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

1. Documentos estudiados

Descripcion: Folios 9 a 144 10/Marzo/2011

Reivindicaciones: Folios 145 a 149 10/Marzo/2011

Prioridad: EP 080 162 36.5 156/Septiembre/2008
US 61 096 964 15/Septiembre/2008

2. Analisis de la Prioridad

Se acepta la reivindicacién 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 invencién

Titulo de la solicitud: “Pirrolidin-2-onas como ligandos de HDM2”

El problema planteado en esta solicitud consiste en proporcionar compuestos
ligandos de union a la proteina HDM2, que inducen la apoptosis y la inhibicion de la

proliferacién y que son Utiles en el tratamiento del cancer e infecciones virales.

Para resolver este problema técnico la solicitud en estudio proporciona compuestos
de la formula (1) y (I2) y composiciones que lo contienen.
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El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP). C 07 D 401/12, 401/14, 403/04, 403/14, 409/12, 409/14, 207/277,
401/06; A 61 K 31/4015; A 61 P 35/00, 31/00.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 15y 16 no es patentable, de acuerdo con el Art 14,

La Reivindicacion 16 a pesar de que se encabeza como un compuesto o
composicion farmacéutica, menciona el uso que puede darsele a dicho compuesto o
dicha composicion, por lo que se considera un uso.

5. De la Solicitud de Patente
Titulo

El titulo es muy general y no define el objeto de de la solicitud, por lo cual se sugiere
al solicitante hacer la correcciéon necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

En la Reivindicacién 1, si bien es cierto que para la persona del oficio versada en la
materia los términos “solvatos” e “hidratos” son conocidos, no se evidencia en la
descripcion que éstos puedan llegar a formarse. Por lo tanto se sugiere eliminar los
mencionados términos del alcance del capitulo reivindicatorio, porque no encuentran
soporte en la descripcién.

La Reivindicacion 1 no es concisa, porque presenta una excesiva complejidad, lo
cual dificulta determinar [a extensién del objeto que se busca proteger. En particular,
cuando menciona los términos: “alquilo”, “heteroarilo”, “arilo”, “cicloalquilo”,
“alquenilo”, “alquinilo”, “heteroalquito”, “alquilcicloalquilo”, "heteroalquilcicloaiguilo”,
“aralquilo’, "hetero-aralquilo”, con los cuales se pueden presentar multiples opciones
de posibles compuestos, dificultando entender el alcance de la materia reclamada en
la solicitud ya que no se especifica el nimero de atomos de carbono que los
conforman o los heterodtomos que hacen parte de los heteroarilos, heterociclos y los
que correspondan.

Por tal motivo se obtienen un nimero indefinido de compuestos que no encuentran
soporte en la descripcién.

Se sugiere al solicitante restringir la solicitud a una razonable generalizacién del tipo
de compuestos que han sido sintetizados ¢ probados, es decir, que se encuentran
debidamente sustentados en la descripcidn, por ejemplo como se observa a io largo
de las realizaciones preferidas mencionadas en los ejemplos del capitulo descriptivo
y en las reivindicaciones cuando;
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Lo anterior aplica también para las reivindicaciones dependientes a la Reivindicacion
1 que emplean tales términos. Se sugiere realizar las aclaraciones necesarias.

6. Determinacién del Estado de la Técnica
El Estado de la Tecnica se determind con base en la fecha de presentacion de la

Solicitud de Prioridad: Septiembre 15 de 2008, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Item Documento Titulo Fecha de Publicacidon*
Cycloaddition reactions of imines
with 3-thiosuceinic anhydrides:
Synthesis of the tricyclic core of
martinellic acid
Diastereoselective synthesis of
D2 Articulo 2 gamma-lactams by a ane-pot, 06/Agosto/2007
four-component reaction
Antagonists as Anti-HIV agents, 1.
Synthesis and Biological
Evaluation of 5-Oxopyrroliding-3-
carboxamide Derivatives

D1 Articulo ! 15/Junio/2006

D3 Articulo 2 24/Octubre/2003

D1: (folios 186 - 189), divulga reacciones de cicloadicion de anhidridos succinicos
ariltio-sustituidos con iminas para producir y-lactamas con alto rendimiento vy
diasteroselectividad.

D2: (folios 190 - 193), divulga sintesis diasteroselectiva de y-lactamas por reaccion
de cuatro compuestos en un paso, entre aminas, anhidridos maleicos, aldehidos y
tioles.

1 NG PUI YEE ET AL: "Cycloaddition reactions of imines with 3-thiosuccinic anhydrides: Synthesis of
the tricyclic core of martinellic acid" ORGANIC LETTERS, vol. 8, no. 18, August 2006 (2006-08), pages
3999-4002,

2 WEI JINGQIANG ET AL: "Diastereoselective synthesis of gamma-lactams by a one-pot, four-
component reaction.” ORGANIC LETTERS 27 SEP 2007, vol. 9, no. 20, 27 September 2007 (2007-09-
27), pages 4077-4080

2IMAMURA S ET AL: "CCR5 Antagonists as Anti-HIV agents. 1. Synthesis and Biological Evaluation of
5-Oxopyrrolidine-3-carboxamide Derivatives" CHEMICAL AND PHARMACEUTICAL BULLETIN,
PHARMACEUTICAL SOCIETY OF JAPAN, TOKYO, JP, vol. 52, no. 1, 1 January 2004 (2004-01-01),
pages 63-73.
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D3: (folios 124 - 195), divulga antagonistas CCR5 como agentes anti-VIH-1, tal como
el compuesto N-{3-[4-(4-fluorobenzoil)piperidin-1-il]propil}-1-metil-5-oxo-N-
fenilpirrolidin-3-carboxamida.
7. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

La Reivindicacion 1 consiste en compuesto de férmula (1):
R.’n

RB RJ‘ y

La Reivindicacion 2 consiste en un compuesto de férmula (la):
0

R?
R” 8 N-R°
R® R
(Ta)

en donde R' - R® son como se encuentran definidos.

Comparacién de las caracteristicas técnicas esenciales, con Ias del Estado de la Técnica;

Caracteristicas

esenciales D1 D2 D3
» Compuesto de f
férmula (1) y (1a) | i

1
P O:(j/ OH
N 2a
1 Q Me
{[[comp. 24]] [[comp. 2-3]]

CHy

(folios 186 - 189, [[comp. 11]] (ver folios 194 -
compuesto 24 y 185)
compuesto 27) (Folios 190 - 193)
(Ia)
VesC=0 C=0 C=0

R® es H o un arilo

c=0
R'es un radical
alquile, arilo o Me
aralquilo

@.

