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® AnEXOS i

Comprobante de pago de la tasa.

Poderes, si fuere el caso. |

Pruebas de los fundamentos de la npas:cm

Documentos que acrediten el legitimo intérés, si fuere el caso.

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.

instrucciones para el diligenciamiento def ;iresente formulario, verreversude esta pagina.
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Derecho de la Competencia, Propiedad

Optimum Industrial y Comercio Exierior

Sefiora Jefe,
DIVISION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. 8. D.
Referencia : Expediente N° 08 31016
Asunto : Oposicién a la solicitud de patente de Invencion titulada
‘! “SINTESIS DE INHIBIDORES DE RENINA QUE
INVOLUCRA UNA REACCION DE CICLOADICION”
Solicitante : NOVARTIS AG /
‘ Opositora : GYNOPHARM S.A. |

y por orden expresa de mi representada, presento oposicion a la ¢

de la Patente de Invencion titulada “SINTESIS DE INHIBID

& L ACOLCOMML » WWW.OpLInuUm-co.com
Bogota Colombia
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1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manifiesto el legitimo interés
de nuestra representada para oponerse al registto de la patente de la referencia, /
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
. ley como se analizard mds adelante y de ser concedida afectaria directamente la
comercializacion de algunos productos mi tepresentada, que contienen, en
particular INHIBIDORES DE RENINA. Por lo tanto, solicito respetuosamente a ese
* Despacho se sirva tener en cuenta la presente oposicion dentro del tramite

administrativo que se surte en esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1.  La solicitud objeto de la presente fue presentada el 28 de marzo de 2008
, reivindicando prioridad bajo la solicitud GB20050019764 del 2005-09-28; y fue
. publicada en Colombia, en la Gaceta de la Propiedad Industrial N° 605 del 30 de
junio de 2009, cuya publicacion internacional corresponde a la WO2007039183

del 2007-04-12.
Q 2.2.1a solicitud colombiana 08 31016 objeto de la presente 6posicién, se refiere a un

proceso para la fabricacion de un compuesto de la Formula III:

{3
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en donde: R es alquilo; R1 es alcoxi-alquilo; y R’ es hidrégeno, alquilo, o aralquilo;
o una sal del mismo; comprendiendo esta fabricacién (de preferencia consistiendo

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

{1

en donde R y R1 son como se definen para un compuesto de la Formula III, con

un compuesto de glicina de la Férmula I1:

O
Hﬂ“/\!‘r gt
& {1t}

en donde R’ es como se define para un compuesto de la Férmula 111, con el objeto

de dar la funcionalidad de imina; y un compuesto de Ia Formula III:

£y l ' £}

en donde: R es alquilo; R1 es alcoxi-alquilo; R’ es alquilo o aralquilo, de
preferencia alquilo de 1 a 7 4tomos de carbono, alquilo de 1 a 3 dtomos de
carbono, fenilo, mas preferiblemente alquilo de 1 a 4 4tomos de carbono o bencilo,
en especial etilo; o una sal del mismo; con el nombre de etil~é§téf del acido {[1-14-
metoxi-3{3-metoxi-propoxi)fenillmet{E)iliden}amino}acético, o una sal  del

mismo.

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

siguiente: “Los paises miembros otorgardn patentes para las invenciones, sean de producto o

Carrera 13 Ne 11995, Of. 104 Tel. (57132 1312 136205021 ~ Fax. (571) 6 1219 79
E-mail: negocios@optimum-co.com - www.optimum-o.com
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procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel
inventivo y sean susceptibles de aplicacién industrial”. Asi las cosas, las invenciones
objeto de patente deben ser nuevas y tener nivel inventivo. Bien, pues antes de la
fecha de prioridad de esta solicitud se encuentran los siguientes documentos que

afecta la patentabilidad de la presente solicitud:

o DI: Ayerbe, M. et al : “Stereocontrolled synthesis of highly substituted proline
esters via [3+2] cycloaddition between N-metalated azomethine ylides and
nitroalkenes. Origins of the metal effect on the stereochemical outcome”,
Journal of Organic Chemistry, vol.63, 1998, pages 1795-1805.

* D2: Hanessian, Stephen et al: “The power of visual imagery in synthesis
planning. Stereocontrolled Approaches to CGP-60536B, a potent renin
inhibitor”, Journal of organic chemistry, 67(12), 2002, 4261-4274.

2.4.Ahora bien, el documento DI, particularmente en la pagina 1803, revela el

procedimiento general de sintesis de una imina, a partir de un éster acido meril
amino (acido carboxilico) y una amina. Ahora bien, el documento D2 revela dos
estrategias hacia la sintesis estereocontrolada del compuesto: dcido 8-aril-3-hidroxi-
4-amino-2,7- diisopropiloctanoico, con centros estereogénicos predeterminados, d
emanera que DI, guarda relacion con un potente inhibidor de renina, el
compuesto CGP-60536P (Alisquiren). Segtin D2, el analisis de retrosintesis de una
amida, el dcido 8-aril-2R-isopropil-3S-hidroxi4S-amino-6S- isopropiloctanoico, se

indica en la siguiente figura:

Carrera 13 Ne 11995, Of, 104 Tel. (571)2.13 12 13 -6 2050 21 - Fax. (57106 1219 79
E-mail: negocios@optimum-co.com - www.optimum-co.com
Bogota Colombia



.

TR

W, q0

Derecho de fa Competencia, Propiedad
Industrial y Comercio Exterior

N

Py Lepyrogadamis acit

—~
i OINLOO:% Y o'S(lcozn
foo

i
co ] . W1, . .
Estel compuesto es un potente inhibidor de la renina. Otras reacciones se muestran

en b siguiente figura:
o
o

;i ‘Scheme §2
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2.5.Por lo tanto, este documento objeto de opesicion a la luz del documento D1 y D2
carece evidentemente de ALTURA O NIVEL INVENTIVO, dado que cualquier
persona versada en la materia puede llegar de manera evidente, combinando la
materia revelada la anterioridad D2 con lo indicado en el documento. D1, para
llegar a definir la sintesis de inhibidores de renina que involucra una reaccion de
cicloadicion, conforme se define en el presente capitulo reivindicatorio.
2.6.En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la solicitud
. colombiana 08 31016 no puede pretender un monopolio por patente toda vez que
lo que pretende no cumple con uno de los tres requisitos necesarios para su
proteccion.
a 2.7.Que por consiguiente, respecto a la solicitud pretendida se tiene que:

hel 2.7.1. CARENCIA DE ALTURA INVENTIVA. Segun la Decision 486 de la

Comunidad Andina de Naciones, Articulo 18.- “Se considerard que una invencion
tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
técnica correspondiente, esa invencién no hubiese resultado obvia ni se hubiese derivado
de manera evidente del estado de la téenica.”. A la fecha de prioridad, 28 de
septiembre de 2005, a partir del documento D2 en combinacion con DI,
. puede llegar de manera evidente a la sintesis de inhibidores de renina que
involucra una reaccién de cicloadicién, sobre el cual busca proteccion en el
capitulo reivindicatorio.
2.8. Dado lo anterior, es posible deducir que la solicitud y lo reivindicado no es
‘ . objeto de patentabilidad pues es contrario a lo que dicta la Decision 486 de Ia
Comunidad Andina de Naciones, Articulo 14.- “Los Paises Miembros otorgardn
patentes para las invenciones, sean de producto o de procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacién
industrial.”. La solicitud pretendida no cumple con uno de los tres requisitos de

patentabilidad.
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2.9.  Por todo lo anterior, atentamente solicito a usted que se sitva declarar fundada
“SINTESIS DE INHIBIDORES DE RENINA QUE INVOLUCRA UNA
REACCION DE CICLOADICION”, cuyo titular es NOVARTIS AG, solicitud
Colombiana que aparecié publicada en la Gaceta de la Propiedad Industrial N°
606 del 31 de julio de 2009.

. 3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

Q como prueba en este asunto los siguientes:

e DI: Ayerbe, M. et al : “Stereocontrolled synthesis of highly substituted proline
esters via [3+2] cycloaddition between N-metalated azomethine ylides and
nitroalkenes. Origins of the metal effect on the stereochemical outcome”,

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

e D2: Hanessian, Stephen et al: “The power of visual imagery in synthesis
. planning. Stereocontrolled Approaches to CGP-60536B, a potent renin
inhibitor”, Journal of organic. chemistry, 67(12), 2002, 4261-4274.

C 4. FUNDAMENTO DE DERECHO
Fundamento esta observacion en las normas legales siguientes:

4.1. Numeral 1 del articulo 586 del Codigo de Comercio.

Carrera 13 N° 11995, Of. 104 Tel. (571)2 1312 13 -62050 21 - Fax. (571) 6 1219 79
E-mail: negocios@optimum-co.com - www.optimum-co,com
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4.2. Artlf}:ulo 42 de la Decision 486 de 1a Comision del Acuerdo de Cartagena.

|

43, BEna }a,s demas normas concordantes.

j \

X 5, ANEXOS
tos cotrespondientes anexo al presente escrito los siguientes documentos:

i

H
i
i

1. Pq)éler para actuar en el presente. .
2. Ijocumento que acredita al representante legal de GYNOPHARM S.A.
3. ﬂdcxbo de caja del respectivo pago de tasa.

4. (’;tg)pxas de los documentos:
]
m Ayerbe, M. et al : "Stereocontrolled synthesis of highly substituted proline
?wters via [3+2] cycloaddmon between N-metalated azomethine ylides and
00 ﬂmnes. Origins of the ;metal effect on the stereochemical outcome”,
;?aumal of Organic Chemistry, ngol 63, 1998, pages 1795- 1805 |
W 'bZ Hanessian, Stephen et ﬁlt “The power of visual imagery in synthesis
planmng Stereocontrolled Approaches to CGP-60536B, a potent renin

inhibitor”, Journal of organic phemlstry, 67(12), 2002, 4261-4274.

SRR

6. NOTIFICACIONES

- Para efectos de notificaciones que por disposicion del articulo 50 del Decreto

ol eg 1984 debe hacer su Despacho, informo que mi representada y la suscrita

Carteta 33 Ne 11995, Of. 104 Te} (571)21312 13 6205021 -Fax. (571)6 1219 79
~ E-mail: mgmim@e}pnmum-co COm » WWW.OPLIMUM-Co.com
Bogota Colombia '
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Scheme 1*’* .

a Thé s’r.xbstim@ms :sur fhe different pdsiti(ms are not specified.

' herem ow r&sults oiw the reaction between nitro olefins| -
/& have extended the reaction to]

L \ smethine yhda& and nitroalkenes,
<., and we pravide an ¢
+of the méreochemirafl

! |
1

T In particular copipounds 1b—f were studied becsuse
~ :of the potential of the corresponding cycloadducts ag
S tridem:sp:e ligands.?
¢ order 1o study the
R when,hqm
‘Lithtum and silver|

nthetic potential -of the reaction|

izomethine ylides (ee Scheme 2)

“and AgOAe, respectiv
‘a4 bate ‘am?l ‘acetonitrile as sélvent. LiCI0, has not bae
prwiwsly ‘describ i as a soirce of N-lithiated oz

methines, These rdactive intermediates aré usually.
) generamd by means f either the LiBr/NEt; or the LDAS
‘NEty'systems.” W have observed thet LiCIO; usuall

" leads|to cleaner crt
16 .4 e lithium salts, The zesulm abfaine‘

nd 2b in the presence of 0.1 5 equiv
ture of ando- and sxo-4h after 3

~reaction between 1a
¢ -of AgOAc yields a.
; ofreacamﬁ atmom

Rmtfl s and Discussion - N
lly diverse cycloadducts immes[ _'

es 2a—d were selected (see Chart
itroalkene 2d was also selected iny -
dehiral m#r alkenies are used as dipolarophiles,”

defived. from imineis lawg were genevated from LiCI0 '
ly.in the presence of u iethylamir3 ,

. 'enix) i ‘j’ca
hetwaen la.m
T mpnh. \”""3(‘ ”\n(

réaction mixtures with respact tg :
Cas bwqe we.tmd uh

“Yon of the d@olw assisted by LiClO; l‘or ewnpxe P

mperatum ina BS% y:elﬁ (sea T abl"" S de

[N

"Ayerbe ot al.-

| AgOAS (Me‘(hod Al ¢
LJC(O?V(Meméd B),

‘ (;z)&exo-iaro .

£ *)”x&w ore (“!luﬂllﬂﬂlﬁf ot the Lych)addtwtq 4 is drawn

BRI N Pmry 5’) In roncras’c th@ sg\me reactxoninthe presence
- of 0,15 equiv of LICIO, yielqs 4h in.a 30% yield with a

gndaes ratio-of 33 37. W}L n 5-eqguiv of LICIO were ‘
used, the cyclvadduct was o

effert .
straiw

s more pronounced with more substituted subs

Thus, when the 1c+gb ~ 4e transformation was

{see Tehle 1, entry 5). Simxlar results were observedin.

other casas, T(m sfore, we decided to use § equivof this |

Bait f1 Al cases, becatse df the lower reaction times.
rénuired. to achicve arceptab!e jwlds and/or the higher
atex “@o oniml obs lwed L

We Tave ¢ tmzz ved 2

Fromatic $ubst1tuent reacts with an

';rdm'mng,
satic nifroaid;

iz, ‘the endc»ste:eoisamex ts formed

sence of AgOAc, whereas endo-4a is’
ved when LICI0, ts used (see Table 1,:

#by {entry 2). When the same experi-

ethy 'l"mrime, the same stereachessical

x
T
l

.med Thus! wlxen imine 1b

i

tained in a 47% yield and - “_ S
“with ki gher stiyancontrol (see Table 1, ‘entry . 2). This &

* performied inn the presencs of (.15 equiv of LiCIQs a .

lanation to the metal dependence] . reaction time qf 20 b was vequired to obtain a 56:44 cnddl

utcome gfthis unportanr reaction, . &xouditure of cycloadiducts 4e'ina 30% yield, ‘When the |

¢ game reaction was carried ?ut with 5 equiy of LiC10,, |
only 4 hwere reguired to achieve a higher yield of 4e "

pz efet enual formation of the exa-”'-_; o
. cydou ' duct when # stlver azsmethine ylide posséssing a-
R S

" ne. iy .the case of the corresponding
er shinilar conditions. For instance,” -
roproduct]in the réaction bafween la! R
mmw réSults were obtained in the reaction ©

gd: usmgﬁ N.N-dtisopropylethylamine’ - '

ed. I‘h¢se results are in agreement’ -
ts of I‘uke et atH fm stmcturatty

ha’" S ':bov&mennoned trerid can be P
hunes incorporating certain groups®

Heny ‘#“ f‘"‘d glyune was alluwed 0.




" Fable.] ;l. [3 + &] @yclmddition bet‘ween N*Meta!aﬂ.d Azo_‘ i thimm hm:wd lrmu Immes ta- and Numa!kcnes Za*c

e Using Acemmtrile a8 Solvent ol ii’! the X‘r wgence of Ap( ‘Ac imd 14CH

é :

1
TN
o Lae s

rm dod A (AL,U/..N :

L
[
o

miethod B (LICIO,)

SR R RS

, ; tun(‘ ‘h) yffld o8 endoexet mbze ;g ywldd (%)
: l,.-; aa__. CeHs | - H H S 3 TG T ' 88 .76
25y Oy H. W H - 30 LBy 300 47 20N eE
L300 a2 HOGH,, H  H . BRI Rgen H ; L
© 4 dd: - 2HO-CeHy 7 o e o M AR, PR SR § S B SRR - RN
a8 (Ae o 2-HOCeHy 0 w7 CHa  H L 4CHOCHY 487 2 480w o AT
o G Af e 24HOWCeHy H . 'CHy  4-CHiOCgHy -~ 17~ 3 C24r L
e | dg 0 2ZHOCdL o Clls -CHs . 4-CIROGH ™ 4D 30‘_: LR
8 /lah o 2HCOCH. - HUH o 4CCHy 2 L BB
9 4 2CHOCH, COUH L UHL - ACHAOCEH, .2 PO
_ 5y ;ﬂ‘ 0L CHROCeHs, . CHy L 4CHOCH . 18 S 56
e i U dk U 2CHOCH . CHy CHy - ACHOCHE 24 SRR i
. ORI ¥ I ;-'__2~pyridyi o T BE o ACEACat A
_ ce 180 Am o 2pyridyl H' R 4CHOC SR
14 poodm 4-HO-3-CHROCoHs H B ALK ] AR
L 18 14(;‘ 4:HO- '%~CH.;GCGH3 . H 4~CI—M)CG bs ! 2T B LI T- T
Y ld’a!‘tm ajor stgrco;somer punhed by eolimn chiotatog aphy "Hntwrc*ommrr .xtiomcaaure@ by ?OD\AIIL‘ILNMR on rrudc
réactd &xixt,ursg ‘*Yxe!d of the nwjor sterenisomer purified by prystaflization ¢ Yiald of 49 €xo isdmer estitiated from th iiikiures’

4l

. obtaingd }fmm the column chr omatography. “This isomer coulddlt be tsolated. © lef.l
; ﬁ‘mm the colunm chro:namgraphy Tlns :somer conilel hiot be 1501 .itrll :

Tabtﬂ terewe!ecrivﬂy qn the. 3+ 2] Lyclﬁaddition o

AT JSOme estimated from: the mlxtu!’es e “

) »-f\",react w;{h mtmalkenes Za or 2b intha presence of Ag‘)Ac - Mt trtad Azome o
. andZequiv of triethylamine, the exaycloadducts 4c amj | ?5’3”:;#{ ‘?m‘(;ﬁi:‘“ tﬁ:am*:;:gizzz?;?::ifm'm -
-« 4d were obtained with excellent stereocontrol {endoiexd . - - EA 3 -
7o =2 2:08), When the same reaction was carried out irt the - s o oy M line ) # e 4“’“*43_

- presence of LiCIO,, the exo c:ycloadciucts were also the .. {- /\;zt_h;y : [ SRR 41 & S

_'--mqjar stereoisomers (see Table 1, entries 3 and 4). Thi R }\f{éfﬁ : Zz - ,Zg‘jg

. effect is significantly lower when the imine 1d. which i ;,’{?\3,}{" g e
i incet‘porateg a Zumethoxypheﬁyl group was used indooa SN 153 3 VS 2

* . of 1B (dee Table 1, eritries 8 and 9). When azometh«n&[ & Ay,{?M §

i &)4 i

e

- derived from imine 1f which has a 2-pyridyl group were: =
it uged; the n@rmal” sevise of stercocontrol was Gbser vecf s
"ok althdugh the stereoselectivity was lower {see Table 1,
“-entries 12 and 13). In all these systeins, thereisal, ewis
= * ~basic center located at the ortho position. which is 0
. © " amenable to intramolecitlar coordination ro the metallic.
7 center| To test if this effect can also operate intermos
ecui@x‘lly. imine 1g, derived from vanillin and the methyl
" ester of glycine, was allowed to react with nitroalkevies -
“2a and 2b, 'The results are shown:in‘entries 14 and ]JS.C -
3 “of Tablé 1, Ad can Be seen, the ionized para»phcnoig S
B S Imui&ty alse prtmates preferential formarinn of the exe. - {8¢
Q [ eyelpadducts 4n and 40 in the presence "of LiC tc PR -
SN TR although the effect is less pronounced than in the ¢ B
of entries 3.and 4 (vide supra). . o
- Wigh these resulis in mind; we yeasoned that the
) pre%nce of addxtive& intorporating highly coordinaring = <
- mofeties such as nitro or phenoxy groups might wadify -
they ‘stereochemical outcome of the reastion hetwien
arematic nitroalkenes and Ndithiur azomethings
rived from 1a, We performed the experiments repor t,rad :
fin Table 2 to verify. this hypothasis. In effoit, e’
_presence of phenol {entry 4), 2.8-di-tert-butyl pher nol

’Ammim i, hasw Xe

" cherical puteome observed in the reaction between imine
1aand nitroalkene 2a to form the cycloadducts encio-and
em-éa. ‘As expected, the effect induced by the hindered 7 1 r )y
2 6-di=~mmbutymhenol is Jess pronm riced. than { nat - .4p is bipdiee 4
- promotéd by phenol trself (ses Tahle 2, entries 4 and By, - = R nivivedy,

-In,’the case of using AgOAca these additwm haw re ,1i- T el

|

:"{mtry 8} and niteobenzene (entry T} reverses the stereo-i - le.w) gl "t‘ yield et

3

2 aper:mm 1% R t‘(%ndltﬂ’é‘d using: awi onlmle Al sa]vent
W pquivalont'el the additivs was ™

détermitied by 300 MHz 'H-NMRant ™

equivalems of triﬁthylamimmme

BER S pwthyl o2 larylnitm)emylenes '
in Chart 1) are much less reactive them
Ctants F«m (:'xrcmplp *rhe raartion

56 «hlghiy «;ubetitute-d reactants )
: ﬂmc the cyt‘loadducts arereadily
olitzed in acceptable yields.. In addition,
2R ‘J st r';‘,muw‘zi subvr._uos thﬂ effect of mfhm

Thus, In rhé reaction nf nnme
adduces endlor and

ocgntrol is ohserved o
xyia*vd subsw ates {we Table
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We next extended ‘olar study to the chiral mtrosdkene ;

. 2d {se¢ Chart 1).. This compound was prepared via the

* Henry reaction betwéen (5)-2-(benzyloxyjpropanal and |
“nitropjethane in the presence of a catalytic amount of |
: mine. The diastereomeric nitro aleohols’ thus| * . .
- formie 31 were .transformed in. the corresporiding miesy-|

triethy

lates! nd tréated .ih situ with NAL dnsopmpymihyl-;

amine w yield the nitroalkene 2d in good yield.'" Reacs| -
tion of this dipolarophile with azomethine ylides des| - -
_rived from Ya lead to the diastereomeric pair enio-4p|

and endo4'p (see Sehieme 3). Interestingly, this alipha-
tic nitrbalkene yields endo cycloadducts usig - hoth
lithtum jand sfiver azomethines, thus suggesting that - heJ

aryl group in nitroalkenes 2a-~c also plays a.role in-
.the stereochemical outeomie of the reaction (vide unra)@( .

