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No. Solicitud Internacional PCT/EP2007/006472
Fecha de Presentacion Internacional 16 de julio de 2007

Como resultado del Examen de Fondo realizadg, con fundamento en el Articulo 45 de
la Decisién 488 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

‘Descripcién: ~ Folios 164-333 14 deenerode 2009
- Reivindicaciones: - Folles 334-356 14 de enero de 2009
. - Folios 424-447 28 de abril de 2011
Prioridad: =~ EP06-014665.1 = 14 de Julio de 2006

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque:

Esta solicitud fue presentada dentro del plazo establecido (Art. 9 D 486).
Y su contenido téenico corresponde econ el de la prioridad reivindicada.

3. Objeto de la invencion

Titulo:de la solicitud: “Bencilaminas, un proceso para su produccion y su use como
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agentes antiinflamatorios”.

El problema planteado en esta solicitud consiste en la necesidad de preporcionar
eompuestos antiinflamaterios.

Para resolver este problema téenico la solicitud en estudio proporciona un compuesto
de la férmula (1), un proceso para su elaboracién y composiciones que lo contienen.
OH _

| (1)

'El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentas (CIP). CO7C 2158/16, CO7D 215/38, AB1K 31/136, 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.

5. De la Solicitud de Patente

Titulo |

El titulé iﬁcluye la expresion “y su Uuso como agentesvantiinﬂamatorios", haciendo
referencia al uso del compuesto, lo cual, es un item no patentable, se sugiere

modificar el titulo por: “Bencilaminas y su proceso de produccién”.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicaeién 1 no es concisa cuando utiliza los términos:

. Cq.10 alguilo, C4.19 alcoxi, C1.qp alquiltio, Cy.10 alquilo, C4.1¢ perfluoroalquilo C1.3
~ alquil, Cy5 alquilo, -(CO)-Cy alquile, Ci5 alquilene, Ci.5 alquilo parcial o
completamente fluorado, C2.40 alquinile, Ci.galquilCsrcicloalquilo, Cs.
salquenilCs.yeicloalquilo: porque da lugar a un amplio numero de
combinaciones que estan por fuera de lo soportado en la descripcién.

« Sistema de anilles monociclice, biciclico: no se define el nimero de miembros
gue tiene es sistema,
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Parcialmente aromatico, o no aromatico, el cualopcionalmente contiene 1-4
atomos de nitrégeno, 1-2 atomos 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 numero de combinaciones que estan por fuera de lo
goportado en la deseripcion,

Cy.galquilheterociclilo, C2 salquenilheterociclilo: porque no se define el numeroy
tipe de heterodtomos presentes en el anlllo, ni el numero de miembros que
posee la porcion alilica, alquenllica ¢ aromatica,

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

El uso de términos tales como “n”, “p", “p+1", “p+2" porque da lugar a un
amplio numero de combinaciones que estan por fuera de lo soportado en la
deseripcion.

El uso de términos tales como “opcionalmente sustituido”, “opcionalmente se
puede sustituir con x-y grupos ...": son términes imprecisos que no limitan el
alcance de la 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
eompuestos ejemplificados en la descripcién.

Para tal efecto esta Oficina manifiesta que en la descripcién se encuentran
soportados los siguientes compuestos a los cuales el solicitante puede tener en
cuenta para la respectiva restriccion.

OH

(N
R H, metoxi, bromemetil, hidroxl clcromem F, metil
_R2 H, F, metoxi, OH, CI,
__R3 H,_F, metoxi, OH, CI
"R4 Fenilo, 2 metil-quinolin, naftaleno, quinolin, 2.metil-falazin-1-gna, 7-fluoro-2-metil-quinazelin,
_R6 Trifluoremstil, - I ' ‘
" R8 Bencll, propil, etil-sufaniimetil, imidazol-2-il-sufanilmetil, etil-sulfonil-metil, imidazol-2-ii-sufoniimetil,

etil-sufaniimetil, 1,2,4- triazol-3-il-sufanilmetil, 1-metil-imidazol-2-il-aulfaniimetil, piridin-2-ii-
sulfanilmetil, isopropilsufaniimetil, butironitrilo, metil-sufaniimetil, dimetilaminometil, etoximetil,

Primer Ariculo 45- Expediente 09-2483

[



461

metoximetil

R1yR2 | Juntos forman 1,3-benzodioxal, 1,3-dihidrobenzofurano, 1,3-dihidro-2 2-dimetilbenzofurang,
Lo anterior, también aplica para las reivindicaciones 2-10, 22-26.

La reivindicacion 11 consiste en una forma enatioméricamente pura del compuesto
de |as reivindicaciones 1-10, lo cual, ne constituye una caracteristica esencial, por lo
cual, se sugiere retirar la reivindicacion del pliego reivindicatorio.

L os procesos de las reivindicaciones 14-17, 20-21 no son claros, pues no definen la
materia a proteger adecuadamente, se le recuerda al solicitante que un proceso es
correctamente definido cuando: se definen sus etapas, solventes, 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¥, 8in embargo incluyen caracteristicas tales eemo la definicién de radicales,
lo cual, no es la manera indicada de definir un proceso, se sugiere definir los
radicales en una reivindicacion independiente y luego hacer referencia a estos en la
reivindicacién del proceso, limitdindose a describirlo en términos de sus etapas,
solventes, condiciones, uso de catalizadores.

6. Unidad de invencion (Art 25 D 486)
La presente invencioén se refiere a compuestos derivados fenoxinilina cuyo concepto

inventivo Unico de la presente solicitud es el compuesto de férmula (1)

(1)
- La busqueda ha revelado que el concepto inventive tinico no es inventivo, ya que el

B g,

w3

NH
|

documento D1 define un compuesto de férmula R*  (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 Unico no es inventivo, no se cumple el requisito de
unidad invencién. Debido a que tampoco se encuentran otras caracteristicas que
puedan considerarse como elementos técnicos particulares, no hay unidad de
invencion.