H

RlesH
X es S ounenlace
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CH3 CH3
; R*es H o un arilo H
B R
Y &s CONR CONH coO Co0
R’ es H
[ \
R’es H alquilo, CH, H
aralquile
R’y R® H H H

Las caracteristicas esenciales de los compuestos de las Reivindicaciones 1y 2

185

habian sido divulgadas previamente en D1 - D3, que divulgan compuestos producto
de reacciones de cicloadicion de anhidridos succinicos ariltio-sustituidos con iminas
para producir y-lactamas con alto rendimiento y diasteroselectividad tal como las
seflaladas en los compuestos 24 y 27 (D1: ver folios 186 - 189), sintesis

diasteroselectiva de y-lactamas por reacciéon de cuatro compuestos en un paso,

entre aminas, anhidridos maleicos, aldehidos y tioles (D2: ver folios 190 - 193) y
antagonistas CCR5 como agentes anti-VIH-1, tal como el compuesto N-{3-[4-(4-

fluorobenzoil)piperidin-1-il]propil}- 1-metil-5-oxo0-N-fenilpirrolidin-3-carboxamida (D3:

ver folios 194 - 195)

En consecuencia, las Reivindicaciones 1y 2 no son nuevas 6 carecen de novedad,

segun lo divulgado en los documento D1.

Las reivindicaciones dependientes 2 — 14 no mencionan alguna caracteristica que
haga nuevos los compuestos de las Reivindicaciones 1y 2, por lo cual se considera

gue no son nuevas.

8. Conclusion

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

}
}

| Item Documento | Relvindicaciones afectadas | Requisito que afecta

. D1 NG PUIYEEETAL  1-14 1 Novedad |
[ D2 WEI JINGQIANG ET AL 1-14 Novedad

| D3 IMAMURA S ET AL 1—14 Novedad

En cumplimiento del articulo 45 de la Decisidn 486 de la Comisién 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 comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

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

47

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones

(C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

ﬂﬁm_zgﬁ,

Elaborado por: Nelson Ricardo Velasco G O v,(}
Revisado por:  Jacqueline Alfonso Rozo
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Arylthio-substituted succinic anhydrides undergo cycloaddition reactions with imines to produce y-lactams in high yietd and with high
diastereoselectivity. The origin of the selectivity is proposed to result from anion—7 repulsion in the transition state. The utility of this technigue
is demonsirated In a synthesis of the carbon framework common to the alkaloids martinellic acid and martinelline in five steps.

The disstereosclective synthesis of heterocyelic compounds
is important for the discovery of biologically relevamt
compounds in drug discovery, chemical biology, and the
synthesis of natural products.! »-Lactams are an important
class of unsawrated heterocycles featured in natural products
and drug candidates.” The reaction ol imines with succinic
anhydrides represents an etficient, one-step synthesis of these
compaunds. The isolated® reports of lactam syntheses using
this reaction suggest that the substrate scope is quite narrow
(Figurc 1. cgs | and 2). A rceent report from our laboratory”
details the importance of electronic factors on the reactivity

" Current address: Amgen, Inc. One Kendall Square. Bldg 1000,
Cambridge. MA 02139,

1) Katrirzky, A, R, Chem, Rew 2004, 104, 2125—2126 and references
thergin,

2)(a) Najera, oo Yus. M. Terrafiedron. Asymmenrc 1999, 0. 2245~
2303 (b Smith, M, B, Sei. Senth, 2008, 2/, 647711,

Erta) Castagnoli, N b J Ory Chenr 1969, 34, 21373183, (b)
Castagnol, N, T Cughman, M. Org. Chem 1971, 34, 34043906, (c)
Cushman., M Castagnoh, M., e J Oeg Clem, 1972, 37 1268=1271 . (d)
Dallacker, Fo Jouck, W, Chem.-Ztg. 1988, 109, 82-84 e} Cushima, M ;
Mada). E. J..L g, Chem. 1987, 52, 907913,

(4 Masse, C. B Ng, P Y Fukase, Y. Sanchez-Rosello, M. Shaw, J.
T. J. Comb. Chem. 2006, 5, 293296,

10.1021/0l061473z CCC: $33.50
Published on Web 08/04/2006

© 2006 American Chemical Socisly

of the anhydride compoenent (Figure 1, eq 3). In this report,
we exploit this effect to establish the reaction of imines with
succimc anhydrides as a general method for y-lactam
synthesis,

Our observations on how substituent cffects influence the
rate of the reaction between arvl-substituled anhydrides and
imines prompted us to examine heteroatom-substituted
anhydrides. An inspection of substituted acetophenone acidity
data® suggests that oxygen. nitrogen, and sulfur substituents
confer varicus levels of stabilization to the conjugate base
(Figure 2). On the basis of this wend, we hypothesized that
heteroatom-substituted anhydrides would fecihitate the imine—
anhydride cycloaddition.

We tested this hypothesis by employing a series of
heteroatom-substituted anhydrides® in addition reactions with
mmine 15, Anhvdrides 16— 20 were allowed to react with the
N-benzyl imine of ortho-bromobenzaldehvde (18) using
conditions optimized for phenylsuccinic anhydride® The
reactions of nitrogen- and oxygen-substituted anhydrides

(31¢a) Bordwell, F. O Aec Chesr Res, TY8E, 21, 456—=463 . (h) Hordwell,
F. G.: Lvinch. T. Y J Am. Chemt Soc. 1989, 111, 735R=7562.



Castagnoli, Ref. ja {1968):
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CaHg {reflux}
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R, N‘ﬂ N RLN* gnofats 13
f b
PhJ R? 0 Ph) R? \i ;H
2 ¢ 1 @

Figure I. Reactions of imines with succinic anhvdrides: increasing
the cnolate stabilization facilitates the reaction.

R | H OCH; OQPh NPh, Ph SPh
pK, | 247 229 211 203 177 169

Figure 2. Effect of heteroatom substitution on enolate stability,

showed either no conversion or the formasion of unidentified
byproducts (eq 4). in contrast. sulfur-substituted anhydride
20 afforded the desired lactam produet 21 in high yields and
with the highest diastereoselectivity yet observed in this
reaction {eg 3).

