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Yo, DILIA RODRIGUEZ D’ALEMAN, identificada corno aparece al pie de mi . firma, dorniciliada en la carrera 11 No. 86-53, piso 6, obrando como apoderada 
de la sociedad NOVARTIS AG dorniciliada en Basilea, Suia, solicitante dc la 
patente dc la referencia, inte/pongo reciirso de too  contra la resolucion No. 
23612 dci dia 30 de abril de 2010, expedida pot ci Superintendente de Industria y 
Cornercio, pot rnedio de la cual se niega ci privilegio de patente para la solicitud 
contenida en ci expedicute dc la refetencia. 

1. FUNDAMENTOS DEL RECURSO 

1.1 Mi mandante se permite manifestar a ese despacho que se reafirma en 
todos y cada uno de los argumentos que hacen parte integrante de la respuesta al 
oficio de fondo No. 16158 notificado por fijación en lista ci dia 19 de diciembre 
de 2008, presentada ante ese despacho el dia 16 de matzo de 2009, y al ofieio 
5681 notificado por fijación en lista ci dia 15 de mayo de 2009, presentada ante 
ese despacho ci dia 12 de agosto de 2009. 

1.2 El indebido anÆlisis del Nivel Inventivo 

En su resolución ci  examinador insiste en objetar ci five1 inventivo de la presente 
solicitud, argurnentando que para ci tØcnico con habilidad ordinaria en la rnatcria 
habria sido obvio derivar la invención en estudio a partir de lo dicho pot las 
anterioridadcs Dl a D3. Al respecto ci solicitante quisiera hacer los siguientes 
comentarios: 

Ninguno de los documentos citados pot ci examinador enseæa o sugierc al 
tØcnico con habilidad ordinaria en la materia las condiciones necesarias para 
obtener vaisartan en un medic, bÆsico, De hecho, Dl y D2 sugieren ilevar a cabo 
las reacciones de arninación reductiva en un proceso aparte de la reacción 
principal. Aunquc ci examinador tiene ta26n en cuanto a las condiciones de p1-i y 
presencia de una fuente de protones capaz de garantizar la reacción, para ci 
tØcnico con habilidad ordinaria en la materia no es fÆcil derivar a partir de las 
condiciones de la afinación reductiva de Dl, D2 o D3 un proceso que incorpore 
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dicha etapa de arninación reductiva sin que sea necesario itnplementar un proceso 
apartc. Esto, de pot si, es un efccto sorprendente de la presente invención, ya que 
ci arte previo no menciona nada a! respccto. 

Es clam que todas las reacciones de los procesos de Dl y 1)2 se ilevan a cabo en 
un medio Æcido y que la afinación reductiva se ileva a cabo en una reacción 
aparte, en un mcdio bÆsico. Para ci tØcnico con habilidad ordinaria en la materia 
no seria obvio simplementc a parfir de sus conocimientos, los cambios necesarios 
para permitir que la totalidad de la reacción se ileve a cabo en medio bÆsico, 
particularmente porque ninguno de los documentos citados enseæa o sugierc 
cuÆles deben set estos carnbios 

10 La presente solicitud enseæa un proceso para obtener Valsartan y una serie de 
compuestos intermedios itti1es en procesos sirnilares. Todo ci proceso se ileva a 

cabo bajo condiciones bÆsicas, lo cual hace necesario incorporar otras 
condiciones, otros reactivos y otros grupos protectorcs que no se menclonan ni 
sugieren en el estado de la tØcnica. 

El examinador parece enfocarse esencialmente en las formulas de los intermedios 

y en el proceso de afinación reductiva, sin tener en cucnta las condiciones totales 
del proceso, que tambiØn forman parte de la materia reclamada pot ci solicitante. 
Establecer que para ci tØcnico con habilidad ordinaria en la materia serla obvio 
hacer los cambios necesarios para pasar de un proceso de dos etapas, una en 

medio âcido y otra en mcdio hÆsico, a un proceso dc una sola etapa que se lieva a 

cabo totalmente en medio bÆsico no significa que sea cietto. El arteprevio no 

. enseæa ni sugicre como ilevar a cabo las dems reacciones en un medio Æcido y el 

examinador no proporciona evidencia a1ina que dernuestre que dicho 
conocitniento ya forrnaba parte de los conocimientos propios dcl tØcnico con 
habilidad ordinaria en la, materia. En este sentido ci artIculo 18 de la Decision 

486 seæala que "Se considerarÆ que una iwención tiene nivel inventivo, si para tina persona 

del oficio nor7nalmente versada en la materia ticnica correondiente, esa t/we/u’iófl no hubiese 

resultado obria ni se hnbiese derivado de tuanera evidente del estado de la te’cnica ’ 

pudiØndose conduit que ci supuesto de la norma indica que corresponde al 

examinador probar con sus argumentos que los aspectos incluidos en la 

invenciOn son conocimientos propios de un tØcnico con conocimientos medios 

en la materia al decir ci articulo quc la invenciOn tcndrÆ nivel inventivo si no 

rcsulta obvia y si no Se ha derivado de manera evidente del estado de la tØcnica. 

Estos hechos deben dernostrarse y sin embargo como aquI lo indicamos estos 

supuestos de la norma no se dan de forma negativa en este caso concreto ya que 

ci arte previo no tiene los conocimientos propios que demuestren la falta de nivel 

inventivo de esta invenciOn. 

Dc acuerdo con la presente invenciOn, sorprendentemente se ha encontrado que 
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una amina quiral de formula (TIc) para la sintesis de valsartan puede prepararse 
tncdiante la reacciOn de aminaciOn reductiva bajo condiciones bâsicas sin 
raceniización. Ta’ amina quiral es ci producto de un Paso de afinaciOn reductiva, 
en donde un aminoÆcido quiral, de formula (TIb), rcacciona con un aldehido, de 
fOrmula (lila), el cual es luego reducido. Es bien sabido por ci tØcnico con 
habilidad ordinaria en la materia clue los aminoÆcidos guirales pueden 
racemizarse bajo condiciones bÆsicas y tambiØn es bien conocido que i? 
iminas (tambiØn conocidas comp bases de Schiff) de aminoÆcidos guirales 
pueden racemizarse. Para sustentar esto aiiin mÆs, ci solicitante adjunta un 
articulo de Ebbers, E. J. Tetrahedron (Vet anexo 1). Dicho anexo 1 es una 

revisiOn de la racemizaciOn de compuestos orgÆnicos ópticamente activos, en 
particular, se hace referencia a las seccioncs 4.2 y 4.4. del mismo. 

Como se describe en la seccion 4.2.1, es generalrnente aceptado que los 
aminoÆcidos quirales pueden racemizarse bajo condiciones bÆsicas. Similarmente, 
se mucstra en la secciOn 4.4 que los aminoÆcidos pueden raceniizarse pot tnedio 
de las bases de Schiff (en otras palabras, mediante las irninas del grupo amino de 
los aminoÆcidos) - 

Como se muestra en ci esquema presentado en el anexo 2, tarnbiØn adjunto a la 

presente, ci intermedio imina quiral formado durante el paso imitaciOn reductiva 
puede racemizarse pot dos rutas alternativas bajo condiciones bâsicas. La primera 
aitemadva que ileva a la racemizaciOn del intermedio de imina quiral involucra la 

abstracción del a-hidrógeno, pot la base presente en ci medio de reacciOn para 
proporcionar un carbaniOn piano, ci cual tambiØn existe en ci enolato 

. correspondiente, como sc muestra en ci ancxo 2. La protonación subsecuente del 

enolato piano puede ocurrir desde cualquier cara del doble enlace y esto ileva a 

los enantiOmeros y la racemizaciOn resultante. La segunda alternativa que ileva a 

la racernización involucra un cambio tautomØrico reversible del a-hidrOgeno y el 

doble enlace de la imina. En este segundo mecanismo, ci cambio del doble enlace 

de la imina resuita en una pØrdida de la quiralidad ya que se pierde ci centro quiral 

al ocurrir ci cambio a la imina conjugada. El cambio de portones subsiguiente 
que lieva a la imina no conjugada puede tambiØn tenet lugar en cualquier lado del 

doble enlace y conileva a los enantiOmcros, lo cual tambiØn resulta en la 

raccmizaciOfl. 

La naturaleza de los sustituyentes R y R3, como se muestra en ci anexo 2, puede 

afectar las tasas de racemizaciOn en cada uno de los dos mecanismos descritos 

arriba. Para sustcntar aün mÆs esta afirmaciOn, se hace referencia al segundo 

pÆrrafo de la pÆgina 9433 del anexo 1, ci cual enumera los factores que 

influencian y afectan la tasa de racernizaciOn. 
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El examinador argumenta que no es posible deterniinar un efecto sorprcndente 
entrc la presente reacción propucsta y las que se cnseæan en ci arte previoAi 
proceso reclamado es econórnicamente venta)oso para la fabricación comercial 
de producto conocido cot-no Diovan fi (en otras palabras, vaisartan)ta sintcsis 
del cualquier producto farmacØutico comercial, como ci valsartan, que 
comprende un paso donde ocurre racerniación es econômicamente poco 
atractivo porque la racerniacion siempre resulta en una reacción secundaria 
que reduce la cantidad de producto de interØs y conileva a la necesidad de 
implementar etapas de putificación adicionales para remover los 
enantiomeros indeseabies. 

� Pot lo tanto, si la preparación sintØca de una droga incluye un paso en dondc 
hay racemiacion, se requieren pasos adicionales para obtener ci producto 
comercial enantlomericamente puro, lo cual implica ma’s rcactivos, solventes y 
equipos adicionales con la intervención y asistencia de un operario humano lo 
que genera costos adicionales. AdcmÆs, como Cs bien sabido en ci campo tØcnico 
correspondiente, ci rendimiento total de la ruta sintØrica disminuye a inedida que 
se incrementa ci nümero de pasos de la sIntcsis yb la putificación, puesto que ci 
rendimicnto de ningn proceso de purificación  es ni tan siquiera cercano al 
100%. 

En consecucncia7  la ocurtencia de la racemización en un paso de la sIntesis 
tambiØn ayuda aeducir ci rendirniento total del proceso de fabricación. El hecho 

que el paso de afinación reductiva bajo condiciones bÆsicas ocurra sin 

racemización ileva no solo a un incremento en ci rendimiento del paso mismo ya 

. que no hay una reacción lateral que ileva a un enaomero indcseable), sino 
tambiØn a un incremento del rcndimiento total del proceso dc fabricación (ya que 

no se requieren pasos adicionales para remover ci enantiomero). Ambas son 
propiedades altamente deseables para los procesos de fabricación a una escala 
industrial, particularmente cuando sc fabrican productos farmacØuticos. La 

demanda de un alto rendimiento y una selectividad enantiotnØrica en la 

preparacion industrial de productos ópticarnente activos, en particular productos 

farmacØuticos, se resaita pot ejemplo en ci iiltirno pÆrrafo de la pÆgina 9465 del 

anexo 1. 

En cuanto a la anterioridad D,1a misma presenta dos variaciones en la sIntesis 

de valsartan, En una primcra variante, ci compucsto de formula (Ilic), en dondc 

Z3 es forrnio, reacciona con una amina primaria de formula cilIa) hajo 

condiciones de afinaciOn rcductiva para proporcionar una amina sccundaria, la 

cual es iuego convertida a valsartan. El proceso de afinaciOn reductiva se ilustra 

bajo condiciones acIdicas en los cjemplos 16 y 37. La diferencia tØcnica entre la 

preparación de valsartan de acuerdo con la primera variante y la preparaciOn de 

valsartan de acuerdo con la presente invenciOn es ci uso de un proceso de 
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afinación reductiva bajo  condiciones bªsicas, en donde un befinil aldehIdo 
sustituido con tetrazol de formula IIa) reacciona con un aminoÆcido quiral de 
fOrmula (JIb) (en otras palabras, Lvalina o un ester de la misma) para 
proporcionar sin racemización una amina secundaria quiral de formula (JIc). 

En concordancia, partienclo de la primera variante dc Di el problerna tØcnico 
subyacentc a la presente solicitud es proporcionar un mØtodo de reacción de 
afinación reductiva alternativo y econOmicamente atractivo para preparar una 
amina secundaria intermedia quiral para la preparaciOn de valsartan. Dl no 
menciona ningæn proceso de afinaciOn reductiva bajo condiciones bÆsicas. Con 
los conocimientos de Dl y los problemas de racemizaciOn explicados arriba, ci 

. tØCflicO COfl habilidad ordinaria en la materia no podna verse motivado a efectuar 
una afinación reductiva con un aminocido quiral en condiciones bÆsicas4os 
datos de anÆlisis enantiomØricos proporcionados en Di solo muestian la 
prescncia del enantiOrneto deseado al final de la reacciOn, despuØs de la 
putificaciOn, y en ningLin momento permiten dcducir que la amina intermedia sea 
enantiornØricamente pura, como la de la presente solicitud antes del proceso de 
trans formaciOn en valsartan. 

Cabe anotar que aunque no se muestra que el aminoÆcido quiral no se racemiza, 
bajo las condiciones de afinaciOn reductiva en medio Æcido, nada puede decirse 
respecto a la racemizaciOn en medio bÆsico, ya que las rutas mecÆnicas para la 
racemización no son las mismas a diferente pH. Pot ejemplo, bajo 
condiciones Æcidas ci mecanismo de racemizaciOn involucraria enoles y no 
enolatos. Adicionalrnente, las tasas cinØticas para la racemizaciOn no serlan las 
mismas a pH Æcido que a pFI bÆsico. Como sc scæala en las lIneas 7 y 8 de la 
pÆgina 9443 del anexo 2, las tasas de racemizaciOn de los aininoÆcidos dependen 
del pH y son complejas. Pot lo tanto, en vista de Dl, ci cual se relaciona con la 
aminación reductiva pero ilustrada solamente bajo condiciones Æcidas, la 
elecciOn de ilevar a cabo la afinaciOn reductiva en condiciones bsicas con un 
aminoÆcido quiral no es directa cuando lo que se busca es evitar la racemizaciOn 
durantc ci proceso de fabricación de una droga como ci valsartan. Es asI como la 
falta de racemizaciOn, cuando se etnplca un aminoÆcido quiral de fOrmula (JIb) 
en una afrnaciOn reductiva bajo condiciones bÆsicas de un bifenil aldehIdo 
sustituido con tetrazol de formula (ha), es sorprendente. En consecuencia, la 
matcna objeto de la reivindicacion 1 es clarainente mvnt1va por ’,obrc Dl 

En una segunda variante, un compucsto de fOrmula (Jib), en donde Z3 
cornprcnde un hidroxilo esterificado, reacciona con una amina primaria de 
fOrmula (ha) mediante una reacción de sustituciOn nucleofilica para proporcionar 
una amina secundaria de fOrmula (TIc), la cual es luego transformada en valsartan. 
Alternativamente, un compuesto de fOrmula (JIic), en donde Z3 comprende un 

hidroxio esterificado, reacciona con una amina primaria de fOrmula (ITa 
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mediante una reacción de sustitución nucleofilica para proporcionar una amina 
secundaria de formula (lub), la cual tambiØ.n puede transformarse en valsartan. 
La diferencia tØcnica entre la preparaciOn de valsartan de acuerdo con los dos 
mØtodos alternarivos de esta segunda vaviante del proceso de fabricación de 
valsartan, y la prcparaciOn de valsartan de acuerdo con la presente solicitud es ci 
uso de la afinaciOn rcductiva en condiciones bisicas en donde ci bifcnil aldehIdo 
sustituido con tetrao1 de fOrmula (ha) rcacciona con un aminoÆcido quiral dc 
formula (lIa) para proporcionar, sin racemiaciOn, una amina secundaria de 
fOrmula (Tic). 

c:oisccucntcmente, partiendo de la segunda variante de Di, el problema tØcnico 
. obetivo que subyace a la lrescntc invenciOn es proporcionar un mØtodo nuevo y 

econOmicarnente atractivo para preparar una arnina secundaria quiral intermedia 
para la prcparación de valsartan. Aunque Dl contiene cnseæanzas relacionadas 
con la aminaci6n reductiva, como se estabiece arriba para la primera variante, el 
tØcnico con habilidad en la materia no se verla motivado a intentar la aminaciOn 
reductiva enipleando un aminoÆcido quiral bajo condiciones bÆsicas. 

En cuanto a D2,4icha anterioridad divulga un mØtodo para la fabricaciOn de 
antagonistas de angiotensina TI de formula I, los cuales no comprende a! 
valsartan. Dc acuerdo con D2, una amina secundaria de fOrmula 2 (esqucma 2a) 
puede prepararse mediante una rcacciOn de aminación reductiva, en particular 
como se ilustra en la secciOn experimental, bajo condiciones Æcidas. Como DL 
D2 guardan silencio respecto a procesos de aminaciOn reductiva en condiciones 
bÆsicas llcvados a cabo dentro del proceso general y no como un proceso 
secundario e indcpendiente. Pot lo tanto,de la lectura de D2 y conociendo los 
problemas de racemizaciOn (discutidos arrib y las diferencias entre los 
mecanismos de raccmizaciOn para la aminaciOn reductiva bajo pH bÆsico y bajo 
pH Æcido, la persona con habilidad en la materia no habrIa encontrado en D2 un 
indicio que lo ilevara a realizar una aminaciOn reductiva bajo condiciones bÆsica’ 
con un aminoÆcido quiral no serla ohvio particularmcnte en el contexto de Ia 
fabricaciOn industrial de una droga coniercial como el valsartan, a partir de la 
conibinaciOn de Dl y D2. 

En vista de lo anterior, es claro que las reacciones rcclamadas en el proceso de Ia 
solicitud son novedosas e inventivas pot sobre lo establecido en ci estado de la 
tØcnica citado pot ci examinador, particularmente considerando que la totalidad 
del proceso reclamado se ileva a cabo en medio bÆsico, en tanto que en Di y D2 
parte del proceso se desarrolla en medio Æcido y otra partc en rncdio bsico. 

Pot lo tanto, es clara la violaciOn pot la indebida aplicaciön  del articulo 18 de 
la Decision 486 en la medida quc el arte prcvio no enseæa ni sugiere como ilevar 

cabo las demÆs reacciones en un medio âcido y el examinador no proporciona 
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evidencia alguna gue demuestrc gue dicho conocirniento ya formaba parte de los 
conocimientos propios del tØcnico con habilidad ordinaria en la materia. 

Teniendo en cuenta lo dicho anteriormente, solicito a usted lo siguiente: 

a) Quc de conformidad con 10 previsto pot los arculos 3 (inciso 3); 35 (inciso 2) 

y 59 (inciso 2) del Código Contencioso Administravo se consideren y se 
resuelvan TODOS los argimentos y TODAS las cuestiones planteadas asI cotno 
las que aparezcan con motivo de ste recurso. 

b) Que se revoque la resolución No. 23612 de 30 de abril de 2010 expedida pot 
. ci Superintcndente de Industria y Comercio, y se proceda a conceder el privilegio 

de patente de invención a la solicitud de mi niandantc. 