When ltmum perchlorate was used instend of silve
- acetage, the observed diastereomeric ratio was 855 ir

+ favor of endo-4p: (see Scheme 3). The major cycloadiluct
was purified by crystallization in ethy! scetate—~hexaries|

Despite the  higher’ stereocontrol ohserved when th
- lithium azamethim ylide of 1a was used, the mmmca

yield of endo-4p was similar to that obtained using .-

AgﬁAc‘as the metalating reagent (seé Scheme 3! Ther

fore, the reaction was found ta be of preparative v 1lut -

and pf‘ovides a useful acgess to the asy’ mrmtn synthest
of compounds of this kind. '

The structure of cycloadducts 4a-p was estoblishe
by msans of their 'H NMR and BC NMR spectra. The
mast significant coupling constants ara reported 1o Ta ;e
1 of t}le S’Mpponmg Information.” Initwo cases,

(23) ta) har a Yecenl review see: Resinl, (.r o ("onwe/mm e
Crganic Sythesis, Trost, B M., B Torganion! New Yovk, 1901: Vbl -
2 p 321340, (b] For an study on the merhanism of this raaction, ~ .

ea,B -Arrigta, Al Moran.l Cossilo, B P Bur L Chivay *9 7, -

3 26,

(14; Nieton, J.. McMuery, J. B. J. Org. Chem. 185, 40, 5185 -

{15} Pétzel'er al; have prepared structurally related chiva? nitroalk.
enes uding different reacrion conditions and have dbserved a Irer
gtergocantrol, See Galley,. G, Hibner, ;. Anldadn S Jones, P 5.
Pﬁtze! M ktmaedmn Letr, 1986, 37. 6307,

-rEIgﬁtS\f:~
. atialysis

| exi-4f aré shown in|Figuves Lland 2
CInforemiion, v

of thiz fmaek,w*cl oha
Kinetic.conditions this stereocontrol is .
Nm n wind by rei ddf frdmncéa in tnergy between the ..
inding digstercomeric ’prans;tmn structures P the ¢

uonal inols rcwadays available 1o the organic
xf’tﬂ iy’ Lopvenient to address this.

5 Since it was prewumed that solvent
s'whould play a significant role, the
miitrnian®’ was used, in view of
7 abiliny to n 'sdrm thF paxt:cula: i’eatuxe.s of the v

Ayex be et al:

Tegeh
Tha QRTEP diagrams of compounds exo-4¢ and
2 of the Supporting

&7

i

G fively AP
$ e case o compound’ 9xo~4p, its structure was
asisigied by NUE experiments, by andlogy with structur-
ally refatéd ‘omwuumh -and applying the endo-alkoxy

; rule deve ioped 47 Houk 2 In several cases, oily cycload-
dusts were xmmf«amcd in their solid: V- ~acetylated de-
rivatives' ju order jo { acilitdtd their purification. Thus, =

eyeloaicucts e
triviuios
A w[, l
acetanilos »*mv‘; 5k and cxe-Bhyj respectively (see Sup-
po ting Tnformarion for additional details). .

el SEED i oursihudy was to elucidate the origins
ves. in the sense.of stercacontrol,

14

dh and P)f-tlhd were heated ‘with

G thet yndes

”‘tpnf mal

“f tt(

nan AZOr wthh 4 vhd on (he nif) roalkene

203 b&wd istormed. 2 The second

: (e:w f, lu‘p SHTUEIGES factors). for the
a1 {siwe bern dopysired wich the Cambridge
. o idie date ean be obtained fre¢
etor; 1.CDC,
; -k‘ﬂ =001 ?23-336013" ernail deponsite
i 1151 Mo, B
1?91‘ 2332901 P
L3 lp’fm/’w%ou Lets 1993, 34,5707, (t)
; wl, Mg, Chem 1998, 64, 5008, -
u‘,u S 5 Wu, Yo Rendan, ND G2 Jager,

B almomh

s

T h‘ ll;"( Mowcﬁ 5. R I. Am, Cheny, Soi:
Lxl Ak, W, 1 J 4/;‘ L’/um Soe, 1996, 118
it I )1983 Y, 8&

el !wﬁ' \ (Y/ J‘:f

rJzWur Chine. 1993, T4, 1301
.'uwui Aidect Mol Des, 1999, 4.1,

s tneghanisi n mlviup azomerhine yhdes
it mmpoum 5, neer vatsukawa, A

‘2: dmhm
\

|

umtrv was qeuxred by Xeray d1ffractnm' -

H;us mtrofxikum is hxghly ft~de~ ;
}.m's a% a Michaei acceptor rather than a
: dn.(m D& h;’rv "Ih aref we, th(a I3 + 2] cycloaddition actu-

v efers of & tanderd Michael- -Menry reaction, as it
2 % Thd first siep is'a nucleophilic’

éties dem)red in Scheme 4 a8’

)» Sl vm?p«ﬂ Chor ! 1989, (0,209 () And?rq._.

12 Unioy Rosds

oaceric -acid] @vd the correspondirig salts’ were.
7l with avetie *n!hydnde for 48 b to yield the -

SRR i -__-.:mmn point TSI (Figare 1)
annonis Ur, h\ xth bl ) cyc!oaddmon between ethyl-.i
Yt ! ithm n 'ammvthhe vhrtn of N (fm mytmeth-' !

)! ".rr“cm&:w in. which the nitronate.”

‘st,ep ( A m'rm _
(110 Ty ‘r!‘r i "nw wart of INT. This is in‘ RO
Y me Gt thaz scw dl mthms7 2 ‘ have .

Loy Pllah, 50
Srael, Ms: Galley, Gy -

fAm Lhemn ‘w" 1984, 206 3886, @) . -

~JChem. See! Perkin N




Synthesis of Highly Substituted Proline Esiers |
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2.088; 10247 217
i

o
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8% ‘
. AHj= 47,36 kealimao! ;
' v= 8537 em”

endo-TS2
AHg = 7,34 keal/mol
‘ACiggg = -27.67 kealirel
v=403.5iem™

exo-T$2
Aty = 16.61 kéal/mal |
| AGiggs = -28.87 keal/mol :
\ v=4579iom" !

Figure 1. Compiter plots of the transition strisctuves 161,
endo-T82, and exo-T82 compured at the REI/PMS leve', Pund
distances and angles are given in angstroms and deg, rospeti
tively. In this and the’ followiug Rgures, which incorporat» talls
and-stick representa:ions unless otherwise nated, awon are
represented by increpsed order of shadowing as follows: Hj

] »

between a-deficient alkenes and azuuethine ylides de»
rived from alkyl aldehydes or ketones.

We tried to isolate and characterize scveral of - xesé
Michael intermediates in order to ve rify aur (cxmputa*
tional results, However, in mosi cases the mhumtz
instability of the intermediates precluded their isolition]
although they weré ohserved in the 'sf NMR specira of
several reaction miktures. We reasored thal, since the
more substituted the nitronate is the lower its reactiviry, %
a-methyl nitroalkenes could be more convenient sta rﬁng

(24) (a) Tsufe. Q. Kdnemasa, 8. Ohe, M, u, Ko Ta kp naka)
S.: Ueno, K, Chem, Lott, 1986, 127). () Kanemasa, S.: Yoshink:. M'

Tsuge . Bull. Chem. ?ar Jpin. 1989, 82, 869, :
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On Lo et band, we have found that the
Vect acre slowly when it is carried out
ol (015 pquiv of LICH), (vide supra).
srew we reneated the reaction between 1b and 2¢
e ol 018 eguiv of LiCIO, (Scheme 5). After

S room temperaturs, a 53:47 mixture of
§ .m() £ ixtive of Michael intermediates 7 was
Ingd tucts 4f and the intermediates
v cil 211 ratio in the crude reaction
“Ze rempained wo reacted. When
myreact for additional 10 h, the
poeare il orly a miviure of
aved, e chis case a complex
ol wes olhtained because of the
{oovews relmtionnhin between the nitro
asetiyuhions] groups. A gur atlempts to

= vl chasasvertay chese intormediates in a pure
Hed Fareover, mndrelysis of the imine moiety in
«iip acviadon with 4-bromnbenzoyl
e cheracterization of amide
nstercmmer ohserved in the
Fir overa'l yield of 8 from 1b
b & walue of rhe MN-11 signal and
saimisations tvide infra) indicate
“g iteametecudar hydrogen bond
by mr\wn and e nitro group, thus
 herefore, the relative
miv-rt was ostablished on the
atands berween the contiguous
: Scheme 5)0 In summary, the
BRI Ly QL T. ire conversion to the
addicrs and the complete character-
feative 3 provide experimental support
= redicied by eur caleulations,
o e ru& i either in the azo-
P the nitroellere during the course of
episiry of the eycloadducts is
ching o maode between both
ave micladed ihe two diaster-

o T4 sadddie potine, In erc/o-TS2,
Herared b the Hihivim atom, with
vraft G52 A In the latrer saddle

SRR A TS
gl foe B

yiri
Sfr i
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" Scheme § . -

LECFQ‘;(Oa 15 eq)
NEfg ' CHQCN

: »2NHGI-H20/TH|-
2r A»BracsmC()QI{Nbig

"’N mibers i paremhesna cor rvspanrz o camputed mvml}r
Ants (sed. te’éf) Nom’éﬂevanr hvdmg h aems h ave uﬂe
rc!arit S v

__"_‘.-pointi @meSa me Ixthzum atom is dxcoozdmam and
" therefore the mabﬂizing Li+ONQ . interaction--is not -
_ . -present. In contrast, this transition siructure is much
o ‘more flexible and the AGh value for ixe TSZ is. (alcu :
- . s vlated thbe 1. 24 keal/miol lower than that obtained for,
. L7 endo T2 at the RHF/PM3 level (see Figure 1), Thesg
“results/are not in agreement with our experimental ; Iatd
-since we have observed thar when azomethine viide
:deride from. benzaldehydc are used. the nrdo cycload- .
ducts are obtained with ‘a relatively jow stereosontrgl.
D (vidqs o). Thetei‘or&, we caleulated additional gl
'-‘tian &tructures taking into account as elosely as nessible .
: 1 eOEs. f:peram:sg under the experimental conditions;
. nam { the aryl substituent of the nitroalkene angd the R
* solvent. In Figure 2 we present the ende- and cx0-YSB
' Erangij:ian structures, which incorporate two acetariy riir .
01 les. In encd»TS3; the lithium arom is pantacoo

-d el -‘and its surrounding ligands adopt a bipyramidal -
. dlﬁpﬁs 0¥ in'WhiCh the mfmgem of the a"lumaihn @ ;
* miolety- aid of one solverit molecul upy the axial o tJu finf
.‘paﬁitidns. In contrast, exo-TS3 shows & fetrabedrically < b b g ouin
- coopginated lithium atom; with a close proyiniiy betwedn,
, the athyl group of one acetonitrils’ molscile awd the.
phenyl group of the nitroalkene, Thase »ombined wlfects:
‘resultiin @ siightly higher stability of ench-TS3; Whoée S
o AGhss caloulated value is only 0.47 kerl/imot ’ovw; than
- that found for its exo congenér. This result is in fair
- agreement with the diastersonieric excess experimencitly
Hfound far iflipo es m’ this typp e

peoral

endu.mical ouu:(:me.}’. ;
1structures found for.
sadile points inthe -
% ur calculations ‘ah()\lg' '
sz:’nt hes o vemarkable effect 2.
s e v(d T84, whose chief geométric
i thise of cndiT8S. - However, i
L remarkable: repulsive- Coulombic.
SThe nlire snd th@ phenoxy groups.
sirhisin Atomi s, partitioning of
I3 ¥at the bicentiic term between
H..}J Kealinol, which conesponds' :
wpnbic roprlsion. We have alse v
idh pe ‘r#t which i assnciated wth the-
snonding erivles cycloadduct, “This -
deulwmpt_l_a £ )»154 in: bigure3

.ﬁ I»alkrw gwups,
: 19% 118,3479. .
sor, m'n 43, 7201

fst
/‘}R‘f H‘(‘
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4§ kealimp! .
= #8341 nbamol .
g iom?t o

s -l
= 44,08 kealimo!
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ter saddle
T cation, i

”US in Lotk 'stationary,

o ted, the ox




Ay = 1,01 au. In addition, 1he coin

" intermediate has been iscl:

1802 J. Org: Chens, Vol 63 No. & 1598

balance favors formation of rvo- TS5 with aster eodu: ol
higher than that calculated for the von-rrvao-suhagioored
analogues; in good agreene: b with cyr e.;\pmwwtal
results. ‘

In summary, our compulational suuies nr
useful information on the origine of L+ sierene
these cycloadditions.. Whon nordoni seble subatie.
are present,| entropic factmes, thz aryl group b
dipelarophile. {or Michael arcentor). and the solvej Tivor
the preferential formation of the ¢0 i cycloadidunr by
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Two strategies were developed toward the stereocontrolled synthesis of 8-aryl-3-hydroxy-4-amino-
2,7-diisopropyloctaneic acids with predetermihed stereogenic centers, This is a generic motif in a
new class of potent inhibitors of the enzyme renin, exemplified by CGP-60536B. The synthesis
relies on the utilization of L-pyroglutamic acid as chiron, and proceeds through the incorporation
of required functionality by exploiting internal induction. One of the strategies shows the power of
visual imagery in synthesis planning, akin to a Dali-like representation of ebjects that can be viewed
in more than one way. Thus, the entire carbon skeleton of the target molecule is encompassed in
a partially functionalized bicyclic indolizidinone precursor. In a second strategy, an intermediate
comunon to the first approach is elaborated into an appended y-lactone which is alkylated through
enolate chemistry and ultimately transformed into the intended target compound. X-ray crystal-
lography was used to corroborate the structures and stereochemistries of several intermediates.

Introduction

The aspartic protease renin! has been assaciated with
the cascade of events invelving the selective cleavage of
2 Leu—Val bond in angiotensinogen to angiotensin I, in
the so-called renin-angiotensin system (RAS). Further
enzymatic cleavage produces the octapeptide angiotensi-
nogen I1, a vasoconstricting peptide resulting eventually
in hypertension in man.? A major advance was made in
1982 when renin inhibitors were synthesized on the basis
of a transition-state structure to replace the scissile
bond.® Dipeptide hydroxyethylene and related isosteres
of the Leu~Val bond in the natural substrate were
actively pursued by many groups.* Intensive efforts
on the chemical and biological fronts followed over the
past two decades, leading to a better understanding of
the molecular events involved in the release of renin'in

animal models, and its inhibition by designed transition- -

state-based inhibitors.® Nonpeptidic inhibitors of renin
based on substituted piperidines with remarkable activity
have been reported.® The amide backbone of renin

* To whorn carrespondence should be addressed. Phone: (514) 343-
6738, Fax: (514) 343-5728. v ) i

{1) (&) Reid, L A.; Morris, R, J.; Ganoné. W. F., Anirne. Rev. Physiol,
1978, 46. 377. {b) Skeggs, L. T.; doven, ¥, E.: Levins, M.; Lentz] K.;
Kahn, J. R, In The Renin-Angiotensin Syster, Johnson, J. A., Ander-
san, R. R., Eds.; Plenum Press: New York, 1980: p 1. {t) MeGregor, G.
A, Markandu. N. D.; Roulston, J. E.: Jones, J. C.; Merton, J. J. Nature
1981, 291, 329. ;

{2} {a) Antonaccio, M. J. Ansie. Rev. Pharmacol, Toxicol, 1982, 22,
57, () Pawhety, A. A.; Cordes, E. H. Adv. Enzymol. 19835, 57, 1. (b)
Vailoton, M. B. Tremds Pharmacol. Sci. 1987, 8. 89. {¢) Boger, J. Trends
FPharmacol. Sci. 1987, 8, 370. !

