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1. Documentos estudiados

Descripcion: Rad 14-111769-00000-0000 23/mayo/2014
Reivindicaciones: Rad 14-111769-00000-0000 23/mayo/2014
Prioridad Rad 14-111769-00000-0000 23/mayo/2014

EP 11190684.8 25/11/2011

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque ésta 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

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10
de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la
tasa pagada por el solicitante al momento de comenzar el examen para las
reivindicaciones adicionales; esto es que cuando la solicitud contenga méas de diez (10)
reivindicaciones y no se haya pagado la tasa complementaria, s6lo se estudiaran las
cubiertas por la tasa pagada. En este caso se encuentra el pago adicional de la tasa
gue cubre 1 reivindicacion adicional, de tal forma que se estudiara el capitulo
reivindicatorio completo.
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Titulo de la solicitud: Derivados de alcanol heterociclicos novedosos. Folio 1.

Objeto de la invencién: El objeto de la presente solicitud de patente de invencion se
refiere a derivados de alcanol heterociclicos de la férmula (1).

N
R'O, R [ Vg
A Y R
R® R’ (1

El problema técnico planteado en la presente se refiere a la necesidad de desarrollar
nuevos agentes fungicidas que presenten ventajas respecto a los conocidos en cuanto
a espectro de accion, toxicidad, selectividad y cantidad de aplicacion, entre otros. Para
solucionar ese problema técnico la presente solicitud plantea derivados de alcanol
heterociclicos de la férmula (1).

)

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): AO1N43/76; AO1N43/78; C07D263/32; CO7D277/24.

4. De la solicitud de Patente
Descripcién (articulo 28)

La descripcién resulta ser insuficiente para el amplio alcance que tiene el capitulo
reivindicatorio. Se le recuerda al solicitante que la descripcion debe ser una divulgacion
suficiente y adecuada de la materia que se esta reclamando, pero definitivamente el
alcance de la misma, va mucho mas alla de aquella materia que se encuentra
enteramente soportada en la descripcion.

En ese sentido, no se encuentra soporte técnico en la descripcidon para reclamar una
extrapolacion tan amplia dado que los ensayos presentados se refieren a trece
compuestos especificos, y solo dos de ellos muestran un ensayo muy puntual de su
superioridad en un modelo biolégico particular, de modo tal que esta informacion es
completamente insuficiente para explicar la amplia generalidad reclamada.

Se aclara que un sustituyente de H no se puede considerar equivalente a un
sustituyente mucho méas complejo y de esta manera los sustituyentes enteramente
soportados en la descripcién son los correspondientes a los compuestos ensayados.

La solicitante debe limitar el alcance del capitulo reivindicatorio y definir
especificamente el compuesto de interés, indicando de manera especifica el significado
de cada uno de los sustituyentes.

Esta Oficina considera que la divulgacién de la invencién es incompleta, por lo tanto la
descripcion no cumplié con el requisito de claridad y divulgacion completa de acuerdo al
art. 28 de la Decision 486 y el art. 22 del Tratado PCT.

Reivindicaciones (articulo 30 D 486)

En este sentido el capitulo reivindicatorio es demasiado amplio y no cumple con el
requisito de concision, sino que ademas es una generalizacibn que no se encuentra
enteramente soportada en la descripcion. Son tantas las posibilidades de sustitucién
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para el compuesto de férmula (I) que la descripcion no lo divulga de manera
suficientemente clara y completa. La solicitante debe definir especificamente la materia
y el alcance de la invencion a través de las caracteristicas técnicas esenciales que se
encuentran enteramente soportadas en la descripcion, sirvase limitar el alcance de la
invencion.

Sirvase retirar frases y expresiones tales como “alquilo, alquenilo, alquinilo, cicloalquilo
o arilo opcionalmente sustituidos, alquiltio, halégeno, haloalquilo, haloalquiltio
haloalcoxi, alquilcarbonilo, trialquilsilicio, sales agroquimicamente activas, al menos”
etc. dado que son imprecisas y no permiten definir especificamente el objeto ni el
alcance de la invencién reclamada.

Se reitera que se debe limitar el alcance de la invencién, definiendo especificamente la
materia de interés, la cual a su vez debe estar enteramente sustentada en la
descripcion.

En consecuencia, el capitulo reivindicatorio no cumple con el requisito de concision,
claridad y sustento en la descripcion de acuerdo al art. 30 de la Decision 486.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 5, 6, 8 y 9 no son patentables, de acuerdo con el Art 14.

El procedimiento de la reivindicacion 3 corresponde a un uso. Es evidente que la
llamada etapa de “se aplican” se refiere a la forma de utilizar el compuesto de interés.
Se aclara que un procedimiento cuya Unica etapa es una aplicacion, corresponde tan
solo a una aplicacion, y una aplicacion es un uso aunque en su preambulo se reclame
como procedimiento.

En consecuencia, la reivindicacién 3, no es patentable, de acuerdo con el Art 14.

6. Determinacion del Estado de la Técnica

Considerando que la fecha de la solicitud prioritaria es 25 de noviembre de 2011 se
realizé la busqueda en el estado de la técnica y se encontraron los documentos

relacionados a continuacion que pueden afectar la patentabilidad del objeto de la
presente solicitud:

N° Documento Titulo Fecha de publicacién
D1 EP0395175 Thiazole derivatives 1990-10-31
D2 EP0409418 Heterocyclic tertiary alcohols 1991-01-23

New analogs of polysphorin
D3 EP2177496 and uses thereof for treating or 2010-04-21
preventing malaria

Direct Conversion of N-

Methoxy-N-methylamides | 0 o 2005, 7 (7),

D4 Murphy, 2005 (Weinreb Amides) to Ketones
via a Nonclassical Wittig pp 1427-1429
Reaction
D5 Hatcher 2011 Catalytic Asymmetric Addition Org.

of Thiols to Nitrosoalkenes Lett., 2011, 13 (15), pp
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Leading to Chiral Non- 3810-3813

Racemic a-Sulfenyl Ketones 05-08-2011

D6 Arisawa 2010 Reaction of a-

Rhodium-Catalyzed

Organothio Exchange Chemical and

Pharmaceutical Bulletin
Vol. 58 (2010) No. 10 P

Organothioketones with 1349-1352

Disulfides

D7 EP0112292

Plant-growth regulating and

microbicidal agents 1984-06-27

El documento D1 hace referencia a derivados fungicidas de férmula (1)

R3 s OR?