S 

Seæor Superintendente, 

C.C. 41.654.88de Bogota. 
T.P. 20824 CSJ 

ALEMAN 

7 

P-1895 V1 



3 

El 



[1 

1’jn-01ti 15:3 Novrts + 1 3 ’lb I 

TciraFjpd’o# Vol. 53, NO. 28. pp. 947.947, 199’? 
Q 1997 EI*vi SIoncn 11n 

All tlglfls reserved. PicUd In C;sat Main 

Pfl: 50040-4020(97)00324-4 
00cV93 $17,00 + 0.00 

TETRAHEDRON REPORT NUMBER 423 

Controlled Raceinizatioli of Optically Active Organic Compounds: 

Prospects for Asymmetric Transformation 

Lelco J. Ebbea, Geray J.A. Artuns’ Joanna P.M. Hubiers, 

ARe Brugghak and flinne Zwnetzburg** 

’Dopa.renenc of Organic Cbemiany, I4SR-CajUer for MoluIar SIziictira, Design and Synthesis, 

Uuiyofl’Ijm..n, TDamooiwld, 6525 EONijman. The Netharans 

Cl,emferrn (a 50)50 joint venttr of OSM Arldano and (hat Brocades), Dc BtJ1)ter 19,49001)X Breda, Tha Netherlands 

Contents 
lndtjntion 9418 

2. Kinetjc9of Racemizalioc 9419 
3. Slstical OInwafRenemzatior MbosIi 9421 
4. Racemizaion Methods 9423 

4.1 Thannel romizailon 9423 
4.1.1. Rae mlaaiioc by rotation about a single bond 9124 
4.1.2, Ranemizasion by simultaneous defontiioit of several bonds 9426 
4.0. Racatnlzadon by pyramidal (synrtion ot a leteroaiom rhIrnI renter 9426 
4.1.4. 9aenznizatioji by a lcalflgcmnt 9426 
4.1.5. Ranctolzadon 1woIv$ng a sautorneric cqu)libtlum 9429 

4.2. Base- talyzed racen12atian 9430 
4J. 1. Rucemiution of afll’Lrlo acids and rlstnd roinpoiindo 9433 
4.2.2. AsymmetriC transfoonaliOns of amino acids and related coinpourxl5 9453 
4.2.3. Racemization of at-alkyl or -my) substituted carboxylic acids, eaters. 9435 

ketones sad iciated ctnp0ndt 
4.2.4. Raremization of e-hydrcxy carboxylic acid, nstr.ss, kotor.cu and 9439 

related cniponda 
4.2,5. Racemization of miscellaneous conipetands 9440 

4.3. Avki.auiyzrd sacemlzatlon 944 
4.3.3. Racemlzation of amlao acids and rlalti compounds 9443 
4.3.2. flmieashon of hydsoxy-campounda 9445 
413. Rzoemi2adon of mi&-t9aftous compounds 9445 

4.4. Racemizatiox and er Hi, rt-irtdu& atymnictric tranafonrtaihona via Schiff bageg 9441 
4.5. neyme-catalyzed racemizadons 945 
4.6, Racemiacticut vi*rsdux and radial reactions 9456 

4.6.1, Singlc-alcpprocesses 9457 
4.6.2. Multi-step processes 9459 
4.6.3, gacemtzarfon via CtXIdattVC degradation 9460 
46,4. Mccmizatton of two stereocenters 9460 

4.7. MccUanecua niçconjnatlsoda 941)1 
4.1.1. Pacamization without inaction a the ncysnmetxid canter 9461 
4.7.2. ’Tzsna(ercsf (lit centerorchiralicy 9463 
4.7.3. Racemlantion of a-arrilmocarbenitr1its and cyarobydstns 9463 
4.7.4. PWochamical  9464 
47.$. Rasemlantlon via aubatlteliort of halogen ions 946$ 

3. Conclusions 9465 

a F.-asail: sarenb@.wLktm.nf F,4J’ +3124 332929 

9417 



1 -Jun -010 15:32 NQv2rt’ -11 51 32 J1(21 . .-
76j 

9418 E. .1. RB!15 at at. 

1. INTRODUCTION 

Stereochemistry and cbirality are of fundamental importance in modem chemistry’. Since the first 

studies of Pasteur on optical activity there has been a steadily growing interest in the synthesis of optically 

pure compounds. In the early 1980’s an explosive growth in the number of publications on stereospecific and 

stereoselcctiv reactions took place, probably initiated by the widespread recognition of the importance of 

using bioactivc substances 
in 

optically pure form. Racernization, on the contrary, has drawn scarce attention, 

despite the fact that it open is of essential importance in the industrial synthesis of optically pure compourids. 

The literature on raeerni2ation as the main topic is sparse and mainly focuses on amino-acids and related 

compounds, and often deals with the avoidance of racerrdzation, eg in protein synthesis. Racemlzation 

procedures are often mentioned only briefly in connection with resolution processes. Moreover, because of 

the importance of the subject for Industry much information is hidden in the patent literature. The aim of this 

review is to present an overview of available methods and their scope, with the emphasis on information 

obtained from the patent literature (1967-1996) and to discuss the state of the art of racernization. 

. Racemizattons of Inorganic and organometallic compounds arCnot included. 
Notwithstanding The revolutionary advances in asymmetric synthesis, the resolution of rasemater is still 

the most important approach in the industrial synthesis of optically pure compounds, as it is often the most 
economical and convenient way to prepare enaritiopure compounds, The main disadvantage of a resolution 
compared to an enantiosclective synthesis is the maximum theoretical yield of 50%. Therefore, racemizatlon 

of the unwanted isomer Is of critical importance for economically- and environmentally acceptable 

resolutions. In the development of an industrial resolution procedure the racernization of the unwaxncd 
enantiotner often presents one of the most difficult obstacles. In many cases rather harsh conditions are 
necessary, leading to product decomposition, or the substrate has to be modified to make racernization 
possible. Thus, racernization can easily become an economical bottleneck. 

Rłcemization is defined as the Irreversible formation of a racemate from a pure ennutiomer and is 
always associated with the total loss of optical activity. Therefore, compounds which raccmize easily arc 
referred to as optically labile. The inversion of one stereoceriter in a compound containing several 
stereocenters Is called an epimerizalion (this leads to change but usually not to complete loss of optical 
activity if at least one stereocenter in the substrate remains unaffected), Because of this change in optical 
rotation, epimeri2atlnn is also referred to as romarotation, especially in the case of carbohydrates. 

Racemization Epimerization 
Ji�k.i 

Figure 1. Raceinization and epimeriaation. 

A racemate is defined as an equimolar mixture of two enantiomers regardless of their physical state’. 
Crystalline racemates may belong to three different classes: conglomerates, racemic compounds or 
pseudoracemat&. A conglomerate is a mechanical mixture of crystals of the pure enantiomers, whereas a 

racemic compound consists of equal amounts of two enantiomers embedded in a regular pattern within the 
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crystal. A pseudoracemate is formed if two enantiomers coexist in an unordered manner in the crystal, thus 

forming a solid solution. The type of crystalline racemate formed depends not only on the structure of the 

compound, but also on temperature or pressure. Several examples are known where one form may be 

converted to another if temperature or pressure are changed. 

(K) (IQ.(S) (R).AL.  

It -’ _(PIMS) 11VI Its (S) (S).(S) (5)-A .._.- (S)-B 

Asymmetric Transfoesiation Dynamic Kinetic Resolution 

Figure 2. Asymmetric transformation and dynamic kinetic resolutioc. 

In an ideal resolution procedure the racemization should occur simultaneous with the resolution, 
involving an equilibrium between the two enantiomers from which one of them is removed by an 

, enantioselective process. This is referred to as a crystallization-induced asymmetric transfonnation if the 
crystallization of only our. of a pair of dieatereomcrs (usually diaterconieric salts) is the eriantiuieutivu 
process’. If a chiral compound forms a conglomerate in the solid state and an equilibrium exists between the 
two enantiorners in a supersaturated solution, crystals of only one isomer can be obtained after seeding the 
solution with crystals of the desired enantiomer. Finally, if a kinetic resolution is accompanied by an 
equilibration between the two enantiorners, the process is called a dynamic kinetic resolution’. These 
processes are clearly economically very attractive, but racemization and resolution usually require conditions 
(I.e. temperature, concentration and p1-I) which are often mutually incompatible. Only by finding the required 
tine balance between the two, such a process can be achieved. Unfortunately, in most eases the racernizatiari 
step must be performed separately. 

An important part of a raceinization procedure is monitoring the progress of the reaction. Especially 
when the formation of impurities is a problem it is necessary to stop the process at a well chosen moment. In 
most cases following the loss of optical rotation will be adequate. This method has the advantage that it can 
be used to follow the progress of the reaction continuously. However, when the optical rotation is too 1w, 
when impurities interfere or when the solution strongly absorbs light, alternative methods have to be applied, 
i.e., spectroscopic, methods, such as NML or chromatographic techniques’. 

2. KINETICS OF RACEMIZATION 

The driving force of the racemizatiori process can be predominantly attributed to the increase of entropy 
caused by the mixing of the two enanilorners. Although differences in interaction between enanriomers (R-R, 
or S-S vs k-S interactions) can lead to a non-zero enthalpy contribution, This may usually be ignored, thus 
(?7 RT In t4. This corresponds to -0.41 keel/mo! (.1.7 kJ/mol) at 257C. 

Two different definitions for the rate of raccmiaation have been reported’. The rate of raeemizarinn can 
be described either as the rate of interconversion of enantiomers, or as the rate of formation of the rCcttmale. 
The interconversion of enantiomers can be described by reversible first-order kinetic!? (equation 1) 

10 
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hi 
(R) CS) 

di 
(1) 

where [S) and [R] arc the concentrations of the enantiomers S and R, ki and ki are the interconversion 

conatanta for the R. and S enantiomer respectively, and t is thc time. Initially, when one of the enantiomers 

dominates, there is a chiral medium present and k1 A k.. In the solid state this difference may be substantial, 

however, in a solution the difference will be negligible and it may be assumed that k)kk. If the 

raemization starts from a pure enanhiomer R, the elaboration of this first-order differential, with the 

conditions {R.](SJ is: 

ln[21RJ_[R] 
]- 

kt (2) 

where [R30 is the concentration of enantlomer R. at time zero and [R]t at time t. 

Recemi2ation can also be described as the forming of a racemate from a pure enantiomer in an 

irreversible first-order reaction (equation 3) 

2(R) k (RS) 

df 
k[Jfl () 

With the condition [R)5-[R]2[RS]1 this equation can be transformed to 

- ln[(RJ]k�r (4) 

where [RS] is the concentration of racemate at time t and k’ is the racemzation constant. When the 

racemizatlon process is followed by the loss of optical activity, equation 4 can be transformed to: 

In[}kt (5) 

where cto is the optical rotation at time zero and ct1 at time t. 

It should be noted that k72k, implying that the rate of racemization equals to twice the rate of 

interconversion of enantiomere. 

Another frequently used variable to describe racemization or epimetization is the racemization half-life 

t (also denoted as t) which is the time required to obtain a mixture with an enantiorneric excect of M. 

Calculated from equation 2 this results in: 

and from equation 4 In 

1n2 
(6) 

(7) 
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Considering the literature in the period 1967-1996, nine methods of racemization can be distinguished, 
and the substrates used In these racemlratlons can be classified into nine classes of compounds. Counting the 

number of papers on the respective methods, as applied to the selected classes of compounds provides a 

useful overview of the scope and Limitations of raeernization techniques This is summarized in table 1 

Several conclusions from this classification can be draw,: 

Based on classes of compounds: 

� a-inp.carboxy1ic acids and_derivgtivs: Almost half of the total number of papers deal with amino 

acids or derivatives, demonstrating the idustriei importance of these compounds. Base and enzyme 

catalyzed racemizations and raaemizations with a Schiff base intermediate are of equal impo[lancc and are 

responsible for 0% of the cases. Acid catalyzed and thermal racemization are of lesser Interest 

� a�Alkyl-casboxvllc acids and drivatives About 17% of the reports deals with raccmization of cz-alkyl-

cQrboxylic derivatives. These references pertain mainly to preferia and chzysanthemie acids (both 

industrially important compounds) which are usually racemized by base- (521%) or acid- (24%) tataIysis. 

Some examples using thermal or en’rnatic raceutization are reported. 
� cx-Oxy-carj,pxylic acids and derivatives: Approximately 11% of the studied literature refers to a-hydroxy-

and a-alkoxy-carboxylic acids or derivatives, mostly involving base-eatalyzad rzcerriizatlon (60%). 

Enzyme-catalyzed xzccmizadon (21%) Is also of some importance and can be attributed exclusively to the 

use of mandetic acid racernase. 

� ct-Substitutedjsitrlles: Raoemlzation of chfrai nitriles is of minor importance. Substrate., bearing an cc-

hydrogen are usually racemized by base. In the absence of an a-hydrogen, racemization is possible by 

nucleophif Ic substitution with cyanide. 
� Racemization of chiral amines is generally performed by oxidation-reduction (60%), or by base-

catalysis (30%). 

� Alcohols and Oxy-comopounds. Only 2% of the references are referring to chiral alcohols. alkoxides. 
acetates and ethers. Thermal, base-catalyzed and enzyme -catalyzed ruccmiea*ion have been reported, 

� Halides: Like alcohols, only a few axen,ples are known for racemization of chiral halides (2%), 
Racemization via addition-elimination or substitution seems to be the best procedure, followed by base-
catalysis. More reports on racemnization of halides arc encountered in the literature covering dynamic 
kinetic resolutions, 6g. about base-catalyzed maccmization of ss-halocarboxyl iv derivatives. 

� Rotamers: Racemizatiogs of roazncrs (usually biaryls) is performed thermally and is in same cases 

catalyzed by additives. 

Based on rauearni:ation methods: 

ase-catalyzed racernizaijon: Almost one third of the reports deals with bas -catalyzed racemizations It is 

by far thy most important method currently used for racemimtion of optically pure organic compounds, its 
scope is large and it can be applied to almost all compounds bearing an acidic hydrogen at the chiral 
center. 

12. 
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Table 1. Claslflcatlon Matrix of Racemization by Methods and Classes of Compounds’. 

RflCaM1721finn Mth1 

I 
- . p - x 

1 

, 

.-
0 

> 

Z  

- 

P 

- 

U 

I 

- 

0 

N 

15 57 25 66 56 4 0 1 0 274 (45.%) 

0 

R1 8 43 20 0 4 1 0 3 4 83 (16.9%) 
R 

0 

-1Y 
2  31 4 0 Ii 2 0 2 0 52 (10.6%) 

X1
0 

0 9 0 0 1 0 7 0 0 17(3.4%) 

a,. 
4 13 I 0 0 27 0 1 0 46(9.3%) 

3 4 5 0 2 0 0 1 0 15(3.0%) 

1 2 4 0 0 0 5 0 0 12(2.4%) 

Rotaznera 29 0 0 0 0 0 0 0 0 29(5.9%) 

Miscellaneous 9 2 3 0 0 0 0 0 0 14(2.8%) 

Tot) 71 161 62 66 74 34 12 9 4 492 

(14.4%) (32.7%) (12.6) (13.4%) (15.06/o) (6.9%) (2.4%)  

e) The numbers In this matrix ruler to the number ofroports 
on the indicated item in the period 1967-1996. 

� ;h bamdjatcjxacniization: Raccmization via Schiff bac.3 are only feasible for compounds baiiiig a

 &co primary amino group at The chiral center. NevortheIcs, this rncemization proccdur is very (’3 
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extensively studied and is important in industry because of its application to the racemization of amino 

acids. 

’ Enzvine-ialvzed racarnizaflon: Of the total number of references, 15% deal with enyme.catalyzecI 

racemization. The scope of racemization by racomeses is still limited, and mainly restricted to amino acids 

and derivatives (75%) and to rL-hydroxy-earhoxyllc acids and derivatives (15%). Efforts are reported to 

apply en yme-Catal3t2ed racemization to other classes of compounds. 
� Thermal racemizatj: The scope of thermal racenslzation (14%) is wide and it is an industrially attractive 

method because It is simple and cheap. The main problem with this method is usually decomposition of 
the substrate when high temperatures have to be applied. Qood substrates for thermal racemization are 
compounds which racernize by rotation or deformation of bonds (biaiyls), by pyramidal inversion or by 
rearrangement of bonds; these account for more than 50% of the examples of thermal racemization. 

� __  The scope of acid-catalyzed raeemizations it more limited than that for base-
catalyzed reactions and is usually restricted to compounds capable of some form of keto-anal tautomerism. 
a-Substituted carboxylic acids and derivatives account for 87% of the substrates used. 

I 
q Oxidation-rediselign: Only 811% of the total number of references deals with racemization by redox 

reactions. Of these, SO% refers to racemization of chiral aznincc. Some raccrnization procedures etc idtlim 
complex (multistep), and therefore industrially not attractive. Chiral alcohols also appear to bc good 
substrates for this racemization approach. 

i NucleophiliC. shsttmtion: Racemizacion of chiral substrates by nuotcophilic substitution or addition-
elimination sequencer (3% of the total) is restricted to chiral halides and nitriles. This method, rcquires 

that the substituerit at the chiral center is a good leaving group as well as a good nucteophile. An advantage 

of this method is that it can be used for compounds without a hydrogen at the stereocenter. 
� Raeemization viaan fntermdiatejneeo-comyoun4: Racemizatiors in which the asymmetric center ltse]F is 

not involved is possible by making two of the functionalities attached to the stereocenter equal, resulting in 

an achiral meso-compotind. A few examples (2% of the total) of this method are known and mainly 
Involve di-carboxylic acid derivatives or di-acetates. This method can be applied to compounds without a 
hydrogen at the chiral center. 

� Photochemical_racemization: Raeemization by photochemical reactions appeals to be a method of little 
value. Only a few examples are known (1%) and are all related to cyclopropane derivatives (chrysanthemic 
derivatives). 

4. IACEMZZATION METHODS 

To convert an enantiomeriaally enriched mixture into a racemic mixture two approaches are avaiiabt, 
the simplest being the addition of the other enntion,er. Obviously this will he used only under special 
circumstances, such as during the measurement of phasc-diagrams or in the development of methods for the 
determination of an enantiomeric excess. Otherwise it is necessary to invert an enantiomer into its mirror 
Image by physical or chemical methods. The classification matrix presented (Table 1) will be used for a 
detailed treatment of The various methods of racemization. 

7’f 
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4.1 Thermal racemization 

Many optically active compounds can be racemized by simply heating them to an eppropsiate 

temperature without any additional reagent The main requirement for the success of this method is that the 

substrate must have a sufficient thermal stability under the conditions used. Therefore, the scope of this 

method is limited. Slow racemization at temperatures close to or below room temperature is often referred to 

as spontaneous raceriuzatlon. 

Thermal racemization can occur by various mechanisms. Several compounds without a specific chiral 

center racemize by rotation about a bond. Other mechanisms involving no bond breaking are the 

simultaneous deformation of sayeral bonds and the inversion of hetero-atom chiral centers. At higher energy 
levels pathways involving the breaking or rearrangement of bonds such as tautumerism, retro-Diels-

Alder/Diels-Aldar, and radical processes can occur, for acids and bases thermal rucemization may take place 

but, depending on the compound, this may also be considered as an (auto-)catalytic process. 