{3) {a) Szelke, M.: Jones, . M. Atrash, B.: Hallet, A.; Leckie, ‘E J.
In Peptides, Structure and Function, Proceedings of the Eight American
Peptide Sympesiun: Hruby, V. 1., Rich, D, H., Eds.: Pierce Chemical
Co.; Rockford, 1L, 1983: p 579. b) Foundling, S. 1; Cooper, J.; Watsan,
F. E.: Cleasby, A.: Pearl, L. H.; Sibanda, B. L.; Hemmings, A.; Wood,
8, P; Blundell, T. L,; Valler M. J.; Norey, C. G; K:‘}i, J.: Boger, J.;
Dunn, B. M,; Leckie, B. 1.; Jones, D. M.; Atrash, B.; Hallett, A.; Sdelke,
M. Nature 1987, 337, 349.-

inhibitors has been replaced with nonpeptidic vinylogous
amides showing low micromolar inhibition in vitre!
Several drug candidates were successfully developed

{4) For selected examples, see: (a) Evans, B, E.: Rirtle. K. E.;
Homnick, C. F.; Springer, J. P.; Hirshfield, J.; Veber, D. F. J. Org.
Chem. 1985, 50, 4613, (b) Fray, A. H.; Kaye. R. L.; Kleinman, E. F. /.
Org. Chern. 1988, 51, 4828, {c) Holladay, M. W.; Salituro, F. G.: Rich,
D. M. J. Med. Chem. 1987, 30, 374. (d) Bolis, G.: Fung, A. K. L.: Greer.
J.; Kleinert, H. D.; Marcotie, P A.; Perum, T. J.; Plattoer. J. J.; Stein,
H. H. ) Med. Cher. 1987, 30, 1729. (¢} Thaisrivongs, 8., Fais, D. T.;
Kroll, L. T.; Turner, S, R.; Han, F.-8, J. Med. Chem. 1987, 30, 976.
Biihimayer, P.; Caselli, A.; Fuhrer, W.; Goschke, R.; Rasettl, V.; Riieger.
H.; Stanton, J. L.; Criscione, L.; Wood, 1. M. J Med. Chem. 1988, 31,
1839, () Wuts. P. G. M,; Putt, 8. R.; Ritter, A. R. J. Ong. Chen. 1988,
53, 4503. g) Luly, J. R.: BaMaung, N; Soderquist, J.: Fung, A, K. L.
Stein, H, H.: Kleinert, H. D.: Marcotte, P, A.; Egan, D. A Bopp, B.:
Merits, 1; Bolis, G.; Green, J; Perun, T. J.; Plattner, J. J. J. Med.
Cher. 1988, 3/, 2264. (h) Nishi, T.: Kataoka, M.: Morisawa, Y. Chem
Lett. 1989, 1983, (i) Herold, P.! Duthaler, R.; Rihs, G.: Angst, C. /.
O;g. Chemn. 1989, 54, 1178. {j) Bradbury, R, H.; Revill, J. M. Rivert.
J. E.; Waterson, D, Tetrahedron Lett. 1989, 30, 3845, (K} Chakravaty.
P, K.; de Laszlo, 8. E.; Sarnella, C. 5.; Springer, J. P.; Schuds, P. F,
Tetrahedron Lett. 1989, 30, 415, (1) Shiozaki, M.; Hata, T.; Furukawa,
Y. Tetrabedron Lett. 1989, 30, 3669, (m} DeCamp, A, E.: Kawaguchi.
A. T.; Volante, R. P.; Shinkai, 1. Tetrahedron Lete. 1981, 32, 1867. {n)
D'Aniella, F.; Géhanne, S.: Taddei, M, Tetrahedron lert, 1993, 33, 5621,
{0) Baker, W, R.; Condon, S, L. Tetrahedon Letr. 1892, 33. 1581, (p)
Lagu, B. R, Liotta, D. C. Tewrafiedron Lett, 1994, 35, 547. (g} Pégorier,
L.: Larchevesque, M. Tetrahedron Letr. 1992, 33, 1581,

{5} For selected reviews, seei (&) Kleinert, H. D. Exp. Opin. Invest.
Drugs 1994, 3, 1087, (b) Middlemiss, D.; Watson, 8. P, Tetrahedron
1994, 50, 13049, (&t OCain, T. D.; Abou-Gharbia, M. Drugs Future
1991, 16, 37. (d) Hutehins, C.; Greer, J. Crit. Rev. Blochen:. Mol. Biol.
1991, 26, 77. () Greenlee, W. 1. Med. Res. Rev, 1996. 10, 173. {§
MeAreavey, D.; Robertson, J. J. S, Drugs 1880, 40, 326, {g) Creentee,
W. . Pharm. Res, 1987, 4364. (h) Antenaccio, M. J.; Wright, J. J. Prog.
Drug Res. 1987, 34, 161. (i} Rich. D. K. J. Med. Chem. 1983, 28, 263.
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worldwide, culminating with compounds that exhibited
potent in vitro and in vivo activities, although goed
bicavailability remained as a major challenge. Unfortu-
nately, these programs were eventually terminated vir-
tually in every pharmaceutical company, primarily for
strategic marketing reasons. Although goad pharmaco-
kinetics and excellent antihypertensive activity were
achieved with some compounds in experimental animals,
a major obstacle was concerned with oral bicavailability
in man, and in devising cost-effective syntheses.: The
structures of some of these compounds, harboring four
or more stereogenic centers, with heterocyclic, alkyl, and
hydroxy appendages on a peptidic backbone are shown
in Figure 1A. More recently, a new class of inhibitors
having the general structure 1 (Figure 1B), and exhibit-
ing sub-nanomolar specific binding affinity to human
renin, with excellent oral activity in primates, was
reported.® The generic structure 1, varying in the nature
of the aromatic substituents, the amide moiety, and the
alkyl groups, represents a novel carbon backbone with
unique binding affinities to renin. Of particular signifi-
cance was the nonpeptidic nature of the truncated
tetrasubstituted 8-aryloctanoic acid amide backbone in
1, in which the P,-P; units of peptide-type inhibitors
(Figure 1B) were modified by directly linking P1-P;
moleties as shown in another series.®® X-ray crystal
structure data of recombinant glycosylated renin with a
representative analogue of 1 revealed favorable hfydrw
phobic and hydrogen-bonding interactions within the
$3-Sz subsites, which were not utilized by peptidic
inhibitors.* Extensive optimization of the backbone
appendages in the 8-aryloctanoic acid motif revealed a
distinct preference for two isopropyl groups with 2R 7R-

(8} () Goschke, R.; Cohen, N. C.; Wood, J. M.; Maibuam, J. K.
Bioorg. Med. Chemn. Legr, 1997, 7, 2735. (b) Goschke, R.; Maibaum, J.
K.i Schilling, W.; Stutz, S.; Rigollier, P.; Yamaguchi, ¥.; Cohen|N. C.;
Herold, P. U.S, Patent 5,654,445, Aug 5, 1987, 1

{9y Lefker, B. A.; Hada, W, A.; Right. A. S.; Martin, W, H.; Stock, 1.
A.: Schulte. G, K.; Pandit. J.: Danley, D. E.; Amimirati, M. J.: Snleadon,
8. F. Bioorg. Med. Chem. Lett. 1983, 5, 2623, i

(10) (@ Plummer, M. 8.; Shahripour, A.; Kaltenbronn. J. S.; Lunney,
E. A,; Steinbaugh, B. A.: Hamby, J. M.; Hamilten, H. W.: Sawyer, T.
K.: Humbilet. C.; Doherty, A. M. Taylor, M. D.; Hingorani, G.; Batley,
B. L.: Rapundalo, 8. T. J. Med. Chern, 1895, 38, 2893. (b) Plummer,
M. 8.; Hamby, J. M.; Hingorami. G.; Batley. B. L.; Rapunalss. 8§, T,
Biocorg. Med. Chem. Lert. 1993, 3, 2118, :
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Ry = alkyl, amidoatkyl, ste.
Rz, B = mathoxy and methoxyethoxy, ets.
Ry, B = methyl, isopropy!

configurations rather than methy! or combinations thereof,
as indicated in the generic structure 1.1t

Very recently, two synthesis routes to CGP-60536B,
an analogue of 1 (where R, = 2,2.dimethylpropionamide,
Rz Rs = dialkoxy; Ry Rs = isopropyl), representing
original efforts at ex.Ciba-Geigy in Basel”? and the UK.,"®
respectively, were published. Both groups utilized a
convergent approach where a derivative of 2R-isopropyl-
4 R-hydroxymethylbutyrolactone, obtained by auxiliary-
mediated asymmetric alkylation' of appropriate amide
enolates, was a key chiron. Despite the need for chro-
matographic separation of mixtures of diasiercomers, it
was possible 1o develop viable routes to the target
structure. The source of nitrogen in the f-hydroxy amino
alcohol portion of 1 was azide lon, introduced via an Sy2-
type inversion of a suitably protected diol intermediate.
A third synthesis was based on nitrone chemistry, and
led to Lhe target compound as a minor diastereomer.'® A
synthesis of Nesubstituted 2,7-dialkyl-4-hydroxy-5-aminoe-

" 8-aryloctanoylamides has been reporied in the recent

paient literature.'®

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

(11) Rahuel, J.; Rasetti, V.; Maibuam, J.; Riegger, H.; Gdschke, R.:
Cohen, N. C.; Stutz, 8., Cumin, F.: Fuhrer, W.: Wood, J. M,; Gratter,
M. G. Chem. Biol. 2001, 7, 493,

(12) Ritegger, H.; Stutz, S.; Géschke, R.; Spindler, F.; Maibuam, J.
Tewahecron Lert. 2000, 44, 10085,

(13) Sandham, d. A; Tayler, R, J; Carey, J. 8. Fassler, A
Tetrahedron Lett. 2000, 41, 10091,

(14) Evans, D. A.; Ennis, M. D.; Mathre, D. J. J. Am. Cherm. Soc.
1982, 104, 1737.

{15) Dondoni, A.; DeLathauwer, G.; Perrone, D, Tetrahedron Lett,
2001, 42, 4819 ; _

(16) Herold, P.; Stutz, S.; Indolese, A, WO 109083, Feb 8, 2001,

(17) For a previous approach, see: Hanessian, 5.; Raghavan, 8,
Bivorg. Med. Chem. Lett. 1984, 4, 1696,
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Figure 2.

The retrosynthetic analysis of an 8-aryl-2R-isopropyl-
35 hydroxy-4S-aminoe-6 S-isopropyloctanoic acid amide
representing the prototypical structure of 1 (R; = H,
p:methoxy; Rs = H: Ry, Rs = isopropyl) is shewn in Figure
2. Inspection of the generic backbone structure of 1 with
the required substituents reveals that it may be derived
from 2 by iwo logical disconnections, involving cleavage
of the lactam and the hydrogenolysis of the N-benzyl
bond in the pyrrolidine motif (Figure 2). The alcohol 2
may, in turn, be obtained by a simple diastereoselective
reduction of ketolactam 3, originating from an intra-
molecular Dieckmann cyclization reaction between the
two ester moleties of 4. To simplify the process, our
original plan called for the utilization of a racemic 2-
isopropy! sutcinate side chain as in 4, with the hope
that the torrect stereochemistry could be attained by
equilibration of the unwanted isomer en route to the
intended varget 3. Amide 4 would be obtained from
the pyrrolidine 5, itself synthesized from pyrrolidinone
6 via the diastereoselective addition of aryl cuprates'®
to an intermediate iminium jon precursor.’® Finally,
pyrrolidinone 6 would be prepared from the readily
available L-pyroglutamic acid® by a stereocontrolled
introduction of the isopropy! group. The synthesis plan
shown in Figure 2 presented a number of practical
advantages, in addition to being innovative in design.

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

{(18) (a) Kemp, D. 5,; Renold. P.; MeClure, K. F. J. Org. Chem. 1995,
60, 454. (b} Ludwig, C.: Wistrand, L.-G. Acta Chem. Scand, 1980, 44,
707. () Skrinjar, M.; Wistrand, L.-G, Tetrahedron 1891, 47, 573, {d)
Thanning, M.; Wistrand, L.-G. Acta Chem. Seand. 1992, 46, 194. (e}
Ludwig, C.: Wistrand, L.-G, Acta Chem. Scand, 1994, 48, 367. (§
Zietlow, A.i Streckan, E. J. Org. Chem. 1984, 58, 5658, (g) Célimeéne,
C.; Dhimane, H.; Le Bail, M.; Lhommet, G, Tefrshedron Lett. 1994,
.gg. %%)05. {h) Collado, 1. Pedergal, C.; Ezquérra, J. J. Grg. Chem. 1995,

, 5011, |

(19) () Speckamp, W. N.; Hiemstra, H. Tetrahedron 1985, 41, 4367.
{b) Hiemstra, H.: Speckamp, W. N, In Comprebensive Organic
Symithesis, Trost, B. M., Fleming, 1., Eds.: Pergamon: Osxford, 1991
Vol. 2, Chapter 4.5, p 1047, j

{20} For a review, see: Najera, C.; Yus, M. Tetrahedron: Asymnetry
1899, 20, 2245, B

(21) Hanesslan, S.; Franco. J.; Larouche, B. Pure Appl. Chem. 1980,
62, 1887, !

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

Results

The first task in this synthesis was the introduction
of the 2R-isopropyl group in a suitably protected L-
pyroglutamic acid. Unlike many examples of lactam
enolate alkylations with reactive halides such as methyl,
benzyl, or allyl in a pyroglutamic ester motif,? the
introduction of an isopropyl group has few precedents.?
In fact, the treatment of the lithium. potassium, or
magnesium enolates of N-Boc-L-pyroglutamic acid meihyl
ester 7 (Scheme 1) with isopropy! iodide failed to give
any of the desired 4-isopropylated lactam. We were
suecessful in adding acetone to the lithium enclate of 7
to give 8 in 85% yield as a 5:1 mixture of anti- and syn-
isomers, respectively, with no evidence of racemization
of the ester.”® The diastereoselectivity of the acetone
addition reaction could be raised to > 10:1 in favor of the
desired anti-isomer by using the bulkier benzylhydryl
ester to direct the approach of the electrophile. It was
decided to proceed with the methyl ester and to separate
diastercomers further downstream. Moreover, we sur-
mised that the methyl ester would be a better intermedi-
ate in the intended intramolecular Dieckmann conden-
sation. Thus, protection of the tertiary alcohol of the 5:1

(22) For fascinating examples of concealed Imagery in Salvador
Dali's work, see. for example: (a) Slave Market with Visible Bust of
Voltaire, 1940, Dali Museum, St. Petersburg, FL. (b} Gala Looking at
the Mediterranean Sea-Concealed Portrait of Lincoln, 1976, Minami
Museum. Tokye. ‘ :

(23) See. for example: (a) Ezguerra, J.; Pedergal, C.; Yruretagoyena,
B.; Rubio, A.; Carreno, M, C.;'Escribano, A.; Ruano, 1. L. G, J. Org.
Chens. 1993, 60,2925, (b) Brena-Valle, L. J.: Sanchez, R. C.: Cruz-
Almanza, R. Tetrahedron Lett. 1998, 37, 1019. (c) Dorsey, B. D.; Levin,
R. B.; McDaniel. 8. L.; Vacea, J. P.: Guare, J. P.: Darke, P. L.; Zugay,
J. A Emmi E. A,; Schleif. W. A Quintero, J. C., Liu, J. H.: Chen,
L-W.; Holloway, H. K.: Fitzegerald, P. M. D.; Axel, M. G.; Ostovic, D.:
Anderson, P. 8.; HuT, J. R. .J. Med. Chem. 1994, 37, 3445, (d) Maldaner,
A Pilll, R, A, Tetrahedron 1998, 55, 13321, {e) Charrier, J.-D.; Dufly,
J. E.; Hitcheoek, P. B.: Young, D. W. Tetrahedron Letr. 1998, 39, 2199,
_{24) For lactone enclates, ses: Takahashl, Y.; Hasegawa. S.; lzawa.
T.; Kobayashi, S.; Otno, M. Chern, Pharm, Buil, 1986, 34, 3020, For
lactam enolates, see: Meyers, A. 1; Wallace, R, H.; Harre. M.; Garland,
R. J. Org. Chem. 1980, 55, 3137,

{25} For examples of aldol reactions with lactam enolates, see: {a)
Dikshit, D. K.; Panday, S. K. J. Org. Chern. 1892, 57, 1920, (b} Dikshit,
D. K. Bajpai, S. N. Tetrahedron Lert, 1995, 36, 3231. (¢} Escribano,
A Ezquerra, J.: Pedregal, C.; Ruble, A.: Yruretagoyena, B.; Baker, 5.
R.; Wright, R. A,; Johnson, B, G.: Scheepp. D. D. Bioorg. Med. Chem.
Lett. 1998, 8, 764.
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°C, THF, theri MeOH, pTSA, 95%; (d) MsCl, DMAP, EtsN, 72%6;
separation of minor syr-isomer; (e) Hp, PA/C, EtOAe, NaHCOs,
82%: {f) PhMgBr, CuBr-Me;S, BFs-OEts, THF, 89%; (g) LiOH,
THE/H0; (h) HCL, dioxane, 80% (two steps). g

mixture of diastereomers 8 as a TMS ether afforded| 9
which was reduced with DIBAL-H to give the cor(e-
sponding mixture of hemiaminals. Subsequent treatment
with acidic methanel afforded the methoxy analogue 10
in high overall yield. Mesylation of 10, followed by base-
catalyzed elimination, proceeded regioselectively to give
the alkene 11 exclusively, which could be separated from
the miner syn-2-propenyl isommer by chrematography.
Hydrogenation over Pd/C in the presence of sodium
carbonate gave the desired O-miethyl hemiaminal 12 in
excellent yield. An alternative synthesis of 12 in our
laboratory retied on a radical-induced deoxygenation?627
of the half methyloxalate ester of 8.2 Thus, we had
successfully introduced an isopropy! group with the
desired regio- and enriched stereochemistry in six high-

yielding steps starting from the readily available 7. The -

next task was to explore methods for the introduction of
an aryl group fellowing the synthesis plan outlined in
Figure 1. We focused on introducing phenyl and o
methoxyphenyl groups as prototypes, and further explar~
ing chemistry itoward the elaboration of the generic
structure 1. Thus, treatment of 12 with 4 equiv of a

~mixture of phenylmagnesium bromide, copper bromxde~

{26) Delan S C. MacMman J. 4 Chem Soc., Chem. C’ammun
1983, 1588. See alsy ref 4h.
(€7 Hanessian, 5.; Abad-Grillo, T.: McNaughton-Smith, G. ?etr&
hedron 1997, 53, 6281
(28) Hanessian, 8. McNaughton Smith, G, Unpublished resu.lcs.
|

\
i‘
i

Hanessian et al.

dimethyl suifide complex, and boron triflucride diethyl
etherate!® resulted in the formation of an adduct, 13, in
89% yield (Scheme 1). Deprotection of the N-Boc and
ester groups afforded a crystalline proline analogue, 14,
whose structure was ascertained by single-crystal X-ray
crystallography. Contrary to expectations based solely on
steric effects, the phenyi group had been introduced from
a trajectory of attack on the intermediate iminium ion
that was gpposite the ester group and syz to the isopropyl
group. The coordination of the ester group with the excess
organometallic reagent, coupled with a possible confor-
mational change as a result of such a steric encumber-
ment, may explain the observed result, It is of interest
that the steric effect inposed by the 4-isopropy! group is
counterbalanced by the bulk of the coordinated ester in
directing the attack on theiminfum jon. The formation
of anti-adducts in the reaction of N-Boc¢ iminium jons
derived from L-pyroglutamic esters with organocopper
reagents has been rationalized on the basis of complex-
ation with the ester, resulting in a shielding of the syn-

face. ¥4k This tendency alse overrides the 1,2-induction -

of a C-4 substitutent,®" as obsérved in the case of 13,
However, exceptions io this stereochemical course of anth
addition can be {ound.!%

In an alternative approach, we opted to introduce the
phenyl group prier to deoxygenation of the tertiary
alcohot {Scheme 2). In.this sirategy one would expect the
nucleophile to approach the iminium ion from the side
oppesite the bulky metal alkoxide organic complex,
provided excess reagent was used. Thus, treatment of 10
with 5 equiv of the phenylmagnesiocuprate reagent gave
the corresponding adduct 15 in 55% yield as a 5:1 mixture
of diastersomers. Reaction of the alcohol with mesyl
chloride, triethylamine, and DMAP gave the correspond-
ing alkene 17, which could be separated from the minor

syrrisomer by column chromatography Catalytic hydro-

genation afforded 19 as a single isomer in high overall
yield. There was no evidence of any product arisirig from
ring opening by hydrogenolysis. Hydrolysis of the ester
with lithium hydroxide gave the acid 21, which after
X-ray analysis showed that the phenyl group had, in fact,
added to the iminlum ion in an antf fashion to the alkoxy
isopropyl group. The same sequences were performed in
the p-methoxyphenyl seriés to give 18, which was further
transformed to 20 as described for the phenyl analogue
(Scheme 2). With both 4,5-syn-proline 14 and 4,5-anti
prolines 19 and 20, available in enantiopure form. we
turned (o the introduction of the second isopropyl group
and (o test the prospecis of a Dieckmann cyclization.®
It was interesting that a cursory literature search for
carrying gut the synthesis of substituted indolizidinones
such as 3 (Figure 2} by a Dieckmann cyclization showed
rio precedents,® which heightened our interest to pursue
this strategy. The more directly accessible 4,5-anti-
proline analogue 19 was investigated. Removal of the Boc
group, and converting ‘the resulting product to the
monobenzyl 2-isopropylsuccinamide 22 proceeded smoothly
to give a 1:1 mixture of diastereomers (Scheme 3).
Subsequent treatment with KHMDS at —50 °C gave
a bicyelic product, 23, which after hydrogenolysis and
decarboxylation was converted to 24, isolated as a single
isomer in only 30% yield. Numerous attempts at improv-
ing the yield by variations of bases proved futile. Having
reached this stage in our planned sequence, we decided
to continue the synthesis despite this apparent setback.
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“ Reagents and conditions: (a) PhMgBr {(or p-MeOCgH4Li, CuBr—Me;S, BF3-OFt;, THF; (b) MsCl, DMAP, EiN; (5) Hp, 10% Pd/C,

EtOAc; {d) LiOH, MeOH, H,0, 94%.