{
\< /7\‘3“2 - ¢ - (0, - R (1)
N

R

El documento D2 hace referencia a derivados fungicidas de formula (1).

OR

gl —¢c - R (1)

El documento D3 hace referencia a nuevos derivados analogos of polisporinas y su uso
en el tratamiento de la malaria.

El documento D4 hace referencia a la conversion de N-Metoxi-N-metilamidas en
derivados cetona mediante la reaccién in situ con alquiliden-trifenil-fosforanos e
hidrolisis de dicho producto.

El documento D5 hace referencia a sulfenilacién organocatalitica asimétrica derivados
de nitrosoalquenos in situ que produce cetonas quirales R—sulfeniladas no racémicas.

El documento D6 hace referencia a una reaccion de intercambio organotio catalizada
por rodio de a-Organotiocetonas con disulfuros.

El documento D7 hace referencia a nuevos derivados de 1-fluoro-1-ariloxi-2-azolilmetil-
2-alcanol de formula (I).
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7. Examen de patentabilidad (articulo 14 D486)

Novedad (articulo 16 D486)

La reivindicacion 10 divulga un compuesto de formula (IV-a).

0
RE R

Ver radicado 14-111769-00000-0000.

La siguiente tabla presenta la comparacion entre las caracteristicas técnicas esenciales
de la solicitud estudiada, mencionadas en la reivindicacion 10, y las reveladas en el
estado de la técnica.

0
Solicitud AWYS([LR“'
ilp
' R2a R?.a.
O
D3 1)’]\ CH3
Compuesto Il y IX Ar \(
OAr?
]|
O
D4 PhO
Compuesto 20 Me
20
Me
O
D5
Compuesto 38
38 SPh
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Compuesto 5 Ar
R
Ar = Ph, R1 = Me, R2 = m-MeOC;sH,

Los documentos D2 a D6 ya habia dado a conocer cetonas iguales a las aca
reclamadas. En consecuencia, la materia de la reivindicacién 10 no es nueva segun lo
divulgado en cualquiera de los documentos D2 a D6.

La reivindicacién 11 divulga un compuesto de férmula (VI-a).

i 0
b

A NN (Via)

sz Rab
Ver radicado 14-111769-00000-0000.
La siguiente tabla presenta la comparacion entre las caracteristicas técnicas esenciales

de la solicitud estudiada, mencionadas en la reivindicacion 11, y las reveladas en el
estado de la técnica.

' Q

Solicitud A2 Y2 b
: R
\{\%sz R
R, F
Reivindicacion 6, (e C=R (11)

ejemplo H1 CQ% / | 4

0

e

El documento D7 ya habia dado a conocer derivados de oxirano iguales a las aca
reclamados. En consecuencia, la materia de la reivindicacién 11 no es nueva segun lo
divulgado en el documento D7.
Nivel Inventivo (Art 18 D486)

La reivindicacion 1 se refiere a derivados de alcanol heterociclicos de la féormula (1).
N
R'O
A y | S R’
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R representa respectivamente alquilo, alquileno, alquinilo, cicloalquilo...
R1 representa H, SH, alquiltio, alcoxi, halégeno...

R2 representa halégeno o alquilo opcionalmente sustituido

R3 representa H, halégeno o alquilo opcionalmente sustituido

R4
sustituidos

representa H, alquilcarbonilo, alquilo,

formilo o trialquilsililo opcionalmente

R2 y R3 ademas pueden representar juntos alquileno C2-C5 opcionalmente sustituido,

A representa arilo opcionalmente sustituido asi como heteroarilo opcionalmente

sustituido,

Ver radicado 14-111769-00000-0000.

La siguiente tabla presenta la comparacion entre las caracteristicas técnicas esenciales
de la solicitud estudiada, mencionadas en la reivindicacion 1, y las reveladas en el

estado de la técnica.

nrepresenta0ol

R representa respectivamente
alquilo,  alquileno, alquinilo,
cicloalquilo...

R1 representa H, SH, alquiltio,
alcoxi, halégeno...

R2 representa hal6geno o alquilo
opcionalmente sustituido

R3 representa H, halégeno o
alquilo opcionalmente sustituido
R4 representa H, alquilcarbonilo,
alquilo, formilo o trialquilsililo
opcionalmente sustituidos

R2 y R3 ademas pueden
representar juntos alquileno C2-
C5 opcionalmente sustituido,...

A representa arilo opcionalmente
sustituido asi como heteroarilo
opcionalmente sustituido,

R1 es H, fenilo o un grupo alquilo
opcionalmente sustituido

R2 es H, alquilo, alquilcarbonilo,
alquenilo cicloalquilcarbonilo o
bencilo.

R3 es H, halégeno, haloalquilo,

alcoxi, haloalcoxi, alquiltio,
hidroxilo, ciano, nitro 0
alquilamino.

Y es -CH20- -CH2CH2-

nesOol

. . D1 D2
Caracteristicas esenciales Ei S
jemplos Reivindicaciones
or3
I
gl - c - &?
N 3 2 |
R'0 R g R 5 OR
i (CH,)
A Y R \/ CH, = C - (¥)_ - R 2'n
- Mx T
R R =
N —— l
X representaO 0 S nesOol
Y representa O, S, SO, SO2, XesSuO
-CH2-, o un enlace directo R es un grupo fenilo | 1 es alquilo C3-C7
m representa 0o 1 opcionalmente sustituido opcionalmente sustituido,

cialoalquilo o alquilcicloalquilo
R2 es un grupo selccionado de

-(CH2),-C=C-A (i)

or

-(CHz),-CH=CH-A  (ll)
or

-(CHz)rA (V)

or

CHz-0-(CHz)sA (V)

donde A es un grupo arilo, a
varia entre 0-2, b entre 0-2, ¢
entre 0-4, d entre 0-2

R2 es haloalquilo sustituido,
cicloalquilo, cicloalquilalquilo...
R3 es H, alquilo C1-C4,
alquenilo...
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Los documentos D1 y D2 se consideran el estado de la técnica cercano a la invencion
definida en la reivindicaciébn 1 porque cualquiera de ellos ya habia dado a conocer
derivados de alcanol heterociclicos con actividad fungicida.

