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(54) Titulo:  PROGESO PARA PREFARAF DERIVADOS DEL ACIDO 2-AMINO-5-CIANGEENZOICO

(57) Pesunien: S desonibe un méiodo para préparar un cormpuesto de la Formwula (1) que comprends poner &n contacto un compuasta de la Formula (2) con un
reactivo de cianuro metéalico, un reactivo di sal de cabre(l), un reactivo de sal de yodura y al menos un compuasto de la Formula (3)
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en donde R' es NHR® o0 OR% R2 es CHzo Cl; R3 es H, alquilo de C1-C4, cicioproplio, CICIOPFOPIGILIBPTOPID, LS =
metilciclopropilo; R* es H o alquilo de C-C4; X es Bro Cl y RS, R8, R7 y R8 son como se definieron en ta descripcion.

" - .Y
También se describe un método para preparar un compuesto de la F¥ula (4) en donde R, R'2, R* y Z son como se definieron '&
en la descripcion, que usa un compuesto de la Formula (1) caracterizado por a preparacion del compuesto de a Formula (1) por
ol método descrito anteriormente o por medio del uso de un compuesto de la Formula (1) que se prepara por el método descrito
anteriormente.
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(54) Titulo: PPOCESO PAFA PREPAFAR DEFIVADOS DEL ACIDO 2-AMING-5-CIANOBENZOICO

Y
t Feivindicacion(es): 1. Un métodd para preparar un compuesti de la Farmula 1

rR2

NH,

NC COR!

.

en donde
R?es NHR3u OR%;
R2es CH3 o Cl;
RS s H, alquilo de Cq-Ca, cicloprapila, ciclopropilciclopropil, cicloprapilmetilo o metilcicloprapila; y
R4 es H o alquilo de Cq-Ca;

que comprends poner &n contacto (1) un compussto de la Formula 2

R2

NH,
“
. X COR!

en donde X es Bro C;
con (2) un reactivo de cianuro metdlico, (3) un reactivo de zal de cobre(l), (4) un reactivo de zal de yoduro y (5) 2l menoe un
compuesto de la Formula 3

R7
I}
R N)\ RS
oS
: 3
en donde

RS ez H, fenilo o benaile; o Gi-Gra alquilo opcionalmente sustituida con NR2R0,

cada P8, R7 y P8 &5 independientements H, Ci-Ciz alquile, fenile o bansilo; o

Ré y R7 e torman juntas como -CH=CH-CH=CH- y

ROy R se ioman juntos como -CH=N-CH=CH- opcionalmente zusiituido con hasta 3 austituysntes
opcionalimente ssleccionados de Ci-Caz alquilo;
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[ N with a metal cyanide reagent, a copper (1) salt

g, Ll LT LM ,/ &\ ceageni, an jodide salt veagent and at least one

J/ I || ] RY” T TR compound of Fermula (3), wherein R is NIR?

] et e I or OPY P2 iz CH, or C1; B i 1, -y alkyl,
NC ~ COR X he COk R’ cyclopropyl, eyclopropyleyelopropyl, cyclo-
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C1-Cy alkyl; X is Br or CI; and RY, RS, R7 and
R® are as defined in the disclosure. Also dis-
closed is a method for preparing a compound
of Formula (4) wherein R, R R¥ and Z are
as defined in the disclosure, using a compound
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(1) prepared by the method dizclosed above.

4



600011

WO 2009/111553 . PCT/US2009/036012

TITLE
PFOCESS FOF. PEEPARING 2-AMINO-5-CYANOBENZOIC ACID DEFIVATIVES

FIELD OF THE INVENTION
The present invention pertains o a methad for the preparation of 3-substituted