4.1.1 

.kecemizalksn by rotal jazz about s .thzgk bond 

Compounds whose chiratity depends on the hindered rotation about a single bond can very often he 

racemized by heating to a sufficiently high temperature. This behavior is frequently observed far substituted 

binaphthyls. Racemization of binaphthyls 1-3 is spontaneous. A crystallization-induced asymmetric 

transformation is observed by diastereomrric completin with CuCl2-sparteir.e or CuCl2-u-

methylbenzylanine’°.  1,l’-Bi-2-naphthol I can also be racemi72d in the malt which likewise can be extended 
to a crystallization-induced asymmetric transformation by comple,ratton with chiral dianlinesU. 

oa cô  co DiN 
-g- 

OHo 

.,.-. X I ON OH COOM
 

0. MO) -49- > 
4 NMI 5 6 7 

2 X-’V-NH5 
3 X-OH,Y-NH 

x 

9 E Kca!/mot) 

O Q Q Q rYC-Q 31.2 
*"i’: 0 20 

J %Y: S 35,0 
flCH1 )(: 0, ’Y: S 30.6 J 5 9 

Figure 3. Thermally racemizabla biaryls. 

Racemization In the solid state at 10CC is observed for binaphthyls 4 and S. These compounds form 

polymozpbic crystals, and incarnate and Conglomerate can coexist in a wide range of temperature. Derivative 
4 forms a stable racemate between room temperature and 197°C, and  a conglomerate in the tango 197-204°C.  
In this case a crystallization-induced asymmetric transformation can be psi formed at 204°C by a solid-melt-

solid conversion, or by a solid-solid conversion at 197’C’2. For 1,1’ -binaphthyl 5 the temperature ranges are 

room temperature to 145CC (racemate) and 145-158C (conglomerate)0. 1,1’-Binapbthyl 5 can niso be 
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racemized in solution which can be catalyzed homogeneously by formation of a radical niurt or 

heterogeneously by activated carbon, moditad carbon catalyst, electron-donor surfaces or platinum". 

A study of the solvent effect on the racemization of biphenyl derivative 6 showed that the inversion rate 

of the disnion was accelerated going from a water to a 1)MSO solution. This was explained by desoatation 

of the dianion in DMSO. 

The bridged bipheny1carboxylic acid 7 raemizes in u-xytene at 50C (vv-53 min.), A crystallization-

induced asymmetric transformation of 7 was observed via diastercomeric salt formation with quinidine°. The 

racemizalion of bridged biphenyls 8 and 9 have been studied. The experimental activation energies were in 

good agreement with those calculated by MM method&’. 

A firgt-oxder asymmetric transformation was observed during the asymmetric Ullmann reaction to non-

racemic biayls 11 and 12 (Scheme 1). Initially, in the Ulirnasm reaction of 10 to biaryl 12 a ALES ratio of 

2/38 was observed, which under thermodynamic equilibrating conditions in solution changed to A113=91/7. 

Refluxing a mixture of IZA and B in DMF with Cu(0)/Cu(1,ll) for two days resulted in a AlE ratio of 3/1 

while reflutting in DMF without a catalyst resulted in a AJF3 ratio of 1/3w. 

MeQ�(  �.Br UMx1McO�Ø--t  �OMr -  140 -

moo OMe M0 MO OME OMe :02meo ?QLMCOWIC 
Is hA ha 

62% (Initially) 38% (initially) 
93%(aficr0lh ofcflijx) 7% (after 4h ofreul!it) 

RR RR 

DMF 

2daya 

N 
with CtJ(0)IC(fjl): RS31 

weheut Cu(0) /Cu(l.IO: RS13 

Scheme I. First-order asymmetric transformation of biatyLs. 

The cbirality of nicctinamide analogue 13 is also the result of hindered rotation (atropsornerism). 

Thermal racemizatton of 13 is solvent dependent and the highest inversion rare is obtained by performing the 

reaction in an apoler solvent such as hexane. This is explained by assuming that rotation about the A-,-C(0) 
bond is coupled with rotation about the C(0)-NMe2 bond (scheme 2). An Spolar solvent will decrease the 

double bond character of the C(0)-NMe2 bond and facilitate this coupled roiation, 

Scheme 2. 
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4112 Racemdniion by simultaneous deformation 0/several btdt. 

Sometimes ncemization is only possible by simultaneous rotation and stretching of scverel bonds. 

Typical examples are the hsUeencs which can undergo thermal racemization, because apparently the helical 

configuration is more flexible than expected. [9]-74elicene, for esmple, racomizea in 10 mm. at 30C 

(O4.5 kca1hno1) and [1 I]-helicene at 400410cCa. It has been demonstrated by isotopic labeling that 
the racemizatjon is not the result of a double internal lie1s-Alder, but is most likely to occur through bending 

and stietching of bonds without bacaking them. Heterobelicenes show a similar behavior. 

Other examples are the crown-to-crown’ intcconveraiori of cydotriveratrilene 14 at room temperature 

(G26.$ kcalitmol)14 and the thermal ring inversion of chiral substituted cyclooctatetreenes such as l5. 

Cl CI 
CtCl.&,0 

cQC1N C1 
ClCl 

14 16 

Cl 
" 

19 li-n 
Ph.C1 

al,?M 
JrR 

17 15 19(X=O,S) 

Zigure 4. Thermally racernizabic compounds. 

4.12 Racemizalion bypyrarnidal inversion of a heteroalom chiral cen1er. 

Compounds with a chiral center at a heteroatom bearing three substituentt and a lone pair of electrons 

(i.e. amines and sulfoxidas) can racemize or epimerize by a pyTamidal inversion of this center. 

P6rchlorotriphertylaminc, 16, a propeller-shaped chiral compound, raccrcizes at 120"C (AG 1.4 kcallrnol), 

but this racemizaton does not occur by a nitrogen inversion but is assumed to proceed by a two-rng flip’ 

mechanism". Examples of pym’an’Jnlal inversions are the macemizations of compounds 17 and 18. Chiral 

sulfoxide 17 racemizes at 200°C in xylcnC (6G..38.6 kcaWmol)" cud chiral aziridine 18 in carbon 

tetrachloride (G24.4 kcaUmcl)°. 

4.1.4 ko.ce,nizaflon by a rearrangement. 

It may be suggested that a.11y1 p-totylaulfoxide 20 aicemics by Inversion of the chiral hetercatom . (.Cl24.7 kcaUmol at 51 0C in bcnzene). However, a stncly of rho raeemization mechaniem using imoeoçc 

labeling revealed a reversible [2,33-sigmnatrojia rearrangement which proceeds via a lower energy reaction 

path (scheme 3), The optical stability of chiral sulfbxidos has been reviewed by Solladi&5. 

iTy� 
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till 

or 
Ij 

20 chirsJ 

Scheme 3. Racemizatioa of aI1ylp-toylsulfoxide. 

Unlike the previous examples where no bonds were broken this is the first example of a thermal 

racemization which occurs through the reorganization of bonds. Several types of rearrangement may lead In 

racemiaatinn, e.g. the alkaloid vincadifformine 21a which is rmemized in 20 mm. by microwave irradiation 

in DMF’, and the racemization of its derivative 21b by refluxing in &chlorobcnaenc for 14h in a yield of 

79%11� A successive reiro-Diels-AiderfDiels-Alder reaction is responsible for this remarkable simultaneous 

inversion of three chisel centers (scheme 4). 

. x:) 
X4i 

COOMe COOMS COOMe 
21a (X°H) 
21b (X3r) 

Scheme 4. Racemizatlon of vineadiffomine. 

The racemization of optically active tertiary phnsphine oxides or sulfides 19 (especially R=Ph, 

NORPHOS’) also proceeds via a (retro)-t)iels-Alder reaction in the presence of (di)-cyclo-pent-1 ,3-dicn 

at 160°C in yields exceeding 90%". 

A comparable mechanism is suggested for the racemnization of heterobiaryls 22. In contrast to other 

biaryls this mechanism does not proceed by rotation about the N-Pit bond but by reversible ring opening and 

closure (scheme 5)14 

x 

_b N-, 

22 XO,S 

isScheme S. Raccmlzation of hetcrobiaryh. 

It has been suggested that racemization of oxezolebeztzcdiazepinane 23 occurs via ring opening to azi 

achiral quatamnsiy imirtiumn salt intermediate (schema 6). After seeding a supersaturated methunolic solution 

of macernie 2$ with one of its pure eriantiomners at room temperature, a crystallization-induced asymmetric 
transformation is observed and optically pure (S)-33 is isolated in a yield exceeding 70%". 

1? 
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r10L L cC°  
F 

(S)23 

ar  Cof  F 

Scheme 6. Racemlzatlon and asymmetric transformation of oxazolebenzodiazepinonc. 

Other examples of racemizations involving ring opening reactions andlor rearrangement of bonds are 

given in figure S. Racemizatiun of furanones 24 can be perfonued by heating under neutral conditions which 

is probably the result of a ring opening and subsequent ring closure of the cyclic ketal. Racemiation of 24b 

can also be performed under weakly acidic conditions which probably involves a futan derivative. A dynamic 

kinetic resolution of S-byd.roxy-2(5H)-fnranones 24a was obtained conducting a lipase catalyzed acetylation 

in quantitative yield and cc’s up to l00%° In the case of 5(R)ruenthyloxy-2(5t-l)-furanone 24b 

epimerization leads to a crystallization-induced asymmetric transformation with a yield of 80% of one 

diaatcreorn&7. 

0 NH 

jZIj)o0?0  XH J1.0 
R2 H 

14(R.°H) 26(X’01l, CH2R 
24b (R=menthyt) ’).e R,RAr. eyeIthexy) 27 (R-Et.O2) 

Figure S. 

Spiro-oxindoles 25 are racemized by heating in DIvIF at 80-200°C for at least 24 h° and  

tetra]ydroisoqttinolirte derivatives 26 by heating at 180°C for 5 mitt in vacuo" Racernization of chiral 

chroinenes 27 follows a fit-order reaction at temperatures between 70 and 85°C in different rolvents. A 

persuasive mechanism involving a dienone intermediate is postulated". 

Racemization is also possible by elimination of a substittlett from a chiral center followed by 

reattachment This is the case with chlortalidone 28 which is racemized in aqueous media at room 

temperature via elimination-addition of hydroxide (i\G=°2 1.6 kcal(mol). A study of the kinetic and activation 

parameters of the reaction revealed dynamic equilibria via a carbonium and ammonium intermediate (scheme 
7)41 

Cl S02NFI2 tOh5J)I t:l S02NH 

on -014.OH 

NH 

0 0 
25 0 

Scheme 7. Raccinizatinu of chiortalidone. 
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Another example Is the racemization of 2-dhaogeno-cycdopentancs or cyclohexanes 29 in a trais or 

threo configuration which shows first-order kinetics. It is proposed that this is the result of a diaxial-

dicquatorial rearrangement involving a haloniuin intermediate (acherne 8)82, 

29 X,Y-C1,)3r a=1,2 

Scheme 8. 

4.1.5 Racemlraton involving a taut omeric equilibrium. 

Compounds bearing a keto iIrncdon in an a-position to a chiral center can racemize through a ket-eno1 

equilibrium. Thermal racemization of cc-alkyl substituted carboxylic derivatives which follow this mechanism 

are summarized in Table 2. The important pharmaceuticals naproxeri and ibuprofen can be racemized 

thermally. Naproxen 33* is recemized in t-BuOI-I at 1401C and ibuprofen 34 is raccniized at 220101. The 

cyclopropanacarboxytic acid chloride and bromide 35* are raccmizcd thermally at 100-2000C This 

racemization does not occur via ring opening but via enollzatiort or ketene formation, 

Table 2. Thermal Racemizallon of ce-Alkyl Substituted Carboxyl Derivatives. 

R COOJ-f 
J_R2 JLJOH jI1jJ’C 

30a (R -C!, R2-OH) 31 32 
(Ri-Pr, cycle-Pt) SOb (R1-R2Cl) (XY°Fial, H, etkyl, 
atkoxy, CH2 Hal, O-C -O) 

c0cn 

cOOH 

.\.1ftt’ 

MeO 
34 3SO(RCI.Br) 

Entry Compound Racernization conditions Yield (%) Ref 

. 1 30* inerLsolvents (hydrocarbons), T>1 500C, 142 , 3-12 Ii ni’. 43 
2 30b inert solvents (hydrocarbons), T>l 50°C, N2. 3-12 h n.r. 43 
3 31 liquid or vapor phase, r’-’200-3S0°C, inert nmuaphere. ne. 44 
4 32 200°C, 1 hour 99 45 
5 33a tuOH, autoclave, 140°C 22 Ii n.r. 46 
6 24 heating in the melt, 220°C n.e. 47 
7 35* 100-200°C during 12 h under N2 in hydrocarbon or ether n.e. 48 

a) at. not reported, 

on 
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Table 3. Thermal Racemization of Axiiiuo Add Dcrivativ H 

36 
COON 

Entry R1 P.2 Racemization conditions Yield (%) Ref 

I H2lcCH24- H H20, Glycol, 120C, 24 h 95 49 
1450C124h 75 50 

HO CH� H20, 170-200C30min n.r. 51 
2 H H20, 175°C,2h n.r. 52 

3 Ph H H20, 1600C,6h 65 53 
4 HOCFI2 H thO. cI50C, S Ii, autoclave 114 54 

H20, 200CC, 60 kg/cm’, ] h 90 55 
5 Ph Cl-lCO 1150,150°C,Gh 94 5 
6 flzl C}bCO hydrocarbon, >1 30’C, few It n.r. 57 
7 all amino acids CH3CO melt, 100-200C, N2, 30 min 100 58 
8 -CIh-C112-C1J2-CO- nicli, 205-250"C. N2. 4inln n.r. 59 

s}n.r.  not rcported 

The industrially important thermal racemizations of amino acids and their derivatives without any 

catalyst are known to proceed with relative difficulty, especially in aqueous solutions, These rat nizationt 

arc performed at high temperatures and olen under pressure. The attractiveness of such methods is that they 
are relatively cheap ami therefore industrially attractive. The critical feature of thermally racernizing amino 
acids and derivatives (31) is its performance with a minimum atrtcunr of product decomposition. Tktezirtal 

raecmizations of amino acids and derivatives are summarized in table 3. 

4,2 Base-catalyzed raccirsization. 

Base-catalyzed racemization is a well-known, and probably the most frequently used, method for 

racemization or epimerization of optically pure compounds. It usually involves The removal of a hydrogen 
from the chiral center to form a cerbanion. This carbanion must be stabilized by adjacent groups such as keto, 

nit.rile, nitro or other functiocalities (scheme 9.A), or by a reversible elimination of a 3.cubstituent (scheme 

9.3). 

)X
 base X 0 

_’��J 
�’10 

X C(Ot c. NO2, etc. etc. 

IJ )ç’L + 

Scheme 9. Mechanisms for base catalyzed reeLnaization. 

Base-catalyzed zacemizations often require the preparation of a derivative with an enhanced acidity. 

From an industrial point pf view this 
is 

undesirable as It Introduces additional reaction steps unless the 

dcrivatization is reversible and can be performed in situ. In general, optically active substrates cart undergo 

M*4 



r 
L. 

I 

.).1-J’jri-U]U 15: Novrti -11 51 

Controlled racemization of optically active organic ccmounds 9431 

either racernizatiors, retention or inversion in base-catalyzed reactions. Whether readditten of the removed 

hydrogen occurs predominantly at the same side as from which it was removed (retention), predominantly 

from the opposite site (inversion) or at random (racemization) depends on several parameters lute solvent, 

substituents and character of the base. 

In apolar solvents removal of a hydrogen by a base results in an intimate ion pair and readdition of the 

proton may lead to some preference for retention and therefore to a relatively slow racemizatiori, in a pretic 
solvent a solvent separated ion pair is generated. Readdition occurs predominantly from the opposite side 
resulting in a net inversion and fast racemization. In aprotic polar solvents anions arc less solvated than 
neutral species or cations. Therefore bases tend to be more reactive in these solveot.s than in protie solvents. 
Amino acid derivative 37a for instance shows an’isotopc exchange which is equal to the rate of racetnizatior. 
(tBuOKitBuOH, k64;a=1; k, is the isotope-exchange constant and k,, the racemization constant). However, a 
net initial retention was observed fbr derivative 37b (kdc-Q4) which is assiimnd to be the result of a 

combination of sterical effects and complexation with potassium ion". 
The influence of substituent.s Is demonstrated in the racemization of chiral ketones 38. Whereas 3ceton 

ritemizas with a half-life tv, of 18.4 mm., ketone 3b racemi2es with tI3.7 
mm., both with NaOEt as 

base in EtOH at 25C’1. 

Di-Ir N"
 
eyo

 

32
(RH) 0 38a (PMs 

37b(R-COCM2) SSb (Rtu) 

Figure 6. 

In a kinetic isotope study of the racernization of optically active phononc 39a, it was found that the 
racemization proceeds with a rate equal to the rate of enolization following a Sal mechanism’, The kinetics 
of the base catalyzed raceriuzations of chiral ketones 39b have been studied at different basicities", 

I On- 
Me ya 

Et41,1t 
H0 020 

39i (Ph) 
39b (RAr) 

Scheme 10. 

Bases generally used for nacernization include hydroxide, metal alcoholates, metal amides and annnes. 
The fluoride ion can also be used as a base, as was shown in the racemization of phenylalanine derivatives. 
Treatment with n3u.4N1F in ’VHF at ambient temperature for two hours leads to racemizatiost". 

( 
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Table 4. B-se-eatalyzetI Racemization of Amino Acids and Derivatives. 

Entry R.1 R2 E., Conditions Yield Ref 

1 all amino acids H OH NaOH, 1-120, p14> 10, MCI, T-1 00-250-C n.r. 66 
2 C1420H H OH NHOH, RNH,, pH-5-8, 105-116°C "90 67 
3 Ph H OH NaOH, pH=l1-13, 100-120°C, 1.5-4h n,r. 68 

Ho 
4 OH NaOH, KOH, 1-120, 40-100°C 93 69 

ko 

H OH NH3.RNH, pyridinc, basic ion exchange resin, 64 70 
Il0 OH 2 

McOH,45°C,3Omin 
6 -(C142)2-CO014 H 01-3 421/. NaOH, 160°C, 3 h 93 71 
7 -(CH2)27NH2 H OH (NH4)2SO4, H2O, 150-250°C, 2 h 100 72 

all amino Rcids H OR R07 in RCOOR, 0-4O°C  n,r. 73 
9 CIi(CH3)2 H OR NaOMe, 25°C, 20 min 93 74 
10 BR’C-OCH,- H OR. NaDEt, EtOH n.r, 75 
11 all amino acids H NR, NaOH, NaOR, NR3, 80-I1 0°C,  n.r. 76 

organic-solvent +5 vol. 
% H2O 

12 -(CH24-N}i2 H NJ-I2 NaOH, NH40H, NaNH, in NH,, 100°C, S h in-,. 77 
13 Bzl H NI-I, NH3,RQR,MC!,autoc1avn, 100°C 94 78 
34 all amino acids CH1C0 OH NR3, DM30 or DMF, HOBe I 00°C nr. 19 

15 CH,CO OH NaOH, H,0,pH9,70°C 94 80 

16 Ph CN,Co OR 2N NaOR, 70°C 75 81 
17 -(CH,),-S-CN, CH,CO NH, NaOH, KOH, LIOH, ROI-I 85 82 

18 NaH, DMF, 22°C, 15 mimi 92 63 

moo 
19 PhCO OMe 

HO�_CH2 

20 Bzl RCI-J1CO OR’ 
21 Ph COOEt OH 
22 Ph COOMo OH 
23 

Na,CO,, DMF, 120-130°C, 2 h 

DBU, DBN, TMO, pH>12, RT 
NaOH, 49°C,5 h 

NaOH, NH.OAc, MeDH-1410, 60-150°C, 8 
NH3, NH,R, MeOH, H20,150-160-C, 8-15 km 

ty 

24 
CNIGUNMU 

KOtBu, cyclohexane and THF, 

42 RT-250°C, 7 km 

a) n.r not repol1e. 

n.r. 84 

n.r. 85 
95 86 

97-99 87 
50-90 88 

n,-. 89 
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4.2.1 Rrxcemizahion ofamiia acids and related compounds. 

