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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C.,
Abogado
CARLOS R. QLARTE
ASUNTO Radicacion 09 35 919
Tramite 11
Evento 378
Actuacioén 519
Oficio
Folios 19 B12583%
Patente de Invencidn ¥ Patente de Modelo de Utilidad
Via Nacionaf
Via PCT (Fase Nacional) ¥ Capitulo | ¥ Capitulo !l
No. Solicitud Internacional PCT/EP2007/007913
Fecha de Presentacion Iinternacional 11/Septiembre/2007

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisidon 486 de la Comision de fa Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 78 a 154 07/Abril/2009
Reivindicaciones: Folios 155 a 165 O7/Abril/2009

Folios 169a 178 07/Abril/2009
Dibujos: Folio 168 07/Abril/2009
Prioridad: EP 06120576.1 13/Septiembre/2006

2. Analisis de la Prioridad

Se acepta ia reivindicacion de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: "Procedimiento para preparar acido 4-amino-butirico-biaril-
substituido o derivados del mismo y su uso en la produccién de inhibidores de
endopeptidasa neutra”,

El problema planteado en esta solicitud consiste en la necesidad de proporcionar un
procedimiento para producir derivados de acido 4-amino-butirico-biaril-substituido con
mayor enantio-selectividad y eficiencia.

Para resolver este problema técnico la solicitud en estudio proporciona un

procedimiento para preparar un compuesto de férmula | que comprende hacer
reaccionar un compuesto de acuerdo con la formula (i) con hidrogeno en presencia
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de un catalizador de metal de transicién y un ligando guiral.
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El objeto de la presente solicitud se relaciona con la clasificacion internacional de
patentes (CIP): CO7C227/16//227/32//1229/34.

4, Reivindicaciones relativas a un uso o a un segundo uso (Art 14 y 21 D 486)

El uso de las reivindicaciones 39 a 43 no es patentable, de acuerdo con el Art 14.
5. De la Solicitud de Patente
Titulo

El titulo hace alusiébn a temas excluidos de patentabilidad como es el uso del
procedimiento de la invencidn, por lo cual se sugiere al solicitante hacer la correccion
necesarta de tal manera que se ajuste a la categoria de procedimiento.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacion 1 no es clara porque hace referencia a un procedimiento pero este
no esta definido por las condiciones especificas en que debiera realizarse la
reaccion. Se sugiere, entonces, definir la invencion por sus caracteristicas esenciales.

La reivindicacion 2 no es clara porque menciona un procedimiento pero este no se
define mediante caracteristicas como alguna etapa ¢ alguna condicion especifica en
que debiera realizarse, sino que define la invencion por el mecanismo de reaccion, lo
cual no es una caracteristica técnica esencial, y no permite distinguir la invencién del
estado de la técnica. Se sugiere, entonces, definir la invencion por sus caracteristicas
esenciaies, estructurales o funcionales.

Las reivindicaciones 8 — 11, 13 — 14 y 16 - 18 no son claras porque define la
invencién términos de los reactivos “Mandyphos”, “Walphos”, “Josiphos”, “Solphos”,
entre otros, de los cuales en la descripcion se proporciona su estructura y su nombre
con nomenclatura IUPAC pero esta caracteristica no se menciona en las
reivindicaciones. Se sugiere incluir esta caracteristica esencial en las
reivindicaciones.

La reivindicacion 20 no es clara porque emplea el término “barias” para referirse a la
presion, el cual no es de conocimiento comun para la persona del oficio normaimente
versada en la materia, ademas, no se dice en que etapa de la reaccion se aplica
dicha presion. Se sugiere sustituirto por el término “bares” y hacer la aclaracién
correspondiente.

La reivindicacion 27 - 29 no son claras porque emplean el término “composicién” para
referirse a una mezcla de compuestos. Se sugiere reemplazar el término por la
palabra "‘mezcla”™.

Las reivindicaciones 35 - 37 no son claras porque emplean el término profarmaco, del
cual en la descripcion senala (fl 130) "describe una substancia farmacolégica que es
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administrada en forma inactiva (0 menos activa). Una vez administrado el profarmaco
es metabolizado en el cuerpo in vivo en el compuesto activo”, del cual, no se limitan
los grupos estructurales que lo pueden conformar. Por lo tanto, se obtendrian un
numero ilimitado de compuestos que no encuentran soporte en fa descripcion. Se
sugiere al solicitante eliminar este termino del alcance del pliego reivindicatorio.