Reduction of the carbonyl group in 24 with L-Selectride
gave the corresponding alcohol whose structure and

‘absolute stereochemistry were definitively shown to be

25 on the basis of a single-crystal X-ray analysis. Except
for an important stereochemical caveat revealed in the
opposite orientation of the new isopropyl group, we had
indeed succeeded in elaborating the entire carbon skel-
eton and required functionalities in 1. Each chemical step
leading to the bicyclic product 25 had proceeded with
excellent stereoselectivity, thus validating to a large
measure our original synthetic plan (Figure 2). Attermpts
to epimerize the 2S-isopropyl-bearing carbon using a
variety of conditions® resulted in the recovery of starting
material with no trace of the desired epimer. A simple
rationalization of the results is ilustrated in Scheme 4.
On the basis of the presence of equal proportions of
amides 22a and 22b, it is clear why isomer 23, possibly
arising from a hypothetical chairlike conformation in the
pro-S-isomer 22a with a predispused pseudoequatorial
isopropyl group. is the observed product. An analogous

{29} For examples of monocyclic nitrogen heterocycles, see: {a)
Blake, J.; Willson, C. D.; Rapeport, H. /. dm. Chem. Soc. 1964, 86,
5293, () Loy, 8. V.. Smith, 8. C.: Woodward, P. R. Tetrahedron 1992,
48, 1145, {) Toda. F.; Suzuki, T.: Higa, 8. /. Chem. Soc., Perkin Trans.
1 1998, 3521, (d} Sibl, M. P.: Christensen, J. W.; Kim, §.-G.; Eggen.
M.: Stesaman, C.; Olen, L. Tetrahedron Lete, 1995, 36, 6208. {&) Knight.
D.W,; Lewis, N.; Share, A. C.; Haigh, D. J. Chemn. Soc., Perkin Trans.
1 1988, 3673, {f) Ma, D Sun. H. Tewrahedron Let:. 1999, 40, 3609,
For examples of bicyclic and polycyelic nitrogen heterocyles, sed: (g)
Leonard, N. G.; Fulmer, R. W.; Hay. A. 5. .J. Am. Chem. Soc. 1956, 78,
3457, () Davies, W. A. M.; Pinder, A, R.; Mortis, 1. G. Tetrahedron
1962, /8. 405. (i} Holden, R. T.: Raper, R. J. Chem. Soc. 1963, 2545,
() Beckett, A. H,; Lingard, R. G.; Theobald, A: E. E. J. Med, Chem.
1969, /2 563, Fulmer, R, W.; Hay, A, 8. J. Am. Chem, Soc. 1956, 78,
3457, (&} Gensler, W. J.: Hu, M. W. J. Org. Chem. 1978, 35, 3848. ()
Howard. A. 8. Gerrans. G, C.: Meerholiz, C. A. Tetrahiedron Lett. 1980,
24,1373, {m) Hatamaka, M.; Ishimary, T. Tetrahedron Lett. 1983, 24,
4837. (n) Jackson, B. G.; Gavdner, J. P.; Heath, P. C. Tetrahedron f.ett.
1990, 37. 6317, {0) Neyer, G.: Ugi, 1. Synthesis 1991, 743. (p) Buteau,
R, Mortier, J.: Joucla, M. Terrafiedron 1992, 45, 8847, (g} Liu, R.;
Castelles. J.: Rapoport, H. J. Org. Chem. 1998, 63, 4069, {r} Andrews,
M, D.; Brewster, A. G Crapnell, K, M.; Ibbett. A, J.; Jones, T.
Moloney, M. G.; Prout, K.: Watkin, D. J. Chem. Soc.. Perkin Trans. |
1998, 223 (s) Li, J.; Wang, T.; Yu, P.; Peterson, A.; Weber, R.; Soerens,
D.; Grubisha, D.: Bennett, D.; Cook, J. M. 7. Am. Chern. Spc. 1999,
121, 6998. (t) Harrvison, J. R.; O'Brien, P.; Porter, D. W.; Smith, N. M.
J. Chem. Soc.. Perkin Trans. | 1999, 3623. (1) Haudrechey, A
Chassaing, C.; Riche. C.: Langlois, N. Tetrahedron 2000, 56, 3181,

{30) For the synthesis of indolizidinones and pyrrolizidiniones by
Dieckmann condensations of proline-dorived precursors, see refs 29t
and 20k.p, respectively.

(31) Baker. W. R.; Pratt. J. K. Tetrahedron 1993, 49, 8739,
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4 Reagents and conditions: (a) TFA, toluene, 85%; (b) BOPCI,
PrsNEg, HO:CCH(CHMez)CH2CO2Bn, 85%; (¢ KHMDS, THF,
—50 °C: {d) Hz, PA/C, 30% {two steps); (6) L-Selectride, THF, —78
°C, 60%.

pathway from the enolaie formed from the desired pro-
Risomer 22b would be unfavorable (Scheme 4).
Considering the modest 30% yield in the Dieckmann
cyclization, and excluding the possibility of equilibration
between the two isomers via the corresponding enolate
prior to cyclization, we assumed that the ester enolate
of the pro-F-isomer 22b must follow a different course
during the reaction. leading to unidentified products. To
lend credence to this supposition, we prepared 22b inde-
pendently, and subjected it to a Dieckinann cyclization
under the same conditions as for the mixiure (Scheme
5). A complex mixture of unidentifiable products was
ghtained with no trace of the expected bicyclic lactam 23.
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This could aceoynt for the modest yleld of cyclization
when the mixture of 2-isopropyl-2 R and 2-isopropyt-25-
succinaies 22a and 22b was used in the Dieckmann
reaction, since only the 2S5-isomer reacted. The synthésis
of enantiopure succinate 28 from a known pr ecmsor” is
shown in Scheme 5.

At this juncture, we decided to introduce the second
isopropyl group later in the sequence, without compro-
mising the eriginal plan shown in Figure 2 (Scheme 6).
Removal of the 'NBoc group in 19 followed by amide
formation with succinic acid manobenzyl ester afforded
29, In this case Dieckmann cyclization was best achieved
using sedium tery-pentoxide as a base. However, the yleld
of the product 30 after decarboxylation was modest! In
the presence of éther bases (NaH, KH, LiHIMDS) yields
were substantdally lower. Clearly the possibility of mul-
tiple enolate fogmation sites and different reactivities
must be contrphing factors in the Dieckmann cyclizations
of poly‘substiwtgd proline analogues such as 29, Never-
theless, we tontinued this sequence with the phenyl
analogue 30, kéducnon with t-Selectride afforded the
aleohol 31 as the only detectable isomer (NMR). Treat-
ment wish hydrgchloric acid in methanol resulted in'the
hydrolysis of the lactam to afford the corresponding
lactone hydrochloride Protection of the pyrrolidine

3 Fora rclawd acid-catalyzed lactam to lacmné transformation,
3 aPl%ta D. 3 Lemma, M. R.: Morton, H. B. Tefrabedron Letr. 1991
2, 362,

undesired isomer, 23

H A

Ph\/\
? N;Bi,cogan

e}
desirad isomer

moiety as the M-Boc derivative afforded the lactone 32
Formauion of the lithium enolate and treatment with
acetone afforded the corresponding adduct 33 as a single
isomer. Treatment of 33 with phosphorus pentachioride
in dichloromethane,® in the absence of base, gave the
side chain alkene derivative 34 in excellent yield. Reduc-
tion of the double bond, fellowed by ring opening of the
resulting lactone 33 with 2-propylamine in the presence
of trimethylaluminum,® and catalytic hydrogenation
afforded the prototypical target 36,

We turned our atiention to an alternative route that
utilizes the disubstituted proline scaffolds prepared from
-pyroghutamic acld (Scheme 7). The reaction of the
pmethoxyphenyl derivative 28 with the lithium salt of
dimethyl methylphosphonate® gave the corresponding
phosphonate in 88% yield. Horner—Enumons~Wadsworih
reaction in the presence of LiCI® with methyl glyoxal
gave the unsaturated ester 38 as a mixture of ¢is- and
trans-isomers in 68% vyield. Hydrogenation of the
doubie bond and subsequent reduction of both the ester
and the ketone groups with sodium borohydride in
mathanel gave the diol 39 in 88% yicld as a single
Hastergisomer. as ascertained by ‘H NMR. Selective
oxidation of the primary alcohol with TEMPO and iedo-
berzene diacetata™ gave the corresponding lactone 40 in
75% vield. We were now poised to introduce the isopropyl
group via the corresponding lithium enolate as in the
phenyl serics (Scheme 8), Thus, treatment of 40 with
LiHMIS, followed by addition of acetone, gave the aldot
prosfuct 41 as a single isemer in 87% yield. Treatmeni
of 41 with phosphorus pentachloride™ at —G0 °C in
dichloiumethane in the absence of added base gave the
desired alkene 42 in 80% yield. whose structure and
abschute configuration were ascertained by X-ray crystal-
lograpiic analysis. The remaining steps followed closely
the chémistry already described in Scheme 6. In this
series. we opened the lactone ring with 1-butylamine®
in the presence of trimethylaluminum® to afford the
amide 43 in 75% yield.

{33} Rehders, ¥ Happe, D, Synthesis 1992, 859,

£34) Nahm, S.; Woinreb, 8. M. Tefrafedron L2, 1981, 27, 2815,

(25) Chakravarty, P. K Combs. P Roth, A Greenlee, W, J.
Terrpshedron Led. 19818, 28, 611,

U35y Blanchette. M. Al Choy, W.: Davis, J. T.; Essenfeld, A, P.;
Masminune, 3.; Roush, W, R Sakai, T, Tetrahedron Lew, 1984, 25,
2183,

{37) bre Mico, A : Margarita, R Partanti, L.; Vescovi, A Piancatelli,
©. J. Crg. Ghom, 1997, 672, 6974,
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“ Reagents andosiditions: (a) TFA, benzene, quantitative; (b BOPCL, Et;N, PrsNEt, HO,C(CHz);CO:Bn, 85%: (c) sodium tert-pentoxide,
THF, =20 °C, thén Hy, 10% Pd/C, 46%; (d) L-Selectride, ~78 *C. THF, 66%: (e) concentrated HCI, MeOH, reflux, then Boc:O, 60%; ()
LiHMDS, —78 °C. THF, then acetone, 85%; {g) PCls, DCM, 80%; (h} Ha, 10% Pd/C, EtOAc, 90%; (i} NHzCHMez, AlMes, DCM: (j) Hz, 10%

Pd/C, EtOAc, 60psi; 3 days, 50% (two steps).

; Scheme 72
— * —/ —/
% % —
LN, b o
Al’_ ?'\l COgMQ’ —_—  Ar ||\| PO(OMe)y —n Ar rlq
Boc : Boc O ‘ Boc
20 ” a7 38 COMe
Ar = p-methosyhieny!

2 Reagents ang 4}
EtQAc, 90%; (d):MapHa, MeOH, 88%; (e) TEMPO, DCM, PhI(OAc)z, 75%; (f) LAHMDS, THF, —78 °C. then acetone, 87%; (h) PCls, DCM,
—60 °C, 80%: (i) 'Hi; 10% Pd/C, EtOAc, 90%; (j) "BuNHz, AlMes, DCM, 75%; (k) Hz, 10% Pd/C, MeOL, 3 days, 60%.

Finally, cleavage of the pyrrolidine Nbenzyl bond with
10% Pd/C under’an atmosphere of hydrogen at 60 psi
gave the intendegd prototype 44 in 60% yield. The same
sequence was adopted in the case of the syn-oriented
analogue 45, prdpared essentially as described for the
phenyl analogue 13 (Scheme 1). The sequence proceeding
through the speps shown in Scheme 8 led to the lactone
intermediate #8;which was transformed to the r-butyl
amide 30. db{munately, the same conditions that
resulted in smobth hydrogenolysis of the pyrrolidine
N-benzyl bongt ini 35 and 43 were not successful with 50.
A survey of agthér catalysts and conditions were tried,

g

iy
Koisuki, H. Miyazaki, A.; Ochi, M. Tetrahedron
Lett, 1991, 32, 4308,

e

(38) See, for exagnple: (a) Poss, M. A.: Reid, J. A. Tetrahedron Lett.
1992, 53, 1411. ()

itions: (a) MePO(OMe)z, “BuLi, THF, =78 °C, 88%; (b) CHOCOzMe, LiCl, MeCN, 'Pr2NEt, 68%; (c) Hp, 10% Pd/C,

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

We have reported our strategies for the stereocon-
trolled synthesis of 2R-isopropyl-45-hydroxy-5S-amino-
7 S-isopropyl-8-aryloctanoic acid amides representing the
generic renin inhibitor structure 1. starting from the
readily available L-pyroglutamic acid. The resident chiral-
ity in this versatile template was efficiently exploited to
conirol the stereochermistry of the 4 R-isopropyl group and
to introduce the 5-aryl group, as well as being the source
of the 5-amine group in the target structures (Schemes
1 and 2Z). The difficulty in achieving lactam enoclate
alkylations with 2-propyl halides was circumvented by
an aldol-type condensation with acetone, followed by
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Scheme 8¢ |
< ;
a " . bt 4 0 !
12— A [.N_xm s AT !‘\I ....g’..em.. J
Boc Boe ‘
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Ar = p-methoxyptinyi ‘
“‘/ Y |
»‘H I § c‘H
Ar ['q O, o -w--u---- Ar' N 0 . Q “
Boc / Boc 1
! |
47 48 /%T-;
-/
!
M i s OH H
AN oG e T e 5 N
Boo N H \
% Boc 0 |
49 7 50 \

: |
?Reagents and conditions: (a) p-MeOCgH L4, CuBr—-Me:S,
BF30Etz, 70%; (b} MePO(OMe)z, “Buli, THF, ~78 °C, 80%; {¢)|
CHOCOMe, LiCl, MeCN, Pr;NEt, 80%; (d) Hy, 10% Pd/C, EtOAc,
90%: () NaBHs, MeOH, then pTSA, toluene, reflux, 40%; ()
LiHMDS, THF, 78 °C, then acetone, 66%; (g) PCls, DCM, ~60
;%(.}/62%: (1) Hz, 10% Pd/C, EtOAc, 95%; (i) "BuNHs, AlMes, DCM,
Q.

elimination to a 2-propenyl appendage, and subsequen
reduction. Further chemical elaboration of the 4,54
disubstituted proline analogues afforded the enam_iopurq‘
8-aryl-7T-isopropyl--amine-4-hydroxyoctanoic acid skely
eton disguised as a pyrrolidinolactone, 40. Stereocomt
trolled enolate alkylation with acetone as a 75-isopropy
equivalent, amide formation. and cleavage of the benzyli
pyrrolidine bond led to the intended targets exemplift
by 36 and 44. The entire sequence shown in Schemes 1,
2, and 7 adopting the “f-ketophesphonate” route constiL
tutes 18 linear steps starting with N-Boc-pyroglutamit
acid methyl ester and proceeds in an overall yield of 2.5%.
Several intermediates were crystailine, and purifications
were easily accomplished in other cases. !
Although the eriginal plan as outlined in Figure 2 could
not be realized past the Dieckmann cyclization step. it
served as a visual stitulus to devise alternative strate-
gles that were successfully executed, The implementatio
of these and related strategies to other aryl-substitufe
congeners of 1, and variations in the amide portion,
should prove useful in further fine-tuning the biological
profile of this class of novel inhibitors of renin. w‘

Experimental Section “

General Procedures, All commercially available reagents
were used without further purification. Salvents were distilled
under pesitive piessure of dry nitrogen before use, THFE and
ether were distilied from K/benzophenone, and CH;Cl, and
totuene were distitled from CaCly. NMR (1H, 2C, 3P} spectra
were recorded on 300, 400, and 600 MHz spectrometers in
CDCls, and DEPT experiments were performed routinely. Low-
and high-resolution mass spectra were medsured using fast
atom bombardnent (FAB) or electrospray techniques. Optical
rotations were measured at the sedium line at ambient
temperature, Flash colurmn chromatography® was performad

> /L)\("

Hariessian et al.

in the usual way using silica gel (40~60 um}. Melting points
are uncorrected. ‘

4R. and 45-(1-Hydroxy-1-methylethyl}-5-oxopyrroli-
dine-1,.2 5 dicarboxylic Acid 1-fert-Butyl Ester 25Methyl
Ester, 8. To a solution of 7 {15 g, 61.7 mmol} in dry THF (600
ml} at ~78 °C was added LiHMDS (62.6 mL, 62.6 mmol, I M
solution in THF), and the mixture was stirred at ~78 °C for 2
h. Dry acetone {17.6 g. 5 equiv, 0.3 mol) was then added, and
the mixture was stirred at —78 °C for an additional 4 h. The
reaction mixture was quenched with saturated ammonium
chloride solution and allowed to warm to reom temperature.
‘The organic phase was separated, and the aqueous phase was
extracted with ethyl acetate (3 x 100 mL). The organic extracts
were combined, dried over anhydrous sodium sulfate, and then
filtered. The solvent was removed, and the residual pale yellow
oil consisted of a 5:1 mixture of 8 and its 4-eplmer, which was
used directly without further purification (18.5 g, quantita-
tive): 'H NMR (300 MHz, CDCly) 6 4.56 (dd, 1H, /=2, 9 Hz),
3.77(,3H), 279 (dd, 1H, /=9, 12 Hy}, 2.10 {m, 2 H), 1.48
(s, OH}, 1.24 (s, 3H), 1.22 (s, 3H); ¥C NMR (75 MHz, CDCly)
4 1749, 171.4, 148.9, 83.9, 71.0, 56.5, 52,6, 51.1, 27.8, 25.1,
24.9; LRMS (m/2) (M* + 1) 302.2.