La diferencia entre cualquiera de los documentos D2 o D3 radica en que ninguno de
ellos divulga una sustitucion diferentes de H en la posicién de los radicales R2 o R3.

El efecto técnico debido a dicha diferencia radica en que obtiene una mayor actividad
segun los ensayos presentados para los compuestos 2 y 22.

De este modo, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: ¢cémo obtener derivados derivados de alcanol heterociclicos con
actividad fungicida mas eficientes?

Sin embargo, modificaciones estructurales de este tipo son bien reconocidas por
cualquier técnico medio en la materia, no cambian el nucleo central para el cual ya se
habia reportado actividad fungicida y se consideran optimizaciones rutinarias en el
disefio de nuevas moléculas.

Pero ademas debe tenerse en cuenta que el efecto técnico se observa en un ensayo
muy puntual en un modelo biolégico especifico y solo parados compuestos particulares.
Esta Oficina considera que la evidencia técnica es insuficiente para pensar que la
generalidad reclamada tenga el mismo comportamiento.

Asi las cosas, se considera que la materia de la reivindicacion 1 ya se encontraba
sugerida desde cualquiera de los documento D1 o D2, no se encuentra evidencia
técnica suficiente que sustenta los mdiltiples compuestos reclamados y la persona
medianamente versada en la materia, tiene informacion suficiente a partir del estado d
en la técnica y su conocimiento para plantear o poder disefiar pequefias modificaciones
estructurales sobre un nucleo central ya conocido, en un proceso de optimizacion
rutinario, con la plena expectativa de éxito en cuanto a lograr mejoras en el desempefio
en un modelo biolégico determinado.

En consecuencia la materia objeto de la presente solicitud, se deriva de manera
evidente del arte previo y carece de nivel inventivo. De forma analoga, los agentes que
contienen el compuesto de formula (l) y el proceso de mezcla para preparar dichos
agentes reivindicaciones 4 y 7, respectivamente, tampoco son inventivos. Asi como
tampoco son inventivos los derivados intermediarios de las reivindicaciones 10y 11.
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8. Conclusion

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N° Documento N° | Reivindicaciones afectadas | Requisito que afecta
D1 EP0395175 1-4,7,10y 11 Nivel Inventivo

D2 EP0409418 1-4,7,10y 11 Nivel Inventivo

D3 EP2177496 10 Novedad

D4 Murphy, 2005 10 Novedad

D5 Hatcher 2011 10 Novedad

D6 Arisawa 2010 10 Novedad

D7 EP0112292 11 Novedad
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, o0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

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

-

—5

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

%T-Ta

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2015-06-09

Elabord: Sandra Isabel Calderon Rodriguez
Revisoé: Gloria Jacqueline Alfonso Rozo

Expediente 14-111769- -3 ler art 45

Superintendencia de Industriay Comercio: Cra13 No. 27- 00 pis 6,7 y 10- PBX: (571) 5870000
E-mail: contacteno Bogotd D.C., Colombia
{,p) Ulllf:i%[.N[E'F!l:El'J R
NDUSTRIA ¥ TURISMO

Sefior ciudadano la entidad le ofrece |os siguientes canales para hacer seguimiento a su solicitud asi:
Péagina web: www sic gov Linea gratuita a nivel nacional: 018000 910165
Centro de atencién telefénica en Bogotd: 5920400 Kiosco Informatico Centro Comercial Gran Estacién en Bogota




ORGANIC
LETTERS

Direct Conversion of ol ee
N-Methoxy- N-methylamides (Weinreb 14271429
Amides) to Ketones via a Nonclassical

Wittig Reaction

John A. Murphy,* - Aurélien G. J. Commeureuc, T Thomas N. Snaddon,
Thomas M. McGuire, T Tanweer A. Khan, T Kevin Hisler, T Mark L. Dewis, * and
Robert Carling 8

Department of Pure and Applied Chemistry, bkrisity of Strathclyde,

Thomas Graham Building, 295 Cathedral Street, Glasgow G1 1XL, U.K.,
International Flavors and Fragrances (IFF-R & D), 1515 State Highway 36,

Union Beach, New Jersey 07735, and Merck, Sharp & Dohme Ltd., Neuroscience
Research Centre, Terlings Park, Eastwick Road, Harlow, Essex CM20 2QR, U.K.

john.murphy@strath.ac.uk

Received February 17, 2005

ABSTRACT

(e} (e}
/©)LN’Me PhzP=CHBuU /©)(CSH11
OMe
Cl Cl 83 %

N-Methoxy- N-methylamides (Weinreb amides) are converted efficiently into ketones by reaction with alkylidenetriphenylphosphoranes and in
situ hydrolysis of the product.

The efficient manipulation of the carbonyl functional group latent form, allowing a second transformation to be per-
is of pivotal importance in synthetic chemistry and crucial formed chemoselectively in its presence.
for the successful and efficient preparation of synthetic targets

(2) Recent representative examples include: (a) Kuethe, J. T.; Comins,

of varying complexity. An important and widely used [, 1%q 50507 a55 (b) Davis, F. A.: Chao, EDrg. Lett. 200

transformation has proven to be the direct conversion of 2, 2623. (c) Lee, K.-Y.; Kim, Y.-H.; Oh, C.-Y.; Ham, W.-HOrg. Lett.
idAati i 200Q 2, 4041. (d) Wallace, G. A.; Scott, R. W.; Heathcock, C.JHOrg.
carbonyl compoun_ds, at the carboxyl oxidation level, directly Chem 2000 65, 4145 () Smith. A B.. lil: Beauchamp. T. J.; LaMarche.
to the corresponding aldehydes and ketones. The developw. J.; Kaufman, M. D.; Qiu, Y.; Arimoto, H.; Jones, D. R.; Kobayashi, K.
ment of N-methoxyN-methyIamides as carboxylate syn- J. Am. Chem. So@00Q 122, 8654. (f) Trost, B. M.; Gunzner, J. 1. Am.

