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

1. Decumentos estudiados

Descripeidn:  'Folios 122188 | 26/Marze/2010_

Reivindicacionss: Folios 189 a 194 26/Marza/2010
Folios 228 a 231 168/Febrero/2011

Prioridad: B JP 2007-235580 | 11/Septiembre/2007

2. Anallsis de la Prioridad
Se acepta la reivindicacién de Prioridad porque esta solicitud fue presentada dentro

del plazo establecido (Art. 8 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invenclén

Titulo de la solicitud: “DERIVARQO DE ALQUILSULFONA"
Expedients 10-36274 1er Art 45
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El problema plantsado en esta solicitud consiste en la necesidad de proporcionar
compugstos de fuere actividad inhibitoria sontra la produccidn y sborecion ds
protelng B-amilelds

Para resolver este problema técnico la solicitud en estudio proporciona un
compuesto de la formula (1) y composiclonss qus lo gontienan.
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(var folle 18)

k| objeto d& |a presante Solicitud &2 reldclens gon ln Clasifioasion Internasions! da
Patentes (GIP); G 07 O 215/48

4. Do ia Salisitid ds Patsnle
Tituto

El titulo no corresponde con el objeto de la solicitud porque no define las
caractaristions téonicas de Iz invencidn por cuanto los compuestos derivados da
alguilsulfona ya son cono¢idos én ol eutado de la tdenise; por 1o ousl se suglere al
Salicitants Racer [ edrfescidn necesaria.

Relvindisaslones (Art 30 D 486, Ar 22 POT)

El capliule reivindicatorio no es consisd porgua manciona definicienss genéricas y
funcionales, 1o cual dificuita determinar la extension del objeto que 86 busca
proteger. Ademas menciona la prasencia de 1 a 3 sustifuyentes sustituysndo &
grupo R* sin especificar cuales son dichos sustituyentes, Por tal motivo se obtienen
un numero indefinido de compugstos gl no encuantran soporia en la dessripcidn,

Al revisar la descripcién en los ejemplos se muestra que R’ es matilo, etilo, propllo,
butilo, etenilo, propenilo, ciglopropila, ciciobutilo sustituidos por fldor, ¢lore, hidrox,
tert-butil(dimetil) silll oxil. dioxolan-metil, formll v banclioxi R? corrasponds a log
sustituyentoa 4-metii-G-piridin y §-cloro-d-piridin sustituidos en la posicién 2 por
sustituyentes bromeo, carboxilste de metils, carboxamids, N- -(hidroxiriethi)
carboxamida, N-(hidroxletl) carbexantida, cerbaldehido, hidroxiamino y aming,
comprenda también los  sustitUysrites 7-clorc-4M-piridal1.2-alpirimidin-4-ona
suatituitio &n 1s poleion 2 ner hidroxl & por AMING v &l Sustituyanie S«¢iars:[1.2,4]
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triazolo [4,3-a] piridin-3(2H-ona) 2" z# y Z° son fltior. Por lo tanto se sugiere restringir
la salicitud a ura razonable generalizacién de tales ejemples.

8. Determinacion del Estado de la Técnica
El Estade de la Técnioa se determind con base en la fecha de Pregantaciéon de la

Solicitud de Prioridad: Septiembre 11 de 2007, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

o . ) _ Fecha de
ltem Deeumento Titqlo Publicacién
Aryl-Pyridylmethyl Alkyl Sulfones and
D1 US2682544 their Preparation 29/Junio/1954
3-(8 2-(Dialkylamino)Ethyl{9 -2- .
D2 U54148922 {Benzyl)Indoles 10/Abritt 1978
Dean F. Bushey, Brenda |
F. Johnson, and Jamin
Huang
“Intramolecular Intramolecular Nitrogen-Phosphorus .
b3 Nitrogen-Phosphorus Interactions of Phosphate Esters”. Junio/1385
Interactions of ' '
Phosphate Esters”. J.
Org. Chem. 1885,50,
2091-2098 _
- ' IO Pyridyimethylsulfone Derivative IR
D4 WO2008105729 yricyimetny t 19/0ctubre/2006
' ' ' Beta-Amyloid Protein '
D3 EP1466898 Production/Secretion Inhibitors 13/0ctubre/2004

D1

http:/fworldwide. espacenst.com/publicationDetails/originalDocument ?CC=USANR=2682544A&KC=AL
FT=D&ND=38&date=195406298DB=worldwlde.espacenet.com&locale=en_EP divulga (columna 1,
lineas 1 a 17, columnas 3 a 9 ejemplos 1 a 15) un compuesto correspondiente a una
aril-piridilmeti! alquil sulfona.

D2
hitp:/iworldwide.espacenet.com/publicationDetails/originalDocument?CC=USENR=4148922A8KC=A4
FT=D&ND=38date~19790410&DB=worldwide.espacenet.com8locale=en_EP divulga (columna 1
lineas 10 a 20, columnas 2 a 4, ejemplos 1 a 4) un compuesto correspondiente a un
indol bencilsustituido.

D3

http:/ww.sinab,unal edu.co:2139/doi/abs/10.1021/000212a017  divulga  (pagina 2092
compuesto 15, Ver folios 243 a 247) un compuesto correspondiente a un
benzimidazol bencil sustituido.
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D4

hitp./fworldwide.espacenet.com/publicationDetails/originalDocument?CC=WOENR=2006109729A1
&KC=A1&FT=DE&ND=3&data=200610188DB=woridwide espacenst.comaiccale=en _EP

(traduccion) divulga (ejemplos 1 a 136) un compuesto detivado de piridina con
efecto inhibitorio sobre B-amiloide.

D5 '

http://woridwide. aspacenet.com/publicationDetalls/originalDocument?CC=EP&NR=1466898A1&KC
=A1&FT=DEND=34date=20041013&4DB=worldwide espacenet.comalocale=an_EP divulga

(pagina 2 a pagina 9, paragrafos 0008 a 0049) un compuesto de ia férmula (1) Giil
como inhibidor de B-amiloide.

8. Examen de Patantabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacion 1 consiste en un compuesto caracterizado porqus es represantado
por la formula geners! (1)

L (Ver folio 228)

Comparacion de !as caracteristicas técnicas esenciales, con las del Estado de la Téonica
Caractersticas gsencigles , D1

{Pagina 1 lineas 4 & §)
Ar

Anillo de fenito
Anilla de fenilo
Sustituido par 1 a 3 sustituyentes
consistantas en alguilo teniando 1 a b
atomos de carbeno, alcoxi teniendo 1
a 6 atomos de carbono, fenilalquils
teniendo 7 a 10 4tomos de carbono,
fenoxi, fenilalcoxi tenlendo 7 a 10
atomas de carbono, halbdgena
amina terciaria y trifluoromastilo.