A generally accepted neohantsm for the acid and base-catalyzed racemization of mnino acids is 

outlined in scheme 11’. The racemization is consistent with a SEI mechanism and shows a Hamniet relation 

with 13-1.15 for aeylglycincs at pH�TO. A pH pmflla study showed general base catalysis and first-order 

kinctks’. The base-catalyzed racemizatiuns of amino acids and their derivatives are tabulated in Table 4 

They can be stibdivided into three main classes based on the applied bases: metal hydroxides, metal alkoxides 

or cerboxylates and amines, 

NW2 NH2 
Bsse-ssatyud 

R+C009 R4COd 

NH? NH? 

Acid-cstalred;1  OR oi-I 

F1i1COOF4 R H
Ot OH 

Scheme ii. Acid and base-catalyzed raccinizafion of some acids. 

Free amino acids are usually racemized by hydroxides, amino acid esters by the corresponding 

alkoxides, amino acid wnidcs by the corresponding amines or hydroxides and N-acyl or N-carbonyloxyslkyl 

amino acids by amines or hydroxides. The yields of base-catalyzed racemizaüons of amino acid derivatives 

are usually good. Factors influencing the acidity of the a-hydrogen of anton acids, and thus the rate of 

racemization, are the etecirnuegathity of the substiutent R, decrease of the negative charge of the 

carboxylale and substitution at the carboxylic and amino site91. The use of a simplex optimization algorithm 

for the determination of absolute racemization constants of amino acids gave results consistent with the 

proposed mechanism and factors influencing the racemization rate". 
It should be mentioned that a substantial fraction of the literature on racemizaticn of amino acid 

derivatives is published in patents dealing mainly with the resolution of amino acid derivatives. These 

patents, in which the racemization stop Is described In detail neither in the body of the patent nor in examples, 

have not been included in this review. 

4,224..cymmefric transformations 0/amino acids and related compounds, 

If the substrate in a classical resolution of an amino said or amino acid darjvatjyc has a sufficknily high 

acidity or if the resolving base is a sufficiently strong base, an in situ racemization leading to an asymmetric 
transformation becomes possible. 

0 

It  ’Or" 

UZN P 

H 

....NH2 
Ph C

4Ja(R-014) 
41b (R=14) 

42 43 

Figure 7. Base-catalyzed asymmetric transformation of amino acid derivatives. 

. . 
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A etysrallization-induced asymmetric transformation has been observed for N-acatyl-(p-

hydxoxyphanyl)glycin: 41a by the action of excess optically activc resolution base x-methy)benzylarnine 

(MBA) in a hex4nolkumcnu solutivu at 130’C. Optically purc amino acid derivative 41a was isolated in 90% 

yield and tho in situ racemization was initiated by the excess MBA. A study of the racemization rate of N-

acetyi-arnino acids 41 showed an inductive effect of the side chain of amino acids following a Hammet-

relation (Table A crystallization-induced asymmetric transformation of 41a was also observed with 2-4 

eq. (R)-2.aminu-1.bulanol In buimmc.,t/tuluenc with 87% yield and 85% cc" aud for pheilytglycine 41b with 2 

eq. (R)-MRA in htnanol/xylene with 95% yield and 00% eec’. 

TableS. Racemlzaflon rate (kJ.C) of N-acetyl amino a ulds’ 

R k., (s’ 0 

Mc 0.04 NH 
p-OH..BzI 

Bzl 
P-OH-Phe 

Phe 

0.23 

032 R1C0OH 

317 41 

8.38 
a) I eq. 41.5 eq. (RS)-MBA,hexsncl, 30C 

A crystallization-induced asymnmetiic transformation of 42 was encountered in the asymmetric 

synthesis of 13-laclams; the in situ epimnerizatico under crystallization conditions was performed at -30°C by 

Et3N in Et20’- ca-Asninocaprolactam (ACL) 43, a precursor for lysine, is racemized by strong base (NaOI-1, 

N144014 or WaNH) in anhydrous NH5 at 1005C during 8 h, by see-BuNH2 or M314 at 130°C during 6 h or 

by NiCl2 in alcohol solutions at 95°C during 4 h. An asymmetric transformation of ACL 43 can be achieved 
by forming a diutereomeric complex with NiCl2. The reaction is carried out by reacting racamic 43 with 
anhydrous NICI2 In an alcohol solution and the supersaturated solution is then seeded with optically pure (1-

ACL)3NiC(2.tOH at temperatures ranging from room temperature to 120°C. In situ cpimcrization was 

initiated by a basic catalyst (Ni(OH)a or Ni(OR)a) and optically pure ACL 43 was isolated in yields up to 

A crystallization-induced asymmetric transformation of 0-lactsm derivative 45 is attained in the 

asymmetric synthesis of cephalcxin 44. In aim epimerization of N-Atrosoiraidazolidinyl derivative 45 is achieved by base under slow crystallization and yields optically pure 45 in 76%, which subsequently has been converted to cnsntiopure 44 (scheme 12)t. Ph 3-li days PL1JL1. 0=11�N a 1 S dioxne’pyridirs -. 45 - 44 0014 COOH 44 45 (2-(RS) or 2-(S)) (4-(RS) or 4(S)) Scheme Ii. Asymmetric synthesis of cephalezia. as 
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An unusual racemization was observed for N-phthalyl-a-amino acid chloride 46 (figure 8). It is 

proposed that racernization by tertiary amines occurs via a ketene intermediate. Racernization via this method 

was also observed for (O-acctyl)mandelic acid10. The ketene intermediates obtained ft-em cr-aryl-acetic acid 

chlorides could be trapped with optically pure pyrrolidinonc 47, resulting in a stereoselective esterification 

giving optically pure a-aryl-acetic acid caress in high yield and large diastareomeric excess". some timino 

acid derivatives can be racemized under very mild conditions, Raeeniization of propiophenone 48 tbr 

example was achieved by reaction with Na}lCOs in CH202 at 401C for 1-2 h"’.5-Substituted hydantoins 49 

are easily racemized under weakly basic conditions (9R=7-9) at relative low temperatures (30-40C). Yields 

are quantitative and the racernization can be performed in aqueous solutions using phosphate buffer. NaOH" 

or basic ion exchange resin"’. 

Fir F Phi 1 Flit 
I Pit NH I 

I-lcI_ 
R_F.(C1 

_. I R(C1 P 
0 it 

S46 

0 
XH 

cJ.A.A.CHOH 
H 

I’IHAc 
4? 48 49 

Figure 8. Optically labile amino acid derivatives. 

In general, racemiaation of hydantoins is mainly dependent on substitution at the 5-position, 
polarization of the proton at the 5-position and activation by substituent1"°. The simple synthesis of 

optically labile hydantoins from optically stable amino acids is a common method to promote racemization at 

the tr-position. Another method to promote the acidity of the sr-proton in amino acids 50 is by corivcrsion 

into imidazolidines 51 via an iminether coupling with a diaminc (scheme 13). These optically labile 

compounds can undergo a crystallization-induced asymmetric transformation tinder weakly basic conditiun, 
and the first-order ep!merizaxion is catalyzed by amines. Starting from alanine (R-.Mc) and under influence of 

optically pure (S)-2-(amlnomethyl)pyrrolidine, optically pure alanine is isolated in yields exceeding 5i’ 

NH2 11HZ a14HZ 

R+CCOH 
=*- R_r01 R5__ 

"H-t 
. tCOOH 

14 

50-(RS) 
Nil NH 

51.(S) 50-(S) , Scheme 13. Asymmetric transformation of imidazolidinvs. 

4.2.3 Raceniizaricn cf cit-alkyl or -aryl substituted Carboxylic acids, esters, ketones- and related compounds. 

kacemization of noosteroidal antiinflanunatomy drugs (l’ISAID$) naproxen 33a, ibuprofen 34, 

hydratropic acid 52 (R=H) and ketoprofen 53 are collected in table 6. A general method to racemize these 

compounds Is by heating with hydroxides (entry 1,59,11,14) or amines in inert solvents (catty 1,2,8). 

Naproxen 33a and Ibuprofen 34 can be raceniized in a saturated NaOCI-solution, in which Na0C1 probably 

acts as a base (entry 4). The unwanted isomer of napmoxen in resolutioti PSCCCSSCS can be cpiweiizeO by 

1. 1! 1 ? ",0,,* 
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heating the salt of naproxen and an optically active amine in the mother liquid (entry 6,7,10). Profens can also 
be raeetnized by in situ conversion into a mixed anhydride under basic conditions (entry 3,12) or by heating 
with a song basic ton exchange resin (entry 13). 

Table 6. Racemizatiog of I’rofeu 

34  
MaO 

339(R=H) 

>._._.J.coOH :cOOH 

2 0530 
33b (R.a1kyI) 

Entry Compound Raceniiaation conditions Yield (%)a Ref 

34 NaOHI2-pmpanol or EtN/octane, reflux, 15 h FLY. 112 

2 34 Et2N,H20,l% MBA, AP, 120°C,4h n.i. 113 
3 34 0.1 eq. Ac20, NaOAc, iPrOAe, reflux, 18 h nr. 114 
4 33a, 34 saturated NaIDCL-solution, 1120, 80°C. 1-2411 >90 
5 33a NaOH, KOH. H20, heating or. 116 
6 33a heating mother, liquid of resolution with optically active amine or. 117 

in DMF1H20=9515, 115°C, 2411 
7 33a heating mother liquid of resolution with l-p-tolyl-ethylarnine, >90 ]is 

autoclave, 150,C, N2,12 h 
S 33a t2BU, DBN or DABCO in inert polar solvent, 80-100°C, 3-9 11 >90 119 
9 33a Ne011, KOH, NeOR, J(.OR, inert polar solvcru, T>100°C, 24 h >90 LED 

10 331t heating mother liquid of resolution with MBA, inert solvent, mr. 121 
80-150°C, 548 h 

Ii 33b NaOH, KOlI, 2-ethcixyethanol, reflux, 5 h 9 122 
12 52 (R=H) A020, pyridine, reflux Itt. 123 
13 52 strong basic ion cxchnngc rcsin, anhyd-ous itt. 124 

14 53 - NaOH, methylisobutylketon, 70-100°C or. 125 
a) n.r. -riot reported, 

A 
Tstalllzatlon-mtiuced asysnrnetne transformation was achieved with the methyl and ethyl esters of 

naproxen 33b, which form conglomerates. In a supersaturated solution of 331; and a base (e.g. NaOEt, 1)130, 
DEN) in ethanol at 25-709C, crystallization with seeding rcrsuhvd in the isolation of optically pure (R)-33b with yields of 63-87%°’. COOHlOtOt I 0,C0OMa 32 34 Figure 9. R2"COOR1 0 

C001

 

14 55a (R,°Me. 6a (n I) 53h (R,l-J, RAe, FhCO) 56b (n"2) 2-Aryl-succinic acid derivatives 32 and 54 are racemized by initial conversion to their diniethyl esters, 

Subsequent beating with NaOMe in MeOR at reflux for sevrn1 hours results in the racernic di-ester which 
are finallyhydrolyzed to the reccrnic acids"". 
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Raccmiaation of methyl Scctyl-3-mcrcaptoisobutymte SSrt is difficult due to its decomposition. The 

reaction was performed by DBU, DRN or DABCO at 50-100°C for 5-10 It in solutions of methyl 

meihacrylate and DM? to suppress the retro-Mitrhacl reaction and results in raccmic SSa in varying yie1dSu. 

Mereaptolsobutyrie acid derivative SSb was racemized by DBN/NoOAo in refluxing xylene for 1.5 h in a 

yield fgQgQ%r;, 

Racemizatlon of 3-oxo-cyclopentenoic acid 56a and 3-uxo-yc1ohcxanoic acid 56b was carried out by 

Initial conversion to thmcthyl caters, treating the esters with NaOMe at reftux for 2 h followed by hydrolysis 

to the racamic acids. The recemic acids were obtained in yields exceeding 90%OC� Racelrli72ticns of other Cr.-

alkyl substituted carboxyl derivatives sic summarized in table 7. 

Table 7. Raceanization of ct-Alkyl or -Aryl Substituted Carboxylic Acids, Eaters, Ketones 

and Related Compounds. 

. ’\yR s ’ cooir. 
o 

Ph 
30. (R,-C(, 5,-OH) 5. (tC1,SrJ 58. (1tH) 5 60 

(1tOCM2, &"O1) 3Zb(t-QR) SOb (lb-El) 

tad (RiCL 5,°Ar) 

Entry Compound Racemization conditions Yield (%)° Ref 

1 30a 50% aqueous KOH solution, 136°C, 5 h. pg 131 

2 30e alkali metal hydroxides, anhydrous Filcohol solutions, 60-100°C 90 132 

3 30d DBU and DABCO n.r. iii 
4 35b alkali metal hydrides of alkali metal alkuxidea, 20-2.00’C u.r. 134,133 

5 SOa half-life t =1350 h (EtOR, 27°C)  n.r. 136 

6 501b t>5 =80 lt (tOI4, 27°C), t ’24 h (EtOli, 47°C) n.r, 136 

7 58b NaOEt, MOM, -10°C n.r. 136 

8 59 amine, heating, organic solvent n.r. 137 
9 60 heating mother liquid of resolution with quinine, NcOEt in IPA - n.r. 138 

a) n.r. not 

reported. 

In the synthesis of .4,6-dimethyl-7-hydroxy-nonan-3-nnaa 57 four diartareomers are obtained from 

which only diastereomer 571, (S,S,S) bows sex attraction activity. The unwanted diastereorner 57a can be 

epimerized with KO}I or NaOH and 57e with DSN, Et3N or acid at temperatures around 100°C. The 

obtained diestereomeric mixtuxes can be separated by colunus chromatography (scheme 14)°°, KQWXOI DBorEf,N � )100°C 0 [1 0 OH 0H.p�1,- 0 OH (RSK).57* (SaS)57b (RSS).57n Scheme 14. Epinierization of 4,6-dim ethyl-7-hydroxynonan-3-on as. 

A crystallization-induced asymmetric transformation was observed with covalent diastereomers of 61 

(scheme 15). In situ epimerization is induced by a catalytic amount of DPN at 25-60°C n o mixture of 
Ir.tOAciUexaae, and under crystallization conditions optic&ly pure dl is isolated and converted to the 



7’f 
01-Jun-fl1j 1j Ncvrtis +11 b 2?16 124 

9438 E. J. EBBRS el W. 

enantiometca1ty pure ethyl ester, a compound with analgesic and anti-inflammatory activity1°. A first-order 

asymmetric transformation could also be attained with menthone 629 which after thermodynamic 

equilibration in a solution ofNa0Me!MeOH gives an excess of(-)-2b’". 

sac cst D8N H3C 

C4 CHi 0 O 
0 43 

61 
Me Mc 

aoMc.’Meo}L 

(-).12a (4-).62b 
70% 30% 

Scheme 15. 

A study of the solvent control in the racemization of nhtriles 63 and 64 and their amide and ester 

analogues showed a large increase in the racemization rate (factor IO) going from MeOI-L to DMSO. The 

kinetics of these reactions were studied by hydrogen-deuterium exchange’and the results were explained by 

different solvation of the base and the substrate in the solvents used. A similar study of the isotope effoct in 

the racemization of 2-phenyl-propionitrile 63 by NaOMe at 10’C showed an increasing racemizaliori rate 

with increasing concentration of DMSO in DMSO/MeOH solutions. A kinetic isotope study of nitriTes 63 

and 65 in tine reaction with bases KOMe and KOtBu in ticoteroted methanol, tertiary butyl aicohol and 

DMSO, showed either retention, inversion or racerniaction depending on the ubsirctc, soivera and base 

used 

cCN -ç 45 C  

ROL'0 ''JCH 

66(RC1,0r,FMe) 67 65 

Figure 10. 

Epimcrimtion of cyclopropancearboxylates 66, used as pyrethroid insecticides, at the beozyl position is 

induced by base (e.g. NH3, Et3N, morpholine) in apratic polar solvents (preferably Et3N in acetone at 20cC 

for 15 h). A ciystaUization-induced asymmetric transformation of 66 (R=Br, cis, delrinethrin) oari also be 

achieved’". Epimerization of 66 can also be performed with insoluble basic catalysts (e.g. alwnina, talc, 

alkali carbonate, basic ion exchange resin, CaO, MgO) In apoler or aprotic polar a1vCn!C at temperatures of - 

20 to 150C. These reactions can be carried out by passing the substrate trough a column or the catalyst’4’. 

ZC? 
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Racmization of the nitrile derivative of naproxen £7 is accomplished by a strong basic ion exchange 

resin (OW) in an organic solvent". Tofisopam 64, a psychovegctative regulator, is partially racemized by 

KOtBu at 10000. 

42A Rarmizatian of a-hytfroy carboxylic acids esters, katone,7 and related compounds. 

The raceraizntion results of a-hydroxy carboxylic ackls, esters, ketoucs and rated compound are 

collected in table 8. 

Table S. R2ccmizalion oIct.Uydroxy Carboxylic Acids, Esters, Ketones and Related Compounds. 

OR 0 

COOR :P 
°' 

COOtRu 
0 

9.a(RH) 
69b (R=Et) 0’< 
9c (R(..)-rnenthyl) 0 70 

OH 

nL3 COOR 

OH 

HOOC
 

COOH 

01-1 

7141 (RH) 72 
7!b (P -Et) 

OH 
r OP. rsc_lt1 OA OEt 

0i_J 
HC_kCOOR Et0oC..)ç LTcoui Z.  

73 14 75 7a(R’H) 77 

16b (R-AC) 

Entry Substrate Reaction Conditions Yield (%) Racemizatian (D/,) f 

1 69a alkali metal hydroxides, water or alcohol Mr. 100 162 
2 69b Na, toluene, 2541C,5h 44 100 145 

3 69e 1" order asymmetric transformation, KOH/EtOH n.r, (5)/(R)=’54!46 149 
4 (-).70 Et3N, CHCN, 0-50C 88 1100 150 
5 (RS)-70 2’ order asymmetric transformation, EtCO, 80% (8)-67, 151 

DU, I 5-0C, 0 li 04% cc 
d 71a AT, base (e.g. NaOAe, pyridine, Et3N), Ac20 or, or. 137 

7 71b Nall, toluene, reflux 87 100 
8 72 alkali, HO, teflux, 5-8 h, via rneso-tartaric acid or, nX, 1-54 

73 PPh,, dialkyl az*-diorboylate, DU or DI3N 69 100 155 

IC 74 NaOR, KOR or DBU, anhydrous Inert solvents or. 100 136 

21 75 NaOES In EtOH or. 100 157 12 762 NaOR.. KOR., DBU, DBN, JtT-120°C, or, 100 158 with or without 

solvent 
13 76a NaOH or 1(011, 145aC n.r, 

100 159 14 76), Ba(OH), NaOMe, K2C()3, NaOAc, >90 100 160 heated anhydrous solutions 15 77 NaOl’IorKOafl2Q. 140.I60eC5h 90 100 161 a) n.r. not reported Mandelic acid 692 was raeemlzed by refluxing or heating with alkali metal hydroxides dissolved in 

water or alcohol". Racemization reactions were studied in aqueous solutions at pFI 1-12 at temperatures 
ranging from 25 to 800C. No racemination was observed in acidic sohitions (lees than I1-2N at 96C). Parameters effecting the first-order racemisatlon constant are the temperature and c000entralion of base. 
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The tantonterlc equilibrium of mandelic acid 69a was studied and a pK5 of 15.4 was fond for the arid and 

22.0 for the carboxylate. 