4R and 45(1-Methyl-1-trimethylsflanyloxyethyl)-3-
oxopyrrolidine-1,2 S-dicarboxylic Acid 1-teré-Butyl Ester
285 Methyl Ester, 9. To a solution of 8 (18.5 g, 61.4 mmolj in
dry dichloromethane (800 mL) was added hnidazole (4.54 g, 2
equiv, 0.13 mol}, and the mixture was stirred for 5 min.
Chlorotrimethylsilane (6.48 g, 80 mnol) was then added in
one portion, and the mixture was stirred at 0 °C for 2 h. The
rgaction mixture was then filtered, and the filtrate was washed
rapidly with distilled water (30 mL). The erganic layer was
dried over anhydrous sodium sulfate and filtered, and the
solvent was removed under reduced pressure to give a yellow
oll which was used without further purification (16.04 g,
70%): 'H NMR (300 MMz, CDXCly) 6 4.52 (dd, 1+, J=2,9
Hz), 3.77 {5, 3H), 2.55 {m, 1H), 2.37 {m, 1H), 2.01 {m, 1H),
1.48 (s, 9H), 1.42 (5, 3H), 1.38 (s, 3H), 0.00 (s, 9H): 13C NMR
{75 MHz, CDCY) 6 172.8, 172.2, 149.0. 83.1. 74.5. 57.0. 52.9,
52.3,20.8,27.8,26.1, 24.4, 2.2: MS (imfz) (M* + 1) 374.2; HRMS
{mizy (M* + 1) caled for Cjr HaNOGSi 374.1982, found
374.1999. ‘

4R- and 45-(1-Hydroxy-1-methylethyl)-5-methoxypyr-
rolidine-1,285.dicarboxylic Acid 1-fertButy! Ester 25
Methy! Ester, 10, To a solution of 8 (16.0 g, 42.9 mmol) in
dry THF (400 mL} was added at —78 °C DIBAL-H (80 mL, 80
mmol, 1 M solution in toluene), and the mixture was stirred
at that temperature for 2 h. The reaction mixture was
quenched with distilled water, and the organic solvents were
removed under vacuum, The residue was suspended in 3 M
NaOH solution, and the suspension was rapidly washed with
ethyl acetate (3 % 150 mL). The organic extracts were
combined, dried over anhydrous sediwun sulfate, and filtered,
The solvent was remnoaved under reduced pressure to give the
hewiaminal (15 g, 40 nnol} as a yellow oil which was dissolved
in dry methanol {150 mL}, pTSA{cat) was added, and the
mixture was stirred overnight. Solid sodium bicarbonate was
added, and the mixture was stirred for 20 min before the
solvent was removed under vacuurn, The residue was dissolved
in ethyl acetate and washed with distilled water. The organic
phase was dried ¢ver anhydrous sodium sulfate and filtered,
and the solvent was removed under reduced pressure to give
a yellow cil. The oil was dissoived in benzene, and any residual
water was removed azeotropically. The off was then used
directly without further purification (11.4 g, 95%): IR {(neat)
3518, 2976, 1750, 1710, 1479, 1458, 1438, 1368, 1300, 1203
cml,

48 Isopropyl-5 S-phenylpyrrolidine-1,2§- dicarboxylic
Acid 1-tert-Butyl Ester 25.Methyl Ester, 13. To a solution
of 10 {1.0 g, 3.15 rumol} in DCM (50 ml) were added DMAP
{15.4 g, 12.6 mnmol), triethylamine (12.7 g, 12.6 mmel}, and
Ms(1(14.4 g, 12.8 mmol}, and the reaction mixture was stirred
avernight, The solvenr was removed under reduced pressure,

(39) Still, W. C.: Kahn, M.; Mitra, A. J. Ong. Chem. 1978, 43, 2923,

o
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and the crude was dissolved in ethyl acetate and washed |
sequentially with dilute HCL saturated NaHCQs, and brine. |
The organic layer was dried over anhydrous soditan sulfate |
and filtered. The solvent was removed under reduced pressure, |
and the crude was purified by column chromatography (1:9 |
cthyl acetate/hexane) to separate the roinor 4 R-isomer to give |
11 as a colorless oil {0.68 g, 72%). To a solution of 13 (600 mg, |
2.0 mmol) in ethyl acetate were added solid sodium bicarbon-
ate (large excess) and 10% Pd/C. The reaction mixture was ‘
stirred under an atmospherc of hydrogen gas. The solids were “
removed by filtration, and the solvent was removed te give 12 |
as a colorless oil, which was used without further purification ’
(600 mg, 82%}. Te a suspension of copper(ll}) bromide— |
dimethyl sulfide complex (1.22 g, 4.4 equiv, 5.85 numol} in
anhydrous ether (5 mL) at ~78 °C was added phenylmagne-
stum bromide (5.95 mL, 4.4 equiv, 5.95 mmol), and the reaction
mixture was stirred at —40 °C for 45 min. BF3-OEt; (0.84 ml,
4.4 equiv, 5.95 mmol) was added at ~78 °C, and the mixture |
was stirred for & further 30 min. The aminal 12 (0.41 g, 1.38 ‘
minol) was then added; and the reaction mixture was stirred |
at ~78 °C for 1 h and then slowly warmed to room tenipera- |
ture. The reaction mixture was guenched with a 1:1 mixture|
of NH,OMH/NHCl and extracted with EtOAc. The combinedJ
organic extracts were washed with brine and dried over)
anhydrous sodium sulfate. The mixture was concentrated and
purified by column chromatography (1:4 ethyl acetate/hexane)
to yield 13 (yleld 420 mg, 89%): 'H NMR (300 MHz, CDClL)|
& 7.38~7.10 {m, 5H), 4.97 {and rotamer at 5.1) (d, iH, J =
7.19 Ha), 4.68 (and rotamer at 4.58) {4, 1H, J= 10 Hz), 3,78
{s, 3H), 2.35~2.20 (m, 2H), 2.10-2.01 (m, 1H), 115 (s, OH),
0.91-0.85 {m, 4H), 0.78-0.72 (m, 3H): HRMS (m/2 caled for
CaoPrmNO, 347.2098, found 347 2084, ;
45 Isopropyl-55phenyl-1,2 S-dicarboxylic Acid 1-ferd
Butyl Ester, 14. To a solution of 13 {100 mg, 0.29 mmo)) 1
THF (5 mL} and water {2 mL) was added lithium hydroxid
(24 mg, 2 equiv, 0.57 mmol), and the reaction mixture was
stirred overnight. The THF was removed under vacuum, an
the solution was extracted with diethyl ether and then acidifi
to pH 1. The aqueous phase was extracted with sethyl acetate,
the organic extracts were dried over anhiydrous sodium su ifatq,
and the solvent was removed to give an oil which was treate
with HCL in dioxane overnight. The solvent was removed undey
reduded pressure to give an oil which was triturated with
diethyl ether to 14 as a white solid (76 mg, 80%}: mp 162+
164 °C det; 'H NMR (free amino acid) (300 MHz, CDCL) o
9.4~8.9 (brs, 2 H), 7.38~7.25 (m, 5H). 5.18 {4, 1H, J= T Haz),
4.9% {s, 1H), 2.40~2.05 (m, 3H), 1.26 (mn, 1H), 0.8 {dd, 8H, J+
4, 6 Hz); "*C (free amino acid) (75 MHz, CDCL) 6 171.5, 1327,
120.1, 128.6, 12B.7, 65.9, 58,6, 49.6, 32.1. 27.6, 21.8, 21.3;
LRMS (/2 (M* -+ 1) 234; HRMS (/2 (M* + 1) caled for
CigHuNO2 234.1485, found 234.1494. |
4R- and 45-(1-Hydroxy-1-methylethyl)-5 R-phenylpyr-
rolidine-1,28-dicarboxylic Acid 1-tertButyl Ester 2§
Methyl Ester, 15. Copper{IT) bromide—dimethy! sulfide com-
plex 20:4 g, 99.6 mmol) was suspended in dry THF (450 mL),
and the mixture was covled to ~40 <C. Phenylmagnesium
broride (99.6 mL, 99.6 mmel, I M in THF) was then added
slowly at such a rate so as o keep the reaction temperature
between 40 and ~30 °C. After complete addition of the
Grignard reagent, the yellow suspension was stirred at —30
°C for 1 h. The reaction mixture was then cooled to ~78 °C
whereupon BFyOEr; (14.04 g, 99 mmol} was added, and t}i}w
mixture was stirred at this tempergture for 30 min. A solutign
of 10 (7.5 g, 24.8 mmol) in dry THF (60 mL) was then added,
and the mixture was aflowed to siowly warm to room temper-
ature and then stirred for 1 h. The black suspension was
quenched with a 1:1 mixture of agueous armmonia and rj:\-

monium chloride (G0 mL). and the THF was removed wader
vacuum. The residue was dissolved in diethyl ether (100 L)
and washed with ammonium chloride solution. The aqusous
phase was extracted with diethyl ether (3 x 100 mL}, and the
organic extracts wore combined, dried over anhydrous sodium
suifate, and then filtered: The solvent was remuoved, and the
dark oil was purified by column chromatography {1:4 othyl
acetate/hexane) to afford 15 (5:1 mixture) as an off-white sq}id
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{4.97 g, 55%): mp 122—124 °Cy lady —~11.82 (¢ 1, CHCh): 'H
NMR (300 MHz. CDCls) 6 7.44 (m, 5H). 6.96 (br, 1H), 5.00 (d,
1H, J == 14 }iz), 4.54 (m, 1H), 3.89 (5, 360}, 2.71-2.40 {m, 3H),
121 s SHY 047 {5, 3H) (ree ‘amine): ¥C NMR (75 MHz,
CDCLY & 174.0, 153.1, 1440, 128.3, 1280, 126.6, 80.1, 71.4,
62.0, 58.5, 57.9, 52.1, 30.2, 28.1, 27.9. 27.7, LRMS (/g (M~
+ 1Y 3641, HRMS (w9 M* + 1) caled for CupHaNOs
364.2134, found 364.2124. i

4R-und 48-(1-Hydroxy-1-methylethyl)-3 B-(4-methoxy-
phenylpyrrolidine-1,28 dicarboxylic Acid 1-tert-Butyl
Ester 28-Methyl Ester, 16. To a solution of p-bromoanisole
{23 6 g, 0.126 mol} in dry THF (150 1L} at ~78 *C was added
a-butyllithium (£3.2 mL, 0.126 mol, 2 M in hexanes), and the
reaction mixture was stirred ar +~78 *C for 20 min, The Kthium
reagent was added 1o a stirring suspension of copper(ll}
bromide~dimethyl sulfide cumplex (26 g, 0.126 mol) at —78
°C in THF {150 i), and the iresultant black solution was
stirred at ~78 °C for 1 h. BF3*OEt; (35.8 g, 0.25 mol) was then
addedd in one purtion, and the reaction mixture was stirred
for a further 30 min. A solution of 10 as described above 8 g,
25.2 mmol} in dry THF 20 ml} was then added, and the
reaction mixture was then allowed to slowly warm to room
temperature. The biack suspension was quenched with a 1:1
mixiure of arnmonium chioride solution and aqueous ammonia
and extracied with ethyl acetate (4 x 30 mi}. The organic
fractions were combined, dried over anhydrous sodium sulfate,
and filtered. The solvent was removed under reduced pressure.
aind the resultant yellow ol was purified by column chroma-
tography (1:4 ethyl acetate/hoxane) to give a clear oil consisting
of §:1 mixture of diastersomers (4.56 g, 46%): {aly ~ 9.3 (e
1.3, CHCI): tH NMR (400 MHz, CDCly) 6 7.51 (4, 2H, /=9
Hz), 6 84 (. 27, J= 8 Hz), 4.90~4.46 (m, 2H), 3.79 {5, 6 1),
2.40--2.08 (m, 310, 1.35—~1.10 (m, 13 H); BC NMR (75 MHz,
CDCla) 6 173.8, 158.3, 134.2, 136.6, 113. 3. 80.1, 71.2, 63.2,
60.3, 57.8, 55.1, 52.1, 30 1, 28.7, 28,1, 27.9, 27.8; LRMS (/)
(M 4+ 1) 304 HRMS (ad2 (M + 1) caled for CoHaNQg
394.2236, found 3042229,

4% Isoprogenyl-S R-phenylpyrrolidine-1,28-dicarbox-
vile Acid 3-teri-Buiyl Ester 28-Methyl Ester, 17. To a
solution of 15 (3.2 g, 877 mmel) in dry dichlormnethane {240
mi.} were added dry triethylamine (3.56 g, 4 equiv, 35.2 mmel)
and DMAP (4.3 g, 4 equiv. 35.2 mmol), and the mixture was
stircod for 5 suin at § °C, Methanesulfony! chioride (4.01 g, 4
equiv, 35.2 mraad] was slowly added, and the deep red solution
was atiowed to stir at room temperature overnight. The
reaction mixiure was quenched by the addition of ammonium
chioride solution (20 ml} and ethy! acetate {100 mL). The
organic phase was separated, and the aqueous phase was
washed with ethyl acetaie (8, x 100 mL). The organic layers
were combined, dried over anhydrous sodivm sulfate, and
filtered. The solvent was removed under vacuum, and the
crude red ol was purified by eolumn chromatography (1:9 ethyt
acetato/hexane) to glve 17 as a coloriess oll which solidified
on standing (2,14 g, 81%): wp 48-48 °C; lulp -36.4 (¢ 0.9,
CHCH): 'H NMR (G0 Mz, CDCL) & 7.53~7.17 {m, 5H), 4.8
{br, 1H), 4.67 (br. 1H), 4.5 (dd, 2H, J= 9, 20 Hz), 3.84 (s, 3H},
3.76 {d, 1H, /= 3 Hz), 2.84 {m, 1H), 2.15 (m, 2H), 1.75~-1.09
{br m. {HHY BCNMR (75 MHBz, CDCL) ¢ 173.5, 143.0, 1278,
127.6, 126.6, 125.9, 113.0, 80.3. 86,4, 50.1, 54.9. 52.1, 33.4, 28.1,
27.8,20.2; MS (/) (MF -+ 1) 346; HRMS (n/2) M™ + 1) caled
foir CayugMOy 346.2013, found 346.2018.

£5Isopropenyl S R (4-methoxyphenyDpyrrofidine-1,25
dicarboxylic Acid I-reré-Butyl Ester 25-Methyl Ester, 18,
To & soivtion of 18 (3.1 g 7.8 mmol} in dry dichloromethane
{204 ) were added dry teipthylamine (3.19 g, 4 cquiv, 31.8
mmol} and DMAP (3.86 g' 4 equiv. 31.6 mmol), and the
mixture was stirred for 5 'min at 0 "C. Methanesulfonyl
chloride (36 g, 4 equiv. 31.5 mmol) was then slowly added,
and the deep ved solution was allowed 1o st ar room
ternperacure overnight. The reaction mixture was guenched
by the addition of ammeoniuin chioride sclution (20 mL} and
ethyl acetare (100 mL), and the organic phase was separated
and processed as described for 17 to give a red oil which was
purified by coluinn chromatopraphy (119 ethyl acetate/hexane)
to give 38 as ¢ colorlees ofl (240 g 81%): {ody ~12.55 (¢ 1,
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CHCl3); *H NMR (400 MHz, CDCly} 6 7.35 (d, 2H, J= 8 Hz),
6.74 {d, 2H, J= 7 Hz), 4.72~4.35 (m, 3H}, 3.70 (s, 4H), 3.66 |
(s, 3H}, 2.05 (m, 2H), 1.29 (m, 4H), 1.45~1.02 (m, 9H); BCNMR |
{75 MHz, CDCl3) 0 173.4, 158.3, 141.8, 135.1, 1281, 127.8, |
113.0, 79.7, 65.7. 60.0, 58.9, 54.8, 33.2, 28.0, 20.7, 13.9; LRMS |
{mfz} (M* + 1) 376; HRMS (/2 (M* + 1) caled for CoHagNGs
376.2126, found 376.2124.

48 Isopropyl-5R-phenylpyrrolidine-1,2S dicarboxylic |
Acid 1-tert-Butyl Ester 25Methyl Ester, 19. To a solution |
of 17 (2.46 g. 7.13 mmol) in ethy! acetate (100 mL) was added |
10% Pd/C (150 mg), and the mixture was reduced under an |
atmosphere of hydrogen at 40 psi for 24 h. The catalyst was |
filtered, and the solvent was removed under reduced pressure |

to give a colorless oif which solidified on standing and was used |
without further purification (2.23 g, 90%): mp 48-50 °C; ledo |
~31.6 (¢ 0.9, CHCly): *H NMR (300 MHz, CDCly) 6 7.29 {m, |
5H), 4.6 (br, 1H), 4.36 (m, 1H), 3.82 {dd, 1H, /=4, 9 Hz), 372!
(s, 3H), 2.1~2.0 (m, 3H), 1.8 (m, 1H), 1.39 (s, 3H), 1.09 (s, 6H),,
0.85 {d, 3H, J=7H2), 0.70 (d. 3H, .J= 6 Hz)} {free amine); 1*C|
NMR (75 MHz, CDCl3) & 173.7, 143.8, 128.2, 127.9, 126.9,]
126,86, 126.2. 80.3, 65.9, 59.1, 53.7, 52.1, 29.6, 28.1, 27.8, 2691
21.7, 17.6; HRMS (m/2) (M* + 1) caled for CaoMNOs 348, 21684
found 348.2175,

4S-Isopropyl-3R{4 methoxyphenyl)pyrmlidine-1,251
dicarboxylic Acid 1-tert-Butyl Ester 25Methyl Ester, 26,
To a solution of 18 (2.3 g, 6.1 mmol) iri ethyl acetate (100 mL)
was added 10% Pd/C (200 mg), and the mixture was reduced
under an atmosphere of hydrogen at 40 psi for 24 h. The
catalyst was filtered, and the splvent was removed urider
reduced pressure to give 20 as a colorless oil which was used
without further purification {2.08 mg, 90%j): [alp ~22.9 (¢ 0.8,
CHCla); "H NMR (300 MHz, CDCLy) 6 7.47 (d, 2H, J= 9 Haz),
6.85 (d, 2H, J = 8 Hz), 4.61~4.30 (m, 2H), 3.80 (s, 61), 2.13+
1.94 (m, 3H). 1.70~1.60 (m, 1H), 1.37 (5, 3H), 1.11 (s, 6H), 1.0~
0.73 (m, 6H); $3C NMR (75 MHz, CDCl3) 6 173.7, 158.3, 154.3,
135.9, 128.1, 113.1, 79.6, 85.4, 59.9, 51.9, 20.6, 27.8, 21.6, 17.7.