K (columna 9 reivindicacion 1)
CH . CH

Expadiants 10-36274 181 Art 45

21, Zﬂ y23

Cada uno indepandientamente es hidrogeno,
haldgeno o un grupo ciano.




R s _ - : s
50,
nese ____ S _ . _ . e
CH.R, R
R; &8 C,.Cs alguilo_ i _ _Redleal alquilo inferior
R ' 2- Piridilo
2
Grupo heteroolclice aromético monaciclico que g:ﬁggfg?;mﬁ;m
contiene nitrdgerio de 6 mlambroa que tiene 13 3 i
grupos sustituyentes é\lsjui! 2-piridil. (columna 2 lineas 23 a

Las caracteristicas esenclales del compuesto de la reivindicacion 1 hablan sido
divulgadas previamente en D1, el cual da a conocer una alguilsulfona aril-piridiimetil
sustituida (columna 1, lineas 1 a 17, columnas 3 a 9 ejempios 1 a 15).

En consecuencia, la reivindicacion 1 no es nueva 6 carece de novedad, segdn lo
divuigado en el documento D1.

Puesto que las reivindicaciones 2, 3, 7 y 10 no mencionan caracteristicas nuevas
adicionales tampoco se pueden considerar nuevas.

Comparacién de las caracterlsticas técnicas esenciales, con las del Estado de ia Técnica
Caracteristicas esenciales D2

Ry

cH cﬁ N/
3 b ied
CL——,[ )
R3
~ N CHS~R
H 3

(celumna 1 lineas 10 a 20)
Anillo de fenilo Anille de fenilo
21' Zd y 23

Cada uno independientemente es hidrogeno, halggeno | Hidrégeno
0_UA Grupo oiane.

§$(O)n
8
0880 — . . — N— —
CH,,R, R3
R,es C1.C_5 alquilo _ | Alguilo inferior
R:

Anillo de indal dialquil etilamino
Grupo heterociclico biciclico que contiene nitrégeno de | sustituido.
8010 miem_bros gque tiene 1a4 grupos sustituyentes

Las caracteristicas esenciales del compuesto de la reivindicacién 1 habian sido
divulgadas previamente en D2, el cual da a concecer Un compuesto indol bencll
sustituido (columna 1 lineas 10 a 20, columnas 2 a 4, ejemplos 1 a 4)
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En consecuencia, la reivindicacién 1 no es nueva 6 carece de novedad, segun lo
divulgado ern el documento D2,

Pussto qus la reivindicacién 7 no menciona caracteristicas nuevas adicionsles
tampoco se pusde considsrar hueva,

Comparacién de |as caracteristicas técnicas esenciales, con las del Estado de la Técnica

Caracteristicas esenciales D3 |
5
f P §or
Z- [ S | - N
- " E A .
207 T‘H N
'S ' “~ .
§ Q) | C o I
2. . |
CH. LMy i
R (pagina 2082 sompuesto 15) _
Anllio de fanlic o Anilio da fenilo i
21' ZQ y zl! ’

| Dos sustituyentes correspondientes
Cada une Independisntemente es hidrégeno, a cloro y el ofro corresponde a

halégeno o un grupo ciano. ) hidrogeno.
S(O}y
5
nes0
CHLR,
Propilo

R, es G Cs algulle
R,

Anlllo de henzimidazo

| . . | r.l" . L
Brupo heterocicliso bicizlico que contlene nitrdgend matiaystituids

de B o 10 miembros que tiene 1 a4 arupds
sustituycnies

Las caracteristicas esenciales del compuesto de la reivindicacion 1 hablan sido
divulgadas previamente en D3, el cual da a conocer un compuesto benzimidazol
bencil sustituido (pagina 2092 compuesto 15, Ver folic 244)

En consecuencia, la reivindicacion 1 no es nueva 6 carece dg novedad, segun o
divulgado en 8l documento D3.

Puesto que la reivindicacion 7 no meénciona caracteristicas huevas adicionales
tamposo se puede considerar nuava,

En consecuearncla las relvindicacionas 1= 8, 7 y 10 caresen da novedad.
Nival inventivo (Art18 D486)

La reivindicacion 4 consiste en el compuesto de conformidad con fa reivindicacion 1,
sales del mismo o solvatos del mismo, caracterizado porque R? en la formula general
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(1) es un grupo representado por |a siguiente férmula (1);

(Ver folle 229)

239

Comparacion de las caracteristicas técnicas asenciales, con las del Estado de fa Técnica

SOLICITUD

D4

D&

Anlllo de fonllo

Al’1

Grupo fenilo (paragrafo
0010)

Q31_ Qﬁz_ 033__ 034

donde @', Q% y Q* son
un enlace simpie y Q*' es
A% siendo A* un grupo
hidrocarbonado {pagina 4
{(naas 27 a 38) siando
aate grupo
hidrocarbonado un grupg
hidrocarbonads aiclico
(R (pagina 7 perdgrafo
0041)

2\ 2%y 2

Cada uno independientemente es
hidrégena, halégeno o un grupo
ciano.

Sustituidos por1a3
sustituyentes
seleccionados entre
halogeno y alquilo inferior
que puede estar sustituide
por halégeno o por
hidroxilo {paragrafo 0018)

Opcionalmentg 1 a2 3
sustituyentes
seleccionados del grupo
que inciuye haiogeno y
grupo ciano (pagina 8,
paragrafo 0048)

CH

CH

C-R*

RZ es Q21_ 022_ Q23_ QZd
donde Q*' 0%y Q¥ son
un entace simple y Q* es
A% siendo A% un atomo
de hidrégeno {pagina 3
linea 57 a pégina 4 linen
12) (R') (pagina 7
paragrafo 0041)

$(Q)n

nesQ

X

5, 80, SO, (paragrafo
¢01Q)

X

8, SO, SO, (pagina 2
linga 57)
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R, @8 (..Cqy alguilo

N L I R e .
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A!‘z

Rﬂ
ﬁdl "y QIIh Qﬂ? d3 le
donde Q*' 0%y Q“ 80N

un aniace sim;ale yQ*es
A® sisndo A% un grupsd
hidrocarboriade (pégina 4
{ineas 39 a 53)

R,

R® as haldgeno o C-Cg alguiio

R®es C,-Cy carboxialquilo,
carbamailp, N-alquilcarbamuailo, NN~
di{CCy alguilo)jsarbamollo N-{ C+Ca
i hidroxialqullo) carbamoilo. carbioki,
sming. N« Cy-Cg hidroxlglquilo)
aming ¢ G -Gy alquilsulfonilamine)

\L -

% o5 hidrogeno, alguilo
inferior & haldgeno

R!

