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

1. Documentos estudiados

Descripcién: Folips 164-333 14 de enero de 2009

Reivindicaciones: Foliog 334-356 14 de enero de 2009
) __ Folios 424.447 28 de abril de 2011

Prioridad: EP 08-014665.1 ~ 14 de julio de 2006

2. Analisis de la Prioridad

Se acepta la reivindicacién de Prioridad porque:

Esta solicitud fue presentada dentro del plazo establecido (Art. 8 D 4886).
Y su contenido técnico corresponde eon el de la prioridad reivindicada.

3. Objeto de la invencién

Titulo de la solicitud: "Bencilaminas, un proceso para su produccién y su uso como

Primer Articulo 45- Expediente 09-2483




489
agentes antiinflamatorios”.

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
esmpuastos antiinflamatarios.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de la férmula (1}, un preceso para su elaboracién y cempeosiciones que lo eontienan.
H
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El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): CO7C 215/16, CO7D 215/38, AB1K 31/138, CO7D 401/12; CO7C
217178,

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 12-13 no es patentable, de acuerdo con el Art 14.

§. De la Solicitud de Patente

Titulo |

El titulo incluye la expresién "y su usoe como agentes.antiinflamatorios", haciendo
referencia al use del compuesto, lo cual, es un item no patentable, se sugiere

madificar el titulo por: “Bencilaminas y su procese de produccién”.

Reivindicaciones (Art 30 D 488, Art 22 PCT)

La raivindicacién 1 no es concisa cuando utlliza los términos:

e C4.1p alquilo, Cy.10 alcoxi, Cy.10 alquiltio, C1.1¢ alquile, C1.10 perfluorealquilo Ci.3
alquil, C1.5 alquilo, -(CO)-C+.s alquile, C1.5 alquileno, Cy.3 aiquilo parclal o
completamente fiuorado, C2.4 alquinilo, CisalquilCarcicloalquile, Ca.
galquenliCy.7eicloalquilo: porque da lugar a un amplio nimero de
combinaciones que estan por fuera de lo soportado en la descripcién,

« Sistema de anillos monociclico, biclclico: no se define el nimero de miembros
gue tiene es sistema.
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Parcialmente aromatico, o no aromatico, el cualopcionaimente contiene 1-4
atomos de nitrégeno, 1-2 dtomos de oxigeno, y 1-2 atomos de azufre: porque
no definen adecuadamente el alcance de la materia que se desea proteger,
dando lugar @ un amplio nimero de combinaciones que estan por fuera de lo
soportade en la descripeién.

Cq.salquilheterociclilo, C;.calquenilheterociclilo: perque no se define el nimero y
tipo de heterodtomos presentes en el anllio, ni el nimero de miembres que
posee la porcion alllica, alquenllica o aromatica.

Arilo: porque no define el nimero de miembros que posee el anillo.

El usc de términos tales como “n”, “p*, “p+1", “p+2” porque da lugar a un
amplio nimere de combinaclones que estan por fuera de lo soportado en Ia
deseripcian.

El uso de términos tales como “opcignalmente sustituido”, "opcionalmente se
puede sustituir con x-y grupos ..."; son términos imprecisos que no limitan el
alcance de [a reivindicacion ni la definen de manera adecuada.

Todo lo anterior, da lugar a un nimero indeterminado de compuestos que no se
encuentran soportados. Por lo cual, se sugiere al solicitante, definir cada término de
manera apropiado y restringir la solicitud a una generalizacién razonable de los
compuestos ejemplificados en la descripcion.

Para tal efecto, esta Oficina manifiesta que en la descripcion se encuentran
soportados |0s siguientes compuestos a los cuales el solicitante puede tener en
cuenta para la respectiva restricclon.,

(1
R1 H, metoxi, bromometil, hldroxl clorometll F, metil
R2 H, F, matoxi, OH, €I,
R3 H, F, matoxi, CH, CI
R4 Fenilo, 2 metil-quinolin, naftaleno, guinelin, 2.metil-flalazin-1-gna, 7-fucro-2-metil- qulnazolfn.
R Triflugrometl,
R8 Bencll, propll, etil-sufanilmetil, imidazol-2-ll-sufaniimatl], etil-suifonil-metil, Imidezol-2-i-sufoniimetil,

atil-sufariimetil, 1,2,4- triazol-3-ll-sufanilmetil,  1-motil-imidazol-2-i-sulfaniimetil,  piridin-2-iI-
sulfaniimetil, isopropilsufaniimetit, butironitrilo, metli-sufaniimetil, dimetisminometll, etoximetll,
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metoximetil

R1yR2 | Juntos forman 1,3-benzodioxol, 1,3-dihidrobenzofurano, 143_-d_ihidrp-2,2-dimelllbenz"ofurariﬂ.

Lo anterior, también aplica para las reivindicaciones 2-10, 22-26.

La reivindicacién 11 consiste en una forma enatioméricamente pura del compuesto
de las reivindicacienes 1-10, lo cual, ne censtituye una caracteristica esencial, per lo
cual, se sugiere retirar la reivindicacién del pliego reivindicatorio.

Los procesos de las reivindicaciones 14-17, 20-21 no son ¢laros, pues no definen la
materia a proteger adecuadamente, se le recuerda al sollcltante que un proceso es
correctamente definido cuando: se definen sus etapas, soiventes, condiciones, uso
de catalizadores, por lo cual se sugiere al solicitante, hacer las aclaraciones
necesarias.

Las reivindicaciones 18 y 19 definen procesos para la preparacién de compuestos de
férmula I*, sin embargo incluyen caracteristicas tales como la definicién de radicales,
lo cual, no es la manera Indicada de definir un proceso, se sugiere definir los
radicales en una reivindicacién independiente y luego hacer referencia a estos en la
reivindicacién del proceso, limitdndose a describirlo en términos de sus etapas,
solventes, condiciones, uso de catalizadores.

6. Unidad de invencion {Art 25 D 486)
La presente invencion se refiere a compuestos derivados fenoxinilina cuyo concepto
inventivo Unico de la presente solicitud es el compuesto de férmula (1)

documento D1 define un compuesto de férmula (parrafo 66 y
reivindicacién 1) y tienen propiedades antinflamatorias (parrafo 1). Se diferencian en
que los valores del equivalente de R6 de D1 fueron excluidos por un disclaimer.
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Como dicho concepto inventivo Gnico no es inventivo, no se cumple el requisito de
unidad invencion. Debido a que tampoco se encuentran otras caracteristicas que

puedan considerarse como glementos técnicos particulares, no hay unidad de
invencién.