4S.Isopropyl-5R-phenyipyrrolidine-1,2S- dicarboxylic
Acid 1-tert-Butyl Ester, 21. To a solution of 19 (100 mg, 0.29
mmol) in 10:1 MeQHAvater (5 mL) was added lithium hydmx-
ide (1.5 equiv, 0.44 mmel}, and the reaction mixture was
sticred at room temperature overnight. Methanol was removed
under reduced pressure, and the aqueous phase was extracted
with diethyl ether {2 x 10 mL)}, acidified to pH 1, and then
extracted with dicthyl ether. The solvent was removed under
reduced pressure to give a white solid (91.7 mg, 95%): mp >
200 °C; 1H NMR (300 MHz, CDCl) 8 7.28 {m, 5H), 4.51 d,
1H, J= 8 Hz), 4.33 (d, 1H, J=7 Hz), 2.43 (m, 1H), 2.16 {m,
1H), 1.88 {m. 13, 1.68 (m, 1H), 1.1 (m, 15H); ¥C NMR (75
MHz, CDCls) 8 177.0, 142.9, 128.2, 127.0, 1268, 66.4, 60.2,
539, 27.8,21.6, 17.8; LRMS (/7 (M* + 1) 334; HRMS (mlz)
caled for CraHzaNO; 334.2025, found 334.2018.

1- (2~Banzyloxycarbonylmethyl-&i-}i'.Sunethylbutytyl)-
45 isopropyl-SR.phenylpyrrolidine-2 $-carboxylic Acid

Methy! Ester, 22. To a solution of 2-isopropylsuccinic acid

monobenzyl ester (405 mg, 2 equiv, 1.62 mmol} in dry du,}'zio-

romethane (4 mL) at 0 °C was added BOPC! {411 mg, 2 equiv,
4 1.62 mmol}, and the reaction mixture was stirred at 0 "d for

2 h. A solution of the free amine of 19, obtained by treatment

with TFA (200 mg, 0.81 munol), and diisopropylethylamine (627

mg, 6 equiv, 4.86 mmol) in dry dichloreniethane (5 mL) was

then added, and the reaction mixture was stirred at room
temperature oversight. The reaction mixture was diluted with
ethyl acetate and then washed sequentially with dilute

hydrochloric acid (15 mL). sodium bicarbonate selutiox} {15

mL}), and brine (15 mL). The organic layer was dried lover

sodium-sulfate and then filtered, and the solvent was re ioved

under vacuum to give a brown oil. Purification by column

chromatography (1,2 diethyl ether/hexane) gave 22 (1:1 mix-

ture of diastereomers) as a colorless oil (330 mg, 85%); 'H NMR

{300 MHz. CDCly) 6 7.68~7.17 {m, 10H), 5.15-4.81 (m, 3H),

4.64~4.56 (m, 1H), 3.853.52 (n, 3H), 2.87-2.74 (m, 1H),

2,64~2.56 (m. 1H), 2.49-2.24 (m, 2H), 2.17-1.92 (m, 3H),

1.68~1.60 (m, 2H), 1.50—1.43 (mn, 1H), 1.06-0.29 (muitiple dd,

10H); *C NMR (75 MHz, CDCly) 6 175.9, 173.2, 172.9, 143.8,

128.5, 128.4, 128.2, 128.1, 1279, 127.8, 127.7, 1274, |1272

|
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127.1, 1265, 66.2, 59.4, 55.6, 52.0, 45.2, 44.2, 33.3, 31.7. 20.7,
28.7, 28.2,21.8, 20.8, 20,6, 18.9, 17.9, 14.0; LRMS (m/z) (M™
+ £} 480, HRMS (nvz) (M' + 1) caled for CooHssNOs 480.2762
fmmd 480.2750.

25,6 R-Diisopropyl-3R-phenylhexahydroindolizine-§.8-
dione, 24, To a solution of 22 (275 mg, 4.57 mmol) in dvy THF
{50 ral) at —78 "C was added KHMDS (4.56 mil., 2.28 mmol,
0.5M in toluene), and the reaction mixture was allowed to
warin to ~50 “C and stirred at that temperature for 3 h. The
reaction mixture was quenched with saturated ammonium
chloride solution (10 ml), and the organic phase was sepa-
rated. The agueous phase was extracted with ethyl acetate (3

x 30 ml}. the combined organic phases were dried over sodium
sulfate and filtered, and the solvent was removed under
reducex! pressure to give 23 as a crude oil. The vil was dissolved
immediately in methanol (5 mbL), 10% Pd/C was added, and
the mixture was stirred under an atmosphere of hydrogen gas
for 3 h. The catalyst was removed by passage through & pad
of Celite. and the sulvent was removed. Purification of the
resultant oil by column chromatography (1:4 ethyl acetatef
hexane) gave 24 as a colorless oil (54 ing. 30%. two steps): {aly
—25.8 (0.5, CHCLy): *H NMR {300 MHz, CDCls) 6 7.32~7.05
{m, 5H), 5.30 (s, 1H), 4.20-4.10 {m, 11, 2.86~2.74 (m, 2H),
2.43~2.38 (m, 1H), 2.25-2.05 (m, 2H), 1.93-1.87 {m, 1H),
1.83~1.72 (m, 1H), 1.71-1.67 {m, 1), 1.10 (¢, 34, J= 6 Hz),
0.99 {t. 3H, J = 6 Hz); *C NMR {75 MHz, CDCly) & 170.4,
142.4, 128.5, 128.3, 124.1, 4.6, 63.8, 52.3, 49.6, 39.2, 30.1, 29.6,
28.3, 28.0, 22.6, 21.2, 20.8, 20.8. 20.1; LRMS (nm#7) (M* + 1)
313.

85 Hydroxy-256R- dxisopropyl-SR ~phenythexahydroin-
dolizin-5-one, 25. To a solution of 24 (54 mg. 0.173 mme}l) in
dry THF {2 ml) was added 1.-Selectride {0.21 mi., 0.21 mmol,
1 M solution in THF), and the reaction mixture was stirred at
=78 °C. Aftér 2 b, the reaction was quenched by the addition
‘of saturated ammonium chloride solution, and the mixture was
warmed to room temperature, The organic phase was sepa-
rated. and the aqueous phase was extracted with ethyl acetate
{3 x 10 mL}, The orgarnic phases were combined, dried over
anhydrous sodium sulfate, and then filtered. The solvent was
removed under vacuunn o givc a dlear ofl. Purification by
column chromatography (1:3.ethyl acetate/hexane) gave 25 as
a white solid {33 mg, §0%):. mp > 180 °C; lajs +4.0 (¢ 0.3,
CHCL): IR (CHCly) 3684 3620, 3019, 1658, 1602, 1522, 1476,
1423, 1046, 928 cm™4; 'H NMR {300 MHz, CDCly) 6 7.38-7.11
(m, 5H). 4.91 {br s, IH). 4.18 (br s, 1H), 3.68 (dd, 2H, /= 5.
12 Hz), 2.58-2.53 (., 2H), 2.26~2.18 (dt, 1H, /=6, 12 Hz},
2.06--2.0 (m, 1H), 1.77-1.63 (m, 4H), 1.13 {d. 3H, J =6 Ha),
0.96 (d, 3H, J=6 Hz), 0.90 (&, 3H. /=7 Hz), 0.84 (d, 3H. .J
= 7 Hzj; #C NMR {75 MHz, CDCly) 6 170.5, 144.2, 128.1,
126.0, 125.3, 64,9, 64.3, 60.9. 32.8, 42,0, 30.1, 28.6, 27.8, 27.6,
21.3,20.5, 19.8, 113 LRMS {mfz) (M* + 1) 316: HRMS (/)
(M* + 1) caled for CoaHagNO, 316.2291, found 316.2276.

28 Isopropylpent-4-enoic Acid. 27. To a sokution of 26
{500 myg, 2.26 mimol) in a 2-propancliwater mixture {10:1, 50
mL} was added zine metal {8.81 g, 135.6 mmol, 60 equiv), and
the mixture was heated to veflux for 5 h. The reaction mixture
was cooled, and the 2-propancl was removed under vacuum.
The agueous phase was acidified to pH 1 and extracted with
ethyl acetate, The organic fractions were combined and dried
over anhydrous sodium sulfate, and the selvent was removed
under reduced pressure {0 give 27 as a dark ofl which was
purified by column chromutography {ethyl acetate) fo give a
coloriess oil (193 mg, 60%) 'H NMR (400 MHz. CDCly) 6 5.70
(m, 1H), 5.03 {m, 1H), 4.87 (m, 1H}, 2.19 {m. 2H). 2.38 {m,
1H), 2.15 fm. 1H), 1.01 (d. 6H).

28 Isopropylsuccinic Acid Monobenzyl Ester, 28, To
a solution of 27 (150 mg. 1.06 mmol) in THF/warer (811, 8 mL)
was added sodium metaperiodate (0.453 g. 2.1 mmol}, and the
reaction mixture was stirred, Osmium tetroxide solution was
added {cat.), and the reaction mixture was stirred overnight.
The solvent was removed, and the aqueous phase was ex-
tracted with ethyl acetate, The combined organic extracts were
dried aver anhydrous sodium sulfate and then concentrated.
The crude aldehyde was dissolved in acctone and treated with

the Jones reagent at 0 °C. The reaction mixiure was quenched
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with excess 2-propanol, the solvents were remaved, and the
crude acid was purified by column chromatography (ethyl
acetate} to give 25-isopropylsuccinic acid as a colorless oil. To
a solution of the diacid (100 mg, 6.25 mmol} in dichloro-
methane (5 mL) were added benzyl alcohol {101 mg, 9,35
mmol), EtsN (84 mg, 9.31 mmol), and EDC {178 mg, 9.3 mimol),
and the reaction mixture was stirred overnight. The solvent
was removed under reduced pressure, and the residue was
dissolved in ethyl acetate and then washed sequentially with
dilute HCI {10 mL), NaHCO; solution (10 mL). and finally
brine solution (10 mL). The organic phase was dried over
anliydrous sodlum sulfate and concentrated. The crude
monoester was purified by colurnn chromatography (1:4 ethyl
ace‘fta‘te/hexane) to give 28 as a colorless oil (62,5 mg, 40%):
IHNMR & 7,19 (m, 5H), 5.34 (5. 2H), 2.98 (m, 1H), 2.48 {m,
2H}, 2.15 (m, 1H), 1.01 (d, 6H).. ;
1-(3-Benzyloxycarbonylpropionyl)-4 S-isopropyl-5R-
phenylpyrrolidine-28-carboxylic Acid Methyl Ester, 29,
To a solution of succinic acid monobenzyl ester (2.35 g, 11.3
mmol, 2 equiv) in a mixture of dry dichleromethane and DMF
(50 ml., 4:1) was added BOPCI (2.9 g, 11.4 mmol, 2 equiv),
and the mixture was stirred at 0 °C for 1 h. A solution of the
amine of 19, obtained by treatment with TFA (1.4 g, 5.7 mmol),
in dichloromethane (20 mL) and Hunig's base (4.4 g, 34 mmmol,
6 equiv) were then added, and the reaction mixture was stirred
at room.temperature overnight. The solvents were romoved,
and the residue was dissolved in ethyl acetate (10 ml). The
organic phasé was washed sequentially with dilute HC,
saturated sodium bicarbonate solution, and then brine. The
organic phase was dried over anhydrous sodium sulfate, and
the solvent was then removed to give a dark oil. Purification
by column chromatography {1:4 ethyl acetate/hexarie) gave 29
as h pale yellow oil (2.2 g, 88%): lalp —22.3 {¢ 0.8, CHCIy); 'H
NMR (400 MHz, CDCly) 8 7.62-7.18 (m, 10H), 5.10-5.02 {dd,
2H, 7= 24,12 Hz),4.69 (d, IH, /= 13H2),4.63 (¢, {H J=
7 Hz), 3.79 (s, 3H), 2.77-2.69 (m, 1H), 2.52-2.31 (m, 2H).
2.13-1.85 (m, 4H), 1.67 (m, 1H), 0.94 (d, 6H, .7 = 7 Hz); *C
NMR (75 MHz, CDCly) 8 173.0, 172.5, 171.7, 142.4, 135.9,
128.7, 128.4, 128.1, 127.97, 127.9, 66.2, 66.1, 60.2, 59.4, 55.3,
52.1,29.4, 29.0. 28.8, 28.7, 27.8, 21.6, 20.9, 18.3, 14.1; LRMS
{mfz) (M™ + 1) 438: HRMS {2} (M™ -+ 1} caled for CogHzNO;
438.2288, found 438.2280. J
25-Isopropyl-3R-phenylhexahydroindolizine-5,8.di-
one, 30. To a sulution of 29 (2.0 g, 4.6 mmel) in dry THF (450
mL) at =20 °C was added sodium rerepentoxide (1.5 g, 13.6
mrnol), and the reaction mixture was stirred at that temper-
ature until there was no remaining starting material detected
by TLC. The reaction mixture was quenched by the addition
of saturated ammonium chioride solution. and the THF was
then separated. The aqueous phase was extracted with ethyl
actetate {3 x 30 mL), the organic extracts were combined and
dried over anhydrous sodiumn sulfate, and the solvent was
removed to give a yellow oil. The crude product was dissolved
in methanol (50 mL), 10% Pd/C was added, and the reaction

- mixture was stivred under an atmosphere of hydrogen gas.

The catalyst was removed by filtration, the solvent was
removed, and the residue was purified by column chromatog-
raphy (1:1 ethy! acetate/hexane) to give 30 as a yellow oil (570

mg. 46%): lalp +15.07 {¢ 0.7, CHClg); IR (neat) 2962, 1732, .

1693, 1602, 1429 cm~: 'H NMR (400 MHz, CDCly) & 7.34~
7.02 {m. 5H). 5.04 (s, 1H)}, 4.28 (1, 1H. /=8 Hz), 2.75 (m, 4H),
2.18 {m, 2H), 2.0~ 1.5 (m, 2H). 1.16~-0.99 {m. 6H); *C NMR
(75 MHz, CDCly) & 207.6. 169.2, 141.9, 130.3, 128.9, 12@.!.
124.8, 84.9, 63.6, 34.9, 31.1, 30.8, 26.9, 20.9, 20.1; LRMS|(a¥
A (M* + 1) 272; HRMS (m/z) (M* + 1) caled for Ci/Hz0:N
272.1659, found 272.1650. |
B.S'-Hydroxy-zSisopropyl»SR»phenylhexahydroind%oli»
zin-§-one, 31, To a solution of 30 (451 mg, 1.6 mmol) in/dry
THF (10 mL) at —78 °C was added 1-Selectride (2.5 mL{2.5
mmol, 1 M solution in THF), and the reaction mixture was
stitred at ~78 °C for 1 h. The reaction mixture was quenched
by the addition of saturated ammonium chloride, and|the
solution was extracted with ethyl acetate (3 x 10 mlL} and
dichloromethane (3 x 10 mL). The organic extracts were

~ combined and then dried over anhydrous sodium sulfate. The
|
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solvents were removed, and the resultant vil was purified by
column chromategraphy (ethyl acetate) to give 31 as a white
solid (300 mg, 66%): mp > 200 °C; o}, +6.12 {¢ 0.8. CHClL};
IR (CDCly) 3428, 2972, 1731, 1635, 1451, 1410, 1373, 1250
em'; H NMR (400 MHz, CDCly) ¢ 7.36-7.13 (m, 5H), 4.94
{s, 1H}, 4.17 (s, 1H), 3.70 (dd, 1H, J= 12, 5 Hz), 2.6-2.5 (m,
1H), 2.35-2.31 {n, 1H), 2.1-1.9 (m, 3H), 1.77 (dd. 1H, J=
13,6 Hz), 1.66 {5, 2H), 1.14 (d, 3H, .J = 6 Ha)}, 0.85 (d, 3H, .J
= § Hz); "*C NMR ({75 MHz, CDCl) & 168.9, 143.7, 128.2,
126.2, 64.4, 63.8, 61.3, 53.1; 29.8, 28.2, 27.3, 27.1, 21.4, 20.5;
LRMS (a¥2) (M™ + 1) 274; HRMS (/4 (M* + 1) caled for
CiFuNO; 2741819, found 274.1807.

35 (sopropyl-55-(G-oxotetrahydrofuran-2 Syi)-2R-phenyl-
pyrrolidine-1-carboxylic Acid fers-Butyl Ester, 32. To a
solution of 31 {300 mg, 1.1 mmol} in methanol (4 mL) was
added concentrated HCL (4 L), and the reaction mixture was
heated to rellux for 3 days. The solvenis were removed, the

- crude lactone was dissolved in dry acetonitrile (5 mL), DMAP

(268 g, 2 cquiv, 2.2 mmoel), triethylamine {450 mg, 4 equiv,
4.4 mmol}, and Boe anhydride (650 myg, 2 equiv, 2.2 mmol)
were added, and the reaction mixture was stirred overnight.
The solvent was removed under reduced pressure, and the
crude was dissolved in ethy! acetate and then washed sequen-
tially with dilute HCI, saturated sodium bicarbonate solution,
and brine, The organic phase was collected and dried over
anhydrous sedium sulfate, and the solvent was removed to give
a dark oil which was purified by colummn chromatography (1:3
ethyl acetate/hexane) to give 32 as a colorless oil (245 mg, 60%,
two steps): jode —27.05 (¢'0.8. CHCly): 'H NMR (400 MHz,
CDCl) A 7.29-7.18 {m, 5H), 4.63-4.61 {m, 1H), 4.40 (5, 1H),
421 (m. 1H), 2.59--2.49 {m, 2H), 2.36~2.15 (m, 3H), 1.96—
1.88 {m, 1H), 1L.Y7-1.73 (m, 28}, 1.24 {s, 9H)}, 0.94 (¢, 3H, J=
7 Hz), 0.82 (d, BH, 7 == 7 Hzp *%C NMR (75 MHz, CDCL) o
176.8, 155.9, 143.7. 128.0, 126.6, 82.7, 80.1, 6.5, 59.5, 52.3,
28.5, 2.7, 28.5] 28.3, 28.0, 27.6, 25.4, 21.9, 17.5; LRMS (n7/2}
(" o+ 1) 3740 HRMS (o) (M* + 1) caled for CapHuNOy
3742320, found 374.2331, ‘

58-[45.(1- gdroxy» 1-methylethyl)-5-oxotetrahydro-
furan-2 Syl]-3&8isopropyl-2 R-phenylpyrrolidine-1-carbox-
ylic Acid teré-Butyl Ester, 33. To a solution of 32 (240 mg,
0.63 mnel) in dry THF (8 mL) at —78 °C was added LiHMDS
(0.7 ml., 1.15 equiv, 0.7 mmel, 1 M solution in THF), and the
reaction mixture was stirred for 1 h. Dry acetone (187 mg, 5
equiv. 3.2 mmol} was then added, and the reaction mixture
was stirred for an additional 1 h. The veaction mixture was
quenched by the addition of a saturated ammeonium chloride
sglution and exiracted with ethyl acctate (3 x 10 mL). The
combinad extracts were dried over anhydrous sodium sulfate,
and ihe solvent was removed to give a dark oil. Purification
by cohwirni chromatography {1:4 ethyl acetateshexane) gave 33
as a colorless ofl (235 mg, 88%): lalp +2.18 (¢ 0.6, CHCly): 'H
NMR (400 MHz, CDCY) 4 7:.32--7.19 (m. 5H), 4.48 (s, 1H), 4.15
{t, 111, J=8 He), 2.85 (¢, 1H, J= 10 Hz}, 2.27~2.10 {m. 2H),
1.97-1.88 {m, 1H), L.76~1.67 (s. 2H), 1.31 (s, 17H}, 0.94 (.
3H, 7= 7 Hz), 0.84 (d, 3H. J =7 Hz}; “C NMR (75 MHz,
CIDCLY & 1783, 1436, 128.2, 126.7, 126.4, 80.3, 70.9, 58.7, 52.3,
48.8, 29.6, 28.6, 28.4, 29.9,27.1, 25.4. 21.9, 17.3; LRMS (/4
(M* -+ 1) 432 HRMS (v (M™ + 1) caled for CpsHugNOs
432.2750, found 432.2749.. .