Por lo tanto, existen los siguientes grupos de invenciones:;
1. dende R es un grupe alquilo.

2. Donde R6 es un grupo aromatico.

3. Donde RE es un grupo heteroalquilo.

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

7. Determinacién del Estado de la Técnica

El Estado de la Técnica se determiné con base en la fecha de Presentacion de la
Solicitud de Prioridad: 14 de julio de 2006

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

item Documento B Titulo Fecha de Publicacién®
' ' o Rearranged pentanols, a process for ' ' ' '
D1 U82005131226 | their production and their use as anti- 16 de junio de 2005
. : .. inflammatory agents _
D2 | GB1045180 __Quinazoline derivatives____ 12 de octubre de 1986

“Generation of Acyl Anion Equivalents

Ayhan §. Demir from Acylphosphonatas via

Et al Phosphonate-Phosphate
D3 . Rearrangement: 28 dae agosto de 2005
J""ggzﬁg’a"'c A Highly Practical Method for
Y Cross-Benzoin Reaction.
7 7 Vol 70, Paginas 10584-10587
| p::gg?clﬁfa?f (?haptgr 2 drug desing and
De chemistry. relationship of furictional groups to 2002

v pharmacelogicactivity, paginas 47-48,
Thomag L, Lemke sixth Edition

D1
http://worldwide espacenet.com/publicationDetails/biblio?
_gw&FTnE&Iocaleweﬁ EP

Primer Ariculo 48- Expediante 09-2483




463

Divulga compuestos de férmula | A% procesos para su producclény su
use eemo antiinflamatorios

D2

hitp.//worldwide espacenet.com/publicationDetails/biblio?CC=GB&NR=1045180&KC=
&F’T&E&Iocale—en EP

RCHoNH

NH.
Divulga 2,4-diaminoquinazolines de formula (IH) ¢ 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 Crogs-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 sen técnicas cominmente empleadas para modifiear compuestos
activos y preveer compuestos alternativos con actividad terapéutica.

8. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

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

, Caracteristiéas esenciales ' D2 D3

Un compuesto de formula ()

A) Un compuesto de férmula
Vi

' N Nifg

No es mencionade

(pégina 2)

Donde R es ungrupo fenilo mono
di o tri sustituide con alquilo
inferior (pagina uno columna

izquierda lineas 19 a 25)

{YIX)

B) Un compuesto de formula

o Un compuesto de férmula
f?ﬂ{&&i}z
| H O RE
No es mencionado RY My
WﬁtﬁE‘tﬁg

Donde R1 es fenilo y R2 es fenil
sustituido (pagina 10586)

A) Novedad frente a D2
Las caracteristicas esenciales del compuesto Vil de la reivindicacién 22 habian sido
divulgadas previamente en D2, el cual divuiga Un compuesto de férmula (ll)
- NYNHQ
- N
RCH=N |
Ni,
(pagina 2), donde R es un grupo fenilo mono di o tri sustituide con
alquilo inferior (pagina uno columna izquierda lineas 19 a 25)

En consecuencia, el compuesto VI de la reivindicacién 22 no es nuevo, segun lo
divulgado en el documento D2.

b) Novedad frente a D3

Las caracteristicas esencilales del compuesto Xll de la reivindicacion 22 habian sido
divuigadas previamente en D3, el cual divulga un compuesto de férmula
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OPOIOEL
i : " Donde R1 es fenilo y R2 es fenil sustituido (folio 470, pagina 10585)

En consecuencia, el compuesto Xl de la reivindicaciéon 22 no es nuevo, segun lo

divuigado en el documente D3,

Nivel Inventivo (Art 16 D486)

La reivindicacién 1 consiste un compuesto de férmula (1)

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

Caracteristicas esenciales D1 . D4
T Un compuesto de férmula (I '

Un compuesto de férmula (1)

OH da

R NH Rivuige que las
| glteraciones en las
Rﬁ cadenas de alquilo, tales
} , como aumentar, disminuir
Donde R1 es un grupo fenilo ia longitud de cadena o la
sustituido (parrafo 9) ramificacion, pueden
R* equivalento del R es un sistema | tener efectos sobre la
R significa un sistema de aniilos de anillos mengciclico, biciclico o, actividad farmacol6gica.
monociclico, o biciclico, aroméatica, | aromético, parcialmente arematico
parcialmente aromatico, 0 no 0, 0 RO aromatico, opcionalmente Estos pequefios cambios
arematico, el cual opeionalmente que eontiene 1-3 dtomes de son aspectos importantes
contiene 1-4 atomos de nitrégeno, nitrégano, 1-2 atomos de oxigeno | en ¢l disefio de analogos.
1-2 atomos de oxigeno y/o 1-2 ylo 1-2 atomos de azufre y
atomos de azufre y opcionaimente | opcionaimente estd sustituido en
e sustituye an una o mas uno o mas lugares de un radical
posiciongs con un radicgl que se que se selacciona del grupo

selecciona entre 6l grupo carbonilo, | carbonile, halégene, higroxi, o (Cq-
hajdgeno, hidroxi, o (Ci.s)-alquilo, el | g)-alquile, que pueds astar

cual opcicnalmente se puede opcionalmente sustituido por 1-3
sustituir con 1-3 grupes hidroxilo, 1- | grupos hidroxi, 1-3 grupos (Cis)-
3 grupos (C1.s)alcoxi y/o 1-3 Grupos | alcoxi y/o 1-3 grupos COOR?, (C1.5)
COOR®, (C1.5) alcox, (C15)-alquiltio, | alcoxi, (Ci.g)-glquiltio, (C+.5)-
(C1-5)-perfluoroalquila, ciano, nitro. perflucroalquile, giano,
nitro.(parrafos 10 y 11)
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R” significa un grupo Cis-alquilo

parcial o completamente
fluorado,

R” significa un grupo Cis-aiquilo
parcial o compietamente fluorado
(pérrafo 19)