Por lo tanto, existen los siguientes grupos de invenciones;
1. donde RS as un grupo alquilo.

2. Donde R6 es un grupo aromatico.

3. Donde R6 es un grupe heterealquilo,

Se sugiere presentar las Solicitudes Divisionales que considere necesarias, 6 limitar
la solicitud inicial a una sola invencidn, eliminando de ella las otras invenciones.

7. Determinacién del Estado de la Técnica

El Estado de la Técnica se determind con base en la fecha de Presentacién de la
Solicitud de Prioridad: 14 de julic de 2006

. Y se encontraron los siguientes documentos que anticipan el objeto de esta solicitud:

_ltem Documento Titulo
Rearranged pentanols, a process for

Facha_dﬂ P_ublicaa!(:n*

D1 US2008131226 | their production and their use as anti- 18 de junio de 2005
inflammatory agents N
D2 | _ GB1045180 Quinazgline derivatives 12 de oclubrs de 18686

“Generation of Acyl Anion Equivaiants
Trom Acylphoaphonstes via

Ayhan S. Demir

Fhosphonate-Fhesphate

Thomas L. Lemke

Etal

pharmacologlcactivity, paginae 47-48,
gixth Edition

Et al |
D3 ; Rearrangemant: 28 de agoste de 2008
Jovinal Crgania A Highly Practical Method for
4 Cruss-Benzoin Reaction,
Vol 70, Paginas 10584-10587
p;’;ﬁ:ﬂﬁ?ﬂ:’f Qhaplgr 2 drug qeain_g and
D4 chomistry. relationship of functional groups to 2002

D1

hitp://worldwide, espacenet.com/publicationDetails/biblio?CC=US&NR=20051312268&

KC=&FTQE&locaIemen EP
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Divuiga compuestos de férmula |
use eorno antiinflamatorios

. procesos para su produecion y su

D2

hitp.//worldwide.espacenet.com/publicationDetalis/biblio?CC=GB&NR=1045180&KC=
&FT=E&|ocale=en EP

N NHqy

RCHoNH

NH
Divuiga 2,4-diaminoquinazolines de formula (11l) 2 los cuales
poseen actividad antiviral, diuretica, antibacterial, anti-parasitaria, antihelmintica, anti-
malarica.

D3 (folios 469-472)

Generation of Acyl Anion Equivalents from Acylphosphonates via Phosphonate-
Phosphate Rearrangement: A Highly Practical Method for Cross-Benzoin Reaction.
70, Paginas 10584-10587

D4 (folios 473-474)

Principles of medicinal chemistry. Thomas L. Lemke Et al, Chapter 2 drug design and
relationship of functional groups te pharmacolegic activity, paginas 47-48, sixth
Edition,

Divulga que técnicas como el isosterismo y el alargamiento y acortamiento de las
cadenas alquilicas son técnicas cominmente empleadas para medificar compuestos
activos y proveer compuestos alternativos con actividad terapéutica.

8. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacion 22 consiste en un compuesto de férmula VIl y de férmula Xl
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Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la
Técnica:

Caracleristicas esenciales D2 _ D_3
' ' Un compuesto de formuta (1)

A) Un compueste de férmula

Vi ) N\,/NHQ

i
RCHuM No es mencionado
i,

{pégina 2)

Donda R es ungrupo fanilo mono
di o tri sustituide con alguilo
Inferior (pagina uno columna

izguierda linsas 18 a 26)

(V1i1)

B} Un compuesto de férmula

. Un compuesto de férmula
PO(E,
_ ge
No es menclonade RY |
OPO(OEt),

Donds R1 as fenilo y R2 es fenil
sustituido (pégina 10585)

A) Novedad frente a D2
Las caracteristicas esenciales del compuesto VIl de la reivindicacién 22 habian sido
divulgadas previamente en D2, el cua! divulga Un compuesto de férmula (Il
L

Mty

(pagina 2), donde R es un grupo fenilo mono di o tri sustituido con
alquile inferior (pagina uno columna izquisrda lineas 19 a 25)

En consecuencia, el compuesto VIl de ia reivindicacién 22 no es nueve, segin lo
divulgade en el doeumento D2.

b) Novedad frente a D3
Las caracteristicas esenciales del compuesto Xll de la reivindicagion 22 hablan sido

divulgadas previamente en D3, el cual divulga un compuesto de férmula
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Ri” R

QPC(OEL
IPOOED: Donde R1 es fenilo y R2 es fenil sustituido {(folio 470, pagina 10585)

En consecuencia, el compuesto X! de la reivindicacion 22 no es nuevo, segun fo

divulgado en el documento D3.

Nivel Inventivo (Art 16 D486)

La reivindicacion 1 consiste un compuesto de férmula (!)

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la
Téenlea:

Caracteristicas esenciales D1 ' D4
' Un compuesto de férmula {i) 1

Un compuesto de férmula (1)

OH

Divulga que las
alteraciones an las
cadenas de alqulle, tales
como aumantar, disminuir

Donde R1 es un grupo fanilo la tongltud de cadenaola
sustituido (parrafo 8) ramificacion, puaden
R* equivalente del R @3 un gistema | tener efactos sobre la
R* significa un sistema de anillos de anilles mangcielico, biciclico o, aclividad farmacolégica.
monocliclice, o bleiclico, aromatico, | aromélico, parcialmente aromatico
parclaimente aromatico, o no v, 0 Ao aromatico, opcionalmente Estos pequefias cambigs
aromatics, el cual epcionaimente que eontiene 1-3 tomos de son agpectos imporiantes
contiene 1-4 atomes da nitrégeno, nitrégano, 1-2 dtomos de oxigeno en el disefio de analogos.
1-2 atomos de oxigenc y/o 1-2 y/o 1-2 dtomos de azufre y
atomos de szufre y opcionalmente | opclanalmente estd sustituido en
se sustituye en una o mas uno ¢ mas lugares de un radical
posiciones con un radical que se que se solecciona del grupo

selecciona entre el grupo carbonile, | carbonile, hatdgeno, hidrox, o (G.
haldgane, hidroxi, e (C1.p)-alquile, el | s)-alquilo, que puade gstar

cual opcionalmente se puede opcionalmente sustituide por 1-3
sustituir con 1-3 grupos hidroxilo, 1- | grupos hidroxi, 1-3 grupes (Cr.s)-