Z 86 obfsqenra O &zufre

Y 68 NR'R? donde R' as
hidrégens, aiqulla inferior
o hidrgxilo, R? gg
hidrdgene, aiquilo Infarior
yue puede estaf
sustituide, alcanally
inferior, un grupo
alcoxicarboniio que puade

. eatar sustl vido, alooxi

Inferior dus puedie estar
susituido, amifo que
puede astar zustituldp, un
grupo fosfond, un grupo
fanilo que pueda estar
sustitiidd, o un aromatico
hetaraciclico que puade
estar gustituldo

i R

R' es (RY(R'YR")

donde R®y R® forman un
heterguicle insaturado y
R’ corrasponds el enlace
de insaturacion {pagina 2
IInes 58 a pagina 3 lihea
17) (R") (pagina 7
paragrafo 0041)

|

| (ejemplo 4 foliv 79)

L
L

A

{compussto 13 paragrafy
0431)

0§20

Gl
(ejamplo 351 pagina 226)

G
9

| {alarplo 381 pagina 2413 |

El decumanto D4 divuiga un compueste azufrado piridil sustituido (sjemplos 1 a 138)
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La diferencia entre la invencién, definida en la reivindicaciéon 4 y el compuesto de D4
consiste en el sustituyente Ar® de D4 en lugar del grupo CH-R’ reclamado en la
solicitud.

El documento DS divuiga un eompuesto azufrado trisustituido (pagina 2 a pagina 8,
paragrafos 0008 a 0049).

|.a diferencia entre ia invencién, definida en la reivindicacién 4 y el compuesto de D5
consiste en que D5 no dlvulga especificamente un compueste que presente el
sustituyente CHy-R'

El efecte que logra el incluir el sustituyente alquilo correspondiente a CH»-R' es
proporcionar nueves compuestos inhibidores de B-amiloide.

Por lo tanto, e! Problema Técnico Objetivo que pretende resclver esta invencion se
puede formular asi: “cémo modificar el compuesto conocido en D4 para proporcionar
huevos compuestos inhibidores de R-amiloide.

Sin embargo, la utilizacion de un sustituyente alquiio sustituyendo el atomo de azufre
para proporcionar nuevos compuestos inhibidores de B-amiloide, ya esté divulgada
en ef documento D5 donde este sustituyente corresponde al grupo R* donde R4 es
Q41- Q42- Q43- Q44; donde Q41, Q42 y Q43 son un enlace simple y Q44 es A43
siendo A43 un grupo hidrocarbonado (pagina 4 lineas 39 a §3)

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria
el sustituyente alquilo divulgado en D5 como sustituyente del atomo de azufre en ef
compuesto divulgado en D4 utilizando los sustituyentes carboxi, carboxialquilo,
carbamoilo, amino y alquilsulfonilamino sustituyendo el anillo de piridina (Rb en la
solicitud) divuigados en D4 y en D5, y el sustituyente halégeno o alquilo (Raen la
solicitud) divulgado en D4  para liegar asi al objeto de la reivindicacion 4 de la
solicitud. Por lo cual se considera obvia.

En conclusién la reivindicacion 4 cumple el requisito de novedad (Art. 16), pero no
cumple con e! requisito de nival Inventivo (Art. 18).

Puesto que las reivindicaciones 5, 8, 9y 11 no presentan caracteristicas inventivas
adicionales tampoco se pueden considerar inventivas.

En consecuencia las reivindicaciones 4, 5, 8, 9y 11 cumplen el requisito de novedad
{(Art. 18), perc no cumplen con el requisito de nivel inventivo (Art. 18).

7. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estén afectados ast:

ltem _.Documento Reivindicaciones afectadas | Requisito que afecta
D1 L1S2682544 1-3,7y10 Novedad
Expediente 10-36274 1er Art 45 '
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D2 US4148922 o 1v7 Novedad ]
intramotecular ’
Nitrogan- |
D3 Phosphorus 1y7 Noveded
Interactions of
L Phozphats Esters
; D4 WO2006108728 . Js, g8yl Nivel Inventive
| L] gP14g6888 468 0y11 _ _Nivel Invantive

En cumplimiento del articulo 45 de la Decisidn 486 de la Comision de la Comunidad
Andina, se le indica que dabe dar respuesta dentro del términc de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran 102 impedimentos para la cpncesién, 5@ denegars la patents.

Notifiquese el presente oficio conforme a lo dispuesto an el numeral 5.2, literal @), de!
capltulo quinto dal titulo primero de la Cirsular Uniga No. 10 de 2001,

JOSE LUIS SALAZAR LOPEZ
Dirsctor de Nusvas Creaciones (C)

A

El anterlor reguerimianto fue notificade por fijacién en lista, de fecha

K

Elaborade por: Rodotfa Cadena Amaya. .
Revieads por Gloria Jasgualiie Aifonas. OkLA
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J. Org. Chem. 1985, 50, 2081~2095

intensity) 428 (50, M*}, 412 (98), 411 (100), 396 (75), 381 (85),
366 (80). Anal. Caled for CoeHy N0, C, 72.88: H, 6.85; N, 6.54.
Found: C, 72.79; H, 5.66; N, 6.29.

22,22-Dimethyl-17,27-dioxa-40,41.-diazaheptacyelo-
[27.2,2.2'%16 21821 92538 126 1 Tl hentetraconta-2,4,6(41),7,9,11-
{40),12,14,18,20,23,25,29,31,32,34,36,38-0ctadecaene 40,41.-Di.
oxide (7). Diether dioride & was converted to the dibromide §
by using the precedure described for 2. The crude product,
izolated in 84% yleld, was used without purification. The cy-
clization of 6§ to form 7 was carried out in a manner analogous
to the preparation of 3, except the dibromide~bis{pheno!} splution
did wot contain (CH;),0. Chromatographic purification was
accomplished by eluting the product from the silica gel column
with (-10% EtOH in EtGAc. The yield from 225 mg of 6 was
59 mg (23%) of light yellow aolid, which was the monohydrate
of 7. mp 160-290 °C (gradual decompaosition); '"H NMR (50:50
CD,CN-CDCly, v/v) § 1,61 (s, 8, CHy), 5.18 (5, 4, CH,0), 8.87 and
7.01 (AB q, 8, J = 8.8 Hz, PhCPh), 7.8 (m, 14, ArH); MS, m/e
{velntive intenaity} 592 (26, M™), 577 (30) , 5456 (45}, 320 (100},
212 (66), 166 (96). Anal. Caled for CyuHy, N0 H,Or C, 76.70;
H,561; N, 4.58. Found: C, 76.92; H, 560; N, 4.62. The 'H NMK
spectrum recorded in CDCY, displayed an AB quarter at 5.12 and
6.20 ppm (J = 14 Hz) for the CH, protons.