An unusual racemizatlon is that of 2.hydroxy...methyl-3-one-butyr1c acid 78 under basin conditions 

which involves a tertiary ketot rearrangement of dianion 79 as shown in Scheme 16"’, An u-ketol 

rearrangement is also possible for ca-hydrozy aldehyder, and ketones wider acidic corudition& . 

0 0 O COO’ 

COOK Jn 
)Coo. 

be 
HC ’X, H3C H)C 

H3C OH HC OH H]C 1j 0 

78 79 

Scheme 16. Tertiary ketol rearrangement. 

4,2,5 acemlzation of miscellaneous compounds. 
Racetniations of several chiral compounds bearing a nitrogen or an oxygen at the chiral center arc 

summarized in table 9. . 
Table 9. 8s -catalyzed Raeematinn of Compounds 3eoring a Nitrogen or Oxygen at the Chiral 

Center. 

JJ’NH
  ?Dy) []’’ 

80 SI, (R-H) 82 83 

at  (RC1) 
NH 

Ccc1S S)OZNM,. 
o 

84 55 - 81 

Entry Substrate Reaction Conditions Yield P,eccrnization Ref 
(%)a (%) 

1 SC) NaOH, NaOM;NaHCO;NaaCOj,Bu?QN orDABCO n.r. 100 167 
2 Sia eahdyticNaNHaorNaH, 100-140C. without solvent �100 100 ies 
3 Sib metal. alkoxida (e.g. KOtBu), DMSO, RT-200°C >90 100 
4 82 Nail, 1H, aromatic solvents. 50-160’C. n.r. n.r. 170 
5 33 NaOR or KOR.. Nall or NaNH7, reflus, organic solvents >95 100 in 

6 83 NaOR. or- KOR,NaH orNaNHa, without solvent >95 100 172. 
7 

. 
84 NaOMeinMeOH, 60-195C 77 100 173 

8 85 KOH in DMSO 53 100 174 
9 85 AT, BwNI. ethylenimine. lIZ. 100 175 
it) 86 1) acylation. 2) racemization; formamide, NR, NaQR or 77 100 176 

KOR), protic solvent. 3) deacylation. 4) purification 
U 87 BuU,DME0rTHF, inert gas, RT n.r. 100 177 

ocitreported - 

A unique epimErizationat two stereocenters in one step was observed during the crystallization-induead 

asymmetric transformation of (-).narwcdiue 88, a compound with cardiac, analgesic and hypotensive ectivity. 
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The in situ cpimerization mechanism involves a retro-Michael reaction via achiral intermediate 90, When the 

epimerization was cazricd out under crystallization conditions in a supersaturated solution arid seeded wtth 

(-)-8, optically pure (-)-88 is isolated, which can be converted into -)-gaianthatnine 89, an acotylchalina 

esterase inhibitor that can be used in the treatment of Alzbeimers disease (Scheme 17)"’. 

0 0 0 

EN 

N� o N� ’ N�  

�o 
64RK IM WAR 

 
�o 0.83 
0 

o 

89
 

Scheme 17. Crystallization-induced asymmetric transformation of narwedine. 

A first-order asyminetrie transformation was observed for clilombromomethanesulfonic acid 91 under 
influence of an optically pure aininoalcohot (scheme 18). Under equilibration conditions in acetone the 

. diaslereomers are present in a ratio of (S)-91/(R)-91=8l/9, In a saturated solution of acetone, after seeding 
with optically pure material, crystallization of one diastereomer results and optically pure (R)-91 was isolated 
in 75% yield’" (ante that this is the diastereomer least present in solution). 

Di er 
T CtOtt cry 

’, 
41.t( order) 

(n).91 

(S)-I (R)-91 (Ctr5trtlline, 

(solution) (sctut!ofl) 

Scheme IL First and second-order asymmetric transformation of ehlorobromomethansu1fonic acid. 

4.3 Add-catalyzed a-acemizarion 

Compared to base-catalyzed racemizations the scope of acid-catalyzed racernizations is somewhat 
limited. Usually two pathways are recognized. The most frequently encountered pathway for acid-catalyzed 
racemization is the protopation of a double bonded hctcroatom in an cc-position to a cliiral center, followed by 
abstraction of a hydrogen from the chiral center (scheme 19A), representing ketoenol thitomerism if the 
Lieteroatom is oxygen, and Imine-enantine tautomerism for nitrc8en. This mechanism is conceptually similar 
to base-catalyzed racemizatlon. The protonared hereroatom enhances the acidity of the ce-proton to such an 
extent that even a very weak base can affect deprotonation. 

eM 

. Al- + >...14 
0 

H H 

.4-A + H° .)�t -t 

8chcm 19 Mcchanisw3 for acid catalyzed racemization (Rranste1 as well as Lewis-type IcidS). 

3t 
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Acid-catalyzed racemizatiori is also possible if a substitucnt is present at a chiral center which, upon 

protonation, is converted into a good leaving group. This leads to the reversible formation of a carbocation 

which is planar (unless constrained in some manner) resulting in racernization (scheme 19B). The carbocation 

must be stabilized by other flznetionalifies otherwise reamingernant can occer easily, leading to unwanted side 

reactions. The need for a substituent that can act as A leaving group combined with the need for a cation 

stabilizing ftmettonality is more restricting than in base-catalyzed racemizations, where only an anion 

stabilizing soup has to be present, but this mechanism is also possible with compounds lacking a hydrogen 

attached to the chiral center. 

Although most of the acid-catalyzed racemizations proceed by one of the general mechanisms depicted 

in scheme 19 there are also some reactions known whore no chiral center is involved, but where 

symmetrization is achieved in a different manner. Examples of such types of racernzatlon are shown in 

scheme 20. 

Dicurboxylic acid monaceters like compounds 92,93 and 94 undergo acid-catalyzed tansesterification, 

As these reactions proceed via a symmetrical and sehiral intermediate racemization is achieved without 

affecting
 any chiral center directly1’°. Other examples of indirect acid catalyzed r,zcernizalions are the 

helerocyclyloxy propenediols 95 where the heterocyclic group moves between the hydroxy furtciinns The 

intermediate 96 is symmetrical, and therefore achiral. The heterocyclic group may be thiaaole, pyridinr, 

pyrazine or pyrimidince. Compound 97 also epimerizes via a symmetrical intermediate, but here one of the 

chiral Gcnters is stcrcoscleciivcly Lcannged under the iiifluonce of mercuric trifluoracerate acting as a Lewis 

acid. Other examples of racemizations which do not alThct the chiral center can be thvnd in teetions 411 

and 4,7.2. 

RI R\ l’ RI, R 

HOD OOR 
92 

4 W=kLROH . 
0 0 R000 COOI-t 

H 

RI R. 

HOOC>OQIt HO’ c coog 
93 94 

OK 

 H 
OR 

O C 0H 

95 96 Ho

COOMa COOMe COOM; 
(CCOO)Hg (CFiCOO)2}49 

)? f 
OCCFi - 

&0

 

RHN 10 57 
0 0 

H?’IR 

Schenie ilL 11affirect arid catalyzed rceinizratione. 

33 
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4.3- I IacemIzazion afamfiw acids and related compoundr. 

Acid-catalyzed sacernization of amino acids is probably the most extensively studied type of 

rucenizalion, The reason is that amino acids can be very easily racerni2ed (according to the general approach 

shown in scheme 1A), after in-situ conversion to imines (Schiff bases)"3 using a wide variety of aidehyder 

and ketones. This method is of major importance for the industrial synthesis of optically pure amino acids and 

is treated in dctail in section 4.4, 
Most, if not all, free amino-acids can be niccmized under acidic conditions The dependence of the rate 

of racernization on the pH has been studied end turned out to be complex, viz, depending on no less than six 

rate ristants°’.  Acid-catalyzed racemizatinn requires strong acids and te1llperatures well above 100’C. 

Racernizetion ofalanine, valina, leucine and phenylalanine at 142C proceeds slowest at pH’s between 1 and 

3"’. Some examples of this method are collected in table 10. Esterilication of the acid, or transforming the 

amine into an amide are routinely applied methods to facilitate the racemizatlon under acidic conditions (sea 

table 10). 

Table 10. Add-catalyzed Racemizathrn of Amino Acids and Related Compounds. 

COM Ph

 

Me S,NH 

0 OH 
98 99 100 

Entry Amino Acid Conditions Results’ Ref 

Phenylglycine PbSO5I-1 (20% in water), 160°C, 6h ji.z-. 185 
2 Lysine Aqueous HO (10%), 170°C, 4h n.r. 16 
3 Cysteine Aqueous HCI (6N), 120-1405C, 24h 81.5% 187 
4 S-carboxymethyl cysteine Aqueous HO (35%), 130"C. 30h 95% 188 
5 Cystine Aqueous HBr (48%), heating, 40-45h 10%b 189 
5 98 Acetic acid (99.50/*), reflux, 2h 45% 190 
7 Phenylglycine methyl ester H2804, 160°C, Sh 80-90% 191 
8 99 Phenylacetic add, 180°C, 5-10mm. 90% 192 
9 100 HPOa. 100°C, 45 nun. 95% 193 
a) or. = net repartid. b) GiV09 raisture of DL and mesocnIins, and after reduction 104/o-Dicystchlz 

N-AcyI amino acids are often racemized in the presence of anhydrides or keter4es. The in-Situ formation 
of azjactones 101 (scheme 21), which racemize readily under acidic conditions, greatly facilitates 

. 0 0 
JL _ _ It t’IH 

(CO)O 
R"’NH 

FasM2h5O 

ON 
 IT o biG OH 

Scheme 21. Formation of aIactones from N-acyl amino acids. 

racensization. The ease of racemization of aziactones is mainly due to the formation of an aromatic ring 

system. Oilers an anhydride is formed which has to be hydrolyzed subsequently with an aqueous base, The 
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use of relatively large amounts of anhydride and the formation of salts makes this reaction somewhat less 

attraativc from an industrial viewpoint. The data in table Ii reveal that the conditions for racemiZation of N-

acyl amino acids in the presence of anhydride arc much milder than those for unprotected amino acids. 

Table H. Racemi.zation of N-retylMmIno Acids In the Presence of Anhydrides. 

110 � C0014 

HN Ph 

NIV 
I Ms .0 

0 1fl1 Ms 
(rIr )_- 

102 Mc 
- 103 0 104 

Entry Amino acid conditions Result? Rof. 

I N-acetyl methioniiic Ac20 (cat,) 1205C (melt) 99.1% 194 
2 N-acetyl phenyiglycinc Ac20 f AcOH (cat,). 160’C 9% 195 

100 Ac20 / AeON, I 1°C, 30mln, 96% 196 
4 102 Ae20,EO°C45min. 93% 197 

. 5 103 
6 104 

AcO/AcOI-I n.r. 
AcaO/ACOH,9ScC,6b 97% 

198 
199 

7 N-acctyi pbenylalanine Ketone, aqueous solution pH 4-7, 7O90°C n.r. 200 
a) n,n = not reported 

Cyclic derivatives of amino acids such as 105, Le, imidazolicflnes (XN). oxazobdiries (X=O) and 

thialhs (XauS) racesn1e or epimerlze, very easily under acid and basic conditions (scheme 22)CI, In 

Scheme 22. 

principle asymmetric transformations are conceivable for amino acids if chiral acids of sufficient avid 

strength are available. However, most chiral acids are incapable of directly racemizing amino aaids at 

temperatures which allow the crystallization of the salt and only a few examples of this type of asymmetric 

tmnsformation are known. N-Acyl derivatives of proline, leuctine and phenylglycine can be obtained with ce’S 

ranging finni 40 to 90% by preferential crystallization from the melt in the presence of a catalytic amount of 

acetic anhydride. 

COOl-I 

oc 

')cooH 
106 107 

Figure 11. 

A crystallization-induced asymmetric transformation is possible for compounds 106 and 107 (R’�H, 

W’-Me; RH, R"kt or R’=R’I4e) with camphorsutfortic acid as resolving agent, using high boiling, 

relatively apolar, carboxylic acids such as propanoic-, butanoic- and hwcanoic acid as the rolvent. At 
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temperatures between 90 and 1201C raccmization proceeds at an acceptable rate and the solubility of one of 

the diastercumedc salts is suctently low. The yields of these asymmetric transformations -vary between 75 

and 100% with cc’s ranging from 85 to l00%° (additional examples are collected in seetion 4.4). 

H H 0 OM 
OR .OR 

We ). 
0 We

 
los 109 t’rnlBu tic Tinme 111 112 

Figure 12. Racensization of hydroxy-compounds. 

412 Racemization ofhydroxy-compawsds’. 

Compounds with a hydroxy function attached to a chiral center may be racernized following the 

mechanism shown in scheme 19W in practice however this type of reaction is not often found Unwanted side 

reactions can be prevented only if the intrmcdiat - .bocation is ufficient1y stabilized or is unable to 

� undergo rearrangement This is the ease fbr the examples given in figure 12. The raoemizolion of nompounds 

108’, 109 and 110 requires relatively mild conditions, i.e. dilute aoidt or ion-exchange teal and 

temperatures between 40 to 130°C. Compound 111 (RH) which is a constituent of allethrin insecticides can 

be racemized by in refluxix,g formic acid, containing all amount of water for 481120. This leads to the 

fomtation of optically inactive formate which subsequet..ey has to be hydrolyad. Compound 111 can also be 

racemized by treatment with PBr3 to give the bromide R -Br), or with PCI3 or PCI5 in the presence of a 

Lewis acid (ZnCIz at BF3) to give the chloride (R�Cl", which can be transformed into the optically inactive 

hydroxy compound by treatment with hydroxide. 

Compounds with the hydroxy group adjacent to a carbot-.yl moiety are rather racemized by keto.no1 

tautomerisxn than by the formation of a carbocation. 4.Demcthoxy-7-dcoxydaunomicinon can be racemized 

with p-molucnesulfonic acid after conversion into the dimethylether I1221. Mandelie acid 469a could be 

partially racemized by treatment with We, which has acidic as well as basic sites"’. D-Tartaric acid 72 was 

racemized in the presence of meso-tartaric: acid to give 74% of DL-tartaric acid, In the absence of the main 

acid only 50% racemization was observed"’. 

4.3.3. Racemizuiicrn of miscellaneou.s compounds. 

nA1kyl rz-aryl acetic acids can be racemized under acid conditions. Ltibenzothiapine 113 racemizes in 

acetic add with 4N NC at 140°C in 12 hours giving a nearly quantitative yield (scheme 23)". Carboxylic 

to acid 30a (table 2) racemizes in the melt in the presence of a catalytic amount of sulfuric acid (140°C, 2h) or 

p-toluenesulfanic acid (220°C, 1b)1" and naproxcn 33a (table 2) can be racemized by r.-fluxing in acetic 

anhydnde"°. 

0 R
 

114 0 0_Az 

Scheme 23. Raccmization ofDibenzothkipine and Chr-ysantbemlc arid derivatives. 
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Chryethcmic acid and relatod compounds are intermediates in the synthesis of important insecticidal 
pyrethrinsnl. As only one enantiomer shows high activity and environmental regulations requires the sole Use 

of this enantiomer the enanose1ective preparation is of industrial importance"’. 1(acemization of 

oluysanthcniic acid derivatives 114 (R-Alkyl; X°CI, Sr or anhydride) with _owis acids proceeds by opening 

of the central cyclopropane bond which Leads to the simultaneous inversion of both chixal cent= of the 

cyclopropane moiety (scheme 237E9, A noteworthy feature of this type of racemization is the use of Lcwis 

acids; as in most acid-catalyzed xacemizatiorts Breasted acids are applied. The conditions for this 

racemizatian are mild, requiring temperatures between 0°C and 100°C and  reaction times of rrjinute5 to a few 

hours°, The reaction leads mainly to the racmic trans-isomer with only 5-10% of the aseemic cis-isomur. 

The dJchloro compound 114 (R’-’X’-Cl) could be raceniized using B13 at 100°C for 811, but here the 

racernization was only pardaF’. Racamization of chiyszintheniic acid derivatives is also possible by a similar, 

radical initiated, mechanism. Chrysanthemic acid, its esters, anhydrides and acid halides racemize entity upon 

treatment with bromides (Hilr, AIBr3 bBr3, ?Br) in the presence of an organic peroxide, an azo compound 

or oxygen. The reaction proceeds at low temperatures (-30°C to room temperature) and also gives small 

amounts of the cis-isozncr". The rcuctkm esim aJu be initialed phoochcmical1y. 

14 

No 

115Mch 
0 o 

Nll 
}IN tcaO HOH2i’4 )=o 

Nmc NM 

,! 

c 

0i N-?-O N 0 
116 H H 

acid 

UI CHI 

NMe 

. OL01 IICOOH 

Figure 13. 

Tilivaiiine uS (figure 13) epimerixes under the hri)ucrmca of a Lewis acid (50-55°C, 24h). Raccinization 

of compound 116 (10% HCI, 90C, 3hP and Trdgcr’s base 117 was achieved by opening of their ring 
systemsns. With Troger’s base use of a chiral cyclic phosphoric acid leads to an asymmetric transformation 

with an cc exceeding 95% in 93% )ieldm. The djnitrobezoje salt of amine Ilts racemrzizcs upon heating to 
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160C for 30 min. Chiral sulfn,dde 119 can be raceuiiz.cd by treatment with trifluoroacctic anhydride". 

Finally it should be mentioned that halogen substituted carboxylic acids such as 2-chir or 2-

btmopropionic acid can be racemized by simple heating at their boiling point. 

4.4 Racemization and cryathilizalion-induced asymmetric transformation via Schiff bases. 

Derivatiatiori of a limotional group connected to a chiral center is a well known method to affect 

optical stability. The increased leaving ability of an exchangeable group or the enhanced acidity of an 

attached proton allows mild raacmization conditions which can often be combined with a resolution process. 

The aldehyde or ketone catalyzed racemization of amino acids and derivatives via Schiff base intermediates is 

the most prominent example of this method, and proceeds by initial protonalion of the imina followed by 

proton abstraction by the acetate anion (scheme 24). This mechanism was confirmed by kinetic studies of the 

hydrogen-deuterium exchange of ScIiift?basesssr. 

N’11 ciic0oi-j P"H { H.JLn 1 HH çucooti 

R’kOOCH-

 

R+COOH 
I 

COQ-

 - 

I V"cool-d R’H fti"COCH 

FtR10 
CH5COO CH3c0OH CHC00 RcHoI 

1Cfl3C00H CH3CQ0I1 

NH5 

H 

RCOOH 

H 

1- 

cii5coo-
Scheme 24. Racemlzatian of amino acids via Schiff bases. 