Las reivindicaciones 27-28 y 34 no son claras porgue emplean la expresién “en
donde la relacian molar de los compuestos [...], {...] es de por lo menos” lo cual
indica un resultado a alcanzar, no definen al procedimiento porque la invencién no
queda definida por el resultado a alcanzar, puesto que la reivindicacion incluiria no
solo la solucién propuesta por el solicitante, sino todas las alternativas presentes o
futuras que lleguen a ese resultado. Se sugiere reemplazarlo por las caracteristicas
esenciales, estructurales o funcionales, que contribuyen a la obtencién de ese efecto.

6. Determinacién de! Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion de Ia

solicitud de prioridad 13 de septiembre de 2006 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Itermn Documento Titulo Fecha de Publicacién*
D1 US 5217 996 Biaryl substituted dt-amano-butyrlc acid 08/Junio/ 1993
amides
. i Dicarboxylic acid dipeptide neutra}
D2 Articulo endopeptidase inhibitors 1995
- . 2 Modular chiral ligands: the profiling of the
b2 ‘ Articulo Mandyphos and Taniaphos ligand families 2004
01

http://worldwide espacenet.com/publicationDetails/originalDocument?CC=US&NR=52
17998A&KC=A&FT=D&ND=8&date=19930608&0DB=&Iccale=en_EP, divulga (col. 20,

In 35 —col. 21, In 68} la obtencidn de ester etilico del acido N-t-butoxicarbonil(4S)-(p-
fenilfenilmetil)-4-amino-2-metibutancico a partir de éster etilico del acido N-t-
butoxicarbonil(4S)-(p-fenilfenilmetil}-4-amino-2-metibutenoico, y éster etilico del acido
N-(3-carboxi-1-oxipropil)-(4S)-(p-fenilfeniimetil)-4-amino-2-metibutanoico a partir de
éster etilico del acido N-(3-carboxi-1-oxipropil)-(4S)-(p-fenilfenilmetil}-4-amino-2-
metibutenoico mediante una hidrogenacion catalitica en presencia de paladio y
carbdn.

D2 (folios 213 — 218) divulga (pg. 1691, fl 214, esquema 3, paso g, pg. 1689, fl 213,
col. 2) la obtencion de ester etilico del acido N-t-butoxicarbonil(4S)-(p-fenilfenilmetil)-
4-amino-2-metilbutanoico a partir de ester etilico del acido N-t-butoxicarbonil(4S)-(p-
fenilfenilmetil)-4-amino-2-metilbutencico mediante una hidrogenacion catalitica en
presencia de paladio y carbon,

D3 (folios 219 - 226) divulga (figura 2, pg. 2300, fl 220, figura 4, pg. 2301, fi 221,
tablas 2y 3, pg. 2303, fl 223) ta hidrogenacidn de diversos sustratos en presencia de
un catalizador de metal de transicién y Mandyphos o Taniaphos como ligandos
quirales

' Ksander G., et al; Dicarboxylic acid dipeptide neutral endopeptidase inhibitors; J. Med. Chem.: Vol.
38: No. 10; 1895; pg. 1689-1700; fls 213-218,

2 Spindler F., et al; Modular chiral ligands: the profiling of the Mandyphos and Taniaphos ligand
families, Tetrahedron. Asymmetry;, 2004, Vol. 15, pg. 2299-2306; fls 213-220,
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7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicacidon 1 consiste en un procedimiento para preparar un compuesto de
formula | que comprende hacer reaccionar un compuesto de acuerdo con la férmula
(i) con hidrogeno en presencia de un catalizador de metal de transicién y un ligando
quiral.

Comparacion de las caracteristicas técnicas esenciales, con las del estade de la técnica:

Caracteristicas

! esenciales
Procedimiento para

. preparar un

| compuesto de formula
| que comprende:
i
e e

D1

D2

D3

Procedimiento para
preparar el compuesto
éster etilico del acido
N-t-butoxicarbonil{4%)-

. (p-fenilfeniimetil}-4-
. amino-2-metibutanoico
| que comprende (col.

20, Ins 35-43}):

Procedimiento para

preparar el

compuesto, que
ey

comprende:
(pg. 1691, fl 214,
esquema 3, paso gj

£+,

camn

Hidrogenacion |
{(introducciodn, pg. !
2299, f1219) '

' Hacer reaccicnar un
compuesto de acuerdo
cen la férmula (i)

Hacer reaccionar el
compuesto éster

i etiico del dcido N-t-

butoxicarbonil(45)-(o-
fenilfeniimetil}-4-
amino-2-metibutencico

Hacer reaccionar el
compuesto
'

Diversos sustratos,
como olefinas que
contienen un grupo
amino (figura 2, pg. :
2300, fi 220, figura 4, |
pg. 2301, fi221)

. con hidrégeno

_ con hidrégeno

con hidrégeno

con hidrdgeno

En prescencia de:

- un catalizador de
- metal de transicion
“{delgrupo 7. 8, ¢ 9 de

: latabla periodica),y |

- un ligando quiral

En presencia de;

En presencia de;

En presencia de: I
- un catalizador de :
metal de transicion '

- - paladio, y - paladio, y (IRh(nbd), ]BF &
[Rulx(p-cimenolls)
- un ligando quiral

- carbon - carbén (Mandyphos,

Taniaphos) (tablas 2 y ]
3, pg. 2303, fl 223) |

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacion 1 porque divulgan la obtencidn de éster etilico
del acido N-t-butoxicarbonil(4S)-(p-fenilfenilmetil)-4-amino-2-metilbutanoico a partir de
éster etilico del acido N-t-butoxicarbonil(4S)-(p-fenilfeniimetil)-4-amino-2-
metilbutenoico, y ester etilico del acido N-(3-carboxi-1-oxipropil}-(4S)-(p-
fenilfenilmetil)-4-amino-2-metibutanoico a partir de éster etilico del 4cido N-(3-carboxi-
1-oxipropil)-(4S)-(p-fenilfenilmetil}-4-amino-2-metibutenoico mediante una
hidrogenacion catalitica en presencia de paladio y carbén (D1, col. 20, Ins 35-43; D2,
pg. 1691, fl 214, esquema 3, paso g, pg. 1689, fl 213, col. 2).

La diferencia entre la invencion, definida en la reivindicacion 1 y el procedimiento de
D1y D2 consiste en la hidrogenacion se realiza en presencia de un ligando quiral,

El efecto que logra el incluir esta caracteristica es que proporciona los compuestos
con mayor enantio-selectividad y eficiencia.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencién se
puede formular como la necesidad de modificar el procedimiento conocido en D1y en
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D2 para producir derivados de acido 4-amino-butirico-biaril-sustituido con mayor
enantio-selectividad y eficiencia.

Sin embargo, la utilizacion de ligandos quirales para aumentar la enantio-selectividad
y eficiencia en reacciones de hidrogenacidn catalitica de oleofinas ya esta divulgada
en el documento D3 que se refiere a la hidrogenacion de diversos sustratos (figura 2,
pg. 2300, f1 220, figura 4, pg. 2301, fl 221) en presencia de un catalizador de metal de
transicion y Mandyphos o Taniaphos como ligandos quirales (tablas 2 y 3, pg. 2303, fl
223).

En consecuencia, la persona del oficio normalmente versada en |la materia, se veria
suficientemente motivada a utilizar un ligando quiral, como mandyphos o taniaphos,
divulgados en D3 en el procedimiento de D1 o de D2 para llegar asi al objeto de la
reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

Por lo tanto, la reivindicacién 1 cumple el requisito de novedad (Art. 18), pero no
cumple con el requisito de nivel inventivo (Art. 18) segun en lo divuigado en los
documentos D3 con D1 0 D3 con D2.

Ademas, D1 da a conocer que los compuestos obtenidos se separan por
cristalizacion (col. 19), y, que la reaccidén se puede lievar a 5 bar de presion (pg.
2302, fl 216).

Puesto que las reivindicaciones dependientes 2 — 38 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

8. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item ; Documento Reivindicaciones afectadas Requisito que afecta
D1 ! US 5.217.996 1-38 Nivel Inventivo
D2 | Articulo . 1-38 Nivel Inventivo
D3 Articulo 1-38 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisidn de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo psimero de ia Circular Unica No. 10 de 2001.

Director de Nuevas Creaciones (E)

‘ rio&\flequerimiento fue notificado por fijacion en lista, de fecha

nedl

Elaborado por: Rubiela Pacanchique Vargas
Revisado por:  Ana Delia Pinzon Garcla
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Abstract—A set of 11 ferrocenyl based diphosphine ligands (eight Mandyphos and three Taniaphos) was tested in more than 130
experiments using 20 test reactions. For the assessment of new ligands. a two-pronged strategy wus developed consisting of a basic
and an extended profiling. The basic profiling showed that the cheice of the substituents at the P atoms has a significant effect an the
vatihyst performance. In the extended profiling it was confirmed that the Mandyphos ligands, in particular M4 with two bis(3.5-di-
methyl-d-methosyphenyliphosphing groups. and the Taniaphos ligands. especially the all-phenyt derivative T1. showed good to
outstanding performances in the hvdrogenation of selected 2- and B-enainides, acrylic acid derivatives, itaconates, p-ketoesters
and | 3-diketones yielding the eorresponding products with up to 99% ce and at substrate/catalyst ratios up to 25,000,

©2004 Elsevier Lid, A1l rights reserved.