The veaction of imines with anhydride 20 preferentially
leads 1o the anti diastereomer. as [ound with phenylsuccinic

{6y Anhydnde 18 was purchased from Sigma-Aldrich. Anhydrides 16,
17. 19, and 20 were symhesized by reporied metheds. with minor
madifications {sce Supporting Information). 16: (a) Bartan, D. H. R.;
Renechic, M.: Khuong-Huu, F,, Potier, P.; Revna-Pinedo. V. Tetrahedron
Len, 1982, 23, 651654, 17: (b) Sheppard, G. S. Sywnlorr 1999, 1207~
1210. 19 (e) Box, 8. 1. Corben. DL F. Tetrahedron Len. 1981, 22, 3293~
3290, ¢dy 1'Silva, C.; Walker, D, AL J Org. Chem. 1998, 63, 6715—6718,
20: {e) Zienty, F, B.: Vineyard, B. D.; Schleppnik. A. A, J. Org. Chem.
1962, 27, 31a0—1146.
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16, R = QCHx 17. R = OFh:18. R « NHCHO: 18 Re .f‘ -7
e D
k

Ry, CHy g, 15
G il , (5
£ P . H 5\/\
4 \J\.Br i \J\
20 a o CHy

{90%, @:T antisyn)

anhydride. Todo-substituted acid 23 was prepared in analogy
to 21 and converted to amide 24, which vielded a crystalline
sample that was analyzed using Xeray crystallography
{Scheme 1). The observed stereochemical outcome is con-

Scheme 1. Synthesis of 24 and Establishiment of the Relative

Sterecchemisuy by X-ray Crystallography

E-imine {22)

sistent with a favorable 7-stacking mteraction in the transition
state 28 between the two aromatic rings {eq 6).

The importance of x-stacking was evaluated by testing
the reactivity of a thioafkvl-substitited succinic anhvdride,
N-Butylthio-substituted anhydride 26 was allowed to react
with imine 15 under the standard conditions, and a nearly
identical selectivity was observed for the anti diastereomer.”
This result demonstrates that steric andfor electrosiatic
factors, rather than a m-stacking interaction. are mainly
responsible for the selectivity abserved in this reaction.

The aobserved selectivity in the reactions of thio-subsiimted
anhydrides with imines can be rationalized by mvoking a
repuisive interaction between the negative charge of the

(7) The relative configucation of this compuund was proven by conversion
to the p-methoxyphenethy! amide and NOE spectroscapy See Supporting
Informanon.

Org. Lett., Vol. 8. No. 18. 2006
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carboxylate and the aromatic ring of the imine in the
transition state {Figure 3). Although the attractive interactions

CHs o

Ryt O 90°C.16h ‘ 7
f >f s 76% T&"‘J\ s oM
15 26 NS Br Bu

27 {»95:5 ds)

++

0 OH

Br—0"
- 28b AN
anion- T repulsion

Figure 3. Reaction of 18 with thiobuyl suecinic anhydride 26
teq 7). The stereosclectivity s explained by anion-7 repulsion in
fransition state 28b.

of cations with 7-svstems have been extensively studied,?
analogous studies of anion—7 interactions are less common.
Deya has described the attraction of anions to electron-
deficient arenes in detail.” This interaction has also been used
10 explain the bonding ol aromatic heterocycles in macro-
molecular structures.*® Although onc would assume that the
interaction of an anion with an electron-rick arene would
be repulsive, this phenomenon has not been well-docu-
mented. One study of Lewis acids and bases interacting with
arenes concludes that ammonia experiences ap atraciive
interaction with hexafluoro-benzene and a repulsive interac-
tion with the a-face of benzene (Figure 4)."" Although the
repulsion of the carboxylate and the aryl ring in the transition
state of the imine—anhydride reaction (Figure 3) is consistent
with the observed stercochemistry, further experimentation
will bolster this argument.!? To our knowledge, this is the
first instance in which anion=st repulsion has been invoked
in a transition state to explain the stereochemical outcome
of a reuction.

We esplored the scope of this reaction with a variety of
substituted tmines (Table 1). Regardless of the N-substitution
or the presence or absence of ortho substituents on the
arommatic ring, good yields and excellent diastereoselectivities
were observed for the reactions of imines with anhydride
20.

{8) Dougherty. D, A. Science 1996, 277, 163—168,

{9) () Quinonero. D.; Garau, C.: Rowger. C.; Frontera, A.: Ballester, P.:
Costa. Az Deya, P. M. Angew. Chen,, Int. Ed. 2002, 41, 3389-3392_ (b
Garau. €°; Quinonero, D.. Frontera, A Bailester, P.; Costa, A.; Deya, P.
M New J Chem. 2003, 27, 211-214, {c) Garau. C.: Fronlera, A.;
Quinanero. D.: Baliester. P Costa, A Deyva. P, M. Chem Plivs Leit. 2004,
309 220225,

{10y ta) Schonel. B. L.; Chutoudes, H, T.: Shatruk, M.: Chouan, A Peree,
L M. Bacsa, I Dunbar, K. R,/ Am, Chem Soc 2006 {25, S893—58y |2,

(L1y Kawahara, §-i: Tsuzuki. S0 Uchimary, T. Cheor —Fp S 2005,
1/ 4458 —da6d

(121 W¢ have ancmpled a reaction henween the benzyvhmune of pen-
tafluorobenraldelvde aml ashyvdride ML which was expected o give the
actam prodect with reduced diastereoselectiviry, No o conversion wax
vhserved, possibly due to reduced basiaity of the mmine nitrogen

Org. Lett. Vol. B, No, 18, 2006

A iB L M
' \'NdH
' H H/H
F F H—Q—H
f F : H H

aftractive (-1.72 kcal/mof):i REPULSIVE (+2.03 kcalimol):

Lewis base + efectron- { ewjs base + electron-rich arene
deficient arene :

Figure 4. Interaction between a Lewis base (ammonia) which has
been calculated 1o be aftractive {A) when the arene is electron
deficient and to be repulsive (B) when the arene is electron rich.
Interaction energy caleulated at the MP2/faug-ccpVDZ/BILYP 6-
3T1GE) Tevel !