3 grupos (Cr.g)alcoxi y/o 1-3 Grupos | alcoxi y/o 1-3 grupos COOR®, (Cy.5)
COOR®, (C1.5) alcoxi, {C1.5)-alquiltio, | alcoxi, (Cy-s)-alquiltio, (Cr.5)-
(C1-s)-perfluoroalquilo, ciano, nitro. | perfiuorealquile, ciano,
nitro.{parrafos 10y 11)
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R” significa un grupe Cis-alquilo
parcial o completamente
fluorado,

R significa un grupe Cis-alquilo
parcial o completamente fluorado
{parrafo 18)

R6 es C1.palguile, -R9 (que puede
ser arilo), con la excepcién de —
CHCH(CH3)a, ~CH=C{CHs)z, -CHo-

propil, 2-metil-prop-2-en-1-il, 2-

El equivalente de R6 es un 2-metil-

C(CHa)=CHs | matil-prop-1-en-1-il, (parrafo 20)

El documento D1 se considera el estado de la técnica cercano a la invencidn definida
en la reivindicaciébn 1 porque divulga un compueste de férmula ()

A NH

que posee actividad antinflamatoria, Donde R1 es un grupo
fenilo sustituido (parrafo 9)
R2 equivalente del R4 es un sistema de anillos monociclico, biciclico o, aromético,
parcialmente aromatico 0, © no aromatico, opcionalmente que contiene 1-3 atomos
de nitrégeno, 1-2 4tomos de oxigeno y/o 1-2 atomos de azufre y opcionalmente esta
sustituido en uno o més lugares de un radical que se selecciona del grupo carbonilo,
halogeno, hidroxi, o (C1-5)-alquilo, que puede estar opcionalmente sustituido por 1-3
grupos hidroxi, 1-3 grupos (C1-5)-alcoxi y/o 1-3 grupos COORGE, (C1-5) alcoxi, (C1-5)-
alquiltio, (C1-5)-perfluoroalquilo, ciano, nitro.(parrafos 10y 11), RS significa un grupo
C1-3-alguilo parcial o completamente fluerade (parrafo 19).

La diferencia entre la invencién, definida en la relvmdlcamén 1y compussto de
férmula (1) de D1 consiste en que los valores de R® de la actual invencién excluyen
los valores de R®. CHzCH(CHa)z, -CH=C(CH3), ~CHz-C(CHs)=CH;

Sin embargo, en la solicitud no se proporcionan datos que evidencien que los
compuestos reclamados exhiban efectos o propiedades inesperadas en relacién con
los compuestos de D1. Ademas, el solicitante reclama compuestos que tienen un
grupo alquilo simple como sustituyente de R6 y por lo tanto, solo una ligera diferencia
respecto de los compuestos de D1 (propilo en lugar de isobutilo en los compuestos
excluidos por el disclairmer). A estos compuestos no puede atribuirseles altura
inventiva ya que no puede considerarse que el cambio de isobutilo a propilo tenga
una gran influencia en la actividad dandoles un efecto mejorado frente a los
compuestos de D1 y por tanto no se demuestra un efecto técnico inesperado.
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Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: "cémo proporcionar compuestos alternativos a los conocidos en
D1°,

Sin embargo, el dogumente D4 ya divulga que las alteraciones menores en las
cadenas de alguilo, tales como aumentar, disminuir la longitud de cadena o Ia
ramificacién de la misma, pueden tener efectos sobre la actividad farmacolégica.
Estos pequerios cambios son aspectos importantes en el disefie de andlogos (Folios
473-474, paginas 47 -48)

En consecuencia, la persona del oficio normaimente versada en la materia se veria
fuertemente mativada a incluir las ensefianzas sebre las variaciones en |a longitud de
la cadena alquilica divulgada antericridad en D4 en los sustituyentes de R6 de los
compuestos de D1 para llegar asi al objeto de la reivindicacion 1 de Ia soficitud. Por lo
cual se considera cbvia.

Conclusién:
La reivindicacién 1 cumple el requisito de novedad (Art. 16), pero no cumple con el
requigito de nivel inventivo (Art. 18).

Puesto que las reivindicaciones dependientes 2 a 11 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

9. Conclusion

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

ftem Documento Reivindicacione | Requisito que

s afectadas afecta
D1 US2005131226 1-11 Nivel inventivo
D2 GB1045180 22,24 Novedad
D3 Journal Organic Chemistry ] '

Generation of Acyl Anion
Equivalents from
Aeylphosphonates via 22,24 Novedad
Phosphonate-Phosphate
Rearrangement: A Highly Practical
Method for Cross-Benzoin Reaction

D4 Principles of medicinal chemistry
Chapter 2 drug desing and
relationship of functional groups to
pharmacologicactivity,

1-11 Nivel inventivo
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En cumplimiente del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dlas
contados a partir de la fecha de notificacién de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de |la respuesta subsistieran
los impedimentas para la concesién, se denegara la patente.

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

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior  requerimiento fue notificado por fijacidbn en lista, de fecha
02 0ct, 201

Elaborado por: Harvey Alonso Jaramillo ou@
Revisado Por. Jacqueline Alfonso
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Generation of Acyl Anion Equivalents from
Acylphosphonates via
Phosphonate—Phosphate Rearrangement:
A Highly Practical Method for
Cross-Benzoin Reaction

Ayhan 8. Demir,* Omer Reis, A. Cigdem Igdir,
tiker Esiringii, and Serkan Eymur

Deparment of Chemistry, Middle East Technical Uniuversity,
06531 Ankara, Turkey

asdemir@metu.edu.tr

Recelved August 28, 2005

AL

F{OEY,
6
solvant (TN
Ph PO(OED, ﬂ
R' CFy 11 R e
OPOORY, | gy R & CN —
R'sPh

Acylphosphonates are potent acyl anion procursors that
generate acyl anion equivalents under the promotion of
cyanido anion via phosphanate—phosphate roarrangement.
Thesge anions readily react with aldehydes to provide cross-
benzoin products. In this way it is possible to synthesize a
varioty of aromatic—aromatic, aromatic—aliphatic, and ali-
phatic—aromatic benzoins. Moreover the reaction of ben-
zoylphosphonate with potont electrophile 2,2,2-trifluoroac-
etophonone provided the corresponding aldehyde~ketone
coupling product in high yicld.