1. Introduction

The most effective enantioselective catlalysts are com-
pleaes consisting of a central meta! ion and one or more
chirat ligands {se¢ Fig. 1).! There is no doubt that the
choice of a specific me1al-ligand combination essentially
determines what transformation & complex is able to
catilvze selectivelv. For hydrogenation reactions, the
most active and versatile catalvsts are low valent Rh,
Ru and Ir complexes with tertiary phosphorus ligands
i which the chiral element is cither the backbone or
sometines the coordinating phosphine.®* An analysis
ot the results reported so far shows two somewhat con-
tradictory tendencies, On the one hand, relatively high
catalyst specificity is observed, that is, a small change
in cither ligand or substrate structure oflen has a strong
effect on the calalviie performance (ee, ton, tof), On the
othier hand. there are a number of ligand families, which
are ntore likely 1o give better performances than others,
For these. Jucebsen has coined the term “privileged lig-
ands’ ifor selected examples see Fig. 1)
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If we want to make catalylic enantioselective hvdrogen-
ation a valuable tooi for the synthetic chemist, these
ohservations have two consequences: (i) a large variety
of ligands has 1o be designed and prepared. and {ii) their
catalytic profiles. that is, the suitability o catalyze spe-
cific transformations. should be welt known. Even if
one applies certain restricting design principles there is
still an almost unlimited number of potential ligands.
which should be tested for interesting reactions. Qbwi-
ously. a compromise has to be reached between the ben-
efits of structural diversity and the costs and time
involved preparing and testing a large number of lig-
ands. Solvias decided on the following conecept: Concen-
trate on a relatively small number of privileged ligands
families, which are highly modular and easily tuned both
sierically and electronically with a reasonable amount of
synthetic effort. For each ligand (amily we synthesized
various members with a sufficient electronic and steric
diversity and tested each in a number of test reactions
to obtain a good performance profile for each ligand.
This concept has already been implemented successfully
for the Josiphos ligand family. albeit with a limited num-
ber of test reactions.?

Herein we report on a systematic investigation of the
catalytic properties of the Mandyphos and Taniaphos
ligand families (see Fig. 2) first prepured by Knochel
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Figure 1. Design clements for chural metal complexes and selected privileged ligand backbones for enantioselective hydrogenation.
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Figure 2. Generic structures of the Mandyvphos™ M und Taniaphos™ 1 ligand familics and abbreviations used for tested ligands. As a gencral rule,

hgand bagiany decreases going ro the right and down,

m collaboration with Degussa™® and now being com-
merciabized by Solvias for Umicore. The Mandyphos di-
phosphines® have a Cs-symmetrical backbone with
structural motifs related 10 ppfa’ (see Fig. 3). Hercin,
several ) (or pseudoCay-symmetrical  derivatives
{R'2R") were also prepared (M5 M8). The Taniaphos
family® has a C-symmetrical backbone and forms
eight-membered meiallacycles similar 1o the Walphos
ligands (Fig. 3). independently developed areund the
same time by Weissensteiner ¢t al. In the original pub-
ncations, it was shown that for both ligand 1ypes, vary-
ing the R substituent on the side chain had a strong
eflect on the ee. whereas the effect of R"and R” on phos-
phorus was not mnvestigated systematicaily. Herein we
shaw that the nature of R” and R” has also a very strong
cflect on the catilviic performance and that this can be
used 1o tailor the ligand to a particular transformation
with relativelv little synthetic effort.

ST R
R,P 1 CHs
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Joesiphos ppfa

Figure 3. Ferrocene based phosphine lgands with similar structural motifs,
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2. Results and discussion
2.1. Basic ligand profiling

The profiling of a new ligand is the most important as-
pect when assessing its usefulness for practical applica-
tions, To do this as effectively as possible we have
developed a two-pronged strategy. For the first assess-
ment of a ligand's potential and for comparisons with
litcrature results, we carried out several standard 1est
reactions with C=C, C=N and C=0 double bonds*
(see Fig. 4) under standard reaction conditions (see
Table 1). Depending on the results of this so-called hasic
profiling some or all ligands would then be tested either
an additional, more demanding test substrates or under
more demanding reaction conditions in order to assess
the potential of the ligand for industrial problems (this
we call extended profiling).