To demanstrate the uaility of this technique, a cycloaddi-
tion‘reduction sequence was used to prepare the tricyelic core
shared by martinellic acid and marinelline in a shon
synthetic sequence. These two natural products were isalaed

Table 1. Reaction of Anhydride 20 with Various Imines

jo
i Q 1) toluensa,
R' N 90 °C
+ 0
H s AT 2) TMSCHN,,
Et,0
28a-e 0 20
30a-e
entry R R yield® diastereoselectivity”

1 NG, Bn 30% >05:5
2 Ng Bn 85% C>05:5
3 H CH3y(‘Pr) 62% >95:5
4 H Pr 58% >95:5
5 H PMBc 6% >95:5

“ Yield over (wo steps from aldehyde starting material. ® Determined by
*H NMR speciroscopy.  PMB = p-meshoxybenzyl.

from the trapical plawt Martinella iquitosensis.'? These rwo
compounds share a comumon tricyclic core and their “de-
ceptively simple™ ™ simucnires have attracted much syvithetic
effort.* Conwmercially available aldehvde 31 was treated with
benzylamine. followed by anhydride 20, to produce lactam

(13 Witherup, K, M.: Ransem, R, W: Graham, A, € : Bemard, & M.,
Sahvatore. M, J.. Lumma, W, C.; Andersor, P. S. Pusenberger, § M.
Varpa. S. [ J Am. Chem. Soc. 1998, 117, 6681~6685,

(14} Enantioselective synthesis of martinellic acid: ¢a) Ma, D.; Xia, €.
Jiang. J.: Zhang, I, Org, Lewr. 2001, 3. 21892191, Syntheses of racemic
martineltic acid and martinelline: (by Snider. B. B.: Alm, Y.. O'Hare, §.
M. thrg Le 2000, 3, 3217-4220. (2) Xia. C.; Heng. L. Ma, D.
Tetrahedron Lent 2002, 43, 9405-9409. (d) Powell. D. A Bawy, R. AL
Crp. Leir 2002, 2, 29§3-2916. Syntheses of the trievclic core: fey He,
Y Monmgka, R Lovely, C J Terahedron Len 2008, 46, 1251—1254
I Tubeds, Y : Nuhabavashi, T.: Shurai. Ao Fubumoto, D.: Kiguehi, T
Nae, T. Tewahedron Lett. 2004, 45, 34813484 (g) Hadden. M
Meowenhuyzen, M Osbarne. Do Stevenson, P 3o Thompson. N,
Terwhedion Lerr 2001, 420 6417-4419 (I Hara, Q. Sugimoto. K
Makino, K Hamada, Y. Svanderr 2004, 1625— 1627, 11y Hara, Q. Sugimone,
Ko, Hamada, Y Feradndron 2004, 60, 9381=9390 () adden, M,
Niewwenhuyzen, M @ Qshorne, D Stevemon. P J: Thompson, N, Walker,
A ) Tewadiedron 2006, ), 3977-3084

40M
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Scheme 2. Imine—Anhvdride Cycloaddition and Reductive
Desulfurization/Cvclization

O
1) BANH-;

HyCOuEC CH 0"\ Bn. ””
300z ‘@[ °. o toluans 80°C  NOz N7
No, A “sac 2) TMSCHN, 7 l‘\/"‘{ COzCH,
[v]

5
n 20 61% \r¢ 32 CAr
CO4CHy

i, RHNLDBU,M%/
.ﬁ Bn, o
w4 RoNi
R\EE\)\) DBU' 30
A L]
7 ﬁ’go 61%

33a {(R=H)
33k (R=CO,CHgy)

i Y Xy crystal
strucfure of 338

32 in 61% vield and >95:3 diastereoselectivity (Scheme 2},
Treatment of this compound with Ranev nickel effected
reductive cleavage of the arvllhiv group as well as reduction
of the nitro group to the corresponding aniline, which
underwent partial cyclization with the ester to form tricyclic
lactam 33b. The resultant mixture of cyclized and uncyclized
material was treated with DBU to complete cyclization in
41%, yield. In a model study. a similar sequence was used
o convert 30a inlo 33a. for which we obtained crystals
suitable for X-ray crystaliography. confirming the expected
cfs ring fusion. Thus, the complete core connectivity of
martinellic acid is produced in (wo linear steps, the shortest
preparation of this intermediate to date.

Trievelic core 33b was converted to the complete carbon
framewark of martineliic acid and martinelline in three steps
(Scheme 3). Attachment of a Boc group 1o the amine
produced imide 34. This compound was chemoselectively
reduced to the MO-acetal using LIHBEL and acete anhy-
dride.'* Formation of an N-acyliminium ion using Sc(QT),
and trapping with allvluimethylsilane were accompanied by
simultaneous toss of the M-Boc group in 73% overall vield,
A single diastereomer of tricyclic lactam 35 was observed,
and the relative conftguration was assigned with NOE
spectroscopy.'® Although a related approach using an imi-
nium ion precursor was attempted by Lovely, it was
unsuccessful.'* We attribute the higher conversion and lack
of byproduct formation in our case to the increased reactivity
of the N-acyl iminium ion ntermediate. !’

(15 (a} Huang, P.-Q.; Wei, B..G.: Ruan, Y.-P. Svafers 2003, 1663~
1667, {by Pk, R AL Robello, L, G. Syadert 2005, 2197-2300.
(163 See Supporting Information.
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Scheme 3.  Completion of the Tricyclic Core of Martinellic

Acid and Martinelline

E)n‘r _ _O-P o BH‘N- Py
i f A EocaQ, L g j
HyCO" A DMAP 100% HCO N
g N ,-‘y_o \L::{J--,N_-‘Q:o
3% M 34 o
o LBuO” O
A 1y LIHBEty:
H]C-J L ks SH. l :C;g§§1%
M’,NH o 2 2} 5e{0Th, 73%
o ML \ PG5

N

H
martineltic poid. R& M)
mariinaliine R = 0‘:,_:

: H:N ‘w.'/” v""“'&.\/’l
' HH CHa

In summary, we report a diastereoselective cycloaddition
reaclion that is used to produce 1,4,5-trisubstituted -lactams.
The two-step sequence is synthetically equivalent 1o the direct
reaction of succinic anhydride with imines but more efficient
and with higher diastercoselectivity. We have used this
process to synthesize the tricyelic core of martinellic acid
and martinelline, and we are currently executing a short,
cnantioscleetive synthesis of these natural products.
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A new one-pot, four-component reaction (4CR} between amines, maleic anhydrides, aldehydes, and thiols has been discovered to form tetra-
and peniasubstituted +~lactams with high diastereoselsctivity,. Each compenent is independently variable and employed in equivalent

stoichiometry, producing only water as a byproducl.