Polarity reversal (umpolung) of carbonyl group (acyl
anion equivalenta) provides a powerful alternative to
traditional carbon—carbon bond construction methods
and adds new dimensicns of flexibility to the design of
synthetic targets.! These useful entities have been tro-
ditionally obtained by functional group manipulation and
stoichiometric strong basc deprotonation of the corre-
sponding carbonyl compounds. Recently impressive
progress has been made in the catalytic generation of acyl
anion equivalents, especially in the benzoin® and Stetter?
rouactions. As far as the cross-benzoin and Intramolecular
Stettor renctions ara concerned, the use of acyleilaness

(1) For recont roviews, seq: {(a) Johneon, J. 8. Angew. Chem., Int.
Ed. 2004, 43, 1326~1328. (b) Enders, D.; Balensiefer, T. Ace. Chem.
Res, 2004, 37, 534641, () Pohl, M.; Lingen, B.; Millar, M. Chaem.
Eur. J, 2008, 8 6288—5295.

(2) (a) Enders, I),; Kalfnss, U. Angew. Chem., Int. Ed. 2002, 41,
17431746 and roferences thergin, (b} Diinkelmann, P.; Kolterdung,
D.; Niteche, A.; Domir, A. 8.; Slegert, P.; Lingen, B.; Baumann, M.;
Pohi, M,; Miller, M. J. Am. Chem. Soc. 2002, 124, 1208412085, (¢}
Hachisu, Y.; Bade, J. W.; Suzuki, K. J. J. Am. Cham, Soe, 2008, 125,
§432—8433. (d) Hachisu, Y.; Bode, J. W.; Suruld, K. Adv. Synih. Catal,
2004, 346, 1097-~1100. {o} Fnders. D.; Ohvcr.N Synlett 2004, 2111~
2114,

10684  J. Org. Chem, 2005, 70, 1068410687

as acyl anien precursors based on the nucleophile-
promoted Brook rearrangomentS is the most practical and
selective method available. However, acylsilanocs for use
as precursors suffer from tedious preparative operations
that often require a stoichiomotric atrong base or motal
nucleophiles, and most of the time thoy are eynthesized
from the corresponding acyl anjons.” Thus, there is
alwaye a neced for practical and casily acgesaible acyl
anion procursors that can ongage in catalytic carbon-~
carbon bond-forming roactiona.

Phasphorus, like silicon, hna the ability to migrate from
carbon to oxygen and oxygon to carbon.In fact deproto-
nation of c-hydroxyphosphonates and base-catalyzed
addition of dialkyl phosphites te asylphosphonates induee
such phosphonate—pheaphate rearrangements, which
have a close analogy to the 1,2-Brook roarrangemeont of
acylsilanes.” We envisioned that tho typical nuelsophilic
catalysie of benzoin and Stetter reaclions might promots
acylphogphonates to gonerate un apprepriate oncontra-
tion of tho carreaponding acyl anion equivalents that are
sufficiently nucleophilic in ordor to participate in the
roactions with cleetrophilos. It is very important to note
that Jochnson and co-workers vory recently roported the
viability of this appreach in the synthesis of a varioty of
aromatio—aromatic cross-benzoin products 3 from are-
matic acylphosphonates, with [16-crown-6/KCN] complex
ag catalyst in diethyl ether providing the optimal cendi-
tions (Scheme 1), Morover Kurihara reported steichio-
metric strong base deprotonation of a-cyanophosphates
gonerating cyano-phosphate anions 1h that roact with a
variety of electrophiles including atdehydes to provide 8.1
Howevor, they roported that eyano-phesphate aniong 1b

(3) () Korr, M. 8 Rowl,T J Am, Chom, Sov, 2004, 126, 8876—
8877. () Read do Alanig, J,; Revis, T. J. Am. Cham. Soc. 3008, 127,
6284~-G280, (c) Endora, D.; Brouer, K.; Runsink, J.: Tales, J. H. Hely,
Chim, Acta 1906, 78, 18801002, (d) Pesch, J.; Harms, K.; Bach, T.
Eur. J. Qrg. Chani, 2004, 128, 2025-2035. { Munnan,S hlnnk.
Tan-Dube, M. B.; Imbrigllo,J E.; Miller, 8. J, Cham. C’ommun 2005,
185-187. (D Murry. J. B, Franlt.. D. E. Scheil), A,; Tillyor, R
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SCHEME 1. Mechanism of Cross-Benzoin
Renoction via Cyanide Ion Promoted Generation of
Acyl Anions from Acylphosphonates
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with electron-rich aromatic and aliphatic groups are not
useful in this particular transformation. Herein, we
report our preliminary results in the realization of this
idea utilizing acylphosphonates 1 as the acyl anion
precursors and aldehydes 2 as electrophiles in the pres-
ence of a cyanide catalyst to provide cross-benzoin
products 8 (Scheme 1).!' Acylphosphonates are readily
available an a multipram scale from acyl c¢hlorides and
trialkyl phosphites via Arbuzov reaction without need to
use any special condition or apparatus,'?

We initially investigated the reaction of benzoylphos-
phonate with p-anisaldchyde catalyzed by 10% KCN in
the presence of phase transfer catalysts (BusNBr or 18-
crown-6) in various solvents and observed very slow or
ne conversion in many solvents at ambient temperature.
Although heating provided varying degrees of conversions
in different solvents, reaction in DMF provided a smooth
and fast transformation into the desired product 3a in
93% yield at ambient temperature without using a phase
transfer catalyst {Table 1, entry 1),

Next, we investigated the scope of this reaction for the
synthesis of typical aromatie—~aromatic benzoins, Reac-
tion of benzoylphosphonate with various aromatic alde-
hydes furnighed the expected products in good to excsl-
lent yields (Table 1, entries 1-8), Heterocyelic aldehydes
provided the expected products 3e and 3g, albeit con-
taminated with isomeric benzoins 8f and 3h (Table 1,
entries 5—8). This concurrent regioisomerization process
wag also pointed out by Johnson and co-workers,? Whereas
lowering the temperature (0 °C} provided the expected
products without isomer contamination, increasing the
catalyst load (30%) quickly furnighed the isomeric prod-
ucts. In this way the synthesis of both isomeric benzoins
was possible from the same starting materials. Formation
of isomeric bhenzoins is presumably due to the basic
cyanide-catalyzed isomerization of the expected benzeins,
In fact, the treatment of isolated pure 3g with catalytic
DBU under the same reaction conditions afforded Sh
with complete conversien. To understand the scope of the

(10) For examples of stoichiomatric generntion of acyl anion equiva-
lents from c-cyanophosphates and their renctions, see: (8) Kurihora,
T.; 8anto, K.; Harusawa, S.; Yonede, R.; Chem. Pharm. Bull. 10987,
35, 4777—-4188. (b) Schrader, T. Angew. Chem., Ini. Ed. Engl 1098,
24, 917019,

(11} This mechonistic picture is based on the well-known bonzoin
reaction mechanisn and its congeners; sec refs 1, 4, and 8.