Walphos
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Figure 4. Structures and abbreviations of standard test substrates used in the basic profiling.
Tahle 1. Standard reaction conditions for hasic proliling
Substrate (mimoh Precursor Selvent {mL) /e pibary T oy Additive
MAC MCA. DM (2.53) [Rhinbd):]BF, MeQH (1)) a0 1™ 25 )
FAC (1.265) [Rhunbd))BFy EtOH (9.5 100 ! 25 H CF;CH-0H (0.5ml)
MEAsImine (12.65) [Ir{COMCY), Tolueue (1) o 80 25 ta TBAI (4.8mp). CF«COOH (30uL)
PLCOCOOMe (233 [Rhfnhd )Cljn Toluene (1M s 25 &
(ho-Val (253 [Rulsip-eymene)],  EtOH (1) 200 /0 80 16 1M HCH (60 pL)

MCA ot Shar

The results for the basic protiling of the Mandyphos and formunce for MAC were expected because of already
Tamaphos fanilies are summarized in Figures 5-7, As known results.” it is not clear why DMI is hydrogen-
already obscrved in the initial publications.®® the two ated with such low ees.

ligand fumilies have quite different performance profiles. e Taniaphos exhibited good to very good ees for MAC,
Without going nto detail, the following trends merit DML, EAC and Oxo-Val and low to mediocre ges for
comments: all other test substrates. T3 deserves special mention
with ees between 92% and >99.5%. Activities were
high for the first two and medium to low for the other
substirates. While good ces for MAC and DMI have
already been described.® the good cnantioselectivity
of Taniaphos for EAC and especially for the Ru cat-
alyzed hydrogenation of Oxo-Val was unexpected.

¢ Most Mandyphos ligands showed good to excellent
ces and low 10 good tofs for MAC and MCA bul
low to mediocre ees for all other test substrates. In
particular, catalyst Rh-Md hydrogenated MAC with
=99.53% ee und a very high rate. While the good per-
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Figure 5. Busic profiling of Muandyphos: ee and 1of for eight ligands and eight test substrates. Ligands ordered according to decreasing basicity
10y > MeOXy 2 Xyl > Ph> CF.Xvh.
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Figure 6. Basic profilng of Taniaphos: ee and tof for three ligands
(Cv > MceOXyl=Ph).

and eight test substrates. Ligands ordered accerding to decreasing basicity
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Figure 7. Feand tof toy Mundyphos and Taniaphos for selected test substsutes. Ligands ordered sccording 1o increasing size (Ph < Cy < Xyl ~ MeQ)-
H ¥y ] g 4 ¢ ) )
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e For ail test substrates and Tor hoth ligand familics,
the nature of the PR, groups had a significant influ-
ence on both the ee and tof. While there is no un-
equivocal correlation, 4 comparison of the selectivity
patterns depicted m Figures 5-7 shows that it is the
electroniv property of the phosphine group {see Figs.
> and 6) rather than 1 size {sece Fig. 7). which has a
systematic effect on the catalytic properties of the
resulting complexes.

o With very few exceptions. relatively electron rich all-
aryl substituted derivatives (Ph, Xyl MeOXy]) gave
the best performances for both ligand families. Lig-
ands containing PCy. and P(CT 3 Xyvl}s groups in gen-
cral gave moderate 10 very low ees and tefs. Except
for MCAL EAC and Ogo-Val tlow ees). symmetrically
substituted Mandyphos derivatives usually showed a
somewhat better performance than comparable un-
symmetrical derivatives,

2.2, Extended ligand profiling

Based on these screening resulis, it was decided to select
M4 and TI for extended profiling with the following
goals:

M4 Technical performance: Optimize the catalyvtic per-
formance (ee. ton. tof) for MAC,

T1

Scape: Study the cficet of structural varations of
MAC and MCA and investigate the hydrogenation
of selected a-keto esters {(see Fig. § and Table 2).

Scope: Study the effect of structural variations of
MAC, EAC and Oxo-Val and investigaie the
hydrogenation of sclected o-kelo esters. unsatu-
rated acids and a hydrazone (see Fig. 8 and Tablc 3).

Furthermore. in some cases. pressure effects were inves-
tigited and for several substrates, bath Rh and Ru cat-
alysts were tested.

Commenlts on the performance of M4 lisied in Table 2

MAC can be hydrogenated with industrially useful
results: At Ibar ee>98%. 10fs>7500h™"' and
tons > 20.000 were achieved. The ee slightly dropped
at higher s/c ratios and values >20.000 led to incom-
plcte conversions (here the purity ol the starting
material starts becoming a critical issue). Increasing
the temperature to 33°C or the pressure to Sbar led
10 a decrease in ee of ca. 1%. Compared to parent lig-
and M1, modified M4 clearly has superior enantio-
selectivity and activity.

The hydrogenation ol dehvdroamine acid deriva-
tives with Rh-M4 turned out to be quite sensitive
to substrate structure. While ACA. the correspond-
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Figure 8. Siructures and abbreviauoens of st substrates used in the extended prefiling: dehvdroamine acid derivatives. unsaturaied acids. allvlic

aivohel, 2-keto esters. fi-funciionalized ketones, hydrazone.