R6 es C1.10alquilo, -RO (que puede
ser arilo), con la excepcion de ~

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

£l equivalente de R6 es un 2-metil-

CH2CH(CHa)a, -CH=C(CHa)z, ~CHa-

G(CHy)=CH | metllspro‘p~1—,erj-1-|l. (pérrafo 20)

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

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, aromatico,
parcialmente aromatico o, 0 no aromatico, opcionalmente que contiene 1-3 atemos
de nitrégeno, 1-2 dtomos de oxigeno y/o 1-2 dtomos de azufre y opcionalmente esta
sustituido en uno o mas lugares de un radical que se selecciona del grupo carbonilo,
halégeno, hidroxi, o (C1-5)-alquilo, que puede estar opcionalmente sustituide por 1-3
grupos hidroxi, 1-3 grupos (C1-5)-alcoxi y/o 1-3 grupos COORS, (C1-5) alcoxi, (C1-5)-
alquiltio, (C1-5)-perfluoroalquilo, ciano, nitro.(parrafos 10y 11), RS significa un grupo
C1-3-alquilo parcial o completamente fluorado (parrafo 19).

La diferencia entre la invencion, definida en la rewmdzcac:én 1y compuesto de
férmula (1) de D1 consiste en que los valores de R® de Ia actual invencién excluyen
los valores de R®. CH,CH(CHa),, -CH=C(CHs)g, -CHa-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 R8 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 invencion se
puede formular asi: “cémo proporcionar compuestos alternativos a los conocidos en
D1",

Sin embargo, el documento D4 ya divuiga que las alteraciones menores en las
cadenas de alquile, tales como aumentar, disminuir la longitud de eadena o la
ramificacién de la misma, pueden tener efectos sobre la actividad farmacoldgica.
Estos pequefios cambios son aspectos importantes en el disefio de andlogos (Folios
473-474, paginas 47 -48)

En consecuencia, la persona del oficio normalmente versada en la materia se veria
fuertemente motivada a incluir jas ensefianzas sobre las variaciones en la longitud de
la cadena alquilica divulgada anterioridad en D4 en los sustituyentes de R6 de los
compuestos de D1 para llegar asi al objeto de |a reivindicacién 1 de la solicitud. Porlo
cual se eonsidera obvia.

Conclusién:;
La reivindicacion 1 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito 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 ia presente Solicitud estan afectados asi:

tem Documento Reivindicacione | Requisito que

__s afectadas ____afecta
D1 , U82005131226 11 Nivel inventivo
D2 _ ____GB1045180 | 22, 24 Novedad
D3 Journal Qrganic Chemistry

Generation of Acyl Anion
Equivalents from
Aeylphosphonates via 22,24 Novedad
Phesphonate-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 |
pharimacologicactivity,

1-11 Nivel inventivo
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En cumplimiento 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) dias
contados a partir de la fecha de notificacién de la presente comunicacién, En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la coneesion, se denegard la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 6.2, literal e), del
eapitulo quinto del titulo primero de la Cireular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

S——
El anterior erﬁquerimiento fue notificado por fijacibn en lista, de fecha

62 0012

Elaborado por: Harvey Alonso Jaramillo OU@
Revisado Por: Jacqueline Alfonso
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ilker Esiringti, and Serkan Eymur
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oo

P(OEN),
solvent °cN
? pn Oj‘ PO(OEt)z o
R1)H’~CF3 R!
OPO(OEY), ,GCN OPO(OEN),

R'=Ph

Acylphosphonates are potent acyl anion precursors that
generate acyl anion equivalents under the promotion of
cyanide anion via phosphonate—phosphate rearrangement.

These anions readily react with aldehydes to provide cross-
benzoin products. In this way it is possible to synthesize a
variety of aromatic—~aromatic, arematic—aliphatic, and ali-
phatic—aromatie benzoins. Moreover the reaction of ben-
zoylphosphonate with potent electrophile 2,2,2-trifluoroac-
etophenone previded the corresponding aldehyde—ketone
coupling produet in high yield.

Polarity reversal (umpolung) of carbonyl group (acyl
anion equivalents) provides a powerful alternative to
traditional. carbon—carbon bond construction methods
and adds new dimensions of flexibility to the design of
synthetic targets.! These useful entities have been trs-
ditionally obtained by functional group manipulation and
stoichiometrie strong base 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’
reactions. As far as the cross-benzoin and intramelecular
Stetter reactions are concerned, the use of acylsilanesé®

(1) For recent reviews, see: (a) Johnaon, J. 8. Angew. Chem., Int.
Ed. 2004, 43, 1326--1328. (b) Enders, D.; Balensiefer, T. Ace. Chem.
Res. 2004, 37, 534~541. (¢) Pohl, M,; Lingen, B.; Mtller, M. Cham.
Eur. J. 2009, §, 52885295,

(2) (a) Enders, D,; Kalfass, U. Angew. Chem., Int. Ed, 2002, 41,
1743—1745 and references therein. (b) Dinkelmenn, P.; Koltar-Jung,
D.; Nitsché; A, Demir, A, 8,; Siegert, P.; Lingen, B.; Baumann, M,;
Pohl, M.; Miiller, M. J. Am. Chem. Soc. 2002, 124, 1208412085, (¢)
Hachisy, Y.; Bode, J. W.; Suzuki, K. J. J, Am. Chem, Soc. 2008, 125,
8432-- 843‘3 (d) Hachisu, Y.; Bode, J. W,; Suzuld, K. Adv. Synth, Cetal.
2004, 346, °1097-1100. (e) Enders, D, Ollvm', N Synlett 2004, 2111~
2114.