§5-(4 S-Isopropenyl-5-oxotetrahydrofuran-28-yl)-35-
isopropyl-Z2R-phenyipyrrolidine-1-carboxylic Acid ter¢
Butyl Ester, 34. To a solution of 33 (100'ing, 0.23 mmol) in
dry dichloromethane (4 mbL) at ~60 °C was added PCl; (53
mg, LU equiv, 0.28 mmol). and the reaction mixture was
stivred Tor 30 min, The reaction mixture was quenched with
saturatad sodium bicarbonate solution and then extracted with
dichloremethane {3 N 10 nil}. The combined organic extracts
were dried over anhydrous soditm sulfate, and the solvent was
removed to give a yellow oil. Purification by column chroma-
tography (1:8 ethyl acetate/hesone} gave 34 as a colorless oil
(77 vag. 80%): lnfp +3.63 {c 0.8, CHCLy) 'H NMR (400 MHz.
CDCHE 4 7.29-7.16 (m. 5H). 5.0 (s, 2H), 4.53 (s, 11}, 4.40 (s,
1H). 4.40 @ 1H, J =7 Hz), 3.38 (r. 1H, J=8Hy), 2.40-2.26
{n1. 3H). 1.97-1.62 (m, 5H); 1.50—1.0 (s. 9H), 1.0--0.8 (i, 6H);
1B NMR (75 MHz. CDCIL) 5 182.1, 176.3, 143.7, 130.7, 128.1,

47' @
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126.6, 126.5, 114.3, 80.2, 68.8, 59.4, 52.3,46.9, 30.9. 30.4, ZS.Q,

27.8. 27.4, 24.3,21.9, 21.8, 17.4, 14.0; LRMS (g (M* + 1) |

414;21‘{RM8 {nif2) (M* -+ 1) caled for CosHagNO, 414.2632, found
414.2644. !
SS-IsopropylwfiS-(4&isopmpyl—s~oxotet.rahydrofurat‘z~
28y1)-2 Rphenylpyrrolidine-1-carhoxylic Acid tertButyl
Ester, 35. To a solution of 34 {75 mg, 0.18 mmo}} in ethyl
acetate {5 ml.) was added 109% Pd/C, and the reaction mixture
was stirred under an atmosphere of hydrogen gas. The catalyst
was removed by filtration, the solvent was removed, and the
residue ‘was purified by colurn chromatography (1:9 ethyl
acetbte/hexane) to give 35 as a colorless ol (68 mg, 809%): [a]p
+0.74 (¢ 0.6, CHCL): IR (CDCly) 2965, 2932, 1777, 1739, 1891,
1850, 1604, 1440, 1368, 1336, 1312 cm!; 1H NMR (400 MHz,
CDGly) 6 7.25~7.15 an, 5H), 4.95 (5. 1H), 4.62 {5, 1H), 3.93 ft,
1H,J = 6 Hz), 2.60 (m, 1H), 2.35~2.24 (m. 41D, 1.96-1.60
{m, 4H), 1.48~1.0 (s, 8H), 1.0~-0.8 (m, 12H); 3C NMR (75 MHz,
CDCly) 0 1784, 160.3,139.7, 128.1. 125.7, 126.5, §2.8, 708,
54.9, 54.2,51.7, 41.9, 28.6, 25.7, 25.4, 19.5; LRMS (m/z M+
+ 1) 416; HRMS (nd2) (M” + 1) caled for CasHisaNO, 416.2788,
found 416,2801. |
[154(2-Benzyl-38-methylbutyl)-2 S-hydroxy-ASisopro-
pylcarbamoyl-5-methylhexyljcarbamic Acid tert-Butyl
Ester, 36. To a solution of isepropylamine (43 mg, 4 equiv,
0.72 mmol) in dry dichloromethane (1 mbl) was added tri-
methylaluminum (0,37 mL, 2 M solution in toluene, 0.74
mutiol), and the reaction mixture was stirred st room tein-
perature for 5 min. This solution was then transferred via
canniula to a solution of 35 (75 mg, 0.18 mniol) in dry di-
chloromethane (2 mL). The reaction mixture was then stirred
at room temperature overnight and quenched with a saturated

- solution of ammonium chloride. The organic phase was

separated, and the agueous phase was extracted with di-
chloromethane (3 x 10 mL). The combined organic extratts
were dried over anhydrous sodium sulfaie and then filtered.
The selvent was removed to give a dark oil which was used
directly in the next step. To a solution of the amide (20 mg,
(.042 mmol} in methanol (3 mL) was added 10% Pd/C (40 mg),
and the reaction mixture was stirred under an atmosphere of
hydrogen gas at 60 psi for 3 days. The reaction mixture was
filtered, and the solvent was removed under reduced pressure
to give a pink oil. Purification by column chromatsgraphy
(1:3 ethyl acetate/hexane) gave 36 as a coloriess oil (10 mg,
50%):) lofis —15 (¢ 0.6, CHCL): TR (CDCly) 3330, 2950, 1697,
1620,11513, 1359, 1438, 1246, 1041 em~4 'H NMR (400 Mz,
CDCly 6 7.30~7.14 (m, 5H), 5.53 (s, 1), 4.64 {d, 1H, J=9
Hz), 4.11 (m, 1H), 3:53 (d, 8H, J = 7 Hz), 3.43 (m, 1H), 2/66
(dd, 1H, J=7, 5 Hz), 247 (dd, 1H, J = 13, 7 Hz}, 2.0—1,83
(m, 3H), 1.76~0.76 (m, 24H); 1*C NMR (75 MHz, CDCly) &
178.2, 157.0, 1394, °128.3, 125.7, 73.0, 70.2, 52.8, 44.1, 41.6,
30.6.131.6, 30.5, 28.7. 26.4, 23.7, 20.1, 19.1; LRMS (/3
(N[+ + l) 477; HRMS (HI/Z) (P\'fw -+ 1) caled for CasH.:z-;szOq
477.3686, found 477.3692. |
58 [2-(DimethoxyphosphoryDacetyll-4Sisopropyl-2 R-
{4-methoxyphenyl)pyrrolidine.I-carboxylic Acid terr
Butyl Ester, 37, To a sotution of dimethyl methylphosphonate
{2.98 g, 6 equiv, 24.0 mmol} in dry THF (50 i) at ~78/°C
was added z-butyilithium {10.56 mL, 8.8 equiv, 26.4 mmol,
2.5 M in hexane), and the mixture was stirred for 30 min at
-~78 °C. A solution of 20 (1.5 g, 4.0 1womol} in THF (50 ml)
was added, and the reaction mixture was stirred for 3 H at
~78 °C. The reaction mixture was quenched with saturated
amrppium chloride solution and then extracted with ethyl
acetate (3 x 30 mL), The organic phases were combined, dified
over anhydrous sodium sulfate selution, and fittered. The
solvent was removed to give a coloriess il which was purified
by column chromatégraphy (1:1 ethyl acetaterhexanc) to give
37 as a colorless oil {1.64 g. 88%): lajp ~1086.3 (¢ 0.8, CHly);
IR (CDCl3) 2959, 1726, 1687, 1613, 1514, 1463, 1392, 1366.
1248,1178, 1033 em™!; 'H NMR (400 MHz, CDCla) & 7.36 (d,
2H, J=8 Hz), 6.83 (d, 2H, J= 8 Hy), 4.60~4.30 (m, 2H}, 3.32~
3.78 (2s, 9H), 3.60~3.2 (m, 2H), 2.16—1.94 (m, 3H). {.63 {m,
1H), 1.37-+1.30 (m, 3H), L.11 (s, 6H}, 0.92-0.78 {m, 6H);]"°C
NMR (75 MHz, CDCly) .6 201.6, 158.3; 154.7, 135.8, 128.2,
127.6, 113.2. 80.1, 65.6, B5.1, 53.5, 52.9, 39.4. 88.1, 27.9, 211.6,
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18.10 LRMS /) (M~ + 1) 470; HRMS {n/%) (M* + 1) caled
for €, HysNNaD:P 492.2140. found 492.2327.

458 Isopropyl-i.8-(3-methoxycarbonylacryloyl) -2 R-(4-
methioxyphenyl)pyrrolidine-1-carboxylic Acid fert-Butyl
Ester, 38. Tu a solution of the S-ketophosphonate (1.5 g, 3.2
mninl} in dry acetonitrile (75 L) were added LiCl (536 mg. 4
equiv, 12.8 mmol), CHOCO:Me (1.12 g, 4 cquiv, 12.8 manol),
arid Hunig's base (1.85 g, 4 equiv, 12.8 mnol), and the reaction
mixture was stirred overnight. The solvent was removed under
reduced pressure, and the residuc was dissolved In ethyl
acetale and washed scquentially with dilute HCIL saturated
sodium bicarbonate solution, and briné. The organic phase was
dried ever anhydrous sodiuth sulfate and then filtered. The
solvent, was removed under reduced prossure (o give a dark
ol which was purified by column chromatography {1:4 ethyl
acetaierhexane) to give 38 as ayellow ol (835 mg, 68%): ol
=33 (¢ 0.8, CHC L) IR (CDCT) 2960, 1731 1683, 1613, 1513,
1382, 1304, 1247, 1175, 1034 em ™ *H NMR (400 MHz, CDCly)
& 7.40—7.26 (m, 3H}, 6.86-6.83 (m, 3H), 4.76-4.32 (m. 2H),
3.78 {s. 6H), 2.0 {s, 3H). 1.60 (s, 1), 1.33-0.70 {ra, 15H); *C
NMR (75 MHz, CDCly) 6 198.0, 164.6, 158.4, 154.6, 137.1;
136.7, 131.2, 128.2, 127.5. 113.2, 80.1, 65.5, 64.6, 55.1, 53.5.
52.2, 28.1, 27.9, 21.7, 17.8: LRMS (s¥:3 (M* + 1) 432; HRMS

{ova (MF+ 1) ealed for CagHNG; 432.2400, found 432.2386.

§35-(1, 48 Dihydroxvbutyl)-4$.isapropyl-2 R-(4-methoxy-
phenylpyrrolidine-1-carboxylic Acid tert-Butyl Ester,
3%. Tu a solution of 38 (900 mg, 2.1 minol) in ethyl acetate (40
mb} was added 10% Pd/C, and the reaction mixture was stirred
under an atmesphere of hydrogen gas. The catalyst was
filterad, and the solvent was removed under reduced pressure
to give a coloriess ol which was purified by column chroma-
tography (1:49 ethy! acetate/hexane) to give a colorless ol (813
mg, S0%): lely 29.88 (c 0.8, CHClL); LRMS (/s (M* + 1)
434; HRMS (mid (M7 + 1) caled for CaglwNO3 434.25586. found
434.2342. To a splution of the above compound (750 mg, 1.73
mmol) in methanol (40 wml) was added sodium borghydride
(esciss), and the reaction was stitred until no remaining
starting material was dbseryed by TLC, The reaction mix{ure
way quenched with sarurated anunoniuwm chloride solution,
and the solvent was removed under reduced pressure. The
erude wus dissolved in ethyl acetare and washed with water,
The organic phase was dried over anhydrous sodium sulfate
and thoen filtered; The solvent was removed under reduced
pressure to givela eolorless oil which was purified by column
chromatography {ethyl acetate) to glve 38 as a colorless oil
(620 vuig. 88%) o, ~37.88 (¢ 0.9, CHCLy); tH NMR (400 MHz,
CDULY 6 737 {d, 2H, J=8Hz), 6.82 (d. ZH, J= 8§ Hz), 4.37
d, 1440 =8 H2), 391 {t. TH. J= 9 Hz), 3.77 (s, 3H), 3.68 (m,
3H), 1.82 (m, 17}, 1.80~1.61 Gn. 8H). 1.13 (s, BH). 0.89 (d,
3H. J o+ 7T H».0.82 (d 3H, J = 8 Ha);WC NMR (75 MHe.
CDIClL) A 158.3, 133.9, 127.5, 113.4.80.8, 75.9, 65.8, 63.3, 62.8,
60.2, 85.1, 52.8. 32,9, 29.1,128.9, 27.9, 27.5, 21.7, 17.9, 14.0;
LRMS (¥ 0V + 1} 408) HRMS (nv (M + 1) caled for
CoHaahiO; 40B.2742, found 408.2750.

A5 sopropyl-2 R(d-methoxyphenyl)-5$-(5-oxotetrahy-
drofuran-2 &yljpyreolidine-{-carboxylic Acid fertButyl
Ester, 40. To » solution.of 38 (510 mg, 1.25 mmol) in
dichloramethane (12 mL) were added TEMPO (I8 mg) and
ioclobenzene diacetate (807 mg, 2 equiv, 2.5 mmel), and the
reaction mixture was stirred for 6 h. The reaction mixture was
quenched with sodinm thiosulfate solution and then extracted
with dizhioremethane (3 x 30 1nL). The organiec phases were
combisicd, then dried’ over anbydrous sodium sulfate. and
filtered. The solvent was removed under reduced pressure to
give a ¢ arkooll whick was purified by column chvomatography
(1.2 ¢:ihyl acctate/hexanc) to give 40 as a colorless oit (379 mg,
7540 fodn ~8.53 (20,8, CHCL) IR (CDCY) 29681, 1778, 1681,
1613, 1513, 1389, 1368, 1247, 1173. 111, 1032 em ™Y {FI NMR

{400 Midz, CDCLY 0 7.22 (o, 2H, J=9812), 6.83 (d, 2H, J=8

Ha), 4.59 im, 1H). 430 (s, 1H), 4.20 {m. 1H), 3.78 (s, 3H), 2.52
{er. 2H)2.34--2.20 {m, 3H), 204-1.70 m. 3FH), 1.25 (s, 9HL
0.92 {4 3H, .77 Ha), 0.8D {d, 3H. J~= 7 Hz); VC NMR {75
Mz, €NCEKY & V77.0, 1582, 135.7. 127.9. 1134, 80.1, 66.2,
596, 5ud, 5.4, 52 3. 20,1, 28,5, 28.0, 26.0. 25.4, 21.8. 17.8:
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|
LRMS {mdzy (M™ + 1) 404; HRMS (/) (M™ + 1) caled for

Cosbi3sNO;5 404.2427, found 404.2437, . . \
58«{45—(1«Hydroxy«l-methylethyl)-5~oxotetrahydruftm\-
ran-25y1]-48-isopropyl-2R-{4-methoxyphenyl)pyrrolidine.
1-carboxylic Acid teré-Butyl Ester, 41, To a solution of 40
(300 mg, 0.74 mmuol) in dry THF (10 mb) at ~78 °C was added
LiHMDS (0.82 mL, 1.1 equiv, 1 M solution in THF), and thg
reaction mixture was stirred for 1 h, Dry acetone 215 myg, §
equiv, 3.7 mmol) was then added, and the reaction mixture
was stirred for an additional 1 h. The reaction mixture was
quenched by the addition of a saturated ammonium chloridg
solution and then extracted with ethyl acetate {3 x 10 mb)|
The combined extracts were dried over anhydrous sodium|
sulfate, and then the solvent was remaved to give 41 as a dark|
oil. Pukification by colurn cliromatography (1:4 ethy! acetare/
hexane} gave the product as a colorless oil (289 mg, 87%). lulp
+3.06 {¢.0.8. CHCly): *H NMR {400 MHz, CDCly) 6 7.21 (.,
2H. J= 9 Hz), 6.84 (d, 2H, J= 8 Hz), 4.61~4.1 (m, 2H), 3.79,
{s, 3H), 2.83 (t, 1H, J = 10 Hz). 2.40--2.1 {m, 2H), 1.91 @n,
1H), 1.66 (s, 2H), 1.31 {m, 17H), (.93 (d, 3H. J = 6 Hz), 0.82 |
{d. 3H, J =7 Hz): 1%C NMR {75 MHz, CDCl3) 4 178.4, 158.3, |
135.6, 127.6, 113.5, 80.2, 70.9, 59.7, 55.1, 52.2, 51,0, 48.9. 29.1. |
28.9, 28.3, 28.0, 27.5, 25.4, 21.9, 17.5; LRMS (n/2) (M* + 1)
462; HRMS {n/z) (M* + 1) caled for CugtiaoNQg 462.2845, found )
462.2855. ‘
58 (4 8 Isopropenyl-5-oxotetrahydrofuran-25.y}-4 % |
isopropyl-ZR-(4-methoxyphenyljpyrrolidine-1-carbox- \
i

ylic Acid tert-Butyl Ester, 42, To a solution of 41 {150 mg,
0.33 mmal) in dry dichleremethane 8 mbL) at 80 °C was
added PCls (74 mg, 1.1 equiv, 0.36 mmol), and the reaction

mixture was stirred for 30 min. The veaction mixture was \

quenched with saturated sodium bicarbonate solution and
extracted with dichloromethane {3 x 10 mL), The combined
organic extracts were dried over anhydrous sedium sulfate,
and the kolvent was removed to give a yellow oil. Purification
by column chromatography (1:9 ethyl acetate/hexane) gave 42
as a white solid (115 mg, 80%): [aln +5 (¢ 1, CHCL); IR
{CDCla) 2967, 1781, 1752, 1686, 1613, 1513, 1457, 1387. 1240,
1247, 1172, 1148 cm~%; 'H NMR (400 MHz, CDCL) ¢ 7.21 (d,
2H, .J =8 Hz), 6.82 (d. 2H, J = 9 Hz), 4.99 (s, 1H). 4.92 (s,
1H), 4.53 (3, 1H), 4.358 (5, 1H), 4.15 {t, I1H. J= 7 Hz), 3.76 (s,
3H), 3.34 (1, 1H, /== 8 Hz), 2.33~2.24 {m, 3H), 2.02~1.71 {in,
8H), 1.23 (5, 9H), 090 {d, 3H. J=T7 H2). 0.79 (d, 3H, /= 6
Hz): C NMR (75 MHz, CDCl) 6 176.4, 158.3, 139.7, .127.8,
113.4, 80.1, 66.1. 59.8, §5.1, 52.2. 46.9, 30.9, 29.3, 28.0. 27.8,
21.8, 17.7: LRMS (m/z} (M* + 1) 444; HRMS (/) (M~ + 1)
caled for CzgHysNQ; 444.2736, found 444.2750.
55-(3-Butylcarbamoyl-15-hydroxy-4S-methylpentyl)-
3S-isopropyl-2 R-(4-methoxyphenyl)pyrrolidine-1-car-
boxylic Acid rert-Butyl Ester, 43. To a solution o 42 (100
mg, 0.26 mmol) in ethyt acetate (7 ml) was added 10% PW/C,
and the reaction mixturg was stirred under an atmosphere of
hydrogen gas. The catalyst was removed by filtration, then
the solvent was removed, and the residue was purified by
column chramatography {1:9 ethyl acctate/hexane) to give a
colorless oil (90 me, 90%): {ay +2.4 (¢ 0.8, CHCLg: LRMS (o
2 M* + 1} 446, HRMS (/7 (M* + 1) caled for CugHugNOs
446.2910, found 444,2906. To a solution of rrbutylamine {(52.6
mg, 4 equiv, 0.72 mmol) in dry dichloromethane {1 L) was
added trimethylaluminum (0.36 mL, 2 M solution in toluene,
0.71 mmol). and the reaction mixture was stirred at room
temperature for 5 mii, This solution was then transferred via
cannula to & solution of the above compound 80 mg, 0.18
mmol} in dry dichloromethane {2 mL). The reaction mixture
was stirred at room temperature overnight and quenched with

. saturated solution of ammonium chioride. The arganic phase

was separated, and the aqucous phase was extracted with
dichloromethane (3 x 10 mc},). The corubined organic extracts
were dried aver anhydrous sodium sulfate and filtered, and’
the solvent'was removed. The residue was purified by colusin
chromatography (1:3 ethyl acetate/hexane) to give 43 as a
colorless 0il {70 mg. 75%}): lals ~31.9 (¢ 0.8, CHCLy; IR {CDCY)
3322, 2959, 1740, 1651, 1538, 1514, 1464, 1401. 1367, 1289,
1247, 1175, 1153 e~ 'HENMR (400 MHz, CDCL) 0 7.15 (d,
2H, J= 8 Hy), 6.81 (d, 2H, J = 8 Hz}, 5.89 (s, 1H). 4.36 {d,

A
%
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1H, #=:8 ). 3.87 (t, IH, J=8 Hz), 3.79 (5, 3H), 3.51 (&, 1H,
Jom 1 Ha), 3.34-8.20 (m, 2H), 2.24 (m, 1H), 2.17-1.82 {m,
SHy, 1.5 {m, 2H}, 1.41~1.15 {in, 14H), 1.0-0.73 (m, 12H); ¥*C
NMR (73 MHz, CDCI) 0 175.1, 158.2, 136.2, 127.6, 113.3, 80.7,
73.7. (5.5, 63.9, 55,1, 52.8, 50,5, 38.8, 36.6, 31.7, 30.2, 288,
27.8.27.8.21.6,21.2, 21.1. 20,1, 19.9, 18.1, 13.6; LRMS (/)
(M* -+ 1) 516 HEMS (i) (M* 4 1) caled for CigHaeNzOs
510,388, found 5163798, .