Tuble 2. Best results for enamices. activated oleling and 2-K2to esters with Mandvphos M4 i Lhe extended profiling

Substrate Mer}! p (har) b Ee (%) Tof (h™h Comments

MAC Rh i 20 97.6 30 figand M1, sfe 1000
MAC Rh 1 1.3 o8 76452 ste 10,000, 35°C: e 99" ar 25°C
MAC Rh ] 7 98.6 2857 s 20,000

ACA Rh 5 17.5 95 11 Ee 59% for Ru
MAA Rh 1 1 vs 200

=t NHAC)COOMe Rh 1 20 37 10

MCA Rh 30 94 80 2 Ee 72% for Ru
Tralic acid Ru s 18 97 1l Ee 76% for Rh
IMMe=Ph- acrviic acid Rh 3 17 58 ob No reaction with Ru
Allv1OH Rh 5 18 72 ot No reaction with Ru
Eips Ru 30 Bh 69 520 Solvent EIOH
PhiCH1,COCOOT Ru 0 18 88 10° Salvent FtOH
PhCOCOHOMe Ru 0 22 66 547

Reaciion conditions: sfe 200, 28°C.
" Rh fRhinbd):]BF . Ru [Ruldp-cvmene)]a.
*ncomplele consersion,

Table 3. Best results for enamides. activated olefins, - and j-keto esters and a hydrazone with Taniaphos T1 in the extended profiling

Suhstrate Metal® o (bar) t{h) Ee (%} Tof th™h Comments

MAC Rh 5 2z Bl 9 Ee 972 al | bar

MAA Rh 1 kil 98 10

Cyv=t NHAC OO M R’h 5 20 0.5 10

MOA Rh 30 24 ) 10

Tighe acid Ru 3 18 3% gt Ee 32% at Shar

FnMe P aciviic acd Rh 5 17 66 &°

Al LT Rh s 18 53 10®

Ph(CH . COCOOEL Ru 30 20 4] 9 Solvent E(OH

AcAcH Ru 80 16 99.5 3 Additive | M HCL: dlfmeso 97
Cls COAcOiPr Ru 0 20 84 10 Solvent /PrOY), 1M TIC]
cyCOQACOEI Ru 80 18 81 11 Solvent EtOH, | M HCI
PhCOACOEL Ru 30 16 94 13 Solvent EtOH. 1 M HCI
AcacOEL” Ru 80 20 79 1200 Solvent EIQH, I M HC!
Hyirazone Rh 5 20 33 1 Caonversion 11

Renction eonditions: MeQH, sfe 200, 25°C
R [Riunbda]BE ; Ru [Rulp-cvmenel)y.
" Incomplete conversion.

Sgfe 25000,



2304

ing free acid. and MAA (no phenyl group) were
hvdrogenated with significantly lower but still very
good enantioselectivities. the tetra substituted
Cy=(NHA)COOMe only gave 37% ee. This is in
contrast to the Rh-Duphos catalysts. which are less
sensitive 1o the degree of substitution and configura-
tion of the C=C bond.*

e Aneven stronger struciure sensitivity was found for
3.B-unsaturated olefins. An unprecedented perform-
ance was observed for the Ru catalyzed hydrogena-
tion of tighc acid (ee 97%., full conversion). The best
results for MCA and 2.3-dimethyl- 2-phenyl-acrylic
acid were obtained with Rh catalysts with ces of
8% and 38%, respectively, and allylOH reduced
with 72% ee.

e Acceptable results were also obtained for a-keto
esters. The best enanvomeric excess was obtained
ror the hydrogenation of the commercially interest-
ing 1PB-keto cster (Ph(CTT,)-COCCORL. RR¥%
ced while ees of up 10 &Y% ce and 66V e
were achiesed far eipy and PhCOCOOMe. respec-
Tively,

Comments on the performance of T1 listed in Table 3

. ¢ Taniaphos ligand T1 is suitable for the Rh catalyzed

hvdrogenation of selected enamides and is very
efficient for the Ru catalyzed hyvdrogenation of
B-diketones and f-keto esters. The results for
the other tested subsirate ciasses confirm the
initial tests and are not useful for preparative applica-
tion.

e The most outstanding result was obiained in the
hvdrogenation of acetvlacetone vielding (ZRA4R)-
penianediol  with  99.5% ee with an  excellent
diastereoselectivity of 97.4:1 {dlimeso). At this
small scale. Ru-8T. is an alternative for the
Ru-Binap or R-MeObiphep catalysts: the potential
for large scale application has vet 1o be
investigated.

o AcAcQEL could be hvdrogenated with Ru-T1 on a
134mmol scate with an s/c ratio of 25,000 with
complete conversion after 20h, but with only
788" e sigmificantly lower than the 96 ee
obtained at s/c 100." The reasons for this drop in
enantioselectivity is not clear and should be studied
in more detail.