{12} (a) Berlin, K. D; Taylor, H. A_ J. Am. Chem. Soc, 1064, 86,
3862-3866. (b} Mueda, H.; Takahashi, K.; Ohmuri, H. Tetrahedron
1098, 54, 12233-~12242.
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TABLE 1. Synthoesis of Aromatic—Aromatic Benzoing?

o

cal. KON Q2
PIOEY), * Rasensaat i -\
8 RFH OMF ROIOBY),
) o ' Yiel
entry R R’_ Product (%)
1 Ph 4-OMePh w 93
Ol
3
2 P 4-FPh O/B\&u £
3 Ph 3,5(OMe)Ph @iﬁﬁ; 8
|Gl
4 Ph 1-napthyl Gj% w g7
4 I
5 Ph 2-furyl Oj\r@ » 81
PO,
6 Ph 2-furyl Qj\ﬁ) # BS
OB}y
7 Ph 2-thienyl Oifm w B6
OBOICED,
8 Ph 2-thienyl W th B9
8 teopE
9  4Fph Ph ’Oj\/@ 2 87
# OrQ{OEL,
10 4-FPh 4-OMcPh v 93
" PO{CGY)
11 4OMePh Ph M 91
. oGty
F .
12 4-OMcPh 4-FPh M n 94
QPRG{OM)y

9 Reactions were carried out on a 1 mmol scale (1.1 equiv of
aldohyde) with concentrations of 0.5 M in the presenco of 10% KON
at room temperature except (or entries 5 and 7 ot 0 *C and antries
G, 8, 11, and 12 with 30% KCN. ! Isolated yields,

method in synthesizing all of the isomers of a given pair
of a donor and aoceptor, we examined the roaction of
substituted aroylphosphonatas. Whereas the reaction of
4-F-benzoylphosphonate proceeded smoothly to give di-
substituted crosa-benzoins 3i and 3j in very good yields
(Table 1, entries 8—10), electron-rich 4-MoO-benzoylphos-
phonate reacted very slowly under the usual reaction
conditiona. Gratifyingly, simply increasing the catalyst
load (30% KCN) resulted in a smooth transformation
praviding 8k and 8] in very good yields (Table 1, entries
11 and 12).
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TABLE 2. Synthesis of Aromatic-Aliphatic and
Aliphaiic~Aromatic Bonzoing®

.
n‘ia(om), * j\ e R‘j\g"'
3 R* "H solvant PO(OE,

' Yield
entty R R Product (%)
1 Ph cyciohexyl ijp am 87
(00,
2 4-FPh cyclohoxyl D’H’O in 81
. POIRL,
3 4-OMcPh  cyclohexyl ._/O)TO ¥ 85
PO,
4 Ph benzyloxymethyl Ofﬂﬁ;p g1
n
$  4FPh  benzyloxymethyl ’O’&i » 75
H ]
8n
- = 17
6 4-OMc  benzyloxymethyl “{Oj\é),; et
7 cyclohexyl Fh Oj\éj » 64
p OBy
B (CH)C Ph Yﬂl’p w87
ORIy

¢ For entries 1—6, reactions wora carried out in premixed DMF
solution of 20% CsF and 30% TMSCN (sce Bupporting Information
for details), For antries 7 and 8, 2 equiv of aldeliyde with 30%
KCN and 30% 18-crown-6 in toluonc (5 mL, 0.2 M) was hoated to
100 *C. * 1golated yields,

After establishing the utility of acylphosphonates in
asromatic—aromatic cross-benzoin synthesis, we investi-
gated their potential in the incorporation of aliphatic
moieties into the benzoin structure and started with the
reactions of aroyiphosphonates with aliphatic aldehydes.
Although the initial reactions with the KCN catalyst
provided the expected benzoins, yields were low with
congiderable site product(s) contamination. Later we
found that the DMF solution of premixed CsF (20%) and
TMSCN (30%) was auperior to KCN in terms of conver-
gion rates and product purity. In fact the reaction of
aroylphoaphonates with cyclochexancarboxaldehdye and
benzyloxyacetaldehyde furnished the products in good
yields (Table 2, entries 1-6).

The use of both KCN and CsF + TMSCN in DMF failed
to give good yields in reactions between aliphatic acylphos-
phonates and aromatic aldehydes. Presumably the highly
enolizable nature of aliphatic acylphosphonates resulted
in the protenation of the critical acyl anion equivalent,
and hence the presumed catalytic eycle failed (Scheme
1). We found that the use of 309% KCN and 30% 18-
crown-6 in refluxing toluene provided better yields (Table
2, entries 7 and B). Although we examined the reactions
of a wide range of aliphatic acylphosphonates 1 (Rl =
cyclohexyl, isopropyl, mathyl) and aromatic aldehydes 2
(R? = Ph, 4.0MePPh, 4.FPh) to obtain aliphatic—aromatic

10688 . Org. Chem., Vol 70, No. 25, 2005

benzoins in the 80—70% vyield range, the formation of a
protonation product (16~20%) was unavoidable. The
separation of this product to obtain pure products proved
to be highly problematic, When reaction wag carried out
with nonenolizable trimethylacetylphosphonate, goed
yield of the corresponding benzoin was obtained smoothly
in toluene {Table 2, entry 8). Last, the syntheses of
aliphatic—aliphatic cross-benzoins 3 (R! = cyclohexyl,
isopropyl, methyl and R? = cyclohexyl, isopropyl, methyl)
were very sluggish, providing only <20% estimated
vields,

Prompted by the success of acylphosphonates as acyl
anion precursers in benzoin condensation, we carried out
preliminary experiments to further study the potential
of those entities. Catalytic intermolacular coupling of
aldehydes and ketones has not been realized so far 2
Thus, we examined the reaction of benzeylphosphonate
with potent electrophile 2,2,2-trifluoroacetophenone 4,
which furnished the expected coupling product 5 in 87%
yield (eq 1). The same reaction with acatophenone only
provided poor yields Logether with the recovered starting

materiala,
PO{OE; o, —RKON heFa n
* o ow omO(0n),
4 5,67T%

In conclusion, we have shown that acylphoaphonates
are a new generation of potent acyl anion precursors that
undergo nueleophile-promoted phosphonate—phosphate
rearrangement to provide the corresponding acyl anion
equivalents as reactive intormediates. Compared to
laborious synthesis of acylsilanes, they are readily avail-
able on o multigram scale from the corresponding car-
boxylic acids or aldehydes, which offers an atom- and
time-efficient access to acyl antons. They add a new and
highly practical method to the toolbox of synthetic
chemists, Current work is directed toward further un-
derstanding the nature and reactivity of acylphospho-
nates as acyl anion precursors in reactions with various
electrophiles and development of enantioselective version
of the presented reaction.