4,4'-Bla{1,1-dlmethylethyl)-2,2.bipyridine 1,1’-Diexide (8).
A golution of 4,4 di-fert-butyl-2,2-bipyridine' (1.0 g, 3.7 mmol)
and m-chloroperbenzoic acid (2.6 g, 15 mmol) in 30 mL of CH,Cl,
was atirred for 48 h &t ambient temperature, diluted to 50 mL
with CH,Cl; and washed with 50 mL of aqueous Na,CO,. The
wazhings wers extracted with 50 mL of CH,Cly, and the combined
organic layers were washed with 50 mL of additional Na,CO,
solution, dried, filtered, and concentrated to a vellow foam. This
foam was chromatographed on 20 g of neutral alumina (Fisher,
activity 1, 80~200 mesh), eluting with 0-5% MeOH in CH,CI,,
to vield 0.88 g (78%) of 8 as a foam: 'H NMR (CDCly) 4 1.38 {a,
18,CHy), 7.29 (d of d, 2, J, = 3 Hz, J, = T Hz, H-5,5), 7.60 (d,
2 J, = 3 Hz, H-3,3), 820 {d, 2, Jy = 7 Hz, H-6,6"). Anal. Caled
for C1aHp N0y C, 7187, H, B.05; N, 8.33. Found: C, 72.0L; H,
8.03; N, 0.28,

2081

MeSnCly Complex Formation with 5, 7, 8, and 9. Stock
solutions of 2,.00-mL total volume were prepared of each of the
ligands and also of MeSnCl; (handled in an Ny-filled glovebag),
in CD;CN or 50:50 CDCly-CDCN (v/v). Aliquots of the stock
solutions were combined to obtain experimental solutions of the
compositions listed in Tahle I. The 80-MHz 'H NMR spectra
of the experimental solutions wers recorded and were independent
of the order in which the component stock solutions were in.
troduced. No aolld precipitation waa observed,

Dehydrochlorination of 10 in the Presonce of 5 and 7.
Reactant solutions consisting of 16 (14.0 gL, 12.7 mg, 0.073 mmol),
BuSnCly {2.7 ul., 4.5 mg, 0.018 mmeol), and CyD,Cl (0.40 mL} were
prepared. Some of the sclutions also contained 5 (7.4 mg, 0.017
mmol) or 7 (10.3 mg, 0.017 rampl), and these solutions were made
homeogeneous by gentle heating before the addition of 10 or
BuSnCly. The reactant solutiona were heated to 100 °C as quickly
ay possible (<5 min) in the probe of the NMR spectrometer, after
which spectra wars vecorded at 10-min intervals, Conversicn of
the allylic chloride (2 olefinic H, 1 chioroallylic H) to a conjugated
diene (4 olefinic H) wae monitorad hy the increass in the ratio
of olefinic to chloreallylic protons. Compounds 5 and 7 did not
appeer to decompoze during the sxperiments.

Acknowledgment, We thank A. M. Mujsce for oh-
taining the mass spectra and S. L. Haynis for a eample of
trans-4-chloro-5-decene. Helpful discussions with W, H.
Btarnes, Jr., are gratefully ncknowledged.

Reglsixy No, 1, 95601-80.2; 2, 85601-81.3; 3, §6601-82-4; 4,
95628-38-9; 8, 96259-23-3; 5-MeSnCly, 96292-57-8; 6, $6259.25.5;
7, 96259-24-4; 7-MeSn(l,, 96292-54-5; 8, 98259-28-6; 8-MeSnCl;,
96202.55-6; 9, 23569-17-T; 92MeSnCl;, 96252-56-7; 10, 90370-35-T,
MeQCH-p-CgH MgBr, $6269-22-2; p-BrCoH ,CH,0Me, 1515-88-4;
(p-HOC H,);C(CH,}y, 80-05-7; MeSnCly, 993-16-8, (E E)-
CH;CH,CH==CHCH=~CH(CH,};CH,, 92260-75-8; 6,6'-dibramo-
2,2-bipyridine, 49669-22-9; 2,6-bis(mercaptomethylinaphthalene,
43012.08-8; 4,4'-di-tert-hutyl-2,2"-bipyridine, 72814-19-3.

Intramelecular Nitrogen-Phosphorus Interactions of Phosphate Esters

Dean F. Bushey,* Brenda F. Johnson, and Jamin Huang

Unian Carbide Agricultural Products Company, Research Trigngle Park, North Caroling 27709
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Four diffarent claseos of phosphate esters derfved from enols, phenols, carbinals, and oximes have been shown
to undergo intramalecular rearrengementa assisted by s neighboring nitrogen, The unexpected products from
thess rearrangementa have been characterized by spectral methods, especially *C NMR. Rearrangsments involving
the O-athyl §-propyl thiophosphate group have led to particulerly Interesting results.

The reaction of phosphate esters with acetylcholin-
esterase is an important, biclogical process in insest control.
In this process, the imidazole group of histidine is assumed
to be responsible for activation of the serine hydroxyl,
which in turn dispiaces a ligand of the phosphate insec-
ticide.!* An analogous rate acceleration by neighboring
amide or emine functionalities in phosphate estar hy-

() () Eto, M. “Organcphosphorus Pesticide: Organic and Biologleal
Chamistry", CRC Press; Cleveland, OH 19874; pp 128-144; (b) Sharma,
R. K.; Vaidyanathaswamy, R. J. Org, Chem, 1982, 47, 1741. {c} Naylor,
R, A,; Williame, A. J. Chem. Soe,, Perkin Tranas. 2 1978, 1908. (d) Kluger,
R.;Chan, J. L. W.J. Am, Chem. Soc. 1976, 98, 4513. (e¢) Lazarus, R. A.;
Benkovic, P. A.; Bankovic, 8. . J. Chem, Soc., Perkin Trans, 2 1889, 373,
(f) Lazarug, R, A.; Benkovie, 8. J. J. Am. Chem. Soc. 1999, 101, 4300,

(022-3263 /85, 1050-2091501.50,/0

Scheme !
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drolysis has been documented by several 1. vestigators,i™!
The implications of this type of intramolecular interaction
on the preparation, stability, and biological activity of
potential organophogphate insecticides containing a distal
nitrogen have not been addressed.

© 19856 American Chemical Sociaty
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In the course of studies on novel phosphate asters and
thio esters, a number of rearrangements involving a ni-
trogen atom and having impartant synthetic consequeances
have been discoversd, Theae results have also demon-
strated some important reactivity differences between the
standard diethyl phosphates and the more recently in-
troduced O-ethyl S-propy) thiophosphates as exemplified
by the commerclal compound profenfos.

Intramolecular rearrengement promoted by neighboring
nitrogen has been observed for phosphate esters and thio
esters derived from enols (1), phenels (1), carbinols (711},
and oximes (FV) {Scheme I). The extent of interaction
is dependent on the nitrogen basicity and the spatial re-
lationship of the involved nitrogen and phosphorus atoms,
Although such an effect has been observed in the diethyl
phosphate cases (X, Y = QEt), this interaction can be more
clearly demonstrated in the thio ester anelogues (X = OEt;
Y = §Pr).