Multicomponent reactions (MCRs) are an important class
af chemical transformations for the efficient synthesis ol
natural products and screening compounds for the discos ety
of biological probes and drugs.! The Hantseh? and Buynnells’
reactions are unportant for the synthesis of heterocycles.
whereas the Passerini,* Ugl.’ and Petasis® MCRs are nseful
methods for preparing o-hydroxy and c-amino carboxylic
acid derivatives.” To date. few four-component reactions
(4CRs) have been reported o form multiple stercogenic
centers with a high level of diastereoselection ® Herein. we
disclose the first 4CR for the diastercosclective synthesis of

* Current Address: Department of Cheanstry. University of California,
Ome Shields Ave., Davis. CA 93616,

Ut Bienmyme, Ho: Hulme, Co Qddon, G Schoont, Po Chem. —Ener
A 20000 6, 33213329 (b Zhu, L. Bienayme, H . Eds Multicampenear
Requiions, Witey-V(H, Weinheim, Germany. 2003, p 468

(21 () Hanizseh, A, Lichigs Ana Chom, 1882, 215 =82, (h) Simuon.
C.. Constanneus, T, Radnguee, 1, Eve, J. Org. Chem. 2004, 49574980

(3)1a) Bigwelli. P, Ber. Disch, Chen, Ges 1891, 29, 2962=12967. (b}
Kappe, C. O., Sudler, A, Org. Reace. (NYi 2004, 65, 1115

{4){n) Pagsenni, M, Gazz. Chim, Tal 1921, 51, 181—-189. (b) Banfi,
L.: Riva, R. Org. React. AVY) 2005, 65, 1-140.

{5) (ay Ugi, L Meyr, R.: Petzer, U.; Steinbruckner, C. dngew. Chem.
1959, 74, 386. (b) Ddmling. A Ugl, L dngese. Chem.. fnr. Ed. 2000, 39,
3168~3210. (¢) Démling. A. Chem. Rew. 2006, J06, 17—89.

(6 {a) Petsis, N_ AL Akntopoulow. | Tefraliedran Lett 1993, 34,583 —
586, (b1 Petasis, W, AL Zavialov, [ A J Am. Chems Soc, 1997, 119, 4d5—
446,

(7} (ay For an example of a five-component reaction in which hexasub-
stisuted benzenes are produced i g one-pot sequentinl process, see. Jnnier,
s Pienayme, 1L Zhe LoAdngeswe Chem Ty Fd 20020 4104291 4204
{by For an example of a seven-component reaction. see” Namling, A., Ly,
E Angew. Chem., I, E4. 19930 32, 563504,

0 0210701919u CCC: 837.00 O 2007 Amencan Chemical Scoety
Published an Web 08/31/2007

v-lactams wherein cither two or three stereocenters are
formed with lugh selectivity.

Our receni discov ery of the formal eveloaddition of innnes
1o 2-arvithiosuceinic anhvdndes” prompted us 1o probe the
mechanism of this reaction. Of particulyr interest was the
high regioscleetivity i the attack of the imine on the
anhydride. Ihe opening of 2-substituted succinic anhydrides
by amine nucleophiles is known to be unselective.™ presum-
ably due to competing steric and stereoelectronic effects. "
On the basis of the high regioselectivity required for the
yields that we observe, we reasoned that the reactions of
anhydride 2 with imines must be reversible (Schene ) and
that only the isomer with the ¢-thioaryl substituent (5a) was
sufficiently enolizable o proceed on to the observed product
6.

The reversibitity of imine attack on anhydride 2 was tested
using alternate conditions to access intermediates 3 and Sa
The reaction of benzylamine with anhvdride 2 producces the

{8) For direct comparison, we are luniting our description of 3CRs and
4C s to those in which all of the components can be independently vaned.
The Hantzsch, Biginelli. Passerini, and Petasis 3CRs and the Ugi 4CR are
all examples of MCRs in which cach component can, to a certain cxtent,
be varied independently. For a comprehensive discussion of many MCRs
discovered 1o date, see ref 1.

19 Ng PLY. Masse, CUE: Shaw, )L T. Org Lew. 2006, 8, 19994002,

1103 Stephani, R.; Cesare, V.. Sadarangani, |; Lengvel. |, Sverthess 2002,
4752

{110 {2y Rosenticld, R. E., Jr: Dunitz, 1. 0, Hefo. Chim, Aea 1978, 41,
2176=2189 (h) Kayser. M. M.: Wiptt, G, Can. A Chem, 198268, 1192-
1198,
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Scheme 1. Reversibility of the Imine—Anhydride Reaction

Q o] R] 0
R’ Rl 3 N 3
w1 = |0 X s
A+ SR2 I sri g R
R2 o} R? COzH
1 ; 2 3 4 (not ohserved)

hami-acid products 7a and 7b in a 55:45 ratio {eq 1). The
mixture of amides 7a and Th was allowed to react with
benzaldehyde in refiuxing toluene under dehydrating condi-
tions. Nearly quantitulive conversion 1o lactam 8 was
observed. In addition. Ta and 7h were prepared, separated.
and carried on to 8 in independent reactions.'? These results
are consistent with the intermediacy of AM-acyl iminium ion
Sa in the formetion of lactam 8. A threc-component reaction
(3CR) whereby benzylamine, anhydride 2, and benzaldehyde
were combined in a single operation also produced lactam
8 in high yield.

UAr
Bn. _OH
n u ﬁg

o]
o’\\l B, + 72 |PHCHO 4 fcom {1
\jASAr 8 )%\ on Ph SAr
o n,
N ’Y 8
= H |
2 Ar=p-Tot Sar 0 7

55:45 mixtuns of reglo-isomers

The demonstration that amides 7a and 7b produce the
same product as the imine anhydride reaction by a completely
different mechanism prompled us to attempt a [lour-
component reaction (4CR). We hypothesized that the thiol
couald react with an initially farmed maleic amide to form
amides 7a and 7h and thus enable a four-component reaction,
We were delighted te find that combining benzyl amine,
maleic anhydride (9), p-thiocresol (103, and benzaldehwde
in toluene at reflux produced lactam 11 in high yield {Scheme
2). Benzaldehyde dimethyl acetal can be used in place of

Scheme 2. One-Pot. Four-Component Reaction {4CR)

B 1) PRCHO o
2 2) KzCO4/C Ml B /1%

o Q1% (>95:5 dr) N
O"Qt\/ \.}”"0 H...cozc"!