5 2-amino-5-cyanobenzoic acids and derivatives.
BACKGROUND OF THE INVENTION
Preparation of certain 2-amino-5-cyanobenzoic acids and their utility as intcrmadiates
for preparing corresponding insecticidal cyanoanthranilic diamides has been discloscd (scc
c.g., Scheme 9 in PCT Patent Publication WO 2004/067528; Schome 9@ and Erample 2
10 Sicp A in PCT Paient Publication WO 2006/06866%; and Scheme 15 and Exanple 6, Step B
n PCT Pateni Publication WO 2006/062978).
However, the need continucs for new or improved methods suiiable for rapidly and
economically providing 2-amino-5S-cyanobenzoic acids and dertvatives.
SUMMARY OF THE INVENTION
15 The present invention is dircctsd o a method for preparing a compound of Forraula 1
R2
NH,
NC COR'
1
wherein
R!is NHR3 or OR4;
R2 is CH; or CI;
20 R3 is H, C|-Cy4 alkyl, cyclopropyl, cycloprapylcyclopropyl, cyclapropylmsthyl or

methyleyclopropyl; and
R4is H or C|-Cy alkyl;
comprising contacting (1) a compound of Forrmula 2
R2
NH,

X COR!

25  wherein X is Br or CI;
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2

with (2) a metal cyanide reagent, (3) a copper(l) salt reagent, (4) an iodide salt reageni and

(5) at lzast one compound of Forrmula 3

R7
B
AN

I

RS
3

wherein
5 I3 ie H, phenyl or benzyl; or Cp-C 5 allyl optionally substiiuicd with NER10;

each 1.6, 7 and R8 is independenily H, C,-C, allyl, phenyl or benzyl; or
RO and R7 are taken together as -CH=CH-CH=CH-; and
F2 and 10 are talien together as -CH=N-CH=CH- optiemally subsiituted with up to 3
substituents independently selected from C-Cy alkyl,
10 provided that when X is Cl, then R? is methyl.
This mvention also provides a methad for preparing a compound of Formula 4

NC C(O)NHR? RE
4
wherein

R2 is CH; or CI;

15 P3 is H, €-Cy allzyl, cyclopropyl, cyclopropylcyclopropyl, cyclopropylicthyl or
methylcyclopropyl;

Zis CR4or N;

R1Lis Cl, Br, CF3, OCF,H or OCH,CF5;

RI2is F, Cl or Br;
20 R13is H, F or Cl; and

R14isH, F, Cl or Br;
using a compound of Formula 1. The method is characterized by (a) preparing the

compound of Forrmla 1 from the compound of Formula 2 by the meihod disclosed above, or
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3
(b) using as said compound of Formula 1 a compound of Formula 1 preparcd by the mathod
disclosed above.

DETAILS OF THE INVENTION

23y &é AN

comprising,” “includes,

33 & I &

As used hercin, the terms “comprises, including,” “has,”
“having” or any other variation thereof, are intended (o cover 2 non-cxclusive inclusion, For
rample, a compasition, process, mathod, article, or apparatus that compriscs a list of
clements is not necessarily limited o only thasz elements but may include other clements not
crpressly listed or inherent to such composition, process, method, aticle, or apparatus.
Furihcr, unless cxpressly stated to the contrary, “or” refers to an inclusive or and not o an
cxelusive or. For example, a condition A or B is satisfied by any one of the following: A is
towe (or present) and B is false (or nat prasent), A is false (or not prescit) and B is true (or
prescnt), and hath A and B are true (or present).

Also, the mdefiniie articles “a” and “an” praceding an element or component of the
mvention ave intendad to be nonrestrictive regarding the number of instances (i.c.
oceurrences) of the element or component. Therefore “a” or “an” should be read to include
onc or at lzast one, and the singular word form of the element or component also includis the
plural unlcss the number is obviously meant to be singnlar.

As used herein, the following definitions shall apply inless otherwise indicated. The
termn "optionally  substituted” is nsed interchangeably with the plrase “substiinied or
unsubstituted” or with the tenm “(un)subsiituied.” Unless otherwise indicated, when more
than onc subsiituent is present on a group cach substitntion is independeni of the other,
Also, a group stated o he optionally subsiinted wiih a substitnent is substituted with zero or
one instance of said substituent unless a higher limit is indicated.

In some instances herein ratios are recited as single munnbars, which are relative to the
muriber 1; for example, a ratio of 4 means 4 : 1.