Experimental Section

General Procedures for Cyanide-Catalyzed Cross-Ben-
voin Heaotions. Renctions wore carried oui pecording to
different procedures depending on the nature of the substrates.
Briefly, reactions botwcen aromatic acylphoaphonates were
carriad out in DMF with 10% KCN catalysis (Method A), and
slight modifications in temperature (0 *C, Method B) or catalyst
load {30% KCN, Method C) were mode to optimize yields.
Reactions between aromatic acylphosphonates and aliphatic
aldehydes ware carried out in DMF with CsF + TMSCN
catalysis (Mothod D), and reactions between aliphatic acylphos-
phonates and aromatic aldehydes were carried out in toluene
with 30% KCN and 30% 18-crown-6 as catalyst aystem (Method
E). Representative proceduraes are as follows.

Reprosentative Example for Method A: Diethyl 2.(4-
fluorophenyl)-1-(4-methoxyphenyl)-2-oxoothyl phosphate
(8i}. Tho title compound was prapared aacording to Method A
using 260 mg (1 mmol) of acylphesphonate, 149.8 mg (1.1 mmol)
of p-mothoxybongaldehyde, 8.6 mg (10%, 0.1 mmel) KON, and
2 mL of DMF. After 26 min at ambient temperature, the crude
product was purified by flagh chromatography with 1:3 potro-
leum etherfuther (o afford 388 mg (93%) of the product as 2
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colorless oil: IR (film) 2986, 2839, 1638, 1601, 1512, 1461, 1443,
1257, 1177, 1189, 1044, 986 cm™?, *H NMR (400 MHz, CDCl3} o
1.16 (83H, ¢, J = 7.0 Hz), 1.33 (8H, t, J = 6.7 Hz), 3.76 (3H, s},
3.88--3.96 (2H, m), 4.14~-4.26 (2H, m}, 6.68 (1H, 4, J = 7.8 Hz),
8.60(2H, d,J = (3.7 Hz), 7.06 (2H, m), 7.41 (2H. d, J = 8.7 Hz),
7.94-7.98 (2H, m); *C NMR (100 MMz, CDCL) J 182 d, J =
6.9 Hz), 16.3 (d, J = 6.9 Hz), 55.6, 64.2 (d, ./ = 6.3 Hz), 65.0 (d,
J = 86,0 Hz), 80.0 (d, J = 4.8 Hz), 114.9, 118.1 (4, J = 22.0 H=,
127.1, 130.0, 131.1 (d, J = 2.9 Hz), 132 (d, J = 9.2 Hz), 160.8,
166.1 (d, J = 265 Hz), 192.4 (d, J = 4.7 Hz); 3P NMR (161 MHz,
CIDClg) 6 ~1.18. Anal. Caled for Ci1sH2FOsP: C, 57.58: H, 5.69.
Found: C, 57.81; H, 5.32.

Representative Example for Method B: Diethyl 2-oxo-
2.phenyl-1-(thiophen-2-yl)ethyl phosphate {3g). The titie
compound was prepured according to Method B using 242 mg
(1 mmaol) of neylphosphonate, 123 mg (1.1 mmol} of 2-thivphen-
ecarboxaldehyds, 6.5 mg (10%, 0.1 mmol) KCN, and 2 mL of
DMT. After 30 min at 0 °C, the erude product wag purified by
flash chromatography with 1:3 petroleum ether/ather to afford
305 mg (86%) of the praduct as a pale vellow ofl: IR (film) 2868,
16005, 1516, 1443, 1435, 1282 cmm~t; YH NMR (400 MHe, CDCly)
4 1.20 (3H, dt, J = 1, 7 Hz), 1.31 (3H, dt, J = 1, 7.9 Hz), 3,9~
4,05 (2H, m)}, 4.1-4.25 (2H, m), 6.9 (1H, qj, J = 7.9 Hz), 6.96
(1H, dd, J = 3.6, 6.1 Hz), 7.17 (111, dd, J = 1.1, 3.6 Hz), 7.36
(18, dd, J = 1.1, 5.1 Hz), 7.4—-7.44 (2H, m), 7.51-7.57 (1H, m),
7.95-7.9 (2H, m); ¥C NMR (100 MHz, CDClg) 4 16.73 {d, J =
7.3 Hz), 16.85(d, J = 6,8 H2),63.0 ({, J = 6.3 Hz), 64.3 (d, J =
59 Hz), 74.7{d, J = 4.2 Hz), 127.2, 128.2, 128.6, 128.7, 128.9,
133.6, 134.0, 136.6 (d. J = 6.2 Hz), 192.2 (d, J = 4.8 Hz); P
NMR (161 MHz, CDClz) 8 —2.61. Anal. Caled for Oyl 1506PS;
C, 54.23; H, 5.40. Found: C, 54.05; H, 5.26.

Representative Example for Method C: Diethyl 1-(4-
fluorophonyl)-2-(4-methoxyphenyl)-2-oxoethyl phosphate
(31). The title compound was prepared according to Method C
vsing 272 mg (1 mmel) of acylphesphonate, 136.5 mg (1.1 mmol}
of p-fluorobonzaldehyde, 9.5 mg KON (30%, 0.3 mmol), and 2
mL of DMF. After 6 h at amibient temperaturs, the erude product
was purified by flash chromatography with 1:3 petrolsuin other/
ether to afford 372 mg (84%) of the product as a colorless oil:
IR (film} 2993, 1693, 1601, 1511, 1261, 1173, 1037, 986 em™1;
YH NMRER (400 MHz, CDClg) 4 1.18 (8H, ¢, J = 7.1 Hz), 1,33 {3H,
t, J = 7.1 Hz), 3.84 (3H, &), 3.80—8.98 (2H, m), 4.14-4.24 (2H,
m), 8.60 (11, d. J = 8.1 F»), 4.9 (2H, 4, J = 8.8 H), 7.06 (2H,
m), 7.45—7.66 (2H, m), 7.83 (2H, d, J = 8.8 Ha); 43C NMR (100
MHz, CDCla) 6 15.8 (d, J = 7.1 H2), 16.0 (4, J = 7.0 Hz), 56.4,
63.9(d,J =62 H2), 633, J=8Hz), 788 (d,J =49 Hz),
114,116 (d. J = 22.1 Hz), 130{d, J = 8.2 Hz), 131.3,183.1 (d, J
= 251 Hz), 163.8, 191.7 (d, J = 4.9 Hz); 3P NMR (161 MHz,
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CDCl3) & ~2.30. Anal. Caled for CoHoFOsP: C, 57.58, H, 5.59.
Found: C, 57.62; H, 6.61.