10684 J. Org. Chem. 2005, 70, 1068410587

as aeyl anion precursors based on the nucleophile-
promoted Brook rearrangement® is the most practieal and
selective method available. However, acylsilanes for use
as precursors suffer from tedieus preparative operations
that often require a stoichiometric strong base or metal
nucleophiles, and most of the time they are synthesized
from the corresponding acyl anions.” Thus, there is
always a need for practical and easily accessible acyl
anion precursors that ¢an engage in eatalytic earbon~
carbon bond-forming reactions.

Phosphorus, like silicon, has the ability te migrate from
carbon to oxygen and oxygen te earbon.In fact deproto-
nation of o-hydroxyphosphenates and base-catalyzed
addition of dialkyl phesphites te acylphosphonates induee
such phosphonate—phosphate rearrangements, which
have a cloge analogy te the 1,2-Brook rearrangement of
acylsilanes.® Woe envisioned that the typical nueleophilic
catalysis of henzein and Btetter reactions might premote
aeylphosphonates to gencrate an sppropriate soncentra-
tion of tho corresponding acyl anion equivalents that are
sufficiently nueleophilic in order to participate in the
reactions with electrephiles. It is very important to note
that Johnson and co-workers vory recently reporied the
viability of this approach in the synthesis of a variety of
aromatic—aromatie cross-benzoin produets 3 from aro-
matic acylphosphonates, with [18-crown-6/KCN] complex
as catalyst in diethy] ether providing the optimal cendi-
tions (Scheme 1).? Morover Kurihara reported stoichio-
metric strong base deprotonation of a-cyanophosphates
generating eyano-phosphate anions 1b that react with a
varioty of electrophiles including aldehydes to provide 8.1°
However, they roported that cyano-phosphate anions 1b

(3) (a) Korr, M. 8.; Rovis, T. J. Ani. Chem. Soc. 2004, 126G, 8876—
8877. (b) Road de Alamz, J.; Rovis, T. J, Am. Chem, Soc. 2008, 127,
6284—6288, (¢) Endors, D.; Brouer, K.; Runsink, J.; Teles, J. H, HelyF
Chim. Acta 1996, 79, 1899-—1992 (d) Posch, J.; Htu'ms, K.; Bach, T
Bur. J. Qrg. Chem. 2004 126, 20262035, () Mennen. B. Blnn Kk, d.;
Tan-Duhe, M. B lmbmglio,J E.; Miller, 8. J. Chem, Commun 2005
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SCHEME 1. Mechanism of Cross-Benzoin
Renetion via Cyanide Ion Promoted Generation of
Acyl Anions from Acylphosphonates

X etd o
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3 1d 1e

with electron-rich aromatic and aliphatic groups are not
useful in this particular transformetion. 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 on a multigram scale from acyl chlorides and
trialkyl phosphites via Arbuzov reastion without need to
use any special condition or apparatus.’?

We initially investigated the reaction of benzoylphos-
phonate with p-anisaldehyde catalyzed by 10% KCN in
the presence of phase transfer catalysts (Bu;NBr or 18-
crown-6) in various solvents and chserved very slow or
no 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% vield 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 aromatic—aromatic benzoins. Reac-
tion of benzoylphosphonate with various aromatic alde-
hydes furnishéd the expected products in good to excel-
lent yields (Table 1, entries 1—8). Heterocyclic aldehydes
provided the expected products 3e and 3g, albeit con-
taminated with isomeric benzoins 3f and 3h (Table 1,
entries 5—8). This concurrent regioisomerization process
was also peinted 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 furnished the isomeric prod-
ucts. In this way the synthesis of both isomeric benzoins
was possible from the same starting materials. Formation
of isomeric benzoins is presumably due to the basic
cyanide-catalyzed isomerization of the expected benzoins,
In fact, the treatment of isolated pure 3g with catalytie
DBU under the same reaction conditions afforded 8h
with complete conversion. To understand the scope of the

(10) For examples of stoichiometric generatian of acyl anion equiva-
lents from g-cyanophosphates and their reactions, sce: (a) Kurihara,
T.; Santo, K,; Harusawa, S.; Yoneda, R.; Chem. Pharm. Bull. 1987,
35, 4777-4788. (b) Schrader, T. Angew. Chem., Int. Ed. Engl. 1695,
34, 917-919.

(11) This mechanistic picture is based on the well-known benzoin
reaction mechanism and ils congeners; sce refs 1, 4, and 9.

(12) (a) Berlin, X. D.; Taylor, H. A. J. Am. Chem. Soc, 1964, 86,
3862—3866. (b} Maeda, H.; Takahashi, K.; Ohmovi, H. Tetrahedron
1998, 64, 1223312242,
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TABLE 1. Synthesis of Aromatic—Aromatic Benzoins?®

oL

cat.KCN R
pOBY), * ,, e R
8 RTTH OMP PO(OEH,
) ) ) Yiel
entry R R’ Produt (%)
1 Ph 4-OMePh OJTO(‘: 93
" FO{ORIy
2 Ph 4-Fph 83
3 Ph 3,5-(OMe);Ph a8
4 Ph 1-napthy! 7
s Fh 2-furyl 81
6 Ph 2-furyl 85
7 Ph 2-thienyl 3 86
CPOIOE),
8 Ph 2-thienyl @/ﬁ\/@ i 89
8 OPOIDEY,
9  4-FPh Ph Dw v 87
F OPQ{OE,
10  4-FPh 4-OMcPh ,GJTO(: 93
” PO(OR,;
11  4-OMePh Ph »«CH}T@ * 91
" PO{QY,
F .
12 4-OMcPh 4-FPh W u 94
Mot POy