As nsed herein, the term “cyanide cquivalent” and related terms such ag “cysmide
equivalent ratio” when referring to 5 compound comprising one ot more cyanide groups,
rcfers to the mimber of cyanide ions (CN-) per mole of the cyanide-containing compound.
In particular, “cyanide equivaleni(s)” denates the number of moles of cysnide ion capable of
being provided by a mole of the cyanide-containing compound (i.e. source of cyanide) for
conversion of 2 compound of Formula 2 to a compound of Formula 1 according o the
present method. For cxample, a hexacyanoferraie(Il) reagent has six moles of cyanide ions
per mole of hexacyanoferrate(Il); therefore, if the cyanide equivalent vatio of a
hexacyanoferratc(Il) reagent relative i another reagent (e.g., compound of Formula 2) is 1
1, then the mole ratio would be 0.167 @ 1. Furthermors, the method of the prasent invention
mvolves the uze of reagent (2) (l.e. a metal cyanide reagent), which can comprisc onc or
more cyanide-containing compounds (5.2, ong or move meial cyanides). In cascs where

reagent (2) comprises mors than one cyanide-containing compound, the “cyanide
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cquivalents” provided by reagent (2) is the swi of the number of couivalents of cyanide (i.c.
molzs of CN7) provided by cach of the cyanide-containing compounds in reageit (2). For
cxample, for a particular reaction, reagent (2) might consist of a combination of sodivm
cyanide (NaCN) and copper(l) cyanide (CuCN); thercfors the cyanide equivalent ratio
relative (o another reagent (2.g., a compound of Formula 2) 18 the sumi of the number of
cyanide cquivalents provided by sodivm cyanide and copper(I) cyanide relative o the
nuriber of moles of the other reagent.  As both sodiwm cyanide and copper(l) cyanide
contain one mole of cyanide ion per mwle (i.e. formula weight) of compound, the cyanide
couivalent ratio relative to another reagent is also the sum of the number of moles of sodivm
cyanide and copper(l) cyanide relative o the nuntber of moles of the other reagent,

In the above recitations, the term “alkyl” includes siraight-chain or branchid allzyl,
such as, methyl, athyl, n-propyl, i-propyl, or the different butyl, pentyl or hexyl isomers.

The term “cyclopropyleycloprapyl,” denotes cyclopropyl substitution on another
cyclopropyl ring. Examples of “cyclopropyleyclopropyl,” include 1,1%-bicyclopropyl-1-yl,
1,Y-bicyclopropyl-2-yl and the different cis- and tranz-cyclopropyleyclopropyl isomacis such
as (1R,25)-1,1"-bicycloprapyl-2-yl and (1R,2K)-1,1-bicyclopropyl-2-yl.

As used herein, the term “ligand” vefers to an organic moleculs comprising at leasi one
pair of electrons available for coordination with a metal atom (in this casc a copper atom).
The term “bidentate ligand” refers to an organic wmolecule comprising ai lzasi two cleciron
pairs that are available for coordination with a metal atorn (z.g., copper atom).

Carbon-based radical refers to a monovalent molecular component comprising a
carbon atom that conmects the radical to the remainder of the chemical shucivre through a
single bond.  Carbon-based radicals can optionally comprise saturaied, wnsaturated and
aromatic groups, chains, rings and ring systems, and heferoatoms,  Although carbon-bascd
radicals are not subject to any partienlar linit in size, in ihe context of the preseni inveniion
they typically coraprise 1 to 16 carbon atoms and 0 0 3 heicroaioms. Of nois are carbon-
based radicals szlectsd from C)-Cy allzyl, C-C5 haloallzyl and phenyl optionally substitutcd

with 1-3 substituents selected from C)-Cy allyl, halogen and nitro.

The method of the presont invention invelves reagent (2) (i.c. a metal cyanide rcagant),
rcagent (3) (e a copper(l) salt reagent), and reagent (4) (1= an iodide sali rcagent).