More than 100 patents (not including equivalents) have described a combination of Schiff base-

promoted racemization with a resolution process by selective crystallization, thus affecting an crystallization-

induced asymmetric iransfounation. Well known examples are the asymmetric transtrmation of 

phenyiglycine 41b using caraphorsulfonie acid (CSA) and salicylaldehyde in acetic acid resulting in the 

isolation of optically pure 41b in 70% as described by Yansada and H*ngo (scheme 25)°’. Some other very 

efficient examples of crystalization-induced asymmetric transformations of amino acids are shown in scheme 

26. 

Y,�sojH 

NIH IH 

rr’CQ0H.()-CSA 

LJ t. aJicy1aIththyd 
?9)41b AcOR (S).-41b 

Scheme25. Crystallization-induced asymmetric transformation of phenylglycine. 
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N11  

OCH 

tiol-tia) 

[(+).BCA] 
1-10 

e100% 
cat. sa1icyld (S)Hp5 (41 A) 
AC014,700C, 121 

CODH 

I(+)-TA] 

PCHO, nFrCOCH N142 COOl-(+)-TA ee=100% 

(s) -Fro 90°C. 6 h (R)4’r 

(+TA 

000OH.(+)-TA 
yield-70% 

ECHO, aPrCOOH 
I HIQC, 2-10 Ft (R)-Pia 

NH 

(+)-TA 
XNH 

yIeld5% 
RCHO AcOH Icc- 100% 

H2N0H 5(O 1-7 H2NCOOH.(+TA 

(SI-His (R)-His 

t-)-TA 

 
NH, 

N icId95’, 
cat, sal!cylaldehyda H." CUOH eelOO 
AcOH,800C, I-9h COOH.(-’-)-TA 

(tTA 
cat. sa1icyIaIdhy HS 

cclO% 
yitd53% 

COOH AcOH,EOOC, 1.h COMM-TA (S) -Cy 
(BCA-bromocarephorsulfortic acid, TA artarc acid 72) 

Scheme 26. CiystaiLlzation.induced asymmetric iran5formation of amino acids. 

In the synthesis of aspoxicitlen, two crystallization-induced aammetric transformations to optically 

pure D-p-hydroxy-phenylglycine (Hpg) 41a and D-nspartic acid (Asp) are used with yields exceeding 90%. 

This method is very attractive because the same resolving agent (phenylethanesulfocic acid, lES) is used, 

NHI NH2 .(4-)-TA 
CO 

14)-TA 

caialdehyde arkC on 
(R5)OR -41e (R)-41c 

JtH2OH, OMc, Cl 
RMe. Es lPr 

yId555 

NH2 

ktaac41d
 

cat. cldthydc or 
1. (RS) (R)..41d 

R’H, 04 
(TAtarlartc acid 71, MArrianddllC acid 59a) 

Scheme 27 Crtetailiz*tiotzindueed asymmetric traitforxnation of amino acid esters and amides. 
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Also amino acid derivatives like simple caters 41c and amides 41d can successfully be applied as 

shown by work of DSMV) and Glaxo"° respectively (scheme 21) 

A more detailed survey of the patent and scientific literature shows that virtually every amino acid has 

been used in a Schiff base-promoted racemizatkm or crystallization-induced asymmetric transformation A 

comptehensive survey is given in Table 12 and Table 13. In more general terms the method is characterized 

by 
� all amino acids and simple esters or nmides can be used provided an cr-proton is presane and tho amino -

group is not protected, 
� for Schiff base formation aromatic aldehydes like salicylaldehyde or pyridoxal are preferred but also 

aliphatic aldehydes and even simple ketones can be used. 

� in most examples a catalytic amount of aldehyde (1-10%) is sufficient; an excess is often used for other 

reasons. 
� the uldehyde (Or ketone) can also be used as solvent or co-solvent. 
� the aldehyde can be activated by additional substitucrits Le, nitro-groups in aromatic aldehydes or made 

water soluble through sul Ionic acid fimclioiis 
� immobilization oftbe aldehyde can be used to simplify down stream processing. 
� its most cases additional acid or base is used to set up the required equilibrium system 
� resolving acids as well as bases can be applied together with the racemization catalyst 
� simple solvents like water, acetic acid, alcohols and ketones can be used; preferably one of the reaetantt it 

used in excess to serve as solvent. 
� reaction conditions are mostly mild using reflux (50-100°C) and high concentrations 5-20%). 
� yields are generally good to excellent (70-100%). 

A quantitative analysis of crystaJlization-induced asymmetric transformations of phanyiglycines (Phg) 
and phenylglycjnates 41 showed that the racemic substrate  solvent and carbonyl compound are of equal 
importance in affecting an crystallization-induced asymmetric transIormatiOnn4. 

CRj 043 

; (+)-CSA 
ArCtiC 

oçl�NH2 IPrOAtFMtCN 
RT 

Ph Ph Ph 
(R5)-I202 (S)-120a y1ekf>90% tS)-l21 

0 0 

Pit flOb 

Scheme 28. Schiff bass-catalyzed rscemlzalton and asymmetric transformation of beazodiazapinones. 

An example of a crystallization-induced asymmetric transformation of an antino acid related compound 
is shown In the synthesis of CCK-antogonist 121. Here a Schiff base-catalyzed erysallizaliun-induced 
asymmetric transformation of bew.odiazepinone 120s is used and results in the isolation of optically pure 
120a in more than 90% (scheme A base-catalyzed racemization is observed for l-O.acyloxazepsm 
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120b, which in fact is a Schiff base. This racerni2aftn was studied by deuterium-exchange experiments and 

It was found that racetnjzalion eccurred via a keto-enol mechanism at pH 7.14111. 

Table 12. Survey of Schiuf Base Promoted Racemization and 
Crystallization-induccd Asymmetric Transformation ofAmino Acids 

Entry Amino acid Aldehyde or Ketone Reaction Conditions Results Ref 

L-Ser pyridoxal, l30, pH 13,48 h, 60C DL 90-100% 237 
salicylaldehyde 

2 L-Scr C4CUO Cu(II)NaOH
3 L-Lys pyridoxal, H20,NH0H,100h,30°C  

-- - salicylaldehyde 
4 DL-Hpg salicylaldehyde 

5 DL-Hpg ArCHO 
6 DL-Hpg various aldchydes 

7 DL-Upg 

7 DL-Phg 

8 DL-Ala 

9 L-Pro 
10 DL-Ilia 
U L-His 
12 L-lsoleu 
13 Phg 
14 DL-DOPA 
15 L-Ac-Cys 
16 DL-Cys 

fit-Hay 

various aldehydes 

salicylaldehyde 

various aldehydes 

butanal 
butanal 

salicykidehyde 
salicylaldehyde 

pyridoxal 
salicylaldehyde 
salicylaldehyde 

various aldehydes 

17 various 3-NO2-
salicylaldehyde 

18 various various aldehydes 

19 various 
20 various 
21 various 

22 various 

23 various 

24 various 

various ketoncs 

various ketones 

glyoxylic acid 

HO 

HO 

salicylaldehyde 

ArCHO bound to a 
carrier or resin 

i-tO. AcOH, 
(+)-brmocaniphorsu1fonic acid 

H20, H 
CH3CN, 

(+).phcnylethaccsu!f’onic acid 
AcOR. Ac20, sulIoetic acids, 

30 h, 100C 
AcOM, 

(+)-caruphorsulfonic acid 
AcOl-I, Ac20, sulfonic acids, 

30h, 100CC 
butanoic acid, tartaric acid.. 80C 
butanoic acid, tartaric arid, 800C 

AcOl’I, tartaric acid, 50°C 
AcOH, HO, I 00°C 

phosphate buffer 
AcOH. lIO. 3 It, 92°C, seeding 

H50,l{°.rellux. 12h 
AcOl-I, tartaric neid, 

via 4-thiasolidinecarboxylic acid or 
1 ,2-thiazane-4-cnrboxylic ackI 

H20, tBuOH, quinine, 
reflux 

AcOH, I h, 80-100°C 

or AICh. 60-160C 
organic acid 

H20, AIC1, reflux 

H20, Al -silicate, A1203 or Cu(ll), 
80-100°C 

various solvents, gT-100°C 

DL-Ser 233 
DL-Lys 80% 239 

D-Hpg 92%,99% cc 240 

D-Hpg, 99% 241 
fl-Mpg 991/a 232, 

242 
D-Hpg 70%,97% cc 243 

L-PFg70%, 100% ea 231 

fl -Ala 161,11a, 9SYae 231c 

1) -Pro 115%, lOt) Va cC 244 
D-Pie, 70%, 100116 t 2441’ 
D-His, 95%, 1001/o cc 245 

DL., 90% 246 
DL 247 

L-DOPA, low yields 248 
DL, 85010 249 

D-ys or D-Hcv, 80- 250 

90%, 
100% cc 

asymmetric 251 
transformation 

DL,86-920/. 231 
252 

DL 253 
DL 254 
DL 255 

Dl. 255 

DL 257 

Dl. 2511 

V f 
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Table 13. Survey of Scuff Base Promoted Raceinization and 
Crystallization-induced Asymmetric Transformation of Amino Acid Derivatives 

Entry Amino acid derivative Aldehyde or Ketone Reaction Conditions Results Ref 

1 DL-Phg-esters various aldehydes or ketones ROM, ItT D-Phg esters, 230 
(1-)-tartaric acid 95%, 100% cc 

2 DL-Hpg-esters various aldehydes or ketonea ItOH, RI D-Hpg-esters, 230 
(+)-tartaric acid 95%, 100% cc 

3 L-Phe-OMe pyridoxals 50-300°C, 1-t20 DL 259 
OH 

4 various esters N C ° alcohol,DMF or H10, pH DL 260 

R 
5-10 

R=CH2SCJ42COfY 
0-506C 

CE2OPO32 

5 various amides pyridoxal phosphoric acid R20, metal ions, 0-200°C DL 261 

6 L-hg-aniidos acetone AOH, HO, reflux, 24 h DL, 94% 262 
7 D-Phg-rnldes PhCHO EtOAc, Tr,Luene, H10, Di., 9416 263 

. 

85°C, 4 h 
8 various amides PhCHO acetone, KO1-L i2O, 20- DL 264 

60°C, 191t 
9 DL-Phg-aznides PhCHO L-maodelic acid D-Phg-amides, 233 
10 DL�Hpg-amidcs ?hCHO L-mandelic acid D-Hpg-ernicies 233 

Related methods for amino acid racemization and asymmetric transformation are gcncrslly less 

efficient. Hydsrttoins°° 49, azlactones°°° 101, dilsetopipera2inesl and other amino acid dorivatives have been 

used (see also section 4.2.2 and 4.3,1). In all these derivatives the acidity of the a-proton is enhanced. 

Flydantoins are particularly well suited for asymmetric transformation as most hydantoins (i.e. with arotnatic 

ubstituenls) racemize spontaneously under resolution conditions. Drawback of these methods are the need to 

prepare and isolate the amino acid derivatives and/or the Muichiomctæc reaction conditions. 

4,5 Enzyme-catalyzed racemizations 

An increasing number of enzymes and related biccatalytic systems are reported which affect 

racemisation, gornetimas in combination with a resolution resulting in dynamic kinetic resolutions. The 
substrates used in these reactions have two common features: 

u the clairel center bears a proton. 
� adjacent to the chiral center Is a carbonyl group or, a related acidity enhancing substiluent. 

Amino acids, ce-hydroxy acids and related structures cover almost all enzymatic examples known to 

date. The enzymes, mostly known as racemases, often need a cofactor like pyridoxyl phosphate or a bivalent 

metal ion to function properly. As far as investigated the enzymes accept both enontiomers as substrate. 
A classification according to reaction mechanism has been given by Gallo, Tanner and Knowles°’. 

Depending on the number of bases at the active site involved in the racarnization a ’one-base system’ or S 

’two-base system’ can be distinguished (scheme 29 and scheme 30). 

/2. 
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Scheme 29. ’One-base system’ 

RP OW B1-1 so 

Scheme 30. ’Two-basesystem’ 

Positively identified ’one-base’ enzymes are c-amino-e-caproIactasn raeemae, various alaziine 

racemases and probably also the racemases for arainine, threorilne and serine. They need pyridoxyi phsphats 

(PLP) as cofactor. I’Ll’ is used to form a Schiff base with the amino group enhancing the acidity of the 

adjacent proton (scheme 31)"; in fact this is the same mechanism as given in section 4.4. Identified ’twe-

base’ racemases are proline, mendelic acid, aspartic acid and glutarriic acid racemase. They do not need PU’ 

as cofaetor265 Related enzymes are the hydantoirs racemases and the racemase for 2-oxothiazodine--4-

earboxylate. The precise mechanism of the ’two-base system, concerted or stepwse, is still a matter of 

debate"’, 

BH 
LLP LP 

K eboc R. occ4. + � ,.te 4 JOCR R 
a a oc  a 

�oDO�P-0*

 N 

e0__0o 

C6 N14  NH Hk 
NY  

a’ aimitle sp2 intermedilte 
(5) 

Scheme 31. Fyrldoxyl pbospliate (LLP)-catalyzcd racennzation of amino acids. 

A useful classification is not an easy task. The nomenclature of the various racemases is rather erratic 
and sometimes misleading. Often the racemase is named 

after the first substrate studied, not necessary the 

most suitable substrate. Various racemases; and their substrates are collected in table 14 which covers the 

main part of the reports about this racemization technique. A brief description of these rascmases is described 

in the following notes. The best studied racemases are collected in entries 1-8, Together with modem 
immobilization techniques these enzymes could be valuable tools in the induzh-ial prpsmtion of amino acids 

and derivatives, in particular amino ads not available through ferxnetation. 

IF, V.,31 
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Table 14. Racemases and Their Substrates. 

Entry Racemase Substrates 

I ct-Amino.E-caprolactarn (ACR.) ACI. 43. a-amino-ö-valerolactone 
2 Mandelie acid (substituted) rnsndelic acid 69, 2_hydroxy-but-31ene 
3 Hydantoin substituted hydeattoins 
4 Altininc 4 amino arids 
5 Threonine IS amino acid derivatives 

6 Arginine 15 amino acid derivatives 
7 P,ceudomouci PutWa 12 amino acid derivatives 
S N-Acyl.-amino acid 18 N-aayl-amino acids 
9 ainiriobutyric acid sminobutyric acid 
10 Aspartie acid aspartic and cysteic acid 

] I Praline praline (derivatives) 
12 Glutamic acid glutainic acid 
13 Sulfur containing amino acids cystine’, mccystein&’, methionin&-°  and releniwn analog uee’ 
14 Fiavo bacterium lysine and arginine2" 
15 Serinc serine 

. 

16 Miscellaneous miscellaneous  

1. ACR racemage has been i;olated from four bacterial sources and played an important rois in the 

industrial production of lysine (Scheme 32). A wide range of substrates have been tested with ACR 
racemase of which only ct-amino-8-valerolactone was round to be compatible; in fact better than ACR". 

q-

tq’drolase 

L..iye 

Scheme 32. Racemase and liydrolasc-induced dynamic kinetic resolution of ACR to J..Jy5ine. 

2 Mandelate racenlase is isolated from Fscudomona.rputida. This racemase is rather stable, easy to isolate 

and has therefore been studied in detail"’. A divalent metal ion. prefeably Mg is indispensable for 
optimal activity. Substrate specificity is limited. Substituents in the phenyl i-lag are accepted, although no 
more than one is allowed. Lactic acids are not accepted, but 2-hydroxy-but-3-me carboxylic acid is a 

suitable 
eubstratera. Reaction mechanism and crystal structures have been studied recently"""’. 

3. }lydsntoin mcemase25 is isolated from Arthrc’brscter and shows a high activity toward 5-substituted 

hydaxttoiris 49ai with R is alkyl or aryl (Figure 14). 5-Aryl-substituted hydantoins 49b are not affected, 

however they racemize spontaneously under the usual hydntoinasa catalyzed kinetic resolution (see 
previous section). 

/ V 
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Figure 14.5-Substituted hydantob. 

4. Aianirte mcemaes have been isolated from four different bacterial ojrces ajid aru descdbed in some 

detail in the literature"’. Most elanine racemases are not suitable for other amino acids with a notable 

exception of Satrooncrllcz t,himuriam (air gen,)e (table 15). 

Table 15. Relative Activity of alauhie racemae from Salmonella zyphlmurium (air gen.)W. 

Substrate Relative Activity (%) 

L-alanine 100 
D-Aanine 93 . 
L-Cysteine 6.3 

L-Homoscriric 29 
L.Serinc 66 

5. Threonine racemase (epimerase) isolated from Psetalomonas putidca has a rnthcr broad Substrate 

specificity of which many are better than thrcordnc (table 16)"’. 

Table 16. Relative Activity ofThreouiae Racemate for Various Substrates . 

Substrate Relative Activity (%) Substrate Relative Activity (°J) 

L-Lysine 100 L-Asparaginc 12 
L-Qrnithine 80 L-Alanine 6 
L-Ethioaine 83 L-Serine 10 
LArginine 79 L.-Histidine 6 

L-Glutarnine 54 L-lsoleucine 0 
L-Methionine 66 L-Cysteirie 0 

S-Me.L.Cysteine 3 L-Threoriine 3 
c�N-Ac-L-Lysine 75 L-Valine 0 
LHomnucittul1lnc 45 L-Proline 

L-Citrulline 45 L.-Glutamic acid 0 
L-flomoargininc 24 L-Aspartic acid 0 

i.-Nr1ricfne 45 L-Tyrosine 0 
. 

L-Leucine 10 L-Tryptopbane 0 
L-Hurnuaerhie 22 L-Phenylahuihic 0 

6. Arginine racemase is isolated from Psauda.nanas :raveoIins and shows a broad substrate specificity. 

Lysine is the preferred substrate (table 17)1. 

y r 



70/ 
OI-JLJ-..1D ’1 i r�lcvrt! hi lc(’i 

Controlled racemization of optically acriv organic compounds 

Table 17, Relative Activity of Argiulne Racemase for Various Substrates ". 

Substrate Relative Activity (%) Substhste Relative Activity (%) 

L-Lysine ItO L-Ethionine 13 

Arginine 100 L-Citrullinc 13 

c-N-Ac-L-Lysine 86 L-HomociOullinc 12 

Ornithine 44 .N-Ac-L-Omnithine 12 
2,3-Dianopopionie acid 40 L-Theanine ii 

L-Homc,arginine 25 L.tlutaminc 7 
L-Canavanine 19 L-Methionine 4 

D-2.4-Diaminobuvvrate 18  

9455 

7. Early work by Soda and Osumi resulted in isolation and characterization of an umino acid racarnase 

isolated from Pseudomonas pntida with a rather broad specificity (Table 18)’". Two mules of 1LP Pei 

mule enzyme are required for efficient racemizetmo. Pudomona.r ,piitida SCRC-744 racamizes 

phcnyla1anine5. 