. . . . . Chem. Soc2001, 123 9449. Ghosh, A. K.; Wang, Y.; Kim, J. T.
thons$ has admirably fulfilled this role, allowing the direct Org. Chem2001, 66, 8973. (h)(%nde,wa., C.D. Vosb?,rg, D. A.; Sorensen,

preparation of highly functionalized aldehydes and ketones E. J.Org. Lett.2001, 3, 4307. (i) Crich, D.; Dudkin, VJ. Am. Chem. Soc.
2002 124, 2263. (j) Vosburg, D. A.; Vanderwal, C. D.; Sorensen, El.J.

upon reaction with appropriate organometallic nucleopfiles. am. Chem. S0@002 124 4552. (K) Crimmins, M. T.. Stanton, M. G.;
The efficiency of this process has been attributed to the Qllvzeig. E. P.é.h Am. ghggwdésgggOgslz%Ak(S%S& () TFOS/R ?{Ms'; Cratwlesk/I
. . . .L. J. Am. Chem. So , .(m eung, A. K.; Snapper, M.
mte_rmedlacy of an exceptlona_lly stable tetrahedral c_:hélate, L. J. Am. Chem. So002 124 11584. (n) Wipf, P.. Rector, S. R..
which retards secondary addition of the nucleophile. The Takahashi, HJ. Am. Chem. So@002 124 14848. (0) Denmark, S. E.;
g ; ot Yang, S.-M.J. Am. Chem. So2002 124, 15196. (p) Toda, N.; Ori, M;
_stab|I|ty of the chelate ha; |.tself found elegant appllcat!on Takami, K.. Tago, K.« Kogen, HOrg. Lett. 2003 5, 269. () Nicolaou, K.
in synthetic protocol8,providing aldehydes and ketones in  C.; Fylaktakidou, K. C.; Monenschein, H.; Li, Y.; Weyershausen, B.;
Mitchell, H. J.; Wei, H, -X.; Guntupalli, P.; Hepworth, D.; Sugita, &.
Am. Chem. So0c2003 125 15433. (r) Zanatta, S. D.; White, J. M;

T University of Strathclyde. Rizzacasa, M. AOrg. Lett.2004 6, 1041. (s) Taillier, C.; Bellosta, V.;
* International Flavors and Fragrances. Cossy, JOrg. Lett.2004 6, 2145. (t) Taillier, C.; Bellosta, V.; Meyer, C.;
8 Merck, Sharp & Dohme Ltd. Cossy, J.Org. Lett.2004 6, 2149. (u) Ghosh, A. K.; Gong, Gl. Am.
(1) Nahm, S.; Weinreb, S. Mletrahedron Lett1981, 22, 3815. Chem. Soc2004 126, 3704.

10.1021/0l050337b CCC: $30.25  © 2005 American Chemical Society
Published on Web 03/05/2005



Although the transformation is extremely useful, the  Preliminary studies carried out on 1-chlorobenzyNd-(
reactivity of the organometallic reagents that react with methoxyN-methylamide) {) under a variety of Wittig
Weinreb amides must be taken into account when planning conditions indicated that best yields of 4-chloroacetophenone
synthetic transformations. Reagents such as DIBAL-H, (2) were obtained when methylenetriphenylphosphorane (2.1
LiAIH 4, Grignard and organolithium reagents are incompat- equiv), generated with-BuLi, was allowed to react with
ible with a number of functional groups. It would be a in THF.
significant advance if less aggressive conditions could be To provide corroboratory evidence for such a pathway,
found for effecting the same transformations. Weinreb we worked up the product from reaction of Weinreb amide
amides have also found use in chemoselective preparatiorb, with a DO and catalytic SO, quench, followed by
of 5-ketoesters® or [3-keto-Weinreb amide3jwhere ester
enolates act as nucleophiles. .

We now report a highly efficient conversion df- Table 1. Reactions of Weinreb Amides with Phosphoranes
methoxyN-methylamides to related ketones by a route that

. . . R entry  weinreb amide product yield
avoids the highly reactive organometallic reagents; the 5 5
conversion is effected upon reaction with alkylidenetri- x—@—/{ XAQ_(
phenylphosphoranes (Scheme 1). The reaction is particularly NMeOMe Me

1 1,X=Cl 2,X=Cl 91%
2 5X=F 7,X=F 83 %
| 3 ax=H 10,X = H 729%
Scheme 1 4 11,X=CN 12,X=CN 75%
0 PhsP50 X o) X o]
4 OMe
M -ome PhsP=CHR' )—'1|—N’
AN s R e NMeOMe Me
Me
5 13,X=H 14, X = H 55 %
1, Ar=p-CICeH, A 6 15, X = OMe 16, X = OMe 79 %
0 0
7 Ph/\(lLNMeOMe Ph/ﬁ)\Me 75 %
Q — jl*R 17Me 18 Me
s .OMe
CH,R Ar :\; o o
e
8 F>hoj)LNMeOMe Phoj)kMe 69 %
2, Ar=p-CICgHy, R' = H B 19 20

=
©
<

4
o

NMeOMe Ph/\)LMe 50 %

NMeOMe Me 42 %
=

N
-
N
N

surprising in view of the completely different reaction of
phosphonate anions with Weinreb amides. Thus, it is well-
knowr?9Xthat phosphonate anion reacts with Weinreb amides
3 to form fj-ketophosphonated, a completely different
outcome from that seen in our reactions (Scheme 2).