Peagent (2) 15 altcrnatively and equivalently describad as at least one mictal eyanide, because
a metal cyanide reagent contains one or move metal cyanides. Feagent (3) i3 alternaiively
and cquivalenily described as at least one copper(l) salt, because a copper(l) salt reagent
contains one or more copper(l) salts. Peagent (4) is aliernatively and cquivalently deseribed
as at least one iodide salt, becanse a lodide sali reagent containg one or more iodide salts.
Furthermaore the number of moles of & metal cyanide veagent refers to the number of moles
of cyanide comtained in ihe reagent (as described above).  The number of moles of a

copper(l) salt reagent vefers to the mmber of molzs of copper(l) contaimed in ihe reagent.
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The number of moles of an odide salt reagent refers to the number of moles of iodide

contained in the reagent.

As referred (o in the present disclosure, the term “carborylic acid” means an organic
chemical componnd comprising at least one carboxylic acid functional group (1.2, -C(O)OH).
The term “carbonylic acid” does not include the ecompound carbonic acid (i.e. HOC(O)OH).

Cal'boxyllc acids include, for exarmple, formic acid, acetic acid, propionic acid, chloroacctic
acid, benzoic acid, maleic acid, and citric acid.  The term “cffective pKy” refers to the pKy
of the carboxylic acid functional group, or if the compound has morve than one carboxylic
acid functional group, “effective pKy” refers to the pKy of the most acidic carborylic acid
fimctional group.  As referred to herein, the “effective pH” of & nonagquaous substance or
mixturs, such as a reaction mixture, is deiermned by mixing an aliquot of the subistance or
mixture with about 5 to 20 volumes of water and then measuring the pH of the resulting
aqueons mixture (2.g., with a pH meter). As referred 0 hevein, a “substantially anhydrous”
substance means the substance contains no mors than about 1% water by weight.  The
chemical name “isatoic anhydride” is another name corresponding o the current Chemical
Abstracts name “2H-3,1-benzoxazine-2,4(1H)-dione”,

Embodiments of the present invention include:

Embodiment Al. The method described in the Sumimary of the Invention for
preparing a compound of Farraula 1 comprising contacting veagent (1) (i.e. a compound of
Formula 2) with rezgent (2) (i.e. a metal cyanide raagent), reagent (3) (e, a copper(l) salt
reagent), reagent (4) (i.e. an iodide salt veagent) and reagent (8) (1.2, at least onc comipound
of Formula 3).

mbodiment A2, The methad of Erabodiment A1 wherein P! is NHP.3,

Embodiment A3, The meihod of Embodiment A1 or A2 wherein B3 is C-C, allyl,
cyclopropyl, cyclopropyleyclopropyl, cyclopropylmathyl or methyleyclopropyl.

Embodiment A4, The method of Embodiment A3 wherein P2 is C-Cy alkyl or

cyclopropylmethyl.
mbodiment AS. The method of Embodiment A4 wherein R3 is methyl,

Embodiment A6. The mzthad of any one of Enthodimenis Al through AS whercin P2
18 methyl.

Embodiment A7. The method of any one of Embodiments Al through A§ wherein X
18 Br.

Emibodiment AS. The method of any one of Embodiments Al through A7 wherein
reagent (1) comprises 2-amina-5-bronia-N,3-dimethylbenzamide.

Embodiment A9, The method of any one of Embodimenis Al through A2 wherein
reagent (2) comprises one or more metal cyanides selectzd from the group consisting of
all-ali metal cyanides, all:ali metal he u(,ymol'"erratr:s(ll) and copper(l) cyanide.
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Emibodiment A10. The method of Embodiment A9 wherein reagent (2) comprises one
or more metal eyamdes selected from the group consisting of allzali metal cyandes and allzali
metal hexacyanoferrates(Il).

Embodiment A11. The method of Embodiment A10 wherein reagent (2) comprises

5 oneor more metal cyanides selected from the group consisting of sodiur cyanide, patassiuim

1

cyanidr, potassinm hexacyanaferrate(IT) and sodinm hexacyanofoirate(ID).

Embodiment A12. The method of Embodiment A1l wherein reagent (2) compriscs
one o more metal cyanides selectad from the group consisting of sodimmn cyanide, potassium
cyanide and potassium hexacyanoferrate(1D).