I Spindler et al, | Tecraledran: Asymunetry 15 ( 2004) 2299-2306

e Other B-keto esters were also hydrogenated with
good to high eces, whercas x-keto csters or hydr-
azones seemed to be unsuitable substrates for this
Ru catalyst,

¢ A broad selection of alkenes was studied but only
di and trisubstituted x-enamides gave high enantio-
selectivities. All other tested C=C substrates were
hydrogenated with medium to very low ecs. The per-
formance of this catalyst for a-enamides is strongly
dependent on the degree of substitution at the
C=C bond.

3, Conclusions

The results summarized in Table 4 show that Mandy-
phos and Taniaphos are versatile ligands with very good
catalytic performances for a variety of substrate classes.
For acrylic acid derivatives, itaconates and B-diketones.
the performance was equal to or better than that known
for leading commercial ligands. The basic profiling has
shown that the choice of the substituents at (he P atoms
has a significant effect on the catalyst performance.
Interestingly, for both ligand families, relatively electron
rich aromatic substituents are most suitable for transfor-
mations with high enantioselectivity, whereas cyclohexyl
{exception MAC) and CIF;-substituted aryl groups have
a negative influence on e¢ and often the activity as well.
This is in contrast {¢ the Josiphas ligands with which
several cases are known where these substituents are
essential for good performance.”

4. Experimental

All ligands were prepared in analogy 1o the procedures
published by Knochel and co-workers™® and were fully
characterized. All ligands can be obtained from Solvias
and the derivatives listed in Table 5 are also available
from Strem.

The hydrogenation cxperiments were carried out with
the test substrates listed in Figures 4 and § in analogy
as described in detail for two sclected substrates bhelow.
The screening experiments were carried out in parallel in
10mL glass vials. Selected single experiments were car-
ried in larger glass vessels or stainless steel autoclaves.

Tuble 4. Comparison of the best ges of the Mandyphos and Taniaphos ligands with other ligand classes

Substrate class L'meore hgand (ot optimized)

Other conunercial ferrocenyl lipands

Other commercial state of the art ligands

M4 (95%)
T1 {=»98%0)

M4 [>08%)

T1 ¢>96"%)

T1 T3 (up ro 92%)
M (97%)

Disubstituted
-Frnamides
Frisubstituted
-Lonamides
P-Enamides
Acrylic acids
[tacountes T3 (>99")

M4 (8§%) M1 (95%)°

TI (054

T (>99%)

v-Keto esters
B-Keto esters
B-Dhiketones

Tasiphos (98%)
Jasiphos, Taniaphas® ($9%)

Jasiphos (>95%)

Walphos (2929}

Josiphos (98%)

Joziphos (99

Rophos (>95%)

Josiphos (60%:)

Taniaphos (99%). Walphos (96%)
Walphos (9%}

Raophas. Duphos Butiphane (99%)
Rophos, Duphes Butiphane (99%)

Duphos. Bicp. Tangphos (99%,)
MeObiphep {>90%)

Butiphane. Duphos, FerroTANIZ (>95%)
MeObiphep (94%)

Binap, MeObiphep, Segphos {>99%)
Binap. McObiphep, Segphos (>99%)
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Table 3. Mundyphos und Taniaphos ligands available [rom Sirem

Solvins no
Strem no
CAS Rep. no

Abbreviation Name of ligand

Acronyn

Moelecular formula, MW

SRR
Ip )
Chemical purity
Enautiomeric ¢xcess

A SL-M001-1 tyR.yR)-2.2"-Bis2-N. N-dimethylaminophenylinethy]}- >-320
(5.5 1 1 bis(diphenyiphosphinoiferracene )
2p-01252 {R-{S)-NMe.-PPh-Mandyphos >07%
[210842-74-3] CaHagbeNoP,. 820.28 >49%, ce
M2 SL-MO02-1 (3R 2R)-2.2-Bis(2- M. N-dimethylaminophenylmethyh- >+54
(5.51-1.1"-bis(dicyciohexviphosphino)ferrocene
26-0240 {R}-{S)-NMer,-PCyv-Mandyphos >97%
[494227.35.9] CsiHaaFeNaPs, 844,97 >89%, ¢
M3 SL-M003-1 {3 R.2R)-2.2"-Bis(z-N.N-dimethyvlaminophenylmethyi}-( 5.5)-1.1/- >=280
bis[difbis-(3.5-wifluoromethyl)phenyl)phosphino)ferrocene
26-0244 {R)-{5)1-NMc:-Pt3.5-CF;Phi-—Mandvphaos =97
4207 3600 ConllsaFo,FeN,P., 1364.75 >09% ce
AYE] SN0t {7 R.2R)-2.2-Bis{y- N N-dimethylaminophenylmethyl}-{S5.5)-1.1"- >—al
bis[dit}.5-dimethyl-d-methoxyphenyi)phosphino)errocene
26-0248 (R1-(.5)-NMcx Pr3.5-Me-4 MeOPh); Mandvphos >97%,