Table 18. Relative Activity of Pseudomo,, as Pa/ida for Various Substrates,"  410AM), 

Substrate 

L-Ethionine 
D-Arginine 

L-Methioaine 
L-Citruliine 

D-2.4-Diamfriobutyratc 
L-Alaninc 

Relative Actpity (%) 

4.7 
3 

1.8 
I) 
0 
0 
0 
0 

S. N-Aeylamino acid racemoac is isolated from Strcptomycea atralus and only active for N-acylated amino 

acids’ 3iyalant metal ions enhance the activity which is quite wide (Table 19), 

9 Isoleucine producing bacteria convert racemic a-amino-butyric acid into isoJeucine in the Presence of 

aTninabutyric acid racemase’. 
10. Lactic acid derived bacteria (e.g. Lactobacillus brevis arid casei) produce aspartie acid racemase". The 

racemase can also be Isolated from .S’lreprococcz4s thermnphilvs or Ioens; cystein acid and derivativescan 

. also be used as subcuate2. 

II, Prolirte racemase is isolated from Cloriridiwn .cIic/clandii and is a remarkably stable enzym&n. Besides 

proline only hydro.,cyprolines are known as suitable substrates. A. related racernasc is isolated from 

Flecthacillus with a good specificity for 5-mm-praline and 2-cxothiazo1e-4-carboxy1atcm. 

12. Glutainic acid rac:mas: is a rather unstable enzyme mainly lsolatcd from lactic acid bactcrla3. The 

enzyme is applied in a process to convert inexpensive available L-gluearnie acid into the Den5r1tiom&n. 

Other substrates are hardly accepted by glutamic acid racemase. 

Relative Activity (%) 

100 
76 
60 
45 
16 
to 

9 
8.7 

Substrate 

L-Leucine 
L-Flistidine 

D-Olutnrnic acid 
L-lsoleucine 

L-Phenyl&enine 
L-Threonine 

L-Vaine 
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13. Two serine racemases are isolated from Srreptomyces garaphy/us a bacterium of importance for the 

production of the antibiotic D-cycloseriiie. Japanese patents disclose various bacteria raCCmZtflg 

ssrine". 

Table 19. Relative Activity of N-Acylamlnn 

Substrate Relative Activity 

Acid Raccrousc for Various Substrates. 

Substrate Relative Activity 

(%) (%) 

N-Acetyl-D-ntethiozdne 100 N-Acetyl-L-rnethionine 132 

N-Acetyl-D-alanine 33 N-AcetylLa1anir.e 
N-Acetyl-D-eucine 37 N-Acetyl-L-leueine 98 

N-Acetyl-D-phenylalanine 64 N-Acetyl-L-phenylalanine ill 

N-Acetyl-D-tryptephane 10 N-Acetyl-L-tryptophene 11 

N-Acctyl-ID-valine 80 N-Acetyl-L-valine 25 

N-omyl-D-MethIorune 40 N-Formyl-L-Methionine 83 

N-Chloroacctyt-D-phextylalanine 90 N-Chloroacetyl-L-phenylalanine 43 

N-Chloroacetyl-D.valine 80 N-Chloroacetyl-L-valine 139 

D-Methionina 0 L-Methionine 0 

D-Alaninc 
. 

0 L-Alaninc 0 

D-Leuclne 0 L-Leucina 0 

D-Phcnyialanine 0 L-Plwnylalaninc 0 
D.Tryptophane 0 L-Tryptophane 0 

D-Valirie 0 L-Valine U 

14. Isolated from various species, enzymes have been found that racemize phenvl-a-amino-acetonitrile, a 

phcnylglycins precursor at low temperatures (3C) in aqueous buffers. A complete inversion of amino 

acids was performed by a coupled system of a t)-amino acid oxidase and amino transferase L-

Carnitine SI) was prepared from DL-camitirte by racernization with ti.earnnioe metabolizing 

microorganisms (Acinobacier ca1coacerfcu;)’. The yield (37%) of isolated optically pure L.carriitine 

does not point to a dynamic kinetic resolution. (R)-Naproxea (R) -33a was racemized by a ralcrocrgauism 

which may be a fungus (e.g. Exaphiala wilhansii) or a bacterium (e.g. R/wdococeur), and whole cells or 

enzymes extracted from these cells. A kinetic resolution to optically pure enentiomers was observed for 

racemic naproxen 33a, racernic ibuprofen 34 and racemic phenylglycine 41b using Exophiala 

wilhaor11. Also a complete inversion of (R)-33a to (S)-33s was performed using an inverting enzyme 

system (furigue or bacteriiimr. 

. 4.6 Raceinlzatjon via redox and radical reactions. 

Oxidations and reduction can be used to perform racemisations. Oxidation removes hydrogen from an 

asymmetric carbon, generating an Intermediate species with a planar geometry. Reduction or hydrogenation 

restores the original hybridization state In a non-streosc1ective way, thus generating a racemate (schema 33). 

3vcmization via hydrogen abstractiost can also be realized by radical reactions. The oxidation and reduction 

can be performed simultaneously In a single step or in two separate steps (with or without isolation of the 

oxidized intermediate). Oxidative removal of groups other than hydrogen can also be used in nwembzation 

protocols. Racemlzatiou of amines can be performed under reductive conditions. Finally, redox reactions can 

Y ? 
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be used to epinierize compounds with two adjacent chiral centers. The respective po5sibihfies are described 

below. 

oxldatlee 
R 

dl �- 
P11 RI 

af R X R2 XH R, 
X�K 

 

R1 RT R1 
oxLdoiio ,.L rtdrit 

- 
H 

X�R3 R7 

Scheme 33. Racemization via redn resction. 

441 Single-step processes. 

The most efficient process is obtained when ext cquilibrium exists between the oxidized and reduced 

forms of the substrate. in many reactions using catalytic hydrogenation such an equilibrium exists, as the 

catalysts lowers the transition state. These methods are especially suitable when the asymmetric carbon in the 

substrate is activated by aryl groups Ibuprofen 34 racemizes slowly at 190_200cC under hydjogen 
atmosphere in the presence of palladium or carbon catalyst (scherrie 4)11 

COOH H2 (200-400 p5i) 

()34/(S)-613 

(R4I(S)-3454I1& 

Scheme 34. fledni racemizatirn of ibuprofen. 

Other examples of these single-step racemizations involves ansines, table 20 .untaimxs examples of 

bcnzylic antines and derivatives, The high yields indicate that in the case of amines hydrogenolysis of the 
het:roatom at the beozylie carbon atom plays no significant rule. .Activation of an asymmetric center by aryl 
groups however is not a ’conditio sine qua non’. In Table 21 some substrates are collected lacking activation, 

which still undergo ractriiza1iofl. 
Racamiaation of optically active secondary amines 131 (figure 15) was performed by Sumitomo 

workers under mild conditions by treatment of the amines with a catalyst which was obtained by coating a 

carrier (e.g. alumina, silica, charcoal) with an alkali metal (alloy) or by dispersing or dissolving an alkali 
metal in suitable media1". An example is the racernization of(R)-a-(l-naphthy1)ethy1amirie 82, 

Na 

14001C 
NMI 

__Y 
COOMe 

__ R2"p, 

0C 
catalyst 

(RS}S tat 25°C, 5 Ii 
90% 

Figure 1. Reductive race,miz*flori of secondary amines. 

1/
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Table 20. Single-step redox raecmization of benzylic amines and derivatives, 

MCO 
(OMe 

OMe 

0__-1NH2 

IJJI 

MHz 'I_NH 
R)j) 

Mct2 
MeO OMe 

I2a (F.0H) 
222 123b (R0Me) 124a (Rl-I) 

Entry Substrate Reaction Conditions Yield (%)" Raceniization (%)’ Ref 

I 122 Pd/C, 20.50 psig N2, 24 ii, 150°C, xylene n.r. 100 303 
2 81 H2 (l atm), Raney-Co, 15h, 130°C 78,4 101) 306 
3 123a H7 (0.35 atm), P102, I-IC1, £IOH n,r. ar. 307 
4 123b 142 (0.35 atm), Pt02, 48 h, P.1 81.3 100 308 
5 124a Raney-Ni,N2,lh,145-150°C  93 100 309 
6 125 H2 (I aimj, PlO, AcOR, RT 91 100 310 

a) r..r. = not reported. 

Table 21. Single-step redox racemiaation of unactivatcd aininea and derivativc3. 

Wi 
 

J’°2 

B 

- 
_\1 

1295 (RH) NH 

116 127 125 129b(R*k) tin 

Entry Substrate Reaction Conditions Yield (%) Rncemization (%)° Ref 

I 126 Rl/A1207, NH3-gas, 60 h. 40°C n.r. 42.5 311 
2 126 112 (250 psi), Raney-Co. 7h, 140°C 96 100 312 
3 126 142i1’H, 120-250°C, Pt, Pd, Co, Cu or Ni n.r. n.r. 313 
4 127 H2 (50 bar). Raney-Co, TJ4I, 12h, 160°C 95 98 314 
$ 128 112 (7.5 atm), Raney-Ni, 21 h, 150°C 76 97 315 
6 128 H2 (10-500 bar, Raney-Ni, no solvent, 50-300°C rt.r. ar. 316 
7 129 Hz, prehydrogeriatedPWC,MeOH,20°C 100 100 317 
8 130 H (100 atm),Raney-Co, THF, 24 h, 170°C a.. 100 318 

a) a,.’. = not parted 

Alkali metal naphthalides have been used as catalyst in the racsmization of secondary amine 124b 
(RMe)’. Reaction of optically pure 124b with Na dispersed in naphthalene for 4 Ii at 25°C. yielded racemic 

124b in 85%. The method is also useful for the racemization of cs-amino acid eater3t20; an example is the 
racemiantion of phcnylalaxzine mcthyl ester 132 in 85% by treatment with Nn/A1702 for 4 h at 25°C, 

Metal catalyzed redox processes can also be employed in a dynamic kinetic resolution as was 
demonstrated by Williams and co-workers (Scheme 35)021. It was shown that enzymatic kinetic resolutions 
can be successfully combined with metal catalyzed racernizations. 
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OH "OAe OA; 

h’Me 
RfreIse/Enzyn 50-76% yield, S0-95%ce. 

Th’Me 

PhM 

Ph Ph 

OAO_ni 
L) PdC(MeCNh 

51%vtrld, 96%e.e, 

Scheme 35. Metal catalyzed dynamic kinetic resolution 
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In this section should also be mentioned the somewhat surprising recernization of the ethyl ester of 

lysine bis-MCI salt 133 with hydrogen. No mention of a catalyst was made (scheme 36), 

ONH3QEt
 }l (50 aIm) 

EtOH 
--(FS)-133 

Cf 1-bN 6 Ii. 1700C 
(S)-Lys (133) 951/9 

Scheme 36. Riaeemizstion of ethyl lysinate. 

4.6,2 Malt i-6-lep processc5. 

Racemization can also be achieved by performing the oxidation aimcl the reduction in separate steps. 

This usually involves some form of chemical oxidation where no equililtriwn exists. This approach has been 

applied to several optically active amines. In the first step a imine or imnioniurn species is gerlerated. 

Reduction in the second step leads back to the amine (scheme 37), Examples of this methodology are 

collected in table 22. In several instances the intermediate was not isolated. 

RI 
oxidation reduation 

- ’ 

fti 
+ 

R2’N}1R; 

Ri 
I 

R’NN3 ’MR 

Ri R t 

R ’"N’ oxidationft
 

,.Ri nd*cti 
P.,

 
a1 

R2 

 

R1 

43 l.3
 

R3 013 

Sclsenec 37. Mulli-step rsclx racemizalion of optically active amities. 

It can be advantageous to transform the undesired ertantiomer, obtained by resolution, into an 

inicrmeiate en route to the racemic mixture. For example, the unwanted enantiomer of l-pheny1-2 

aminopropazie 135 can be oxidized to ketone 136. Reductive cxninction of 136 leads back to raccinic 13 

(scheme 38). Oxidation, followed by reduction is an attractive strategy for racemization of other classes of 

optically active compounds as well, e.g. for alcohols. 
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Table 22. Multi-step Redox Racerni2athn of Opt cally Active Anilnes, 

::ç  J9 12k MaO 12C 134 

Entry Substrate Reaction Conditions Yield Racemization Ref 

Oxidation Reduction (SIO)a (%) 

I 123c I) acylation. 2) ArCH2X. ) i-12. catalyst or. 100 324 
hydrolysis. 4) logenation. 

5) dehydrobalogenation 
2 129a I) NaOCI, MeOH, fYC. 2) KOH H2, Raney-Ni, MeOH, RT 65 100 32 

3 1291) NBS Na3E4, McOH, 3 h, RT 97 100 326 
4 129b Hg(OAc)2, Na5(EtITA), AcOH NaBH4 F2 100 327 

5 12c HgtOAe)a, Ac0H(H5O, I 001 NaBl-L, ELOK, raflux 100 tIt 325 

6 134 1)NaOCI. 2)NaOMeIMcOH H., PdIC tu-. 100 329 
a) ni. �  not rcpoitJ. 

I) NaOMe raductivn 
NCS. Mctl1 MCOH, reftex amirution 

HEt I h, ttIux’ 2) FICLNHEL 
136 (RSI-’135 

Scheme 38. Multi-step redox racemizalion of a l-phenyl-2-atnisiopropane. 

4. 6.3 Raemizathrn via oxidative degradation. 

c-Me-Dopaxnine 137 does not contain a hydrogen at the asymmetric center. 1l.cuse of the unwanted 

isomer from resolution processes is possible by oxidative decarboxylation to ketone 138 or amide 139. This is 
another example of transforming art undesired coaratiomer from a resolution process to an intermediate in the 

synthesis of the racemate

 (scheme 39)0, HO COOR HID xS7A)c°-NHAC 2)  :oi 139 rhnPb(OAC)4 AuD AcQ 10, J39 HO COOH HO3? Scheme 39. Raeendzarion via oxidative decarboxylanon a iz-Mc-L)OPA. 

4.64 Racemt2aIion of two stereocenters. 

Oxidation can be used as a method for racemization of components with two adjacent centers of 

ebiratitv. Suitable candidates &c for exmpte optically active e-amino"n)cobola 140. Oxidation destroys 

chirality of one stereocenter, creating a carbonylfunction; R.e;emiaation of the ccond streocenter now can 

occur under cnolization conditions as described in prcvió’u sections. ’The resuhing racemate then has to be 
reduced (diastcrcoscicctivcly) to the original compound as a rsemte. It -"5 evident that with a 

SI 
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diateraosleotive reduction at hand this is a usefui strategy for conversion of one diastereorner into racemic 

mixtures of the other diastereomer. 
OM: 

RZ 
RI 

0 H 
NH .–141 140 

Figure 16. 

An example of this methodology is the raceruizatiun of optically pure diltiazem precursor (-)-141 by 

oxidation with benzophcnone and enolization by KOt3u at rethix. After stereosclective reduction with 

NaBH4, racemic threo 141 is obtained in 70% yield‘. 

OR 0 
DM50 

R(’C00R4 AcU 
R(’’COOR4 

. NR2P3 NR1R3 

apt. pure 142 (R) (jr (S).143 

0 OH 

baseP, COON 
 

RI COON
 

4R2P 
H1, Pd/C 

NR2R3 

(RS)-143 (thrco)-142 

Scheme 40. Racemlzaftoa of two stcreocenters of cz-hydroxy--nmino acid ester. 

A second example is the racemition of -hydroty.f3.renino acid esters 142 (scheme 40?. A final 

example entails the unwanted isomer of chiorampherilcol precursor 144 from a reoiution prOCeSS (scheme 
41)’". After acetylation and oxidation to (S)-145, racemization Qf (S)-145 takes place by a a1cIol/retioa1dol 
mechanism. Stereoseleative reduction and hydrolysis )cads to threo-144. 

YH 0 

1�yo 

I) 

H

 scrtyIaian 

2) oxidittort 
iHAc 

02N (S,S)-144 OjN 

C OH 

CH 1O 
rernaldal1(’("oH IOH 

CH2Cl 0H 

uct, 

NH2 NI’IAc 2) lidroIysls 
400C O1’ (P5),I4S 02N thrco’144 

Scheme 41. Racemlzation nf two stereocenters in a chioramphenicoL precursor. 

47 Misceil*eeous raceniization methods. 

47J Racemizatlon wiIhut ruaction at the asymmetric center. 

Most of the racemiaatiori procedures are characterized by disconnection and reconnection or 
substitution of one of the groups directly bound to the center of ehirality. However, rucemication techniques 
have been described in which the bonds in the asymmetric center are not invclvetb This can be accomplished 
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by rotation about bonds (c.f, section 4.1) or by making two of the functiorialities at the stereccenter equal to 

give an achiral (meso) compound. After restoring the two original functionalitics in a ncn-stereoselective 

way, a racemaic is generated. 

(EtO)SO2 I 
COOEt KCQ3 

_><COOEt 
KOFi �ç,,.COOEt 

PI1CK2_.c?<COOH 
lozic ace 
fLx 

!IOH 
� COOEt PKH�O COOH 

(-1-146 

Scheme 42, Racemization of a malonic half-ester. 

Malonic acid half-ester (-)-146, an unwanted isomer in a resolution process, is racemized by 

esterification to an achiral di-ester and subsequent hydrolysis o the racemic half-ester in an overall yield of 

23% (scheme 42)’11. A similar scenario has been optimized for the racem[zation of dihydropyridinecarboxylic 

acid 147 (scheme 43)ul, 

COOCS O 
S0: 

?00

D 

KtCO; KOH £t0C I O’n-& Me011 CtOl:: 
Sl4 H

 

(8 or R)-147 (racem)-147 

Scheme 43. Rcemtzatiori by esterification of a dihydropyridine dicarboxylia scid. 

It is clear from these examples that the value of this approach depends on the preferred resolution route 

for preparation of optically active compounds like 146 and 14. As soon as methods are available for 

eiiantioselective mono hydrolysis of the achiral distrs these will be far more attractive than tha combination 

of resolution of a raccmate amid racemization of the unwanted isomer. 

Some meso- and prochixal diestera are also suitable substrates in enzymc catalyzed enantioselective 

hydrolysis to optically pure ha1f-estr in yields up to 100% (meso trick)"’. Dynamic kinetic resolution of 

pseudo-mean 5-hydrox tricyclodecadienone 148 using (S)-prolinol leads to the corresponding enaminones 

149 in a yield of 91c/ and with a deaf 50% (scheme 44). 

o 
0H 

()-protinol 

149

  

tnlue, 

110 01-f 
149 H 

Scheme 44. Dynamic kinetic resolution of 5.l1ydroAytriy0ui1rradiduuue, 

Two more examples of this type of racernization are shown in scheme 45. Compound 150 is macemized 

via oxidation to mcso-compound 151 and final reduction to racemic 150"’. Cyclaprapane half-ester 152 is 

raeernizad via meso-compound 153 (see also section 4.3, scheme 20). 

33 
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APh ’NN 
1)Cr0Ij5O4 

l)Zn AcOH 
M20. KC I 

HOL 2)HCI,dic HO�bO  
(-)’cis-1 50 (mu)-cis 151 (rs;-ci.15O 

WOHH H’1COOM MOH 
COOMC 

COH 0 CoON 
152 (inso)153 

Scheme 45. Racemization via meso-compounds. 