Results

The phosphorylation of the Eotassium salt of 2,2,6,8-
tetramethyipiperi-3.4-dione, 1,° in the tetrahydrofuran
produced an unexpected result becauge of an iniramolec-
ular nitrogen participation (Scheme II). When the anion
of 1 generated by potassiurn tert-butoxide was quenched
with dimethylcarbamoyl chloride, the expected carbamate,
2, was isolated. When the same anlon was quenched with
chlorephosphates 3a and 3b, the cyclic phosphate 6 was
the only phosphorus-piperidione adduct isolated from
column chromatography (18% from 3a, 10% from 3b).
The only other product isolated in sufficient quantity and
purity to establish structural asstgnments was the starting
material 1.

A propozed mechanism for the formatlon of 6 is shown
in Scheme II. The key as to which pathway is followed

(21 Pilo-Veloso, D.; Raseat, A. Bull, Chem, Soc, Fr. 1978, 11-12, 821.
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is determined by the leavmg abilities of the phosphate
ligands (i.e,, Cl & SPr > enol > OEt).

The structural assignment of 6 is based on spectral data.
The three unexpected observations which needed to be
accommodated by the proposed structure were (1) a lack
of an 8Pr group in the NMR gnd C NMR, {2) & lack of
any strong carbonyl streiches in the IR, and (3) an un-
usually large upfield phosphorus shift in the P NMR,
Strucrure 6 addresses these observations and is consistant
with all other spectral data, including the extensive
phosphaorus-carbon and phosphorus—hydrogen coupling,
the UV axtinction coefficient, and the elemental analysis.
Attempts to aobtain an X-ray crystal structure on the
plate-like crystals which slowly formed in the freezer were
unsuccessful.

Quenching of the anion of 1 with diethyl chloro-
phosphate, 4, followed by column chromatography gave
a17% yield of compound 7. Structure 7 was derived from
a similar mechanism as previously presented for compound
6 but with the enol moiety acting ss the leaving group. The
key as to which pathway is followed is determined by the
leaving abilities of the phosphate ligands (ie., Cl = SPR
> enol > OEt). The ¥C NMR and IR of 7 were especially
useful in assigning the proposed structure.

A direct interaction between the nitrogen and the
phosphorus was demonstrated in area II and III (Scheme
I). When o-{2-imidazolinyl)phenol & was reacted with the
phosphorochloridate 3b in the presence of triethylamine,
the compound isolated with the tricyclic phosphate 10
(Scheme HD). Compound.10 was also prepared from ethyl
dichlorophosphate 3a to confirm the structure. The N-
methyl analogue 9 was phosphorylated to give the product

LA
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11. Oxidation of 8 to its imidazole analogue 12¢ reduced
the nucleophilicity of the nitrogen sufficiently to allow
preparation of the phenyl thiophosphate 18,

More surprising is the attempted phosphorylation of the
benzimidazolylcarbinol 14 with 3b {Scheme IV), Instead
of the expected simple product of alcohol phosphorylation,
the product isolated from the reaction mixture was the SPr
adduct 15. The postulated mechanism is depicted in
Scheme IV. The instability of the carbinol phosphate is
unique to the benzimidezole series because the phosphates
derived from benzothiazole and henzoxazole 18 and 19,
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! 'y
f\r/h v , - ¥ Shr
4 oo
4 4l .
< 4]
1 -
B [T
i7 X8 _‘2 ELH)
e :

respectively, were easily formed. Again, as in the case of
8 va, 12, this is presumably from reduced basicity of the
nitrogen interacting with the phosphate.

Finally, a more subtle interaction was observed in the
oxime phosphate area IV, The ozime phosphates 24 and
25 were prapared via standard procedures. The phosphate
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24 was obtained as a single E isomer (i.e., phosphate ¢is
to CHy; R = CH, single peak in NMR (¢ 2.63) and *C

NMR is consistent for one isomer). Compound 25 was a
mixture of the E and Z isomers as indicated by the *C

J. Org. Chem., Vul. 50, No. 12, 1985 2093

NMR spectrum. Especially diagnostic because of its
separation from other peaks is the a-carbon of the POC-
H,CH, groups (for 25 two doublets; Jpe = 7 and 9 Hz).
Based on our experience with 24, one would have to expect
30 to be a single E isomer, however, ¥C NMR analysis
indicated both E and Z isomers to be present. Further-
more, the Z isomer was resolved in the “*C NMR spectrum
into rotationel isomers. The benzimidazole nitrogen ap-
parently exerts sufficient influence on the phosphate to
partially stabilize the Z isomer, and that interaction is
sufficlent to hinder rotation presumably around the P-0O
bond. The same argument holds for 31 as is diagrammed
in Schemsg V.,

Conclusion

Three cases of intramolecular rearrangements of phos-
phate esters invalving neighboring group participation by
nitrogen have been presented. In a fourth case, the oxime
phosphates, the interaction of nitrogen with the phosphate
group, appears to exert a regioselective control over the
course of the oxime phosphorylation of O-ethyl S-propyl
chlorothiophosphate. The observed extent of neighboring
group participation by nitrogen appears to be dependent
on nitrogen basicity, steric strain, spatial relationships, and
thermodynamic stability of the possible products. The
intramolecular interaction of nitrogen and phosphorus as
an influence on biological activity has vet to be demon-
gtrated.

Experimental Section

All melting pointa are uncorrected. IR spectra were taken on
a Perkin-Elmer Model 187 spectrometer. NMR spactra were
obtained on a Varian EM-360 spectrometer at 60 MHz with
{CHg}(8i a8 an interna! standard. *C NMR and ®P NMR spectra
were obtained on a JOEL FX-800 spectrometer with (CH,y),Si as
an internal standard for the '%C NMR and H;PO, as & standard
for the *'P spectra. C, H, and N elemental analyses were per-
formed by either the Technical Center Analytica) Group or
Galbraith Analytical Laboratories,

Goneral Procedurs for the Preparation of Compounds 2,
6 and 7. An equivalent of 2,2,6.8-tetramethylpiperi-3,4-dicne,
L, was dissolved in THF under a nitrogen atmoesphere. To this
was added 1 equiv of potassium tert-butoxide. The mixturs was
refluzed for 2 h and cooled to 26 °C before I equiv of the ap-
propriate phosphoryl eor carbamoyl chioride was added dropwise
as a THF solution, The reaction mixture was stirred at 25 °C
overnight and worked up as follows,

Compound 2: The general procedure described above using
dimethylcarbamoyl chloride was followed. The final reaction
mixture was filtered and concentrated in vacuo to give a vellow
solid residue. Trituration with hexane gave a 45% yield of 2 as
e white solid; mp 114-116 °C; NMR (CDCly) 4 7.16 (g, 1, vinyl),
4.33 (br &, 1, NH), 3.07 (s, 8, NICH,),}, 1.53 (s, 6, gem-dimethyl),
1.36 (s, 6, gem-dimethyl); IR (CHC);} 3700-3200, 2998, 2950, 1735,
1388, 1170 em™. Anal. Caled for Cl2HEDN2OS: c, 59.87; H, 8.38;
N, 11.66. Found: C, 59.89; H, 8.46; N, 11.57.