Represcntative Example for Method I: 8-(Benzyloxy)-
1-ox0-1-phenylpropan-2-yl diethyl phosphato {3p}. The title
compound was prepared according to Method D using 242 mg
(1 mmol) of acylphosphonate, 1658 mg (1.1 mmol) of benzyloxy-
acetaldehyde, 30 mg CeF (20%), 28.7 mg TMBCN (30%), and 2
mL of DMF, Ai'tar £—10 min ot ambient tempeorature, tha crude
product was purified by {lash chromatography with 1.3 petro-
leum other/ether to afford 318 mg (81%) of the product as a
colarless ofl: IR (film) 2950, 2364, 1692, 1635, 1515, 1451 cm™!;
'H NMR {400 MHz, CDCl;) 6 1.1~1.23 (6H, m), 3.8~3.83 (2H,
m), 3.96—4.09 (dH, m), 4.48~-4.52 (2H, ), 5.74~5.78 (1H, m),
7.14-7.23 (5H, m), 7.86~7.41 (2H, m}, 7.49~7.53 (1H, m), 7.86—
7.80 (2H, m); 18C NMR (100 MHz, CDClp) 6 169 (d, J = 2.76
Hz), 16.0(d, J = 2.79 Hze), 64.12 (d, J = 6.0 Hz), 64.2(d, J = 6.0
Hz), 70.4(d,J = 68,1 Hx), 734, 77.9(d, J = 5.4 Hp), 127.6, 127.8,
128.3, 128.8, (d, J = 3.0 H2), 133.8, 134.9, 137.3, 19048 id, J =
3.0 Hz); P NMR (161 MHz, CDClp) & ~2.27. Anal. Caled for
C20H26Q6F: C, 81.22; H, 6.42. Found: C,81.4%; H, 6.64.

Representative Example for Mothad E: 2-Cyclohoxyl-
2-0x0-1-phenylethyl dlethyl phosphate (8t). The title com-
peund was prepared according to Mothod E vsing 248 mg (1
mmol) of acylphosphonate, 212.2 mg (2 mmol) nf benzaldehyde,
19.5 mg KCN (30%, 0.8 ramol}, 78 g (30%, 0.3 mmol) of 18-
crown-6, and § mL of toluene. After 6 h at 100 °C, the erude
product was purified by flash ¢hromategraphy with 1:3 petro-
leum ether/oiher to afford 227 mg (64%) of the product as a
colorless oil: IR (film) 2826, 1692, 1645, 1512, 14560, 1280, 1229,
1031 em™; "H NMR (400 MHg, GDCla) 4116 (3H, dt, J = 0.8,
7.2 Hz), 1.34 (3H, dt, J = 0.9, .9 Hz), 1.10—1.45 (5H, m), 1.60—
1.83 (5H, m), 2.60 (1H, m), 3.84—3.04 (2H, m), 4.11-4.21 (2H,
m), 5.76 (1H, d, J = 8.1 Hz), 7.30-7.40 (6H, m); ¥C NMR (100
MHz, CDCla) 6 16.9 (2C, m), 25.2, 25.6, 25.7, 28.0, 29.3, 20.7,
46.7,684.1 2Cm), 81.9(d, J = 5.2 Hz), 127.9, 125.9, 129.3, 134.5,
207.2; ¥P NMR (161 MHz, CDCl3} § ~2.44. Anel. Caled for
C1aHyrOsP: C, 61.01; H, 7.68. Found: C, 61.24; H, 7.52.
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CHAIMTER 2 7 DRUG DESIGR AND RELATIONSHIP OF FUNCYIONAL GROUPS TO &AEMACOLOQIC AL"TMTY _ 47

REFINEMENT OF THE LEAD STRUCTURE

Determination of the Pharmacophore

Ouge a feud compound has been discovered fora particu-
lar thesnpewtic e, the next step is o detennine the phar
macophore for this emnponnd. The pharmacophore of o
g molecale B that pontion of the molecute contmining
the: essnmial organic Fnctional groups that direcily inter
act with the reeeptor active site and, therefore, confers on
the molecule the biological acivity of interest. Bociuse
thug-recepior hiteractions ean be very specilic, the phar-
macaphore may constitute & small porton of (he raolecude,
Ithas been found on severnl occasions that what seen to be
very complex molecules e be reduced w Smpler strue-
tares with retention of the desired biotagica! action. An
cxample of this is the narcoiic analgesic morphine, which is
* atetrnayelic compound with five chirl centers. Not only
would simplificition of die strucire posdbly provide mel-
ceabes with fewer side effects, a ceduction in the number of
chiral conters wonld gready simplify the syinthesis of mop
phine derivuives und, therely, decrease cost. Figure 230
shews how the morphine stnuciure has been simplified in
the search for compounds with fewer deleterious side
cffects, such as respiratony depression and addicion poten-
tinl. Within euch clrss are analogues that are Jess polent,
cruipoieii, and many tines more potent tian morphine,
B can be readlly seen from the Bgure that the phasnna-
cophore of marphine must cansist of 2 teniary afkylaminge
that is s leat four sams away from an aromatic g, A
more detatled diseussion of the chendsiy and pharmacol.
oy of morphine can be found in Chapter 24,

W M
e o re™
(+]
{
- O OH
4. 5a-Epaxymorphinans Morphinans
K
K %; o™
@ o
u Benzomophens
e =
4-Phanyipiperidings Bethidonss

E Fg 2.30. Muoiphing pharmacophore and e retationship 1o
analgesc deriratires.

Alterations ins Alkyl Chains: Chain Length,
Branching, and Rings

Altertions in alkst chains. such as incremsing or deerens
ing chnin length (homotogation), brmebing, and chang.
ing sing sire, can have prafound effects on the potency
and pharmacologic aciivity of the molcoule. Simply
changing the lengih of an alky) chain by ane CH, unit or
branching the chain will alter the lipaphilic chamacter of
the molconle and. thercfore, its propertics ol absorpiion,
distribntion, and excretton, I the alkvl ehain is directly
involved in the recepror intemetion, then chain length
and branching can alter the binding charaereristios. Mok
ecules that are conformationally fexible may become
less flexible ifbranching is introduced at a key position of
an alkyl chain, Changes in conformation wilt sifess ghe
spatial relaianship of funceional groups in die molecule,
thesehy influencing recepior binding. Changes as small
as one CH, unit may seem wivid @ fist, hot in many
inatances, such smalt changes nre inportant aspects in
the design of anploges.