10 Embodiment A13. The mathod of Embodiment A12 wherein reageni (2) comipriscs
sodium cyanide or potassivm hexacyanoferrate(Il).

Embodiment A14. The method of Embodiment A13 whevein reagent (2) comprises
sodium cyanide.

Emhodiment A1S. The method of any one of Embodiments Al through Al4 whercin

15 the cyamide equivalent ratio of reagent (2) to rzageni (1) is ai least about 1.

Embodiment A16. The method of Embodiment ATS wherein the cyanide equivalent
ratio of reagent (2) to reagent (1) s ai least about 1.15.

Embodiment A17. The method of Embodiment A16 wherein the cyanide equivalent
ratio of reagent (2) to reagent (1) is at least about 1.25.

20 Embodiment A17a. The method of Embodinient A17 wherzin the cyanidi cquivalent
ratio of reagent (2) to reagent (1) 1s at least about 1.4.

Embodiment A18. The methaod of any one of Embodimenis Al thiough A17a whercin
the cyanide couivalent ratio of reagent (2) to reagent (1) is noi larger than about 2.1,

Embodiment A19. The method of Embodiment A19 wherein the cyanide cquivalent

25  ratio of reagent (2) to reagent (1) is not larger than about 1.55.

Ermbodiment A19a. The method of Embodiment A19 whersin the cyanide couivalent
ratio of reagent (2) to reagent (1) is not larger than about 1.5,

Embodirment A20. The method of Ewmbodiment A19a wherein the cyanide coquivalent
ratio of reagent (2) to reagent (1) is not larger than about 1.4,

30 Embodiment A21. The method of any one of Embodimenis Al through A20 whercin
P53 i3 H; or C)-Cg alliyl optionally substituied with NFOR.10,

Embodiment A22. The method of Embodiment 21 wherein RS is H, methyl, ethyl,
n-propyl or n-lutyl; or C|-Cg allzyl substituted with NPOR10,

Embodiment A23. The method of Embodiment A22 wherzin RS is methyl or a-butyl,

35 Embodiment A24. The method of any of one Embodimenis Al ihrough A22 whercin
R? and R10 are taken together as -CH=N-CH=CH-.
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Embadiment A25. The method of any one of Embodiments Al through A24 wherain
each F6, F7 and F.® when tal:en alone (i.e. F.6 and F.7 are not talien together) is independently
Hor C;-Cj alkyl.

Embodiment A26. The method of Embodiment A25 wherein each RS, B7 and R8
when taken alone is independently H or methyl.

Ermbodiment A27. The method of Embodiment A26 wherein cach R6, R7 and E8
when taken alone 1s H.

Embodimeni A27a. The method of any one of Embodiments A1 through A27 wherein
cach RO, R7 and RS ar= taken alone.

Embhodiment A28, The method of any one of Embodiments Al throngh A27a whersin
reagent (6) comprises one or more compounds selected from the group consisting of
I-tacthyl-1H-imidazole, 1-cthyl-1H-imidazole, 1-propyl-1H-imidazole, 1-butyl-14-
imidazole, 1-pentyl-1H-imidazols, 1-hexyl-1H-imidazole, 4-methylimidazole, 1,1'-(1,4-
butancdiyl)bis-1H-imidazols, 1,1'-(1,5-pentancdiyl)bis-1H-imidazole and 1,1'-(1,6-
hexanediyl)bis-1H-inudazole.

Embodiment A2Sa. The method of Embodiment A28 wherein reageni (5) comprises
one or more compounds selected from the group consisting of 1-methyl-1H-tmidazole,
1-ethyl-1H-imidazole, 1-propyl-1H-imidazolz, 1-butyl-1H-imidazole, 4-methylimidazole,
1,1'-(1,4-tutanediyl)bis-1H-imidazole and 1,1'-(1,6-hexanediybis-1 H-imidazale.