Compound 6: The general procedure described above using
either athyl dichloraphouphate (8a) or O-ethyl S-propyl phos-
phorochloridate {(3h) wae followed. Ths reaction mixture was
quenched with ether /H;0 and the layers were separated. The
ether layer was washed with H,0 (2x¢) and the original H,0 layer
was washed with ether (2x). The combined ether solutions were
washed with 0.5 M NeOH (2x), saturated NaCl (1x), dried
(Mg80,), and concentrated in vacuo to give a brown liguid residue.
This was chromatographed on a Florisil column (10% EtQAc—
hexane — 35% EiOAc-hexane)} to give compound 6 as & clear
oil that slowly solidifies in the freezer {18% from 3a, and 10%
from 3b): TLC single Fluorescent spot, Ry 0.17 (5(:50 EtQAc/
hexare on silica gel); mp 41-43 °C (CDCly; 4 6.57-6.40 (f, 1, CH,
fine splitting), 4 17 (dq, 2, OCH; Jpy = 9 Hz), 1,76 (d, 6, (CHy),CO,
Jpy = 1.2 Hazy, 1.35 (t, 3, OCH,CH,, J = 7 Hzj, 1.35 (s, 8,
{CH3):CN); IR (CHCly) 3000, 1660, 1380, 1300, 1040, 1020, 1010
em™; %P NMR (CDCly) 6 (H3P0,) -12.1 ppm; mass spectrum {70

[Z40
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ev), m/e {relative intensizy) 250 (18), 232 (13), 216 (36), 151 (56),
140 (143, 136 (15), 134 (15), 133 (35), 123 (1001, B9 (40}, 83 (46},
80 (721, 85 (74); UV (BtQH) 237 nm (¢ 53037): %C NMR {CDCl)
follows (numbering shown in Scheme 1)

multiplicity multipligity,
carbon  ppm  decoupled Jpc off-resonancr
" i63.9 a 8 Hz d
il 142.7 d 5.5 Hz d
¥ 135.2 d 8 Hz dd
3 55.4 d 9 Hz d
¢ 74.3 § 5
2 65.2 d € Hz dt
4] 25.7 d 2.5 Hz dg
31 277 d 2.5 Hz dg
if 6.2 5 q
1 16.0 d 7 Hz dq

Anal. Caled for Cy,HNOP: C, 30.98; M, 7.00; N, 5.40. Found:
C,6L.4); H, 7.00: N, 813

Compound 7: The gencral procedure described above using
diethyl chlorophosphate (4) way followsd. The reaction mixture
was simpiy concentrated and purified by dry colums chroma-
tography on silica gel to give compound 7 (17% yield: TLC single
spot, B 0.43 (80:20 EtOAc/hexane on silica zel): NMR (CDCly)
8§ 4.33-1.67 {m. 4, OCH,j, 2.37 (s, 2, CHa), 1.73 (5, 8, gern-dimathyl),
1.37-1.07 {m. 12, OCH,CH; and gem-dimethy! singlet a1 1.47);
IR (neats 3700-3200. 2898, 1740, 1370, 1020 e+ Y'C NMMR
1CDCly) umbering shown in Scheme I1):

multiplietty
decoupled  Jpc

muitipheity

cerhon  ppm off-resungnce

7 201,35 [ B
[+] 170.1 d 5 Hz d
3 30.2 d T Hz d
9 B54.6 5 s
2 63.7 d 68 Hz ds
3 49.2 s f

10]

11 30.3 3 g
4 f 22 0 s q
3 6.6 d 3 Hz dq
1 16.1 d T Hz dy

Anel. Caled for C 3 Ho WOP: C 51140 H. 792 N, 4.59. Found:
C, 50.25; H, B.O3; N, 4.48.

Standard Phospharylation Procedure. The tvpical pro-
cedure for phosphorylation was to dissolve the aleohol, phenol,
or oxime in either CHyCl; or toluene and add 1 equiv of TEA or
4-(dimethylamino)pyridine. T this solution waa added, dropwise.
1 equiv of the chlorophosphate. The reaction mixture was stirred
at 25 °C overnight, washed with H,0 and agueous WaOH (if
possible), dried (Mg80,), and concentrated in vacuo. The crude
residue was purified via chromastography.

Preparation of 10: See the above standard phosphorylation
procedure starting with the phenol 5* (2 equiv of TEA were used
with da) 44% vield; NMR {CDCiy) 6 8.30~7.87 (in, 1, Ar},
7.83-6.93 {m. 3, Ar), 4.67-3.67 (m, 6), 1.37 {t, 3, OCH,CH,, J =
4 Hz}; IR (CH,Cly) 3540-2760, 1600, 1405, 1240, 1019 eml; 19C
NMR (CDClg) ppm 1545 (4, J = 5 He), 1517 (d. J = 7 Hz), 133.7
(d,J/ & 1 Hz), 128.5, 1247, 1186 (d, J = £2 Ho), 1147 (d, J =
3 Mz, 830 (e, = T HzY, 54.9 (d, J = 14 Hz), 44,8 (d, J = 4 Hz).
16.7 {d, ./ = & Hzt. Anal. Caled for € H;;N,0.FH,0: C, 48.89;
H. 5.80: N, 10.37. Found: C, 48.33; H. 5.56; N, 9.97

Preparation of 11: The standard phosphorviating procedurs
described above was used on compound 9. Column chromatog-
raphy purification gave 11 in 18% yield: NMR (CDCly) § 5.00-6.67
{m, 1, Ar), 4.67-3.23 (m, 6}, 3.23-2.37 {m, 5, SCH,, and NCH;
singlet at 2.723), 2.13~0.67 (m, 8); IR (CH,Cl,) 3400-2740, L585,
1100, 1240, 1030 em™; **C NMR (CDCL;) ppm 164.4, 147.9 (d, J
=8 Hz), 1310 (d, J = 1 Hz), 120.8, 125.2 {d, J = 1 Hz), 123.4 (4,
J = 7T Hz), 1207 (d. J = 3 Ha). 8d.4 (d, / = 7 Hz), 53.3, 52.8, 35.0,
331 (d.d = 4 Haz), 2.1 (d, J = 7 Hey, 16.0 4d, J = 7 Hz), 13.1.
Anpl. Reference 4. ‘