An example in which simply inerensing hydrocarbon
chain length has signifieant effeets 1ot only on potency
but also an the ngonistic or antgunistic nction of a mol-
ecule is provided by a series of Nalky morphine ana-
logues (Fig. 2.31). In whis series, going from ReaCH,
tmorphine) 1w Re=CH,CHCH, (N-propylnormor
jhine) produces 3 pronounced decrense in agonist activ
ity anel an increase in antagonist activity, When R==
CHLCHCILCH, (NSDbylnarsmerphine). the compound
i totully devoied of agandst or antaganist activity (e, the
compound is inacthve), but further increases in chain
length  (R== C.l-IQCH!(JH.:CI-l,CH‘1 and R=CH..,CZ-'I,
CHCHCHLCHLY proctuce eompounds with increising
potency A8 agonist. When R is Bphendedid, the com-
pound is & full agunist, with 3 petency approximately 14-
Fold tuir of morphive (28,29,

H H
|
Q
o
R Phanmachiogcal activity
—=CH, Anaigesic (morphing)
—~CHCHy Opioid agonitt activity docroasod
—CHEHO, Opiokd antagonist activity ifcreased
= CHLCHCHLH, Inaclivo a3 oploid sgonixt or antogonis
=CHLCH,CHCHCH;
Opicic antagonist aclivity Incressed
~ CHACHCHCH L HyCH, '
‘MQ 14X potency of morphine

Fig. 2.3%.  €ffect of alkyl chain lengih on vty of morphing.
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PART § / PRINCIPLES OF DRUG DISCOVERY

B mchmg of alkyl chaing also ean protoce deistic
changes in poieney and pharmacologiz activiey. If the
mechanisun of action s closely relaved to the lipophiliciy
af the motecude, then branching of a hydrocerbon chain
will reult in a dess lipophilic compound and signiftcanty
altered hlodogical elfeer This deercase in lipophiliciy: os
the result of hydrororbon chain brunching resubis from
the chain hﬂ:ﬁmmg mare campact and, therefore, pro.
ducesless disruption of ihe hydrogen-bonding network of
water, If the hydrocarbon chain is direetly invoheed in
recepior interactions, then himnching can produce mijor
chanyey in pharmacologic activin, For cxample, consider
the phenohiazines promethadne and promarine:

& 1CHCHINCK) : ) CHALOH ),

CH,

Promethazine Promazing

The prinany pharmacolugic sctivity of prometlazine is
that of an antibistaning, whereas promazine §s an
antipsychotic, The only difference hetween the nvo is the
alkslamine side chain. In the case of prometharine, it
contains u isopropylamine side chain, whereas pros
mazine has a repropyiamine. In this case. the small
change af anc carbon atom from o branched to g lincar
hydracarbon radically sshiers the pharmacalogie activity,

Pasition isumers of sulstinents on aromatic riugﬁ aln
may possess different pharmacologic propertics. Sub-
stituents on aromatic Angs can altee e electron diste-
hutiun throughout the ring, which in turm can affecthow
the ring intericts with the recepror. Ring substilnents
abo aay influence the conformation of @ flexible male-
eule, especally i they are located enhe o Sexible side
chains and can porticipaic in steric ar electronic
intramalecular interactions {e.g.. hvdrogen: ion-dipole,
or ion=ion bonds). Ring substituents influcnce the con-
formaions of adjaceny subsiiiuents via steric interactions
und may significandy alleer receptar interetions. A
suitic mcthoxy groups ortho io two other substiteents
take on a confonmation perpendicular 1o the plane of the
aromutic ring in hallucinogenie phenylaliviamines (Fig.
2.3 and can explain the lack of hallucinogenic acuvity
in thew compounnvls (30},

FUNCTIONAL GROUP MODIFICATION:
{SOSTERISM AND BIOISOSTERISM

Isosterism

When alead componind i fisst discoviered for a partienlar
disease state, it often lacks the required potency and
pharmacokinetic properties suitable for making jt a
slable clinieal candidate, These say induwde tisdesisable
side cffeets, physicochemicat properiies, other Factors
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Fig. 2.32.  Effecr of pasitional somers on soruerural conforma-
tion 2nd biologieal activity.

that affect arad I)i(_::i\:ill:i_hiiil_y {see Chapier 9), and

adverse membolic or exererion propertics, Thine undes -

sirable properties could be the result of specific fune
tional groupy in the molecule, The medicinl chemist
therefore must modify the compound o reduce or clim.
inate these undesimble fentares withowt losing the
dexired hiological activity. Replacemient or modification
of funcitonal grosips whh ather gronps having simliar
praperties is known s “isostesic replacement,” or
“binisosteric replacement.” '

In 1918, l.angmulr (81.32) first developed the conceps
ol chemical isosterism 10 deseribe the similarities in phys:
ical propenics wnoeng atoms, funciton:al geoups, mdicals,
and molecules, The similarities among aems described
e Langmie primarily resulicd foom she faet that these
atoms conined the same number of waleste clectrons
andl came fromn the same columns within the periodie
table. This concept was imited 10 clements in adjacent
raws and cotumps, innrganic mnlecules, tons. and small
organic molocules, such as dinaomethane and ketene,
Tahte 2.7 shows a comparison of the phasienl properties
of NyO and CO, to lustrmte Langmuir's concept,

Tou account for similaritics between groups with the
same nimber of vialence clecizans bt different numbers
of atems, Grimm (38) developed his hydride displace-
went law, This is nota “law™ in the sirtet sense but, rther,
mare an illaviration of similar physical properties among
closely relaed funcitonal groups, ‘Table 2.8 presents an
cxample of hydride displacement, Descending diago-
nally fram lefi o right in the tble, hydrogen atoms ame
progressively added to mainmin the gme nomber of

Table 2.7. Comparison of Physica! Properties of N,O
and C

O,
Proparty ) RO co,
Viscopty a1 20'C 148> 307 148 x 10t
Danety of dqind 2t 10°C 0658 0§58
Rafractive index of iquud, D lon 18T 1103 1,180
Drglecyic congtant of Squid @ O°C 1.593 1582
Solebilty in pieohal 51 15°C 320 3130
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