[464327-37.1)

CraHFeN, 04P5, 1053.09

20947 ee

TI S1..Te01-1 (15} Diphenylphosphino-2-{{ R)-x-{ ¥ N-dimethylamino)-o- >+312
diphenylphesphinophenyl)methyl)ferrocene
26.11535 (R1-(85)-Ph;PPRCHNMe;-T--PPh, »97%
{155884-98-1] CaHiaFeNP,. 687.36 >99% eg
12 SL-1002-1 (I 51-Dicyclohexylphosphina-2-[(R)--{ N ¥-dimethylamino)-o- >+1i0
dicyclohexylphosphinophenybimethyliferrocene
26-0955 {R1(5)-Cv;PPhCHNMesT-PCy, >97%
(494227-38.2] CazHeiFeNPs, 71179 =99%: ¢

The reaction mixtures were analvzed by GC and HPLC
methods using literature methods.

+.1. Ru catalyzed hydrogenation of actevlacetone {small
scale single experiment)

The autoclave was purged with argon by setting the
pressure to d0bar und releasing it. This operation was
repeated four times. The starting material acteylacetone
(0.234g. 2.533mmol) and SmL of degassed methanol
were placed in a 10mL Schlenk flask with a stirring
bar and a sequence high vacuuwm/argon-filing repeated
six_tmes. 60ul of i M methanolic HCl was carefully
added. Tn a 10ml. Schienk {lask (alse under argon, same
procedure  as  above)  [Rulzip-cymenc)];  (6.2mg;
(.0063 mmol) and T1 (9.1 mg; 0.0133mmol) were placed,
and dissolved in methanaol (3mL). These solutions were
stirred at room temperature for 19min and then frans-
ferred via cannula 10 the autoclave with a gentle argon
fiow. The autoclave was purged with hvdrogen (40 bar,
four imes). st at 60bar, The autoclave was then heated
up to 80°C. and after 30min. the hydrogen pressure set
10 S0CC. After 164 reaction Ume. the pressure was re-
ieased. The clear reaction mixiure was carefully cvapo-
rated to dryness under reduced pressure,

2.4-Pentanediol was quantitatively obtained (deter-
mined by GC and '"H NMR). The predominant sterea-
isomer was (2R 4R)-pentanediol with a dl/meso ratia

of 97.4:1.0 und an enantiomeric purity of 99.3% [deter-
mined after derivatization with trifiuoroacetic anhydride
using GC {column: Lipodex E, 30mx{.25mm. 8§0°C.
isathermic; carrier gas: Ha 120kPa)).

4.2, Rh catalvzed hydrogenation of Z-acetamidocinna-
mate (scale up experiment)

The glass reactor was st under an atmogphere of argon
by repeated sequences of high vacuum/argon-filling
{four times). The starting material, methyl Z-acetamido-
cinnamate (13.18¢g. 63.0mmol), and 40mL of degussed
methanol were placed in a 100mL Schlenk flask with a
slirring bar and a scquence of high vacuum/argon-lilling
repeated six times. In a 100 mL Schlenk flask (also under
argon, same procedure as above) [Rhinbd):]BF, (1.2 mg:
1.0032mmol) and M4 (3.74mg 0.0036mmal) were
placed, and dissolved in methanol (40mL). These solu-
tions were stirred at room temperature for 10min and
then transferred via cannula to the glass reactor with a
gentle argon flow, The reactor was purged with hyvdro-
genfvacuum (1.2bar/0.4bar, six times), set at 1.05bar
hydrogen. the temperature maintained at 25°C and stir-
ring then started. After 7h veaction time, the hydrogen
was replaced by argon. The clear reaction mixture was
evaporated to dryness under raduced pressure.

Conversion and enantiomeric purity were determined by
using GC [Chirasil-1.-Val: 30m: 150°C, 40, {0min.
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190°C. 20min: carrier gas: 1le (200kPa)], The conver-
sion was quantitative and the cnantiomeric cxcess of
Neacetyl phenvlalanine methyl ester determined to be
Q860 (R
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