Preparation of 13: The siandard phosphorylating procedure
described above was used on compound 125 Column chroma-
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tography puriufication gave 13 in 24% yield. NMR {CDCLy) 6
10.0~8.83 (hr, 1 NH), 8.40-8.06 {m, 1, Ar), 7.53-7.00 Um, 5, Ar},
4.87-3.90 (m, 2, OCH.,), 310-2.40 {(m, 2, SCH.), 2.07-0.67 (m, B}:
TR (neat} 3800-1980, 1598, 1420, 1175 em™; "C NMR (CDCL)
ppm 1463 (d, /= 9 H2), 142.2¢d, J = 1 Hz), 120.5.129.3 (d, J
= 2 Hz), 126.4 (d. J = 1 Hz}, 122.5 (representing two imidazole
carbong), 122.1 (d,J = 6 Hz), 1206 (d, J = 3 Hz), 644 (d, J =
7THz2), 328 (d,J =4 H2), 23,56 (d, /= 7 He), 15,6 (d. J = 7 Ha),
12,5

General Procedure for the Praparation of 14, 16, and 17.2
The desired N-methylbenzimidezole, benzoxazols, or benzothiazole
was diseolved in ether, cooled to =78 °, treated with 1 aquiv of
n-butyllithium, and stirred for 0.5 h before quenching with 1 squiv
of 2,4-dichlorcbenzaldehyde dissolved in ether. The reaction
mixture was allowed 10 warm 1o 25 °C overnight and quenched
with 10% aqueous NH,C] solution, The mixture was extracted
with ether {3X] and the combined ether extracts were washed with
saturated NaCl, dried (Mg 80,). and concentrated in vacuo 1o
give a crude solid residue which was recrystallized frem hex-
ane/EtQAc.

Compound 14: 41% yleld; mp 185-193 °C; NMR (Me,50-4;)
¢ 7.83~7.10 (m, 7, Arj, 6.68 (br, 1, OH), .25 (s, 1, CH}, .93 (3,
3, NHCH;), Anal. Caled for C, H,;CLN,0: C. 38.86; H, 3.93:
N, 212, Found' C, 58.55; H, 4.01; N, 8.91.

Compound 16: 48% yield: mp 123-125 °C; NMR (CDCl,} 4
788712 (m, 7, Ar), 643 (s, 1, CH), 5.50 (br, 10 H). Anal. Caled
for C, H,CLNO,: C, 57.16; H, 3.08; N, 4.76, Found: C.57.0%;
H. .08 X, 468

Compound 17! T1% yleld: mp 120~122 °C; NMR (DY) 4
8.00-7.16 tm, 7, Ar), 6,50 (¢, 1, CH), 5.05 (br, 1, OH). Anal, Ce'cd
for C HpClNOS: C, 54.20; M, 2.92: X, 4.62. Found: C, 54.24:
H, 3.07 N, 4.54.

Preparavion of 15 The standard phosphorylating pracedure
degcribed above was used on compound 14. Tloriell chromatog-
raphy followed by recrysiallization in hexane;EtQAc gave 16 in
18% yield: mp 8662 *C; NMR (CDCly) 8 7.90-7.15 (m, 7, Ar},
5.78 (s, 1, CH), 8.73 (s, 3, NCH3), .52 (1, 2, SCH,, J = T Hz}, 1.6¢
(m, 2),0497 (¢, 3, SCHQCHQCHQ. J=7 HZ); IR {CHQCI;) 2940, 1572.
1481, 1450, 1085 cmh "C NMR (CDCl,) ppm 1424 (coupled s},
135.8 (s}, 134.8 (s}, 134.2 {5), 133.5 {8), 132.4 (d), 128.8 (&}, 126.1
(d), 1228 (d), 122.1 (d), 120.1 ¢d), 109.1 (d), 41.2 (d), 33.8 (1), 26.8
(q), 22.5 (t), 13.8 {g}. Anal. Caled for CygH,CLNLS: T 59.18;
H, 4.98; N, 7.88, Found: C, 49.52; H, 3.0, N, 7.72. '

Praprration of 16 and 19.% Both compounds prepared hy
standard phosphorylating procedure described above,

Compound §8: 27% vield from Fiorisil; NMR (CDCly)
7.08-7.20 (m, 7. A2), 7.07 {d, 1, Jpy = 11 Hzj, 4.45+5.80 {m, 2,
QCH,), 3.10~2.35 {m, 2, SCH,), 1.95~0.73 (m, 8% IR {neat} 2950,
1462, 1438, 1250, 895 em™', Anal. Caled for CpH,CLNO,PS:
C, 49.47; H, 4,38 N, 3.04. Found: C. 48.91; H, 4.51; N, 2.98,

Compound 19: 8% yield from Florisil; NMR (CDCly) 3
8.16~7.10 (m, 8}, 4.50-2.80 (m, 2, OCH,, 3.10~2.30 {m, 2, .SCH,-1,
1.80~0.75 (m, B). Anal. Caled for CgHaCLNO,PS: C, 47802 H,
423, Found: C, 47.50; H, 4.38,

General Procedure for Preparation of Oximes 22, 23, 28,
and 28, The ketones were dissolved in ~5% aqueous MeOH or
EtOH solution. To this wes added 2 equiv of hydroxvlamine

(3} te) Reger, G. A,; Bruice, T.C.J. Am. Chem. Soe. (a) 1976, 56, 2463
(b) 1574, 86,2473, (2) Overbarger, C G.; Skan, Chak-Moh 7hid. 1971, 95,
6062, (d) Bsger, J.; Wagner, (&.; Dinjus. V.; Gorls, H.; Uhlig, E.: Sieler,
J.J Prakt. Chem. 1983, 526, 211.

(4) Samples ware analyzed by both high resolution mass spectrometey
and elemantel anelysii. Neither method gave satisfactory valuss because
of instability Reanalysis of the M8 sample via 3¢ NMR indicared
decampesition (usually back to the oxlme) had necurred. Bilicn gel
chlmmuwyraphy w30 causes decomppsition and loss of semple oq the
selumn.

{b) See: (a) Borarrd, J.; Metzger, J, Bull, Sve. Chim. Fr, 1062, 2072,
(b} Gilman, H.; Beel, J. A. J. Am. Chem. Soc, 1949, 7], 2398,

(6} Huang, J. U.5. Patent 4425338 (Union Carbide Co.), 1884,

(7) Compounds 20 and 21 were prepared by resction of the lithium
enolate of benzothiazole with the appropriate esters at ~-78 °C. Com-
pound 20 previousty reported by another procedurs; (s) Zuharovsky, V.
M. J. Gen. Chem, USSR 1851, 27, 2189; Cham. Absir. 1951, 46, 80981 (b)
Kendsall, J. D, Duffin, Q. F,; Voltz, J. Brit, Pat. 196}, 885520%: Chem,
Akarre, 1881, 57, 74285,

(8) Same procedurs as rof 7 except using henzimidazole as stariing
material, Compound 26 reported in ref 7h.
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hydrochloride and 2 equiv of potessium carbonate, This mirture
ia refluxed overnight and allowed to cool and collect precipitate.