@ Reactions were carried out on a8 1 mmol scale (1.1 equiv of
aldehyde) with concentrations of 0.5 M in the presence of 109% KCN
at room temperature except for entries 5 and 7 at 0 °C and entries
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 acesptor, we examined the reaction of
substituted aroylphosphonates. Whereas the reaction of
4-F-benzoylphosphonate proceeded smoothly to give di-
substituted ¢rogs-benzoins 3i and 3j in very good yields
(Table 1, entries 9~10), electron-rich 4-MeO-benzoylphos-
phonate reacted very slowly under the usual reaction
conditions. Gratifyingly, simply increasing the catalyst
load (30% KCN) resulted in a smooth transformation
providing 8k and 8] in very good yields (Table 1, entries
11 and 12),
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TABLE 2. Synthesis of Aromatic—Aliphatic and
Aliphatic—-Aromatic Benzoins®

(4]
ﬂ“ﬂ(@&!k + i Wt- Ri’uIRa

soivent

PO(OEL),
' : Yielg
enty R ® Product (%)
1 Ph eyclohexyl @j\é) 87
{0ty
2 4.FPh cyclohexyl ‘@JIS) = 81
. 0Bt
3  4-OMePh cyclohexyl Bgs
MeO PO(ORt)y
4 Ph benzyloxymethyl M i 81
O{CHl)
4-FPh 1 thyl ¥ 75
B
N
6 4-OMec  benzyloxymethy! . m/@’ﬁ\gz oo 77
7 cyclohexyl Ph (j/w Eh 64
{8,
8§ (CH;x:C Ph N 87

RO(DEL,

@ For entries 16, reactions were carried out in premixed DMF
solution of 20% CsF and 30% TMSCN (sce Bupporting Information
for details), For entries 7 and 8, 2 equiv of aldchyde with 30%
KCN and 30% 18-crown-6 in tolueno (5 mL, 0.2 M) was heated to
100 °C. * Isolated yields,

After establishing the utility of acylphosphonates in
arcmatic—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 araylphosphonates with aliphatic aldehydes.
Although the initial reactiong with the XCN catalyst
provided the expected benzoins, yields were low with
considerable site product(s) contamination. Later we
found that the DMF solution of premixed CsF (20%) and
TMSCHN (30%) was superior to KCN in terms of conver-
sion rates and product purity. In fact the reaction of
aroylphosphonates with cyclohexancarboxaldehdye 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 acyjphos-
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 cycle failed (Scheme
1). We found that the use of 30% KCN and 30% 18-
crown-6 in refluxing toluene provided better yields (Table
2, entries 7 and 8), Although we examined the reactions
of a wide range of aliphatic acylphosphonates 1 (R! =
eyclohexyl, isopropyl, methyl) and aromatic aldehydes 2
(R? = Ph, 4-OMePh, 4-FPh) to obtain aliphatic—arematic
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benzoins in the 60—70% yield range, the formation of a
protonation product (15~20%) wae unaveidable. The
separation of this product to obtain pure products proved
to be highly problematic. When reaction was carried out
with nonenclizable trimethylacetylphosphonate, good
yield of the corresponding benzoin was obtained smoothly
in toluene (Table 2, entry 8). Last, the syntheses of
aliphatic~aliphatic eross-benzoing 8 (R} = cyclohexyl,
isoprapyl, methyl and R? = cyclohexyl, isepropyl, methyl)
were very sluggish, providing only <20% estimated
yields.

Prompted by the success of acylphosphonates as acyl
anion precursors in benzoin condensation, we carried out
preliminary experiments to further study the potential
of these entities. Catalytic intermelecular coupling of
aldehydes and ketones has not been realized so fay.%-e
Thus, we examined the reaction of benzoylphasphonate
with potent electrophile 2,2,2-triflueroacetophenone 4,
which furnished the expected coupling product 5§ in 87%
vield (eq 1). The same reaction with acatophenone only
provided poor yields together with the recovered starting

materials.
Ph
10% KGN
PO(OKY), . GFp -—-32—-9—-—-—.. CFy "
: DMF OPO(ORY;

4 5, 87%

In conclusion, we have shown that acylphosphonates
are a new generation of potent acyl anion precursors that
undergo nucleaphile-promoted phosphonate—phosphate
rearrangement to provide the corresponding acyl anion
equivalents as reactive intermediates. Compared to
laborious synthesis of agylsilanes, they ave readily avail-
able on a multigram scale from the corresponding car-
boxylic acids or aldehydes, which offers an atom- and
time-efficient access to acyl anions. They add a new and
highly practical method to the toolbox of synthetic
chemists, Current worl 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-
zoin Reactions. Reactions were carried out according to
different procedures depending on the nature of the substrates,
Briefly, reactions between aromatic acylphosphonates were
carried out in DMF with 10% KCN catalysis (Method A), and
slight modifications in tamperature (0 °C, Method B) or catalyst
Jload (30% KCN, Method C) were made to optimize yields,
Reactions between aromatic acylphosphonates and aliphatic
aldehydes were carried out in DMF with CsF + TMSCN
catalysis (Mathod D), and reactions batween aliphatic acylphos-
phonates and aromatic aldehydes were carrvied out in toluene
with 830% KCN and 30% 18-crown-G8 as catalyst system (Method
E). Representative procedures are as follows.