Embodiment A28b. The method of Embodiment A28a wherein reagent (5) compriscs
one or more compounds selectad from the group consisting of T-methyl-1A-imidazole,
1-butyl-1H-imidazole, 4-methylimidazole and 1,1'-(1,6-hexancdiyl)bis-1 H-imidazolz,

Embodiment A29. The method of any one of Embodimerits Al through A28h wheicin
rcagent (5) comprises ane or mare componnds selected from the group consisting of
1-mathyl-1H-imidazole, 1-cthyl-1H-imidazole, 1-propyl-1H-imidazole, 1-lmtyl-1H-
imidazale, 1-pentyl-1H-imidazole, 1-heryl-1H-imidazolz, 1,1'-(1,4-butancdiyl)bis-1H-
imidazale, 1,1'-(1,5-pentanediyl)bis-1 H-intidazole and 1,1'-(1,6-hexanediyl)bis-1H-
imidazole.

Embodiment A30. The method of Embodiment A29 whereln reagent (5) comprisas
one or more compounds selected from the group comsisting of T-methyl-1A-imidazole,
1-ethyl-1H-imidazole, 1-butyl-1H-imidazole and 1,1'-(1,4-butanediyl)bis-1H-imidazole.

Embodiment A31. The method of Embodimeant A286 or A30 whercin reageni (5)
comiprises 1-micthyl-1 H-imidazole or 1-butyl-1H-imidazole.

Embodiment A32. The methad of Erabodiment A31 wherzin veageni (5) comprises
I-methyl-1H-imidazole.

Embodiment A33. The method of Embodiment A31 wherein reagent (5) comprises
1-butyl-1H-imidazole.
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Embodiment A34. The method of any ane of Embodiments Al through A33 whercin
the mole ratio of reagent (5) to reagent (3) (based on copper(l) content) is at least about 1.

Embaodiment A34a. The method of Embodiment A34 wherein the mols ratio of
reagent (5) to reagent (3) (based on copper(l) contant) is at lzast about 1.5.

Embodiment A35. The method of Embodiment A34a wherein the mole ratio of

wh

reagent (5) to reagent (3) 18 at least about 2.
Embodimeni A36. The method of Embadiment A35 wherein the mols vatio of rcagont
(5) to reagent (3) is at least about 2.5,
Embodiment A37. The method of Embodimeni A36 wherein the mole ratio of reagent
10 (5) to reagent (3) is ai least about 3.
Embodiment A38. The method of Embodiment A37 wherein the mole ratio of reagent
(5) to reagent (3) is at least about 4.
Embodiment A39. The metlod of any one of Embodiments Al through A3S whaicin
the mole ratio of reagent (5) to reagent (3) (based on copper(l) content) is nal larger than
15 about 10.
Embodiment A40. The method of Embadiment A39 whercin the mole vatio of reagent
(5) to reagent (3) is not larger than about 6.
Embodiment A41. The method of Embodiment A40 wheremn the mols raiio of reageni
(5) to reagent (3) is not larger than about 5.5,
20 Embodiment A42. The method of Embodiment A41 whercin the mole 1atio of reagent
(5) to reageni (3) is not larger than about 5.
Embodiment A43. The method of any ane of Embodimenis Al ihrough A42 whercin
the mole ratio of reagent (3) (basad on copper(T) conteni) io veageni (1) s af least about 0.01.

Embodiment Ad44. The method of Embodiment A43 wharein the mole ratio of veagent

[\
©n

(3) to reagent (1) 18 at least about 0.1,
Embodiment A4S, The method of Embodiment A44 wherein the mole ratio of reagent
(3) 1o reagent (1) is at least about 0.15.
Embodiment A45a. The method of Embodiment A4S wherein the mole ratio of
reagent (3) to veagent (1) 15 at least about 0.3 when X is CLL
30 Embodiment A46. The method of any one of Embodiments A1 through A45a wherein
the mole ratio of reagent (3) (based an copper(l) conient) o reagent (1) is less than about 1.
Embodiment A47. The method of any one of Embodiments Al itwvough A46 wherein
the mole ratio of reagent (3) (bascd on copper(l) conteni) to reagent (1) is noi larger than
about 0.99,
35 Embodiment A4S, The method of Embadiment A47 wherein the mole vatio of reagent
(3) to reagent (1) is not larger than about 0.5.
Emibodiment A49. The method of Embodimeant A48 wherein the mols ratio of reagent

(3) to reagent (1) is not larger ihan about 0.4.