=<
@
]
=
)
O

>
T
o

23 0 24 0
Scheme 2 11 25, X = CH,Br 26, X = CH,Br 63%
o) o 1) 0 12 27, X = CH,CI 28, X = CH,CI 68%
1] . Il 13 29, X= CI 30, X= CI 51%
R)]\Nfo""e (MeO),P—CHoLi g P~ome °
Me OMe U
NMeOMe
3 4
X
14 1, X=Cl 31, X=Cl,R=CsHyy 83 %
) L 15 1,X=Cl 32,X=ClLR=C4Hs 89 %
We propose a nonclassical Wittig reacfion account for 16 5 X=F 33,X=F, R=C4Hy 78%
. . 17 9, X=H 34,X=H, R=C4Hy 83%
our observed product. Takinhas an example, reaction of o

N-methoxyN-methylamides would form oxaphosphetae
which upon cycloreversion extrudes triphenylphosphine
oxide affording putative enamin®. Mild hydrolysis of B

NMeOMe

5
HLES

. . 18 1,X=Cl 35, X= 76 %
would then give rise to methyl ketorie 19 5X=F 36, X = 77%
20 9, X=H 37, X= 67 %

(3) For representative examples, see: (d)déerJ.; Hoffmann, R. WJ.
Am. Chem. Sod997, 119, 7499. (b) Evans, D. A.; Bender, S. L.; Morris, I-
J.J. Am. Chem. S0d.988 110, 2506.

(4) Turner, J. A.; Jacks, W. S. Org. Chem1989 54, 4229. NMeOMe

(5) Sibi, M. P.; Christensen, J. W.; Kim, S.-G.; Eggen, M.; Stessman,
C.; Oien, L.Tetrahedron Lett1995 36, 6209. e Me

(6) (&) Murphy, P. J.; Brennan, Chem. Soc. Re 1988 17, 1. (b)
Murphy, P. J.; Lee, S. El. Chem. Soc., Perkin Trans.1B99 3049.

o+

T

=
w

=
o
=
©

51 %

N
-
(54
)
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normal workup procedures, affording a mixture8and7 application of this reaction in an intramolecular fashion

in a 2.7:1 ratio (determined bYH NMR) (Scheme 3). No  affording 4,4-dimethylcyclohexanone (51%, entry 21) upon

treatment of the precursor phosphonium iodide with KHMDS

in THF.

Wittig reactions on amides are knowirhowever, these

o systems are usually subject to severe perturbation, in a
OMe . _OMe conformational or electronic sense, limiting resonance con-

/Q)Lae _PhsP=CHy /©)L'\’T/'I tribution from the nitrogen lone pair. We speculate that the

F F

° inductive effect from the oxygen of tié-OMe group locally

Scheme 3

5 perturbs this system, thus permitting reactivity in the manner

6
o o D,0, described.
H2S04 (cat.) In conclusion, a new transformation of Weinreb amides
/©)\°H25’ /@ACHﬁ is announced that permits the efficient synthesis of related
F F ketones. The conditions of this reaction are much milder than
8 7 the conventional route using organometallic reagents. Its

2r 10 chemoselectivity is particularly seen in the clean transforma-
3% tions of cyano- or halo-substituted substrates.

Acknowledgment. We thank EPSRC National Mass

evidence of polydeuteration was observed that would arise Spectrometry Service Centre, Swansea, for high-resolution
from exchange betweehand DO under acidic conditions,  mass spectra and EPS_RC, Universities UK and University
thus providing viable evidence for the existenceBof of Strathclyde, for funding of T.A.K.
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amides (entries 14, 14-20), a,S-unsubstituted examples

(entry 9), and also witle-heterosubstitution (entry 8). Dual ~ ©OL050337B

transformation can be achlgveq with aldehyam'de. sub- (7) For intermolecular examples, see: (a) Bohlmann, R.; Strehlke, P.
strates (entry 10). The reaction is also chemoselective, whereTetrahedron Lett1996 37, 7249. (b) Kirby, A. J.; Komarov, I. V.; Wothers,

it i i ; ; P. D.; Feeder, NAngew. Chem., Int. EA.998 37, 785. (c) Bguge J.-P.;
a mtr_lle grOUp. (entry 4) and §1|Iphatlc hfa“des (Ch|0_rlde, Mesureur, DSynthesi4€989 309. (d) Prasitpan, N.; Patel, J. N.; De Croos,
bromide) (entries 1113) do not interfere with the reaction.  p. z.: stockwell, B. L.; Manavalan, P.: Kar, L.: Johnson, M. E.; Currie, B.
i i imi i _ L. J. Heterocycl. Cheml992 29, 335. For intramolecular examples, see:
The reaCt.Ion IS not “mlt.ed to methylenetrlphenylphos (e) Le Corre, M.; Hercouet, A.; Le Stanc, Y.; Le Baron, Fetrahedron
phorane, with pentylenetriphenylphosphorane (entry 14), 1985 41, 5313. (f) Li, J. P.; Newlander, K. A.; Yellin, T. GSynthesis
butylenetriphenylphosphorane (entries-1%), and 3-phe- i988 73G(9)PE|Ite_I, M.; Igndgr, USyﬂtheslslgﬁa 3'6T4A (hr)1 %anl?ggli.;
. . . esma, G.; Palmisano, G.; Passarella, D.; Silvani;TAtrahedron
nylpropylenetriphenylphosphorane (entries-28) also giv- 50, 6941. (i) Coulton, S.; Gilchrist, T. L.; Graham, B. Chem. Soc., Perkin

ing excellent results. Also worthy of note is the successful Trans. 11998 1193.
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ABSTRACT
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The first asymmetric organocatalytic sulfenylation of in situ derived nitrosoalkenes leading to chiral nonracemic o-sulfenylated ketones is
described. The transformation proceeds in an umpolung fashion, relative to enolate/azaenolate methods, and uses simple thiols, thereby

obviating the need for electrophilic sulfur reagents.

The o-functionalization of ketones in an umpolung
sense, wherein a nucleophilic species adds to an electro-
philic a-carbon, provides an attractive alternative to en-
olate/azaenolate-based methods and is well suited to
catalysis. We are currently exploring ways to achieve this
through the use of activated alkenes (e.g., azo- and
nitrosoalkenes) obtained by the oxidation of hydrazones
and related compounds.' Recent reports by Jergensen,”
Deng,® and Fu? highlight the general importance of
asymmetric sulfenylation reactions. Chiral nonracemic
sulfur-containing compounds are important both bio-

(1) Hatcher,J. M.; Coltart, D. M. i i 2010, /32, 4546—
4547.

(2) Marigo, M; Wabnitz, T. C.; Ficlenbach, D.; Jorgensen, K. A.

. 2005, 44, 794-797.

(3) Liu, Y.; Sun, B.; Wang, B.; Wakem, M.; Deng, L. gl
Soc. 2009, 131, 418-419.