== 9 1} PhCH(OGH,); Fh s\}_

2} KGO 4 CH 11 —=

o e

: 2 5 __t
e {
sC 10 CHy

benzaldehyde. but the vield is tower. In cach case. »95%
selectivity for the 4.5-s1# isomer was observed.
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The 4CR of thiols, amines, and aldehydes with maleic
anhydride works well for a variety of substrates (eq 2, Figure
1). Alkyl primary amines can be «- or f-branched. as

o
”o:;{fo o O
o ==/ 9 Y]
R R toluens rofux @)

NH. - H3 ?

R H ” )
21 KoLOyCH LEY s @
ocH,
o o
Py e Phn
~CO,CHy [ E0,CHy 1 COLH,
PR gpaon PR Sipm LI fren
12, 4% {>95:5) 13, 2% (91:9) 14 ,85% (>95:5)
© C“s‘k@\ ) Br., : o
P
Py L N
[ CO;CH, 1 COHCH,y [+ COLCH,
PR geoman Ph Sipaon PR gptah)
18, 50% (9010} 18, 63% (»9%5.5) 17, 88% (>95.9)
o a

] B
MR Bn, N)\

- COyCH; -—1’- {COLLH,
E W Sle-ol) S{p-toly
5/

18, 3% (>95:5) 20, 64% (65:12)
18, 80% (>05:5) 7 7
n., 8n,
o N N
. - CO,CH, o EOCH,
M Ph g PR s ¢H,

-+CO,CH, —
Ph
S =Pr HE—

21 66% (7129) 22.92% (=95 5) 23, B2% (»85.5)

Figure 1. (Onc-pot, four-component syntheses of tetrasubsiituted
selactams (p-tal = p-C L LCHLY Al reactions were conducted by
combining the four components in equimalar ratios and heating to
reflux in soluenc for 24 h, Yiclds are reporied for conversion to
the methy! ester and punfication by flash chromutography (see
Supporting Information).

previously reported for the imine—anhvdride reaction, and
11 this case, anilines now produce N-aryl lactams in excellent
vields. Although the reaction is limited to nonenolizable
aldehydes due to enamide formation. the successful reaction
of cyclopropane carboxaldehyde demonstrates that enohza-
tion only needs to be energetically suppressed and not
completely prevenied. The thiol componemt ¢an be aryl- or
alkyl-substituted, though in the latter case the diastereose-
lectivity is reduced.'? Ortho-substitution on the thiols is well
tolerated. opening the possibility for asymmetric induction
from a substmient with a stereogenic center. Giiven the
importance of y-lactams in drug discovery and natural

(121 5ee Supporting Infarmation. A related 3CR with homophthalic
anhydrde hay been observed: Yadav, 1. S., Reddy. B. V' S.: Suritha Ry,
K.. Prasad. A R Teavhedron 1003, 59, 1805— 1800,

i3 Fhe S-aryl compounds are usetul substrates for radicad reaciions.
See (6 Theds, Mo Humada, M., Yamashita, T Masoi, K, Sate. T,
Ishibasbi. H J Clene Sor Peckin Trans 1999, [, [94% 1956 (b)) Alibes,
R.; Bayon, P e March, P, Figueredo. M.; Font, 1. Marjanet, (. thg.
Lerr 2006, 8, 16371620, {¢} Ghosh, S.: Smha, S Drew, M. G B. O,
Len 2006, N, 17213781
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product synthesis, we anticipate that the wide sabstrate
iolerance will enable the preparation of useful synthetic
intermediates.

Pentasubstituted Jaciams can be prepared from 3-substi-
tuted maleic anhydrides (eq 3, Tahle 1) with high (> 83%)

Table 1. 3-Substituied Maleic Anhydrides

X-ray
structurg
of 2§
{from 26)
© 1) R'NH,, o -
RCHO. 10 R' A
o™ R 2 RN R 5)
o toluene. R’} —CO:H
1o°C Stp-oh)
major isomer formed from
fourr possible diastereomers
(o = CoHCHY)
entry
iproduct} R! R? R4 vieldo* ds
11{24) P Ph CH, T0% 867"
2125 Bn Ph CHa 85% R
3261 o-BrCeH; 0-BrCsH; {-Bu 49%" —f
41271 i-Pr Ph {-Bu 68% 835
31281 Bn Ph i-Bu  62% -

! Combmed vield of product mixnire after conversion to the methyd ester
(see Supporting Information). *Major isomer out of the mixture of up 10
four 1sumers, “Based on GC analysis of the unpurified mixwre of methyl
esters, fLower imit based on analysis of '"H NMR spectroscopy. < Yield of
isolated major diastercomer based on conversion of the intermedinte acid
to benzyl amide 29 and iselation of the major diastereomer {see Supporting
Tnformativn), ‘Bascline resolution of a minor isomer was nol possible using
GC ot HPLC.

diastereoselectivity for the formation of one of the four
possible diastereomers. Methy| and isobutvl' substituents
both exhilit high selectivity. The configuration of acid 26
(entry 3} was determined by conversion to henzy! amide 29
and X-ray crystallographic analvsis. We are currently
investigating the origin of the high diastereoselectrvity
observed in this reaction.

The mechanism of this new 4CR rehes on the ability of
both regioisomers of the imittally formed malcic amide o
converge on a single regioisomer of the iminium ion capable
of proceeding to the lactam product (Scheme 3). Reaction
of amine 30 with maleic anbydride is rapid at ambient
temperature, while the subsequent conjugate addition of the
thiol to the amide in the absence of base’* is slower and
proceeds at elevated remperatures, Thiols are known (o react

{14 Alkylsubstitated  maleic anhydrides are easily prepared from
Crrignard reagents and dimethylacetylene dicarboxylate. (a) Scholie, AL AL
Eubanks. L. M.: Poulter. C. D Vederas. ). C. Bioorg. Aed Chem, 2004,
12, Te3=T70)

(151 See rels LGa andd 16b. The reaction of the thiol with the unhydride
in the presenec of basc is rapid at rootn temperature: Zienty, F. B.; Vineyard.
8. 0. Schieppnik. A, A. /L Org. Chenr. 1962, 27 3140—3146. When the
thiol. amine, and nnhydride are combined at rt, some of the thia-substituted
anhydride could form since the addition of the amine to the anhydnde is
probably competitive with the base-mediated conjugate addition uf the thiol.
Compounds 31— 233 are alk observed in the crude reaction misture before
the reaction nuxeure 15 heated 1o induce the condensation with the aldehyde.