2R Isepropyl-4 S hydroxy-38N-butoxycarbamoylanino-
1 S-isopropyl-§ p-methoxyphenyloctanoic Acid A Butyl-
amide. 44. To a solutiont of 43 (30 mg, 0.058 mmel} in
merhunsl (3 ml) was added 10% PIC (60 mg). and the
reaction mixture was stivred under an atmospherc of hydrogen
gas &t 80 psi for 3 days. The reaction mixture was filtered,
and the solvent was removed under reduced pressuve to give
a colored oil which was pucified by column chromatography
(1:2 othyl acetate/hexane) to give 44 as a colorless oil (18 mg.
80} fady +17.2 (0 0.7, CHCLy); IR {CDCly) 3333, 2958, 1693,
1633, 1513, 1185, 1366. 1246, 1175, 1044 an 4 'H NMR 400
Mitz CDCL 3 7.09 (d. 2H, J=9 H»), 6.78 (d: ZH. J= 8 Ha),

fm, 4H) 2,61 (m, 11}, 2,38 (1 1H), 2.05-1.90 {m, 2H), 1.60
{m, 4H:, L.5 (s, 9H), 108071 {n, 22H); °C NMR (75 MHz,
CI3A & 157.5, 156.6, 1338, 120.8, 113.4, 79.1, 71.0, 55.1. 53.7.
51.3. 12.4, 39.6, 346, 32.2. 31.8, 31.6. 29.6, 29.2, 28.3, 27.9,
22.6, 211, 20,4, 20,0, 16.6. 14.0, 13.6, 12.1; LRMS {m/g) (M*
+ 1} 521, HRMS (n/2) (M™ + 1)caled for CaoblssNaOs 521.3941,
found 521.3954. i g

48 Isopropyl-55-{4-methexyphenyl)pyrrolidine-1,28-
dicarboxylic Acid 1-fert-Bulyl Ester 2-Mothyl Ester, 48,
To a selution of pbromuanisele (18.7 g. 5§ equiv, 0.1 mal} in
dry THE (180 mi) at —78 °C was added a-buryilithium (44
mi. G010 mmol, 2.5 M in hexanes}, and the reaction mixture
was gtisved ot ~78 “C for 1 h, The lithium reagent was then
added vo a srirring solution of copper{]} brownide—dimethyl
sultide complex (20.5 g, S equiv, 0.1 mol) at ~78 °C, and the
resultant black solution was stirred at ~78 °C for 1 h. BFe
QFL: (244 g, [0 equiv, 0.2 rool) was added in one portion, and
the veattion mixture was stirrdd for a further 30 nin. A
solnriv of the smiral 32 (8 g, 20.0 mmel) in dry THF (20 mL)
was added. and the reaction mixture was allowed to slowly
warm 1o rooin temperature (black susponsion). The mixture
was guonched with o 11 mixtare of ammonium chloride
solution and agueous anmnonium hydroside and extracied with
eihyt acetate (4 x 50 mL). The organic fractions were com-
bined. dried over anhydrous sedivwm sulfate, and filtered. The
soleent was removed under reduced pressure, and the result-
ant vellow oil was purified by column chromatography (1:4
ethyl avetatefhexane) to give 45 as a clear ofl 5.29 g, 70%):
IR (neat} 3019, 2976, 1746, 1686, 1612, 1580, 1512, 1395, 1368,
1298, 1215, LI78. 1160, 1036, 757 cin"!; 'H NMR (400 MHz,
CRCH) 0 7.09--6.77 (s, A}, 4.80.04, 16, /= 7 Hz), 463 ,
1FL 7= 8 T, 8.77 (3. 3H), 3.71 ds. 34, 2.22-2.0 {m, 4H),
1.338~1 15 («. OH}, 0.84-0.7 (¢, 6HY 30 NMR (75 MMz CDCly
A L73E 1568.4, 152.9, 133.2, 128.7,115. 8, 113. 1, 79.9, 63. B,

56,3, 354, 52.2. 499,319, 27.9. 27.6, 21.7. 20.9; LRMS (m/7)
M) 377 HRMS lenlz) (M7) caled tor CoHyNOs 377.2210,

fotne J77.2202. ‘
{5 Ivopropyl-38-(3-methoxycarbonylacryloyl}-25-(4-
methesyphonyljpyrrofidine-i-carboxylic Acid tert-Buiyl
‘ Eiter, 46 To 8 solution of dimethyl methylphosphonate (3.9
| & ©eedy, 3.9 nunol) in dry THE (80 mlL) at ~78 °C was
| addud o butyliihivm (13.6 mL. 6.4 equiv, 34.1 mmel, 2.5M
\ solution in hexanes), and the ixtire was stirred for 30 min
at ~78 U, A soiut-on of 45 (2 g. 5.31 nunol) was then added,
| and the reaction mixture was stirred for 3 h at ~78 °C, The
| reaction mixture was quenched with saturated ampmontumn
| ehivride solotion and extracted with ethyl acetate (3 % 30 mi).
The oranic phases wore combined, deied over anhydrous
psodinny sulfate solution, and then filtered. The solvent was
Lremoved o glve o colorless-oll (1.99 g. 80%) which was used
Hmmediately i the vexd step To a sphution of the f-ketophos-
Iphonats 41,94 g 4.14 miwl) in dry aceronitrile (10 L) wore
ladsied LICHETO g, 5 o;quiv, 20.7 riunol), methyl ylyoxalate
[(1.82 0, 3 equiv, 20.7 mm‘bl), and Hunig's base {2.67 g. 5 equiv,

} I
| }



|

{' iThe reaction mixture was quenched by the additjion of a

?

y added, and the mixture was heated to-reflux for| 5 h. The
i toluene was removed, and the crude was purified by column, |

i
o
|

1 Hz), 493 (m, 1H), 4.62 (s, 1H), 4.04 m, 1H), 3.73 &, .
2.20 (m, 5H), 2.06~1.70 (m, 3H), 1.31 (s; 6FD, 1.01 (d, 3H, J=. -
, CDClgy 8

i

1363, 133.0, 1316, 128.7, 113.1, 79.9, 64.3, 63.9, 5
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1
21 ﬁxmal) and thc reaction mixture was stirred ovarmghf TJhe
solyent was removed inder reduced pressure, and the reszdue

was dissolved in ethyl acetate and washed sequentially wﬁth o
" isopropyi-2S-(-methoxypheénylpyrrolidine-i.carbox-t

ylic Acid fert-Butvt Ester, 49, To a solution of 48 (100 mg,
22 unel) in dry dichloromethang {2 mL) at —60 *C was

“tddded

diliste HCL saturared sodium bicarbonate solution, and brine,
The organic phase was dried over anhydrous sodium sulfate
ant then filtered. The solvent was removed under rethjced
prémure 1o give a brown oil which was purified by colurm -
ehromatography (1:4 ethyl acetate/exanc) to give 46 3s a-
yellaw oil (1.0 g, 60%): fajy ~4.76 {¢ 0.6, CHCL): IR {Ct Cis)
2959, 1730, 1693, 1811, 1521, 1384, 1247, 1034 oY, H

MGQ MHz, CDCL) 6 7.24 (6, 1H. J= 16 Ha), 7,04 (d, 1H] e -
z), 6.85~6.79 (m, 4H), 4.93 (m, 2H), 3.77 (m, BH), 2. z4- 3

19 {m, 4H), 1.26=1,14 (s, 980, 0.82 (. 3H, J= 8 Ha), 0.

SH. J =6 Hz): BC NMR (75 MHz, CDClL) 6 197.8, 165 7. 58 5
5.4, 52 2,
9.7, 30.8, 27.9, 27.6, 21.6, 20.9; LRMS {mlz) O+ 1) 432;
393 2 gg(én'a (M* + 1} caled, for Cag HalNO, 432. 2388, found
i 4$-Iaoiar6pyb2$(4~medmxyphenyl)-5.§'~(5~oxomﬂrahy~

cxmmrmzs- yhpyrrolidine-1-carboxylic Acid fertButyl

ﬁ:er, 47, Tn a solutien of 46 (1 . 2.32 mmol) in ethyl deetate
{15 mL} was added 10% Pd&/C, and the reaction mixture was
m'ed under an atmosphere of hydrogen gas, The catalyst was

&tex‘ed. and the filtrate was processed as usual to/give a

lorless oil which was puriﬁed by column thmmato[tgraphy

' {1:9 ethy! acetate/hexane) to give the saturated ketoester asa ™

) colorless oft (004 mg, 90%): lals ~5.8 (¢ 0.5, CHCL)} LRMS

i

! (g (M* # 1) 434; HRMS (av/2) (M* + 1) caled for CaatigNOg
. 4342542, found 434.2551. To a solution of the above comnpound

! (500 mg, 1.15 mmol} in methanol (20 mL} was added sodium
;‘ bomhydrmo {excess), and the reaction was stirved at 0 °C uneil

there:was no remiaining starting materiat (gbserved by TLC).

isolution of ammonium chloride. and the solvents 4were i
; moved, The mixture was triturdted with dlethyl ¢

!'oit, The oil was dissolved in toluene (3.mlL), pT5A car} was

- chromatography {(ethyl acetate) to give 47 as a cqlorless ail’
(186 mg, 40"%, p =16 (£0.7, CHCl); IR (CDCL).2929, 1780,
1893, 1611, 1513 1462 136$ 1250, 1178, 1032 ony 1 TH NMR
{400 MHz, CDCly) 6 7.01 (d, 2H, /= 8 Hz). 6.74 (d} 2H, J=8

3H), 2.48~

8 Hy), 0.92 (d, 3H, J = 8 Hz); 'C NMR (75
172.8, 159.2, 156.1, 131.6, 129.3, 113.4, 83.8, 68.2] 56.0, 54.9,
§1.0. 41.9; 45.8, 25:4. 25.4, 20.1, 17.8: LRMS (mld) (M + 1)

404; HRMS (2 (M* + 1) caled for Cst;elNOﬁ 404 2427, fuund _

404.2448.
85148 (1-Hydroxy-1 ~methylethyl)e5 OXOte ra.hydx of
im»nyl]«SS»isopmpyi {4-smothoxyphenyDpyrrotidine.
-carbo
130 g, 0.037 mmol) in dry THF (4 mL) at ~78 5C was added
IHMDS {0.41 ml, 1.1 equiv, 1 M solution in THP), and- the
. reaction mixture was stireed for 1 b Dry acetone (107 mg, 5

" eéquiv, 0,18 mmol) was then added, and the reaction mixtuse o
S was stirred for an additional 1 h, The reacﬁon&lnﬁxww was

quenchidd by the addition of a saturated amme

- 'The cnmbined extracis were dried over anhydmus sodium
sulfate, and the solveni was removed (o g.,i\'/e a dark oil
Purification by column chromatography (114 ethy}’ acetats/
hexane) gave 48 as a colorless off (113 mg: 66%): jaly ~6.5(c

1, CHCls); ‘H NMR 1400 MHz, CDCIs) 6 7.00 {d, 2H, J = 8
H? 6.81 {d, 2H, J= 9Hz), 4.78.(d, IH. /=
1H), 4.41 tn, 1H), 3.78 m, 3H), 2.75 (m, 2H), 2.40-1.70 (m,

"U3H), 1.34-1.17 (28, 9H), 1.05 (5, 0H), 090~o&75 {m. 6H): 13C

CNMR (75 MHz, CDClLy 6 183.1. 1828, 160.1, 138.1, 1327,
117.3, 85.4, 83.8, 75.2, 70.0, 63.4, 59.4, a«l& sae 35.8, 32.4,

I

[
I

her, and
« the solvent was removed under reduced pressare to give a dark

e Acid mréBu%Estm\ 48.7o a solutioh of 47

tuty chibride
" solution and then extracted with ethy} acetate (3 %10 mL}:

Hz}, 4,60 n,

JODY 1B
: B .

58.{4 &Isopropenyl-5-okptetrahydrofuran-28-yD-4%

PCIS (50 mg 11 egliv, 0:24 mmol}, and the reactlon
min, The reaction mixture was

wixbuer Was stirred for 30

~ - quenched with saturated sodium bicarbonate solution and then
. extracted with dichloromethane (3 x 10-mL), The combined

organis Exiracty wors dri;ﬂd aver anhydrous sodium sulfate,
‘and the solvent was remguid fo give a yellow oil which was
purified by eclumit chromatography {1:9 ethyl acetate/hexanc)

i to pive 39 us a'colarless ofl (39:mg: 62%); laly ~65 (¢ 1, CHClgh

IR(CDCL) 2692, 1778, 1693, 1651, 1513, 1456, 1456, 1366,

1268 1271, 1249, 1179, 1112 o' HNMR (400 Mz, CDCl)

S 6.99 (4, 2Hy J = 9 Hz), 6.80 (d. ZH -J = G Haj, 5:0-4.5 {m,

L OBHY, AT (5, BH). 3:32 (1) 14, =8 1), 263 (m, 1H), 2.32~ -
220 (. 3D 2.09-1.65 (m, 5H). 1.04 (s, 9F). 0.98~0.75 (m,.
“UBHE VO NMR (75 MH?,,’CDCU § 176.3, 138.4, 155.7..140.0, -

133.9, 128.5,(114.3, 133.1/°81.0, 79.5, 65.7, 58.7, 55.1, 50.0, 47.1,
31.2, 30.5, 28.2; 27.7, &;6, 21.1, 20.3; LRMS.(m/a (M* + 1
444; HRMS (nM {'VI* 1) caled for Cagl igNOa 444 2741 fourtd
4442750, |

55(3-Butylcar bampyL 15-hydroxy-4 ‘}methylpemyl)—
454sanro
yhic &¢id m"t -Butyl Ester, 50. To 4 solution of 48 (50 mg..
0.4 mrm!}‘  ethyl acerate (3 wil) was added 10% Pd/C, and

the mur;qﬂ mixtusre was stirred undet” an atmosphere of

hyrogen gad. The mtaly%t was filtered, solvent was removed,
anci thie residuc was phirified by caluion ehmmatugmphy (1:8
ethyl acet -hamnﬂ) 4 giveea coloriess oil (48 mg, 95%): laly
~28R G ¥, CHCLY, LRMS (mf2) (MY + 1) 446, HRMIS (md?)
QMo 1) ealen for CooklsNOs 446,2914. found 446,2906. To a
sohution of 7 butylamme {26 mg, 4 equiv. 0.36 rmnol)-in dry
dit?nmumr thane {1 rxpL) was added trimetbylaluminum (018
k. 2 M solutiorn in/ tofuene, §.36 mmol), and the reaction
KT Gree was sﬂm\d‘ af room temperature for. 5 min. This .
so}umu was tre m';f$ned via cannula-to a solution of the

- lactone (40 mg, U.09 mmel) in dry dichloromethane (2 mlL).

_The reaction miktuse was stirred-at room temperature overs
night snd-quenchediwith a saturated solutipn of @mrmonium
chigrihy, and the orgamr phase was separated. The agueous
phage was extracted with dichloramethane (3 » 10 ml), and
| the covibined orgahic oxtracts were dried over anhydrous
sodium sultare and filtered. The salvent was removed to give
& dark nif which wels purified by coltinr chromatography (1:3
ethivl acetatefhexite) to give 50 as & wolorless ol (28 mg,
B0%): Lty =301 [ (L8, CHCL); IR (CDCL) 3307, 2958, 1660,
151301164, T304, 1366, 1248, 1178, 1113 em~t 'H NMR (400
MEe. C13060) 48 7.00 0, 2H,-J = 8 Flz), 6.81 (d, 2H, J= 9 Hz),
5.9t THY, 4 ihhf! Ui, e T H2), 4014 THL U= 9 H2),
S 3.9545.3H),.3.38 \1 1H, 7511 Hz), 3.30~3.19 (m, 2H), 2.18~
120 i, 17H), 1.08 (s, GHY, 095071 (m, 22H); BC NMR (78
MHz CTCK) 6 1761, 1583, 1336, 128.4, 113.4, 80.2, 74.7,
65.0, 3.3, 55.1. 447 387, 36.8. 31.7, 30.3, 30.3, 27.8, 27 5,
L2148, 211, 21 0,200, 15.7, LRMS (/) (M"Y 4+ 1) 519; HRMS
(m, ] Wi Bk 1y ml d for Cabs:NeOs 519.3800, ﬁmnd £19.3798.
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p e B Hanesslan ‘ot al @ .
R W 13‘33 25.9.25.4; LRMS {2 (M4 1Y 482, HRMb S
'{m/A > 1 1) cated for CanHoNOs 462.2864, found 462,2855. -