(4) Sun, J.; Fu, G. C. i 2010, /32, 4568-4569.

(5) (a) Chatgilialoglu, C.; Asmus, K.-D. Sulfur-Centered Reactive
Intermediates in Chemistry and Biology; Springer: New York, 1991. (b)
Bruice, T. C.; Benkovic, S. J. Bioorganic Mechanisms; Benjamin: New
York, 1966; Vol. 1, Chapter 3.

(6) Toru, T.; Bolm, C.
gsis: Wiley-VCH: Weinheim, Germany, 2008.

(7) Roos, G. Compendium of Chiral Auxiliary Applications; Elsevier
Science: Amsterdam, 2001.

(8) Pellissier, H. Chiral Sulfur Ligands: Asymmetric Catalysis; Royal
Society of Chemistry: Cambridge, U.K., 2009.

10.1021/012012633  © 2011 American Chemical Society
Published on Web 06/29/2011

logically’ and in a synthetic context® through their use as
chiral auxiliaries,” ligands for metal catalysis,® and
organocatalysts.” We reasoned that the umpolung strategy
we are investigating could provide the basis for the devel-
opment of a novel approach to the asymmetric synthesis of
a-sulfenylated ketones. Such compounds are normally
obtained from the addition of an electrophilic sulfur
species to a preformed enolate/azaenolate.'”!! Unfortu-
nately, no general and effective method is available to

(9) McGarrigle, E. M.; Aggarwal, V. K. In
aadgdusis Dalko, P. 1., Ed.; Wiley-VCH: Weinheim, 2007; Chapter 10.

(10) For example, see: (a) Wladislaw, B; Marzorati, L.; Di Vitta, C.

. 2007, 39, 447-494. (b) Trost, B. M. [alveEra Ty
1978, 78, 363-382. (c) Trost, B. M. piisiamiiay 1978, //, 453-461.
(d) Corey, E. J.; Knapp, S. . 1976, 4687 4690.
(e) Seebach, D.; Teschner, M. hgiiaBai 1976, 109, 1601-1616.

(11) For asymmetric methods employing chiral auxiliaries, see: (a)
Enders, D.; Schifer, T.; Mies, W. gasiisbasiag 1998, 54, 10239-10252.
(b) Youn, J.-H.; Herrmann, R.; Ugi, I. Sutbesis 1987, 159-161. For an
asymmetric method employing a stoichiometric chiral ligand, see:(c)
Yura, T.; Iwasawa, N.; Clark, R.; Mukaiyama, T. Chem. Lett. 1986,
1809-1812. For an asymmetric method employing a chiral sulfenylating
reagent, see: (d) Hiroi, K.; Nishida, M.; Nakayama, A.; Nakazawa, K.;
Fujii, E.; Sato, S. (b 1979, 969-972.

(12) Use of the Enders SAMP/RAMP auxiliaries has proven effective
in delivering a-sulfenylated SAMP/RAMP hydrazones (48—87% yield;
dr = 95.5:4.5t098:2). However, complications during auxiliary removal
result in low yields of the corresponding a-sulfenylated ketones or in
compromised enantiomer ratios. See ref 11a.
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conduct this transformation asymmetrically,'""'* and a

catalytic asymmetric process has never been reported. In
what follows, we describe the first catalytic asymmetric
sulfenylation of in situ derived nitrosoalkenes, leading to
chiral nonracemic o-sulfenylated ketones. This method
reliably delivers high levels of asymmetric induction and
occurs under mild and operationally simple conditions.
Moreover, the transformation proceeds in an umpolung
fashion, relative to conventional enolate/azaenolate meth-
ods, using simple thiols.

Scheme 1. Proposed Catalytic Asymmetric Umpolung Sulfe-
nylation

=Y catalyst hydrolyze
NYH  pase N™ “RisH NYH s to ketone
| % K/X R ™ R! JK‘ISR l

RE N\ R? R? other trans-
1 racemic 2 3 formations

lzL chiral scaffold £

/
RN N—a I<r7.|"\“r7.|

H H *NRH H, H *NR;H| X=leaving group

LA -epd y —gp3 Y = NSO,Ar, NAT,
0N /R T 0, etc.
AN %\RZ Z2=0,8
R1
5

1
N\|/\
= ~RZ
4 R

N-Sulfonyl azo- and nitrosoalkenes undergo conjugate
addition by certain nucleophiles."'* Addition of benzene
thiol to a-chloro N-sulfonyl hydrazones can be achieved
using Et;N."** However, greater than 2 equiv of base are
needed to ensure in situ formation of both the azoalkene
intermediate and the corresponding ammonium thiolate.
We theorized that if the activated olefin were generated
(1—2, Scheme 1) irreversibly' prior to the thiolate addition
step, then a catalyticamount of a chiral amine could be used,
leading to an asymmetric sulfenylation reaction (2 — 3).
Moreover, a racemic halogen species (1) would be adequate
as the olefin precursor. As potential catalysts for this

(13) For example, see: (a) Reese, C. B.; Sanders, H. P.
e 1982, 2719-2724. (b) Cacchi, S.; Misiti, D.; Felici, M.
Ssdatlesis 1980, 147-149. (c) Sacks, C. E.; Fuchs, P. L. iy
1975, 97, 7372-7374. (d) Korboukh, I.; Kumar, P.; Weinreb, S. M.

.2007, 129, 10342—-10343. (e) Ohno, M.; Torimitsu, S.;
Naruse, N.; Okamoto, M.; Saki, I. | . 1966, 39, 1129—
1134.

(14) Cf. Rosini, G.; Baccolini, G. jnfiusisim 1974, 39, 826-828
and references therein.