Org. Lett. Val. 9, No. 20, 2007

Scheme 3. Mechanisin of the One-Pom, 4CR?
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“ Iminium ien 3 (path B) cquilibrates with iminiun ion Sa (path
A to proceed on io product.

at cither terminus {paths A and B, Scheme 3) of the double
bond of unsymumetrical maleic amides. depending on the
conditions. ® Condensation with the aldehvde results in the
formation of the iminium zwitterions Sa and 3. from paths
A and B. respectively. In the case of path A, iminium ion
Sa can tautomerize at the thio-substituted carboxviate to form
enulate 5b. which procecds on 10 product. In the case of
path B, iminium ion intermedizte 3 intermediate can partition
10 imine 1 and anhydride 2, which can recombine to iminium
ion 5a and proceed on to the observed product. The
mechanism for the formation of the pentasubstituted lactam
products is complicated by regioselectivity of the reactions
of substituted maleic anhydrides,'” and further control
experiments will be required to fully dissect this process.
The products of the 4CR are useful precursors to sterso-
chemically defined trisubstituted lactams, Radical reductive
desulfurization vields the corresponding disubstituted carboxy
factam s1n-34 in high vield and with high diastereoselection
(Scheme 41" The 4.5-unnr diastereomer of 34 is easily

tloy The compugate addition of thiols o matere monoarmides nas been
reported 1o oveur at the d-carbon of the anude G Augostin, M., Maeller,
W7 Chenr TORS, 15, 61-062 (h) Nevmann. R Ringsdort. H. ./ dm
Cheni Soc, 1986, s, 487—490 The presence of the other regioisemers
is not ruled out in either report. For related studies on thiol conjugate additon
e nuxed amderester and csterfand maleates. sect (o} Aupmstin, M.
Koehler, M. Tetahedron 1976, 12, 21412145, (&) Tonuoka. K., Muraaka,
A Kimai. M. J Org. Chem. 1998, 60, 6188—6199), {¢) Kanimura. A
Murekami, N ; Kawahara, F.: Yokota, K.; Owata, Y. Maisuura, K2 Oishy,
Y. Morita. R Misudera, 11 Surukawa, H: Kakehio A Shivai. M
Okamote, H. Tewrahedron 2003, 39, 9537-9544, () Konumura, A
Muraham, N Yokota, K. Shimi. M. Okamoto. H. Tesrahedron Len. 2001,
43, TRIN=T523 (g Schoude T, 3 Ak Mo Mrowietz, UL Bwourg. Med.
Chem, 2007, 15, 333~ 342,

(173 (a) Mehta, N. B.. Phillips, A. P Luic F. F.; Brooks, R, E. J (g
Chom. 19600 25, 1012— 1015, (b) Baydar, A. T Bowd, Go Vo, Aupers. T,
Lindlev, P ¥ 2 Cheni Soc., Perkin Trams 1981, 1, 2800~ 2893 Mchua e
al. report that primary amines react upselectively wuh Fomethylmalew
{citravonict anhydride, whereas secondary astines were reported (o react
with >95% regioselectivity. The subsequent repart from Bavdar demoen-
strutes that these findings were incorrect and that both primary and secondany
amines exhibut 50:50 o 78:22 regioselectivity.

(18 {a) Nusugari, 11.; Matsushita, Y. Tamura, N.: Yoshioka, K.: Ochia,
M. J Chem. Soc.. Perkip Trans, 1983, 1. 303—411. (b) Kametun, T
Kawamura, K.: Honda, T, /. An, Chem. Soc. 1987, 109, 3010-3017.
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Scheme 4. Srereosclective Synthests of 4.5-0m- and
4.5-anti-y-Lactams
o
an AlBN j
N (CHySSIH  Bn. 7
prf 1769 totuene, 80°C Wwa,
Posipaol)  B3% yiel PG Xera
1. tol =CgH.CHy o5k aturs
1 14 505
syn-34. >95:5 ar of syn-34
Raney Ni. @ KOI-Bu o
96% yield Bn," {16 mol%} Bn"N'
THF, 23 'C 4
PH  COLCHy 56% yield PR COLH,
syn-34 & anl-34, (50:50) ontr-34, >85:5 dr

accessed by desulfurization with Rancy nickel 1o a mixture
of diasiereomers that can be epimerized with potassium ferr-
butoxide al ambient {emperature to yield a single isomer of
product.

We have demonstrated that densely substituted v-lactams
are formed trom a remarkable four-component reaction that
forms up to three stereogenic centers in a single step. This

4080

reaction shoudd prove useful in the rapid synthesis of
collections of compounds for the discovery of drugs and
biclogical probes. We are currently pursuing the synthesis
of several natural product targets using this transformation.
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A novel lead compound, N-{3-[4-(4-fleorobenzoyl)piperidin-1-yljpropyl}-1-methyi-S-oxn-N-phenylpyrroli-
dine-3-carboxamide (1), was identified as a CCRS antagonist by high-throughput screening using ["“IJRANTES
and CCRS-expressing CHO cells. The 1C,, valuwe of 1 was 1.9 gy, Lo an effort to improve the binding affiniey of 1,
a series of S-oxopyrrolidine-3-carboxamides was synthesized. Introduction of 3.4-dichloro substituents to the cen-
tral phenyl ring (100, 1C,=0.057 ux: 110, IC, =0.050 vy or replacing the T-methyl group of the S-oxopyrroli-
dine moiety with a 1-benz){ group (12e, 1C,=0.038 gyt was found w be effective for improving CCRS affinity.
Compound 104, 11h, and 12e also inhibited CCRS-using HTV-1 envelope-mediated membrane fusion with 1C,,

values of (144, 0.19, and 0.49 uwm, respectively.

Key words  CCRS antagonist; chemokine; human immunodeficiency virus type 1 (TT1V-1): S-oxopyrrahdine-3-carboxanude

The development of combination antiretroviral therapy
with human immunodeficiency virus type 1 (HIV-1) reverse
transcnptase inhibitors and protease inhibitors has provided a
clinically effective method of suppressing viral load in HIV.
l-infected individuals, and has resulted in dramatic reduc-
tions in HlV-associated morbidity and mortality.” However,
no current therapies are curative,’ and HIV-1 replicates again
rapidly when treatment ceases.” The complexity of the dos-
ing regimens and the toxicity of the current anti-HIV-1 ther-
apy make it difficult 10 maintain patient compliance.® In ad-
dition, resistance to the currently available drugs is increas-
ing.”) Therefore, there remains a need to identify new classes
of agents with improved efficacy and less toxicity.