Repregentative Example for Method A: Diethyl 2-(4-
fluorophenyl)-1-(4-meé¢thoxyphenyl)-2-oxocthyl phosphate
(34). The title compound was prepared according to Method A
uging 260 mg (1 mmol) of acylphosphonate, 149.8 mg (1.1 mmol)
of p—methoxybenzaldehyde, 6.5 mg (10%, 0.1 mmol) KCN, and
2 mL of DMF. After 25 min at ambient temperature, the crude
praduct was purified by flash chromatography with 1:3 petro-
leum ether/ether to afford 368 mg (93%) of the product as a
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colorless oil: IR (film) 2986, 2839, 1698, 1601, 1512, 1461, 1443,
1257, 1177, 1159, 1044, 986 cm™ 1 i NMR (400 MHz, CDCly) 8
1.16 (8H, t J = 7,0 Hz), 1.33 (SH t,J = 6.7 Hz), 3.76 (3H, @),
3.88~8.96 (2H, m), 4.14--4.26 (2H, m), 6.58 (1H, d, J = 7.8 Hz),
6.60 (2H, d, J = (8.7 Hz), 7.05 (2H, m), 7.41 (2H, d, J = 8.7 Hz),
7.94-7.98 (2H, m); 1¥C NMR (100 MHz, CDCl3) 6 16.2 (d, J =
6.9 Hz), 16.3 (4, J = 6.9 Hz), 55.6, 64.2 (d, J = 6.3 Hz), 65.0 (d,
J=60Hz), 80.0 (d, J = 4.8 Hz), 114.9, 1168.1 (d, J = 22,0 Hz),
127.1, 130.0, 181.1 (d, J = 2,9 Hz), 132 (4, J = 9.2 Hz), 16(.8,
166.1 (d, J = 265 Hz), 192.4 (d, J = 4.7 H2), 3P NMR (161 MHe,
CDCly) 6 ~1.19. Anal. Caled for C1eH2FOP; C, 57.58; H, 5.69.
Found: C.57.31; H, 5.32.

Representative Example for Method B: Diethyl 2-oxo-
2-phenyl-1-(thiophen-2-ylethyl phosphate (3g). The title
compound was prepared according to Method B using 242 mg
(1 mmol) of acylphosphonate, 123 mg (1.1 mmol) of 2-thiophen-

ecarboxaldehyde, 6.5 mg (10%, 0.1 mmol) KCN, and 2 mL of

DMF. After 30 min at 0 °C, the crude product was purified by
flash ehromatography with 1:3 petroleum ether/ether to afford
305 mg (86%) of the product as a pale vellow oil: IR (film) 2068,
1695, 1516, 1443, 1485, 1282 em~!; *H NMR (400 MHz, CDCly)
6 1.20 (3H, dt, J = 1, 7 Hz), 1.31 (3H, dt, J = 1, 7.9 Ha), 3,9~
4,05 (2H, m), 4.1-4.25 (2H, m), 6.9 (1H, dj, J = 7.9 Hz), 6.96
(1M, dd, J = 3.6, 5.1 Hz), 7.17 (11, dd, J = 1.1, 3.6 Hz), 7.36
(1H, d4, = 1.1, 5.1 Hz), 7.4—7.44 (2H, m), 7.51~7.67 (1K, m),
7.95~-7.9 (2H, m); ¥C NMR (100 MHz, CDCly) 4 16.73 (d, J =
7.8 Hz), 18.85(d, J = 6,8 Hz),63.9(d, J = 6.3 Hz), 64.3 (d, J =
5.9 Hz), 74.7 (d, J = 4.2 Hz), 1272, 128.2, 128.6, 1287, 1289,
133.6, 134.0, 136.6 (d, J = 6.2 Hz), 192.2 (d, J = 4.8 Hz); ¥P
NMR (161 MHz, CDCl;) & —2.61. Anal, Caled for CysH19O5PS:
C, 54.23; H, 5.40. Found: C, 54.05; H, 5.26.

Representative Example for Method C: Diethyl 1-(4-
fluorophenyl)-2-(4-methoxyphenyl)-2-oxoethyl phosphate
(81). The title compound was prepared according to Method C
using 272 mg (1 mmol) of acylphosphonate, 136.5 mg (1.1 mmol)
of p-fluprobenzaldehyde, 19.6 mg KCN (30%, 0.3 mmol), and 2
ml of DMF. After 6 h at ambient temperature, the erude product
was purified by flash chromatography with 1:3 petrolewm ether/
ether to afford 372 mg (94%) of the product as a colorless oil:
IR (film) 2993, 1693, 1601, 1511, 1261, 1173, 1037, 986 cm™;
TH'NMR (400 MHz, CDClg) 4 1.18 (3H, t, J = 7.1 He), 1.83 (3H,
t, o = 7.1 Hz), 3.84 (3H, s), 3.89— 898(2H m), 4.14-4.24 (2H,
m) 8.60 (1H. d, J = 8.1 ﬂ?) 6.9(2H,4,J = 88”&) 7.06 (2H,
m), 7.46~17.65 (2H, m), 7.98 (2H, d, J = 8.8 Hz); 13C NMH (100
MHz, CDCl) 6 15.8 (d, J = 7.1 Hz), 16.0 (d, 4 = 7.0 Hz), 55.4,
63.9 (d, J = 6.2 Hz), 63.3 (d, J = 6 Hz), 78.8 (d, J = 4.9 Ha),
114, 116 (4, J = 22.1 Hz), 130 (d, J = 8.2 Hz), 131.3, 163.1 (d, J
= 251 Hz), 163.9, 191.7 (d, J = 4.9 Hz); 3P NMR (161 MHz,

JOCNote

CDClg) 5 —2.30. Anal. Caled for C15Ha2:FOsP: C, 57.58; H, 5.59.
Found: C, 57.62; H, 5.61.