(15) For example, see: (a) Schreiner, P. R.; Wittkopp, A. Qg
2002, 4, 217-220. (b) Doyle, A. G.; Jacobsen, E. N. (ahgiimitgii 2007,
107, 5713-5743. (c¢) Zhang, Z.; Schreimer, P. R. iiiiag. 2009,
38, 1187-1198. (d) Vakulya, B.; Varga, S.; Csampai, A.; Sods, T. Qrg,
Letr. 2008, 7, 1967-1969. (e) Andres, J. M.; Manzano, R.; Pedrosa, R.
ibigiadaiaay 2008, /4, 5116-5119. (f) Tan, K. L.; Jacobsen, E. N. dugei
ememmistenin. 2007, 46, 1315-1317. (g) Lubkoll, J.; Wennemers, H.
I - 2007, 46, 6841-6844. (h) Song, J.; Wang, Y.;
Deng, L. . 2006, /28, 6048-6049. (i) Inokuma, T.;
Hoashi, Y.; Takemoto, Y. . 2006, 128, 9413-9419. (j)
Okino, T.; Hoashi, Y.; Furukawa, T.; Xu, X.; Takemoto, Y. Ladis
ilisiianas. 2005, 727, 119-125. (k) Wang, J.; Li, H.; Yu, X.; Zu, L.;
Wang, W. Qugelegit. 2005, 7,4293-4296. (1) Wang, J.; Li, H.; Duan, W.;
Zu, L.; Wang, W. . 2005, 7, 4713-4716. (m) McCooey, S. H.;
Connon, S. . 2005, 44, 6367-6370. (n) Song, J.;
Ye, J.; Dixon, D. J.; Hynes, P. S. Chem. Commun. 2005, 4481-4483. (0)
Okino, T.; Hoashi, Y.; Takemoto, Y. | AN 2003, /25,
12672-12673.
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Figure 1. Amino (thio)urea catalysts 6—15.

transformation, we were particularly interested in chiral
amino (thio)ureas (cf. Figure 1). Such compounds should
provide greater structural organization than simple chiral
amines during the key bond-forming step as a result of
hydrogen bonding (cf. 4 and 5, Scheme 1) and facilitate
intracomplex attack of the nucleophile.

The general structure of the catalysts we required for our
work is well-known in the context of certain bifunctional
catalysts, which have been used to facilitate a variety of
transformations.'> Although our mechanistic proposal de-
viates from the mechanism that appears operative in those
reports, the catalysts they employed provided us with an
excellent starting point from which to launch our studies.
Thus, we began by investigating the sulfenylation of a-
chloro oxime 16 and o-chloro N-sulfonyl hydrazone 17
using the readily accessible compound 6'** as a potential
asymmetric catalyst (Table 1). The intermediate nitroso- and
azoalkenes, respectively, were generated by treatment with
NaHCO;. Gratifyingly, compound 6 indeed catalyzed the
formation of the desired product enantioselectively begin-
ning from substrate 16. However, no asymmetric induction
resulted under the same conditions in the case of substrate
17. The structurally related urea catalyst 7 was also tried
with o-chloro oxime 16 but gave poorer asymmetric
induction than its thiourea counterpart (6). Several other
amino thioureas were tested as catalysts for the transfor-
mation (see Table 1), but only 14 and 15> showed a clear
improvement in enantioselectivity over 6. Notably, cata-
lysts 14 and 15 were complementary to 6 with regard to the
absolute sense of asymmetric induction, offering a con-
venient way of accessing either enantiomer of 18.

To further investigate the effect of temperature and
solvent, the transformation between 16 and benzene thiol
was studied using catalyst 6 (Table 2). Interestingly, no
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Table 1. Survey of Conditions for Asymmetric a-Sulfenylation

NYH 1) NaHCOs, CH,Cl, NYH

2) PhSH tlt20 | %
a )_30 Ccaays( mol %) SPh

entry  substrate (Y) catalyst product er? yield (%)
1 16 (O) 6 18 10:90 86
2 17 (NSO;Tol) 6 19 49:51 74
3 16 7 18 32:68 82
4 16 8 18 14:86 84
5 16 9 18 77:23 78
6 16 10 18 56:44 70
7 16 11 18 53:47 72
8 16 12 18 91:9 84
9 16 13 18 90:10 82
10 16 14 18 94:6 86
11 16 15 18 94:6 84

“Determined by chiral HPLC analysis.

improvement in asymmetric induction resulted at tempera-
tures above or below —30 °C (entries 1—4).'® This was also
true of the various solvents tried for the reaction at —30 °C
(entries 5—9), each of which gave inferior results in compar-
ison to CH,Cl, with regard to both asymmetric induction
and yield.

Table 2. Effect of Solvent and Temperature on the Asymmetric
a-Sulfenylation of 16 Catalyzed by 6

NOH NOH
1) NaHCO
ij/m 2; PﬁSH, 6 (20 mol %), 1 h ij/sph
16 18
entry solvent temp (°C) er yield (%)

1 CH,Cl, 23 20:80 76
2 CH,Cl, 4 12:88 80
3 CH,Cl, -30 10:90 86
4 CH.Cl, -78 10:90 81
5 CHCl3 —-30 20:80 68
6 Et,0 -30 26:74 24
7 MeCN -30 25:75 23
8 toluene -30 12:88 82
9 THF -30 20:80 70

“Determined by chiral HPLC analysis.

Since the best result of our study to this point was obtained
using catalyst 14 in CH,Cl, at —30 °C, these conditions were
used to investigate the scope of the reaction with various
thiols (Table 3). Both electron-rich and -deficient systems
reacted effectively. No trend could be ascertained in these
initial studies with regard to asymmetric induction, and the

(16) Studies are underway to determine if this temperature effect
translates to other catalysts.
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electronic properties of the thiols used. Interestingly, how-
ever, the two most sterically hindered thiols underwent the
addition reaction with relatively low enantioselectivity
(entries 7 and 8). Of the thiols examined, the best enantio-
selectivity resulted with the use of benzene thiol and 2-mer-
captothiophene (entries 1 and 2).

Table 3. Scope of the Asymmetric a-Sulfenylation Reaction
with Various Thiols

NOH 1) NaHCO;, CHZCIZO NOH
ij/(:' 2)§3SOHC14 (20 mol %) ij/SR
16
entry thiol (R =) product er® yield (%)

1 Ph 18 94:6 86
2 2-Thienyl 20 93:7 84
3 4-F-CgH, 21 90:10 85
4 2-Thiazole 22 91:9 88
5 4-MeO-CgHy 23 89:11 82
6 4-CF3-CgH, 24 87:13 86
7 2,6-(Me)o-CgHy 25 80:20 76
8 CPhy 26 70:30 78
9 4-NOy-CgHy 27 69:31 79
10 3,4-(CF3)2-CGH4 28 65:35 86

“Determined by chiral HPLC analysis.