Compound 22: mp 198-200 °C; NMR (Me,S50-d;) § 8.40-7.20
(m, 4, Ar), 3.57-3.07 {m, 1, NOH), 2.37 (3, 3, CH,); IR (KBr)
35002500 (br), 1500, 1322, 821 ¢m™). Anal. Caled for CiHN.SO:
C,56.33; H, 4.19; N, 14.58, Found: C, 58.02; H, 4.11; N, 14.43.

Compound 23: mp 116123 °C; NMR (CDCl,) & 8.30-7.20 (m,
4, Ar), 3.85 (septet, 1,J = 7 Hz2), 1.51 (d, 3, J = 7 Hz), 1.40 {d,
3, J = 7 Hz); IR {CH,Cly) 3628, 3250 (br), 2040, 1440, 855 em™L,
Anal. Caled for €y HpN;08: C, 59.87; H,5.4% N, 12.72. Found:
C, 80.00; H, 6.50; N, 12.62.

Compound 28: mp 215-218 *C; NMR (Me,80-d,) 5 7.83-7.07
(m, 4, Ar), 5.40~3.23 (4, br singlet for NOH and singlet at 4.00
for NCH,), 2.37 (s, 3, CHg): IR (KBr} 3700-2100, 15501410, 1362,
1325, 1262, 1020, 930 cm-!. Anal. Caled for CigHy N3O: €, 83.47;
H, 5.86; N, 22.21. Found: C, 62.76; H, 5,64 N, 21.75.

Compound 29: mp 185-168 °C; NMR (CDCly/Me 80-dy) &
8.03-7.00 (m, 4, Ar), 8.03-5.23 (m, 1, CH), 4.03-2.73 (m, 3, {H,(,
8, 3.35 NOH), 2.47 (s, 3, CCHj), 1.65 {d, 6, dimethyl muiti, ./
8): IR (KBr) 3500-2400 (br), 1400, 1362, 1280, 1020, 745 cmm™,
Anal, Caled for CypH N;O-H,0: C, 61.28; H, 7.29; N, 17.88.
Found: C, 61.13; H, 7.29; N, 17.65.

Preparation of Phosphates 24, 25, 30, and 31. These
phosphates were prepared by the standard phoephorylating
pracedure described above. The final organic solutions were not
washed with base and were not chromatographed so as not to
effect the jsomer ratio. The impurities wers of a small proportion
that it did not interfers with C NMR interpretation of the
condensed oxime phosphate. Elemental analyses of the crude
products were all equally low (2.6%) in carbon, eorrect for hy-
drogen, and ~1% low in nitrogen. Subsequent attempts at
chromatography led to considerable decomposition on the column.

Compound 24 NMR (CDCIy) & 8.33-7.00 (m, 4, Ar), 4.80-3.97
(m, 2, -POCH,CH;), 3.37-2.67 (m, 2, SCH,CH,CH,), 2.63 (s, 3,

CH,), 2.20-1.62 (m, 2, SCH,CH,CH,), 1.47 (t, 3, OCH,CH,, J =
4 Hz), 1.07 (t, 3, SCH,CH,CH,, J = 5 Hz); IR (CH,Cly) 31002700
(br), 1370, 1332, 910 cm™.

Compound 25: NMR (CDCly) 4 8.30-7.20 {m, 4, Ar), 4.73-3.60
(m, 2, OCH,CHy), 3.47-2.63 (m, 1, CH), 3.96-0.63 (m, 8): IR (neat}
370(1)-2500 {br), 1708, 1710, 15658, 1462, 1395, 1163, 1100, 660, 620
em™.

Compeund 30: NMR (CDCly) 4 8.00-7.10 (m, 4, Ar}, 4.67-3.90
{m, 6, NCHj einglet at 4.07), 2.95 (m, 2, SCH,), 2.63 (g, 3, CHy),
2.27-1.20 (m. 2), 142 (t, 3, OCH,CH,, J = 5 Hz), 1.00 (t, 3,
SCH;CH?CHS. J = 4 Hz); IR (neat) 3700-2000, 2000-1700 (br),
1609 em™,

Compaund 31: NMR (CDCly) § 8.00-7.00 {m, 4, Ar), 6.00~6.37
{m, 1, CH}, 4.67-3.93 (m, 2, -OCH-), 3.38-2.75 (m, 2, -SCHy-),
2.63 (s, 3, CH,), 2.17-1.63 (m, 8), 1.38 (t, 3, -OCH,CH,, J = 6 Hz},
1.00 {t, 3, -SCH,CH,CH;, J = 6 Hz); IR (neat) 3600-2200 {br),
1610, 1340, 1200, 1140, 880 cm™,
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A gtereoselective synthesis of aldehvde ester 1, a synthon for the C-1 to C-7 soction of erythronolide A, is reported.
The synthesis begine with 8,y-unsaturated aldehyde 12, which is prepared from mesityl oxide as shown in eq
2. Aldehyde 12 reacts with the preformed lithium enclates of reagents 13 and § to give, in each case, a 15:1 mixture
of two aldols (eq 3 and 4). Reduction of the major isomer 16 from the reaction of 5 with 12 with lithium aluminum
hydride followed by periodate cleavage of the resulting vicinal diol provides 8-hydroxy aldehyde 20. This material
is protected as the triethylsilyl derivative 21, which is treated with the lithium enclate of BHT O-benzyllactate
(22¢). The resulting 5:1 mixture of eldols is converted into acetonides 27¢ and 28¢, which are spparated hy
chromatography, The stereostructure of the major acetonide 27¢ was elucidated by single-crvetal X-ray analysis
{Figure 1). Lithium sluminum hydride reduction of 27¢c gives alcohol 29, which is converted into acetate 84.
Ozonolysis of this material gives aldehyde 385, which is oxidized by pyridinium dichromate in DMF. Diazomethane
esterification provides diester 36, which is methanolized to hvdroxy ester 37, Swern oxidation of 36 provides
racemic ester aldehyde 1. Enantiomerically homogeneous 1 is obtained in a similar sequence, via the O-

methylmandelates 39a and 39b.

In previoue papers in this series, we have reported the
development of useful strategies and reagents for the

(1) For part 24, see: Heathcock, C. H.; Hagen, J. P.; Young, 8. D,; Pilli,

R.; Bai, D. L.; Mirki, H.-P.; Kees. K.: Badertacher, U, Chim. Scr.. in pross.
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ork, R

stereorational synthesis of complex organic molecules
having many stereocenters. In this paper, we report the
application of two of these reagents in a synthesis of 1, the
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