Representative Example for Method D: 3-(Benzyloxy)-
1-0x0-1-phenylpropan-2-yl diethyl phosphate (8p). The title
compound was prepared according to Methed D uging 242 mg
(1 mmol) of acylphosphonate, 165 mg (1.1 mmel) of benzyloxy-
acetaldehyde, 30 mg Csl® (20%\ 29,7 mg TMECN (30%), and 2
mL of DMF. After 8~10 min at ambient temperature, the crude
product was purified by flash chromatography with 1.3 petro-
leum ather/etber to afford 318 mp (81%) of the product as a
golorless ofl: IR (film) 2950, 2354, 1682, 1635, 1618, 1461 em™Y;
'H NMR (400 MHz, CDCly) 6 1.1~1.23 (6H, m), 3.8-5.83 (2H,
), 3.96—4.09 (4H, in), 4.43—4.52 (2H, m), 5.74~5.79 (1H, m),
7.14—7.28 (6H, m), 7.36~7.41 (2H, m), 7.49~7.68 (1H, m), 7.86-
7.89 (2H, m); ¥C NMR (100 MHz, CDCly) é 1598 (4, J = 2.76
Hz), 16.0 (d, J = 2.79 Hz), 64.12 (4, JEGOHZ) 64.2(d,/ =60
Hz), 704 (d, J = 6,1 Hz), 73.4, 717.9(d, J = 5.4 Hz), 127.6, 127 .8,
128.3, 128.8, (d, J = 3.0 Hz), 133.8, 134.9, 137.3, 1948 (d, J =
3.0 Hz); P NMR (161 MHs, CDCl;) & —~2.27. Anal. Caled for
C20H2506P; C, 61.22; H, 6.42. Found: C,61.42; H, 6.64.

Representative Example for Method E: 2-Cyclohexyl-
2-0x0-1-phenylethyl diethyl phosphate (8t). The title com.-
pound was prepared according to Methad E using 248 mg (1
mmol) of acylphosphonate, 212.2 mg (2 mniol) of benzaldehyds,
19.5 mg KCN (30%, 0.3 yamol), 79 mg (30%, 0.3 mmel) of 18-
crown-6, and § mL of toluene. After 6 h at 100 °C, the crude
product was purified by flash chromatography w1th 1:8 petro-
leum etheriather to afford 227 mg (64%) of the product as a
colorless oii: IR (film) 2926, 1693, 1686, 1812, 1450, 1280, 1229,
1031 em~t; *H NMR (400 MHz. CDCLa) 6 1.16 (3H, dt, J = 0.9,
7.2 Hz), 1.34 (8H, dt, J = 0.9, 6.9 Hz), 1.10~1.45 (5H, m), 1.60-
1.83 (6H, m), 2.60 (1H, m), 3.84—3.94 (2H, m), 4.11-4.21 (2H,
m), 5.76 (1H, d, J = 8.1 Hz), 7.30-7.40 (SH m); 3C NMR (100
MHz, CDCls) 6 15,9 (2C, m), 26,2, 25.6, 25.7, 28.0, 29.3, 29.7,
46,7,64.1(2C;m), 81.9(d,J = 5.2 H7) 127.9,128.9,129.3, 184.5,
207.2; 81p NMR (161 MHz, CDCls) 6 ~2.44. Anel. Caled for
CisHoOsP: C, 61.01; H, 7.68. Found: C, 61.24; H, 7.52.
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REFINEMENT OF THE LEAD STRUCTURE
Determination of the Pharmacophore
Onge o bead eojbpound has been discovesed fora partcs
Iar thempeutic e, the vext step is to determine the phar
mpeophore for this compound. The plarmacophore of a
dimg moleule bs that pantion of the molecule containing
the essential oiganic fuactional groups that directly inter
aee with the rocepror active site and, therefove, confers on
the malecule the binlegical nothity of interes, Botatse
drpgereceptof ntesmetions can be very specific, the phar-
macophore may constitute a smali portion of the moleade.
Ichas been fotind on several occasions that whatseem to be
siery complex molecules can be redaced to simpler struc-
tures with retention of tie desived biological action. An
example of this is the narcolic analgesic morpline, which is
* a tetracyehic compound with five chiml centars. Not only
would simplification of the structure possibly prinide mol-
veudes with fewer side effeets, a reduction in the number of
chiml centers would greatly simplify the smthesis of mor
phine derivhives wid, therely, devrease cost. Figare 2,30
shows how the morphine structure has heen simplified in
the searcly for compounds with fewer deleterious side
effects, such as respiratony depression and addicrion poten-
tial. Within each class ase analogues that are less potent,
cquipotend, and many tmes mere potestt dan morphine,
It can be readily seen from the figure that the phama-
caphore of morphine must consist of a terdary alkylamine
that is at least four atoms awiy fromy an aronttic dng, A
more detafled diseussion of the chembiry and pharmicol-
ogy of magrphine can be found in Chapter 24,

" [+
4,5a-Epoxymorphinans Morghinams
G L o
i
Beazomonphans

. -Phonyipiparidings

HMethuadones

¥ Fg 2.30. Morphine phasmazophore and ite relstionthip o

analgesic derivatives.

Aleerations int Allyl Chains: Chain Length,
Branching, and Rings

Alterations in alkvl chains, such as incrensing or deerens-
ing chain lengeh (homaologation), brandkisg, and chang
ing ring sire, can have profound effects on the potency
and pharmacologic aciivity of the molecule. Simply
changing the length of an alkyd chain by one CH, unitor
branching the chain will alter the lipophilic character of
the molecule and. therefore, its properties of sbsorption,
distribution, and excreton, I he alkd chain is directly
involved in the receptor intemedon, then chain length
and branching can alter the binding charcteristics. Mol
ecules that are conformadonatly flexible may beecume
less Nexible il branching is introduced a1 a key position of
an alkyd chain, Changes in conformation will affeet the
spatial relationship of funcional groups in the molecule,
therehy influenciag receptor binding, Changes as small
as one CH, unit may seem trivial at fiest, but in many
instances, such small changes are hnportam nipects in
the design of aualogues,