We next turned our attention to investigating the scope
of the reaction with different a.-chloro oximes and benzene
thiol (Table 4). The transformation extended to the use of
other cyclic a-chloro oximes (entries 2 and 3), although the
asymmetric induction was compromised somewhat for the
five-membered system (33). We were pleased to find that
the reaction could also be conducted in an asymmetric
fashion with acyclic a-chloro oximes. In this case, the best
results were obtained when there was a clear steric distinc-
tion between the ac and o substituents (cf. 42). Presumably
this is due to a bias for the formation of the most sterically
favored olefin configuration of the nitrosoalkenes, during
deprotonation of the a-chloro oximes.

Having established an effective catalytic asymmetric sul-
fenylation reaction, we investigated the hydrolysis of the
product oximes to ensure that they could be converted to the
corresponding o-sulfenyl ketones without compromising
the integrity of the new stereogenic center. After some
experimentation, we were led to the use of IBX,'” which
allowed us to generate the a-sulfenyl ketones from the
oximes without epimerization and in high yield (Table 4).

Initial investigations into the mechanism of the trans-
formation were conducted as follows. First, to confirm
that the nitrosoalkene was indeed formed and the putative
electrophile in the reaction, a solution of 16 in CDCl;
(distilled over CaH,) was treated with saturated aqueous
NaHCOj; and then dried (MgSO,). The product of this

(17) Bose, D. S.; Srinivas, P. Suuley 1998, 977-978.
(18) Francotte, E ; Merenyi, R.; Viehe, H. il 1981. 64,
1208-1218.
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Table 4. Scope of the Asymmetric o-Sulfenylation Reaction
with Various Thiols

NOH 1) NaHCO, IBX )
qrih Ol _ OHClz J\KSPh DMSO 1JKKSPh
2 2) PhSH, 14 2 THF, 1 h 2
R (20 mol %) R R
-30°C,1h
entry  a-chloro a-sulfenyl  er” yield o-sulfenyl er” yield
oxime oxime (%) ketone (%)
1 NOH NOH 94:6 86 ¢} 94:6 95
i‘:]/m ij/sph ij/sph
16 18 298
2 NOH NOH 92:8 87 o] 91:9 94
? Cl ? SPh ? SPh
30 31 32
3 NOH NOH 84:16 81 o} 83:17 92
é/cl é/sph é/SPh
33 34 35
4 NOH NOH 84:16 85 )OJ\( 84:16 93
36 Cl 37 SPh 38 SPh
5 NOH NOH 88:12 85 o 88:12 91
)S/\Ph )K(\Ph )S/\Ph
39 Cl 40 SPh 41 SPh
6 NOH NOH 93:7 89 )CJ)\[)\ 92:8 96
42 Cl 43 SPh 44 SPh

“Determined by chiral HPLC analysis.

reaction exhibited '"H NMR data consistent with the
corresponding nitrosoalkene.'® In a second set of experi-
ments, racemic 18 was prepared and combined with
catalyst 14 in CH,Cl,. The product composition was
analyzed after 1 h and showed a 50:50 mixture of
enantiomers, indicating that no enantiomeric enrichment
had occurred. This supports the notion that, for the
enantioselective transformation, asymmetric induction re-
sults during addition of the ammonium thiolate to the
nitrosoalkene.

The absolute stereochemistry of the addition reaction
was determined using our recently developed method for
asymmetric ketone a-functionalization,' as outlined in
Scheme 2a. To do so, cyclohexanone was converted to N-
amino cyclic carbamate (ACC) hydrazone 47 by condensa-
tion with ACC auxiliary 46. Sulfenylation of this compound
via the derived azaenolate gave 48 as a single diastereomer,
and the crystal structure of this compound was obtained.*
Hydrolysis of 48 then gave (S)-29 as the major enantiomer,’
which was the opposite of that formed from the present

(19) (a) Lim, D.; Coltart, D. M. | NN 2008. /7.
5207-5210. (b) Krenske, E. H.; Houk, K. N.; Lim, D.; Wengryniuk,
S. E.; Coltart, D. M. daufaiteilegisi. 2010, 75, 8578-8584.

(20) See the Supporting Information for details.

(21) Some epimerization occurred during hydrolysis.
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Scheme 2. (a) Determination of Absolute Stereochemistry;
(b) Proposed Nitrosoalkenes Intermediates

s

N\(O LDA, THF

O HoNHN
% o -78°C
46 PhSSPh SPh
p-TsOH, CH,Cl, 85%
45 reflux

81% 47 48
(single diastereomer)

p-TsOH, acetone/
. .SPh
Ho0 (4:1) é é/ )H SPh
(R)-29 (5)-29 (R)1-38

((R)-29:(5)-29 = 12:88)

cyclic acyclic

NOH NaH
RJH/G

NO
NaH
) R2

umpolung sulfenylation method. Using a related approach,
we were able to establish that the major enantiomer
of the ketone (38) produced from a-chloro oxime 36
(Table 3, entry 4) also had the R-configuration at the new
stereogenic center (see (R)-38, Scheme 2a)."” Since sulfeny-
lation of both acyclic compound 36 and cyclic compound
16 gave the same sense of chirality at the newly formed
stereogenic center, we assume that, like the cyclic a-chloro
oximes, the acyclic systems also react via the nitrosoalkene
in which the nitrogen and the a-alkyl substituent have
the E-configuration about the carbon—carbon bond
(cf. Scheme 2b).

In conclusion, we have developed the first catalytic
asymmetric approach to the sulfenylation of in situ derived
nitrosoalkenes, leading to chiral nonracemic a-sulfenylated
ketones. The transformation proceeds in an umploung
fashion, relative to conventional enolate/azaenolate meth-
ods, using simple thiols and known derivatives of readily
accessible cinchona alkaloids as catalysts. Further mechan-
istic studies of this transformation are underway, as are
studies on the use of different electrophiles and nucleophiles,
and the exploration and development of improved catalysts.
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