The process of HIV-1 entry inte host cells is one of the at-
tractive targets for inhibition of HIV-1 replication.®’ Recent
successful studies with enfuvirtide (T-20), a peptide inhibitor
of gpdl-mediated HIV-| entry. have confirmed this process
as a clinically relevant target.” It has been reported that H[V-
1 strains that causc the initial infection predominantly utilize
CC chemokine receplor S {TCRS) as a coreceptor” CCR3-
using (R5) HIV-1 is isolated exclusively during the asympto-
matic stage. which usually persists for 5 to 10 years® CCRS
is a member of the seven-transmembrane G protein-coupled
receptor superfamily.'™ The natural ligands for CCRS are the
CC chemokines [regulated on activation, normal T cell ex-
pressed and secreted (RANTES), macrophage inflammatory
protein lar (MIP-la), and MIP-18], which have been re-
ported to inhibit RS HIV-1 infection in vifro.'" Individuals
homozygous for a defect in CCRS expression have been
identified as being highly resistant to HIV-1 infection, while
this defect does not cause a significant health problem,'*—'#
[n addition, infected individuals heterozygous for the defec-
tive gene appear to exhibit delayed disease progression.'®
These obscrvations suggest that appropriate, small-molecule
CCRS antagonists functioning as HIV-1 entry inhibitors
could be promising anti-HIV-1 therapeutic agents.

Several research groups have reported structurally diverse
CCRS5 antagonists.'® 22 Our laboratories have previously de-
scribed the discovery of TAK-779, an anilide derivative with

* To whom correspondence should be addressed.

e-mail: imamura_Shin-ichi@takeda.co.jp

a quaternary ammonium moiety, as a small-molecule CCR3
antagonist. ™! Continued screening of Takeda compound
libraries using |'*1JRANTES and Chinese hamster ovary
(CHO} cells expressing human CCRS has now identified a
novel lead compound. M-{3-[4-(4-fluorobenzoyl)piperidin-1-
yl]propyl}-1-methyl-5-ox0-A-phenylpyrrolidine-3-carbox-
amide {1). as a CCRS antagonist (Fig. 1). In this paper. we
describe the discovery of the lead compound and the suhse-
quent optimization, focused on a series of S-oxopyralidine-
3-carboxamides, 10 obtain potent CCRS antagonists which
can inhibit the HIV-1 cell entry.

Chemistry

Target compounds were prepared by two general methods
as outlined in Charts 2 and 3. The first method (Chart 2) was
utilized to investigate structure—activity relationships (SARSs)
of alkyl linker length (Fig. 1, C) and piperidine moiety modi-
fications (Fig. 1, D). The starting carboxylic acid 2a was pre-
pared by condensation of itaconic acid and methylamine
(Chart 1}’ Coupling of the carboxylic acid 2a with aniline
using 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hy-
drochioride (EDC) and 1-hydroxvbenzotriazole (HOBt) gave
anihde 3. Treatment of 3 with sodium hydride followed by
the appropriate bromochloreatkane produced chlorides 4a—
c. The 2-chloroethy] derivative dd was prepared in a differem
manner as follows. N-Alkylation of the anilide 3 with ethyl
bromoacetate followed by hydrolysis gave the carboxylic
acid. The reduction of the mixed anhydride of the acid gave
the alcohol, which on reaction with carbon tetrachloride and
triphenylphosphine yielded 4d. The obtained chlorides 4a—-
d were coupled with a variety of amines in the presence of
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Fig. 1. Lead Compound
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potassium iedide and potassium carbonate to provide the tar-
get compounds Sa—i. Alternatively, compounds Ta --e were
obtained by reductive amination of aldehyde 6 with amines
using sodium triacetoxyborohydride. The aldehyde 6 was
prepared from the anilide 3 by N-alkylation with 2-{2-bro-
moecthyl)-1,3-dioxolane followed by hydrolysis with hy-
drochloric acid. Benzoylpiperazine derivative 5j was pre-
pared by hydrogenolysis of benzylpiperazine §i followed by
benzoylation.

In order to explore the effect of substitutions on the central

Vol 52, No. |

phenyl ring {Fig. 1, B) and 5-oxopyrrolidine moicty (Fig. 1,
A}, we investigated an alternate method starting from
piperidines 8a,b (Chart 3). The piperidines 8a,b were
treated with acrolein in the presence of a catalytic amount of
1,8-diazabicyclo{5.4.0Jundec-7-ene (DBUY} in tetrahydrofu-
ran {THF) to afford fS-aminoaldehydes in siru,*® which were
converted to amine derivatives $a—t by reductive amination
with various arvl or aralkyl amines using sodium triacetoxy-
borohydride. Coupling reactions of the amines %a—q.s,t
with S-oxopyrrolidine-3-carboxylic acids 2a—n were carried
out via the corresponding acid chlorides to afford the targets

o ' Iha—p. 11a,b, 12a--m. 15a.b. Compound 10q was pre-
”O-H-f ui,JLOH T e T pared by the carbodiimide-mediated coupling of the amine
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| 2d c-HaxCH, pared by literature methods=" from the corresponding amines
i 2 BhCH, (Chart 1). Removal of the 2.4-dimethoxybenzyl group of
o b R compound 12m with trifiluorcacetic acid (TFA) gave com-
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Reagents £a) aniline, EDC, HOBL, DMF; (b} NaH, DMF, then Br(CH %.-Cl, (¢} NaH. DMF, then BrCIRC0:Er, (d) 2q
NaGH, MeOH, {#} CICO;E:, EuN, THF, then NaBH. Ha0:{) PhoP. COL: {! KiL KC Oy, MeCN. (h) NaH. DMF. then
2-12-bromocthy()-1 3-dioxotane, (1) aq HCL, (j} NaBH{QAc), THF, ik 11, PAiOilh, MeOH, (1 BZCl, EuN, THF
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Reegents (a) ecrokein, eal, DBU, THE. then R¥.-PR{CH:},NH-. NaBH{QAch; (1) 2. (COCl):. cat DMF, DCM. then added o
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