An example in which stmply increasing hydeocarbon
chain lengih has significant effects not enly on potency
but also on the agonivic or antagonistic action of 4 mol
ceule is provided by a series of Nallyl miorphine ana-
logwes (Fig. 2.31). In this serics, going from R==CH,
{morphine} © R=CHCH.CH, (N-propylnonnor
phine} produces 3 pronounced decrease in ageniss activ
ity anel an inerease in antagonist activite,. When R==
CHCHCHGH, (Nbuginormorphine), the compound
is totally deveid of agonist or antaganist activity (e, tie
compoaund iv inacthe}, but further increases in chain
length  (R= CH,CHCH,CH.CH, and R==CILCH,
CILCHLCHCHLY produce esmpounds with increasing
potency as agunists. When R is Bphenddetlid, the com-
pound is a Rall agonise, with 3 poteney spproximately 14-
fold thut of marphine {2829},

] Pharmacologna actvity
arChey Anaigesic (morphing)
—CHyCHy Opicid agunis! activity decrensed
= CHLNCHy Qpiois antagonist activily incraasied
o DMCHLILCH, inastive a3 opiold agonis! or antagonist
—CHLH,CHICHLCH,

chrwa ' rerased

ool

Fig. 231,  Effect of alkyl chain bength on activity of merphing,

14X potency of morphine

473



48

PART 1 / PRINCIPLES OF DRUG DISCOVERY

Branching of allyl chains ako ean praduce drastic
changes in potency and pharmaeologic activiy, If the
mechanisii of netion is closely related 1o the lipophiticiy
of the molecule, then branching of a hydrocarbon chuin
will resuit in 2 dess Hipophilic compound and significantdy
ahicred hidlogioal effect. This decroase in lipophilicity s
the sesult of hudrocarbon chiain branching resuls from
the chain' becoming more compaet and, therefore, pro-
duces less disruption of the hidrogenbonding network of
wirer, I the hydrocarbon chain is directly involved in
recepior fiteractions, then hranching can produce major
changes in pharmacologic activity, For example, consider
the phoenothinsnes promethazine and prospasine:
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Promathazing Promazing
The primary pharmascologic activity of prometiazine is
that of an anthistamine, whereas promazine s an
antipsyéhntic. The only difference between the v is the
alkylantine side chain. o the casc of promethazine, it
cnutains 1 isopropylamine side chain, whereas pro-
mazing hus n repropylamine. In this case, the small
change of ane carbon atom from a branched 0 a linear
hedracarbon rdically sliers the pharmacologic redsity,
Pasition isumers of sabstitents on aromatic rings also
may possess different pharmacologic propenties. Sub-
stituents on aronvatic fngs can aler the deetron distri-
bstio throughout dse ring, which in aem can affect how
the ring interucts with the receptor Ring substitents
also niay influence the conformation of 2 flexible mole-
cule, especlally i they are Jocaed antho 1o Oexible gde
chaind and can participate in steric or  electronic
invamolecular iermctons (eg., bydrogen! fon-dipole,
or ion-ion bonds), Ring substitaents influenee the con-
fenndtions of adjacent substituents via stevic interactions
and fmay significantly alfeer receptor interactions, Aro-
matid methoxy groups orths (o two other substitiients
take o0 conformation popendicular ta the plane of the
arematic ring in hallucinogenic phonytalkylamines {Fig,
21.32)and can explain the hick of hallucinogenic activity
in thése compounsls (30,

FUNCTIONAL GRQUP MODIFICATION:
1SOSTERISM AND BIOISOSTERISM

Isasterism

When a lead compound is finst discosered for a particular
disease stye, it ofica lacks the required poiency and
phatmacokinetic properties suituble for making it a
viable clinicak candidate, These oy include undesiable
side effects, physicochemical properiies, other factors
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Fig. 232, Effect of positional rsomers on strucrural conforma-
tion and biological activity.
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agverse membolic or exaction properties. Thise unde-
sirable propentics could be the resilt of apecific fune.
tional groups i the molecule. The medicina) chemist
therefore mist modify the compound o reduce or olim.
inate these undesimble featores without losing the
desired biological activity, Replaceaient or modification
of functional groups with other groups having simliar
properiies 18 known a3 “isesteric replacement,” or
“Biobosteric replacemens.”

In 1919, Langmuir (31,32) first devetoped the congept
of chemigal isostetist to doseribe the similarities in physe
ica} propenties amonyg atoms, functional groups, radicals,
and molccules, The similarities among atoms deseribed
by Langmuir primarily resulted from the fact that these
atoms contained the same number of valence clectrons
and came from the sune columns within the periodic
table. This concept sas imited 10 elements in adjacent
roves and columns, inorganie molecules, jons, and small
ongutic moleodles, such as diomethance and ketene,
Table 2.7 shows a comparison of the physical properties
of NJO and €O, to illustrate Langmuir's concept.

To account for similarities between groups with the
same nimher of vitence electrons bt different numbess
of atoms, Grimm (33) developed his hydride displace.
ment Law. This is nota “law™ in the sirict sense bug, rather,
mare an Hladraion of similar physical properties among
closely related functional groups. Tahle 2.8 presents an
example of hydride displacement. Descending diago-
nally from lefl to right in the tible, hydrogen atoms ane
progressively added to mainiain the same number of

Table 2.7. Comparison of Physical Properties of N,O

and €O,
Propany HO <o,
Viscosdy ot 2000 188 ¥ 30 148 ¢ 10
Denuty of kquid 8 Y0C Doss 0858
Aoteactive index of dquied, Dime 18°C 1.1m 10
Diglectric constan of kquid a1 0°C $5893 1582

Schabilty sn ploshoi ot 15°C 3250 3930
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