044: 1d,, Š30.1 0.9 CHCI3); IR (CDCI,) 3307, 2958, 1660, Ł . 404,2448.. ’ Ł : Ł Ł 15;3. ).1i14, 1391, 1366, 1248, 1178, 1113cm-’: ’H NMR (400 
Ł Ł MHz. CDCIJ 7.00 01, 2H, J= 8H7, 6.81 (ci. 214, J=9 Hz). 

5.91 (rn, 114), 4.76. (d. lii.]. 7 Hz), 4.11 (1, lH, J 9 144, 
Ł Ł. 1-carboxvflc Acid tort-Butyl Ester, 48. 5 a solution c441 Ł 3.79 1,. 34 3.35 (1, Ili, 3 11 1-47), 3.30-3.19 (in, 21-). 2.19-

050mg, 0.037 mind) in dryli-IF (4 niL) at Š78’Cwas added 12(1 (ii.. 1714), 1 Otl (a, 91’l), 0-95 0.71 (m, 2211); 15C NMR (75 .* L1HMDS (041 mL, 1.1 equiv, I M solution in TI-IF), and the MHz..(_f’iCl,) a 175.1, 1583, 133.6, .128.4. 113.4, 80.2, 74.7, 
reaction niixluie was stirred for A h Dry acetone (107 mg 1 65 ,0, 5 1 55.1.,41,4 .7, 38 .7, 36 .8, ’II 7 30.3. ’303 27 8 27 .6, 

Ł equiv, 0.18 rnma1 was then added, and the reation mixture Ł, 21 8.?i1. 210. 0.0, 13.7; LRMS (nt) (MI + fl 519; HRMS 
i Ł was stirred far an additIna1 1 h. The reaetLon mlzture was (zie.r) tM’ + I) cakd for C,,,H51N205 519.3800, found 519.3798. 

quenched by the addition of a saturated ammonium chloride . . 

Ł / solution and then extracted with ethyl acetate (3 x 10 niL) 
Ł Th combined extracts WCre dried over anhydrous sodluni 

ikw1t’dient We thank NfsRCC and ox Ciba Ł 
suflate, and the solvent  was removed to giye a dark oil.’i’ 

G&rv. 1,ir netTereu.c financial support through the 
. . Ł Chair. .’ . Ł uc Ł nm sti  Program.. e a r. Purification by column chromatography (1:4 ethyl acetata/ 

1ieane) gave 48 as a colorless oil (113 mg. 66%: lak ’-il.S (c MLe1-c S,marr icr X-ray analysis. 
1, CHCbH ); ’ NMR 1400 MHz, CDC13 a 7.00 (d, 214, i= 8 

Ł Ł 
Ł 1 1z, 6.81 (ci, ?Ti, ,J 9Hz), 4.78.(d, 114, .J fI Hz), 4.60 (in, 

111), 
&t,pporting inForniation Available: Sciocted ’11 and nc 

free Ł Ł 111), 4.41 (rn, 3.78 (rn 311), 2/75 (in, 21)1 2.40-1.70 (m, spºttru.  hits x,ah.rla1 Is available or charge via the 
Ł SH). 1.34-1.17 (2s. 91-). 1.05 (a, OR, 0,90-0tI5 (m. 6H) C Thlri’e at hrtp:uiihs.acs.urg. 

’ Ł . NMR (75 MI-li. CDCI3,l ó 183.1. 182.8, 160.1, 138.1, 132.7, Ł 

Ł 

’ 117.3, 85.4i 83.8, 73,2, 70.0, 63.4, 59.4, 04.2, M,3, 35.8, 32.4, Ł Job l ri 841 Ł . 

2; . Ł ’ . . . . .. 