4.7.2 Transfer of:he center of chiralily. 

4-Hydro,ry-2.cyclopeiuermne 154 was racemized by treatment with chloral and a tertiary smine as 

catalyst in 5 hours at 1OC (scheme 46)’. It is tentatively supposed that this reaction proceeds via 

acetelization of 154 with chloral and subsequent ring-closure to meso-compound 155. Enol formation 

induced by the basic catalyst yields both enantlomers of 14 (see also section 43 Scheme 20, raccmszalion of 

compound 97) 

OOH 
Cc: - 

(51-154  

Scheme 46. R2cerrnzstion of 4-hydrosy-2-eyrlopentnnone. 

4.43 Racemizaf Ion of o-arninocorbonitriles and uyanohydrintr. 

cs-Aminacarbonitrlles 156 and related compounds are intermediates in the manufacture of Li -amino 

carboxylic acids via Strecker-type reactions starting with aldehydes Cr ketoncs (figure 17). Compounds 16 

can be resolved with chiral acids and the unwanted isomer can be racemized with cyanide ion&°.  For 
example, b.ct-sntincphenylacetonilrile 157 was racemized by treatment with KCN in MeOH at 40C for 10 

reiifl. 

NFI4OH ON 
R�cHO 

- I-ION R.LNH, 
156 

NH Nt12 NHAt 

�e5’l

Mc0Q 
MJ+CN 

MO 158 I-tO 159 

Figure 17. c-AmuIocarbonhIrils 

For Strecker adducts from ketones, racemizahion at this stage in the synthesis of the cotresponcllrhg or--

amino amino acids is of special importance. Racemiaation via deproronatlonprotonarlon is not possible for these 

compounds. A rather complicated solution to this problem was shown in section 4..3 for tz-mcthyl dopamine 

,S) 
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(scheme 39). The ti-enantiomer of 2-amioo-2-(3,4-dimethoxybenzyl)propictnitti(e 159 was racamized as its 

(-)-dibenzoyl-lartrate salt In 12N ammonia for 30 min at 50°C in 45% yield"’. Compound 159 was racemized 

by NaCN in refluxing DMSO’. The reaction proceeds via deprotonation of the arnide function, followed by 

sate-determining expulsion of cyanide ion’" thus showing show strong resemblance with the racemization of 

cr-amiaonii1ea, 
OH 

OH 
P.�CHO 

HCN 

CN CN 
565 561 

Scheme 47. Synthesis and racemizatlon of cyanohydiios 

Cyanohydrins 169 are receptive for racemization because they can be equilibrated with the 

corresponding aldehyde/ketone and HCN (scheme 47), In the crystallization-induced asymmetric 

transformation of cyanobydiin 161 this equilibrium is combined with bructirie cctmplexstion and 

crystallization of one diastereumeric complex. Depending on the phenyl substiruent, hrcira-cyanohydrin 

. complexes are isolated in 40-100% yield and with cc’s of 50-1 001/m"5. Thie equilihritrni of cyanohydriris is 

also applied its dynamic kinetic resolutions using lipases to prepare cyanohydrin acetates’". 

4.7.4 Phurockemtcat rzc-ernLrullons. 
Irradiation with UV.light in the presence of a sensitizer has been used during the racemi’zarion of 

diehlomvinylcyclopropy[carboxylic acids 1622’5 and 162b4!, which contain two centers of etsiral try (scheme 

4). Ring-opening and closure during irradiation leads to annihilation of chirality at both centers, but ring-

closure leads to a mixture of both cis- and trans-racenlare. To separate the diaslereomers the mixture was 

treated ’with BF5.Et50. The ois-compound gives a lacrone and the trans-cornpmsnd remains unaffected. Us. 

and trans-racernates can then be separated by simple base extraction. 

H H 

162s (kCI) 
162b (RMr 

lc 0 
- 1w (s{ esduizer F) 163 

Scheme 4. PhotochemieI raeemization. 

A photo-induced fist-order asymmetric tnui3formation of cyclopropane derivative 13 was obscn’cd 

(scheme 48). From optically pure 2’.(R)-163 or 2’-(S)-163 the seine RJS ratios are obtained. The 

isomerization follows a ring-opening mechanism and is initiated by radicals. Different diastereomeric ratios 

are obtained depending on the triplet-energy of the censirizer and therefore, the energy transfer from the 

sensitizer to 163 is probably the key step for the iscmerization’°. 
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4.7.5 Raremlzarton via suL’stittion of halogen ions 

cz4mmocarboxyflc acid derivatives can be rucemized by nucleophilic substitution of the bromine by 

halide ions. This concept was shown its the epimerization of compound 164 by tctrabutylammoniUrn iodide 

(scheme 49). This racemization procedure was applied in the dynamic kinetic resolution of several other u. -

halo acid derivatives in which the bromine is substituted by an amine resulting in optically pure amino acid 

derlvattvestn. In a similar procedure optically pure a.aryioxy and ct-hydrotycarboxy1ic acids wci prepared 

by a dynamic kinetic resolution of x-halocarboxy1ic esters, In this case a stereoselactive nucleophilic 

substitution with alkoxides is combined with an in situ epimerization induced by n-hetylamnzoxiiuxii iodid&’. 

o! 
k-,t 44,NBr 

THF 

tat Cootnu o COOtBu 

Scheme 49. Rzcemlzation of an ta-bromoamida by nucleophilic substitution. 

. The racetnization of 1-bromo-1-arylethane; 165 and 2-brarrsooctane was studied by bromide 

exchange"’. A racemization at two stereocenters was observed for cyclobutanones 166. Racernization of the 

(-)-cis-166 takes place by enolization and a double cirie-rearrangemant induced by tetrubutylanimoniurn 

chloride at 120C or by JrfBr In AcOH at 2C’. Racemization via a reversible substitution mechanism of 

bromide is probably the cause for the crystallization-induced asymmetric transformation of 167, because in 

hydrogen-deuterium exchange experiments in CD3OI) no deuteration of 167 could be observed. Compound 

167 was isolated with 0-100% cc in almost quantitative yic1da. Another example of crystallization induced 

asymmetric transformation is shown by compound 168. The 2’-ltJ5 mixture cpimerizcs under the influence of 

BuNBr. Slow evaporation of the solvent leaves 168 with a d.c. >9$010" 

Br EuO 

I1 

QN( 

165 166 167 168 

Figure 18. 

S. CONCLUSIONS. 

This review clearly demonstrates the lack of systematics in the research on racemizations. The strong 

emphasis on carboxylic acids and derivatives (7% of all our examples, of which 60% pertain to aminoacid 

is remarkable. lila izdutrial relevance of this type of compounds, both as building blocks and end products 

is a realistic explanation for this preference. We made a classification of several racemization methods 

subdivided by some classes of compounds which may be helpæil to develop new racemizatictn reactions. 

The current industrial and social awareness of unambiguous chirnlity in pharmaceuticals will certainly 
keep the subject actual. As in the past, this will mostly be the avoidance of racernizution in the deSign of 

syntheses for chiral products. This will particularly be true in asymmetric synthesis. The more so because 

industrially relevant synthesis of optically active products increasingly have to meet the demand of 100% 

yield and 100% cc. For resolution processes to meet this criterion an efficient racerrzization step is 
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indispensable. Combination of classical resolution processes with in situ racerniantion to give asymmetric 

transformations will be necessazy to keep up with the advances in asymmetric synthesis. This will be equally 

true for resolutions using biocatalysts (e.g. dynamic kinetic resoiutions). In these processes there will be a 

growing need for nijid racemization conditions and simple work-up procedures. The use of racesnases and 

solid supports is expected to gain considerable interest. Recent work in our group shows promi5m P, results in 
the immobilization of strong bases as part of an asynunetsic transfonnation process 
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Attachment 3: 
Re: European Patent No., 1546 22 (European Application No.: 03750599.7) 

Racernization of chiral imines formed during a reductive amination steps under an amino acid 
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DIRECCION DE NUEVAS CREACIONES 

RESPUESTA AL RECURSO DE REPOSICION 

RadicaciOn 05 27 33 
Clasificación Internacional (CIP) C071 ’ 7I04 

Patente de lnvenciôn Pat :e 
u 

de a c U 

Via PCT (Fase Nacional) Cap. I + 

No. Solicitud Internacional PCT/E V. 4 
Fecha de Presentaciôn Internacional +/2’ 

Titulo inicial: e ; fa: +cL Je 

En atención al Recurso de Reposición interpuesto en contra de la resoluciOn 
No. 23612 de fecha 30 de Abril de 2010, se presenta el siguiente c+ 

1. Documentos estudiados 

Para el presente estudio se consideraron el capItulo descriptivo comprendido 
en los folios 6 3, el nuevo capItulo reivindicatorio de los folios 211217 y 
as observaciones formuladas por el seæor recurrente en el recurso de 
reposicióri de los folios 26 ? de la solicitud en estudio, 

2. Objeto de la Invención 

El problema planteado en esta solicitud consiste en nec�iad d. 
Va:+:ES del :+so para la fabrcaciôn valsi 

azdas en Uttmos pasos de Is produc+J+n en meno. 
- e 5n y con produ: final enantiomØricarnente pi 

Para resolver este problema tØcnico la solicitud en estudio proporciona 
+ :. 5 il-CiÔH 

�J�lit- )r rfr; 

3. Respuesta a los Argumentos del seæor recurrente 

En atención a los argumentos del seæor recurrente se hacen las siguientes 
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aclaraciones: 

3.1 Argumentos respecto a Dl: 

.: El seæor recurrente sostiene que: ‘_Ia rnisma presenta var/ado 
;a do ;art La d/fcr" tØ,o entre ’rrepata do 

coo rner� iint�; .. to pre-c,,,.  "lVOItL;r .s ci 
10 ooc.. ’e am Y0 iva bo condic. ªcido ’mra 

+ ic oaac a arnica quiral do formula (i/C) Di 
+nación reductiva bajo CGL++’flCS 

I +. ’rnim c ii d o’dinaria ... no podria verac motivado a 
om. reducL con un aminoÆcido quiral e condiciones 

lo ncia del onantiOmoro doseado a +aI do 
:OC+ do D .CaCi6fl +,iwda p decirse specto 

que lP 0 mc:: +as parc 
C C a ’ co, 

1l 0 +10 +0 C!PP m: iia 0’o+c 0i miSc: pH 
to  16 F? dc a 

w P0, Ii a lu ’t? Vfl idu 
do mizad:on ’0 co, I fl05 

-aaorp+Iento sobe D1.,.En una segunda variante ... /a 
diferencIa tØcnica ... y la preparación de valsartân de acuordo con la presente 
.solicitud es el uso de la aminación reductiva en condiciones bØsicas ... para 
pro porcionar, sin racemizaciOn, una am/na secundaria do fOrmula 
(I/C) ... partiendo de ía segunda variante de Dl, el problema tØcnico 
objetivo... es pro porcionar un mØtodo nuevo y econOmicamente atractivo para 
preparar una am/na secundaria quiral intermedia para ía preparaciOn do 
valsartÆn ... e! tOcnico con habiidad en Ia materia no se verla motivado a 
intentar la aminaciOn reductiva empieando un aminoØcido quiral bajo 
condiciones bÆsicas 

Se aclara al seæor recurrente que parece quo se hace referencia a US 
5399578, el cual no fue relacionado dentro del concepto tØcnico de negaciOn, 

� por lo tanto, dicho argumento no es relevante dentro de la discusión de falta 
de nivel inventivo, ya que en el oficio 16158 de 19 de Diciembre de 2008, en 
su estudio de la oposiciOn, se dijo que dicho documento no es relevante para 
el estudio de patentabilidad. En conclusion, los argumentos que presenta el 
solicitante con respecto a US 5399578 no serÆn estudiados, ya que dicho 
documento no se relacionO como relevante para afectar la pateritabilidad de 
a solicitud. 

32. Argumentos sobre D2 

3.2.1. El recurrente afirma que "...dicha anterior/dad divulga un mOtodo para 
la fabricac/On do antagon/stas de angiotens/na 1/ do fOrmula I, los cuales no 
comprende a! va/sartÆn. De acuerdo con.. .(eI) esquema 2a puede 
pro para rse . . .bajo condiciones Æcidas... la persona con habilidad en Ia materia 
no habria encontrado en D2 tin id/do que /0 lIe vara a realizar una aminaciOn 
reductiva bajo condiciones bØsicas" 

Parece que el recurrente se refiere a US 5260325, que corresponde a Dl 
dentro de la resolución de negación y, si bien dicho documento no revela el 
compuesto valsartÆn, dicho documento es relevante, ya que revela un 
mecanismo de reacciOn muy similar al reivindicado partiendo del mismo 
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compuesto de partida (ha de la presente solicitud, veamos: 

(ejemplo 2, Columna 15 de Dl), el cual se diferencia de la presente solicitud 
en que no se mencionan unas condiciones Æcidas de (a reacciôn, sin 
embargo 02 (Quimica organica. Ralph y Joan Fessenden. Grupo Editorial 
Iberoamericana. Sección 11.15. Oxidación de aldehIdos y Cetonas.) enseæa 
que la aminación reductiva puede reahizarse en condiciones bÆsicas (pÆgina 
549), es decir, provee la diferencia y el efecto tØcnico que concede La 
presente solicitud, por ho tanto, una persona versada en ha materia, estaria en 
condiciones de modificar el proceso enseæado en el ejemplo 2 de Dl y 
aplicar condiciones has condiciones bÆsicas para ha aminaciôn reductiva de 
D2, con ha expectativa de Ilegar al procedimiento alternativo de sIntesis de 
valsartÆn que se reivindica. En conclusion es la combinaciOri de enseæanzas 
de DI con D2 (a que afecta eh nivel inventivo de (a presente solicitud. 

3.2. Argumentos sobre el riivel iriventivo 

3.2.1. El seæor recurrente continiia diciendo que "...aunque el examinador 
tiene razOn en cuanto a las condiciones do pH y presencia de una fuente de 
protones capaz de garantizar la reacción, para el tØcnico con habiidad 
ordin aria. . . no es f6cil derivar a partir de las condiciones de la aminación 
reductiva de 01,02 o 03 un proceso que incorpore dicha etapa do 
aminaciOn ... sin quo sea necesario implementar un proceso aparte. Esto, do 
par SI, es un efecto sorprendente do la presente invención..." 

Se he achara al recurrente que, tal coma se indicô en el punto anterior, la 
combinaciOn de has enseæanzas del ejemplo 2 de Dl (columna 15) con las 
enseæanzas de D2, pagina 549, relacionadas con aminación reductiva en 
medio bàsico, Ihevarian a una persona versada en ha materia al procedimiento 
de sintesis reivindicado con ha expectativa de producir valsartÆn sin 
necesidad de implementar un proceso aparte, tal como ocurre con el 
procedimiento de ha presente solicitud. 

3.22. El recurrente asegura que "(en) Ia presente solicitud todo el proceso se 
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I/eva a cabo bajo condiciones bÆsicas, to cual hace necesario incorporar 
otras condiciones. . .reactivos y otros grupos protectores que no se 
mencionan ni so sugieren en el estado de la tØcnica.. 

Se le aclara al recurrente que, Dl ya enseæaba un procedimiento muy similar 
al reivindicado, partiendo del mismo compuesto de partida donde se obtienen 
compuestos muy parecidos al valsartÆn, en cuanto a los grupos protectores, 
05 (folios 189-195) ya ensenaba el uso de diferentes grupos protectores 
sobre el grupo carbóxilico o sobre grupos amino en sintesis quimica, por Ia 
tanto, una persona versada en la materia estaria en capacidad de tomar los 
grupos protectores de D5 para los intermediarios de la parte B del ejemplo 2 
de Dl y, de esta manera, obtener los compuestos intermedios que se 
reivindican en las reivindicaciones 8 y dependientes de la presente solicitud. 

3.2.3. El recurrente afirma que "-El examinador parece enfocarse .. .en las 
fOrmulas do los intermedios y en el proceso de aminaciOn reductiva, sin toner 

. en cuenta las condiciones totales del proceso ... sorprendentemente se ha 
encontrado que una emma quiral de fOrmula (i/c’ ... puede prepararse 
mediante la reacción de aminaciOn reductiva bajo condiciones bÆsicas sin 
racemizaciOn. Tat amina Cs el producto de un paso de aminaciOn 
reductiva. . .Es bien sabido ... que los aminoâcidos quirales pueden 
racemizarse bajo condiciones bØsicas. . .Para sustentar esto... (se) adjunta un 
articulo do Ebbers. . . en particular. . . las secciones 4.2 y 4.4 del mismo... se 
hace referenda at segundo pÆrrafo de Ia pagina 9433 el cual enumera los 
factoros que influencian y afectan la tasa do racemizaciOn..." 

Se le aclara al recurrente que de la lectura del artIculo enviado como anexo 
al presente recurso, se observa que se refiere a la utilidad do la racemización 
como alternativa económica de las sintesis asimØtricas. De otra parte, la 
sección 4.2 de dicho documento, efectivamente se relaciona con 
racemización en medio bªsico, pero enseæa a pÆgina 9430 que se necesita 
a preparación de un derivado y que las bases usadas para tal fin incluyen 

. hidróxidos, alcoholatos, amidas y aminas, ensenÆndose a tabla 4 (pâgina 
9432) que para Ilegar a una racemización de aminoâcidos se requiere un pH 
mayor de 10, cloruro do litio y altas temperaturas, es decir, se necesitan 
condiciones muy especIficas para que los aminoÆcidos Se racemicen, 
confirmando Ia dicho par este despacho en cuanto a las enseæanzas de D2 
que enseæa que la aminación reductiva se puede efectuar en condiciones 
bÆsicas sin ningUn problema en especial. En conclusion, las enseæanzas del 
artIculo de Ebbers, no son relevantes para desvirtuar la falta de nivel 
inventivo de la presente solicitud. 

3.2.4. El recurrente insiste en que "...El proceso reclamado es 
econOmicamente ventajoso para la fabriceciOn comercial de. . . valsartÆn... i la 
preparaciOn sintØtica de una droga incluye un paso en donde hay 
racemizaciOn, se requieren pasos adicionalos.. .A demÆs.. .eI rendimiento total 
de la ruta sintØtica disminuye a medida que se incrementan el nUmero de 
pesos de sintesis ... Ambos son.. .altamente deseables para los procesos de 
fabricaciOn a una escala industrial. . . se resalta ... en el ültimo pÆrrafo do la 
pÆgina 9465 del anexo I 

Cabe anotar quo, tal como se ha ida explicando, el proceso de aminaciOn 
reductiva puede ser efectuado sin complicaciones en media bÆsico, tal como 
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enseæa D2 a pagina 549 y que se confirma con el anexo del solicitante que 
enseha que para que los aminoÆcidos sean racemizados se necesitan de 
condiciones muy especificas, es decir la combinaciOn de [as enseæanzas de 
D2 deritro del procedimiento del ejemplo 2 de Dl (columna 15) enseæan de 
manera evidente a Ilegar al procedimiento reivindicado con la expectativa de 
producir valsartªn sin ninguna clase de racemización. AdemÆs ante la 
ausencia de datos que demuestren una ventaja tØcnica real (mayor 
rendirniento, etc.) frente a lo conocido en el estado de la tØcnica, no es 
posible reconocerle nivel inventivo al procedimiento reivindicado. 

4, Conclusion 

Tenierido en cuenta lo anterior, se recomienda confirmar la decisiOn 
23612 30 de Abril de 2010 donde se 

niega del privilegio solicitado para las reivindicaciones 1 - 11 (folios 211-

Anc 
F- pc ’onsueo L4zarr 
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