Ch

10

20

(9%
o

060019

WO 2009/111553 PCT/US2009/036012

9

Embodimeni AS0. The method of Embadiment A49 wherein the mols ratio of reagent
(3) to reagent (1) is not larger than about 0.3.

Embodiment AS1. The method of Embodiment AS0 whersin the mole vatio of reagont
(3) to reagent (1) 15 nok larger than about 0.25 when X is Br.

Embodiment AS2. The method of Embodiment AST whercin the mole ratio of rcagent
(3) to reagent (1) is not larger than about 0.2 when X is Br.

Embodiment AS3. The method of any one of Embodimenis Al thhough AS2 wherein
the mole ratio of reagent (4) to reagent (1) 18 at lzast aboui 0.001,

Embodiment AS4. The method of Ernbadiment AS3 wherein the molz vatio of reagent
(4) to reagent (1) 18 at least about 0.05.

Embodiment ASS. The method of Embodiment AS4 wharein the maole ratio of reagont
(4) to rcagent (1) is at least about 0.1,

Embodiment A56. The method of Embadiment ASS wherein ihe ol vatio of reagent
(4) to reagent (1) is at least about 0.15,

Embodiment AS7. The method of any one of Embodiments Al through A6 whercin
the mole ratio of reagent (4) o reageni (1) 18 less ihan about 1.

Embaodiment ASS. The method of any one of Ermbodimenis Al through AS7 wherein
the male ratio of reagent (4) to reagent (1) is not larger than about 0.5,

Embodiment AS9. The method of Embodiment ASS whercin the mole vatio of reagent
(4) to reagent (1) 18 not larger than about 0.4,

Embodiment A60. The method of Embodiment A5 whercin ihe mole ratio of reagent
(4) to reagent (1) is not larger than about 0.3,

Embodiment A6T. The method of Embodiment 60 whercin the mole ratio of reagent
(4) to reagent (1) 1s not larger than about 0.2,

Erbodiment A62. The mathod of any one of Embodiments Al ihrough A61 wherein
reagent (3) and reagent (4) caormprise copper(l) iodide,

Embodiment A63. The method of any one of Embodiments A1 through A62 whercin
rcagent (1), reagent (2), reagent (3), reageni (4) and veageni (5) arc coniacted in a suitable
orgarnic solvent,

Embodiment A64. The mathod of any one of Embodiments Al through AG3 whercin
rcagent (1) is contacted with a suitable organic solvent o form a mixture, and then reageni
(2), reagent (3), reagent (4) and reagent (5) are sequentially added to the mixture.

Embodiment AGS. The method of any one of Embodimants A63 and Ad4 whercin the
suitable erganic solvent camprises one or more solvents selected from the group consisiing
of halogenated and nonhalogenatead aliphatic and aromatic hydrocarbons.

Embodiment A66. The method of Embadiment A6S wherein the suitable organic
solvent comprises one or more solvents selzcted from the group consisting of xylencs,

toluene, chlorobenzens, methoxybenzens (also lmown as anisale), 1,2 4-trimethylbenzens,
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1,3,5-irimcthylbenzene (also Imown as mesitylene), ethylbenzene, (1-methylethyl)benzoene
(also Imown as cumena), C-Cy allzyl-substituted naphthalenes (c.g., 1-methylnaphihalene,
2-mcthynaphthalene, 1,5-dimethylnaphihaleane, 2,6-dimethylnaphthalene and
1,3-dimethyaphihalene), ShellSol A100 (uixiure of Cy-C g aromatic hydrocarbons) and
ShellSol A150 (mixture of Cy(-Cy aromatic hydrocarbons).

Embodiment A67. The method of Embodiment A66 whercin the suiiable organic
solvent comprises one or more solvents selected from the group consisting of vylenes,
tolnene, chlorobenzene, anisole, 1,2,4-trimethylbenzens, mesitylens, 1-mcthylnaphihalene,
ShellSal A100 and ShellSol A150.

Embodimeni A67a. The method of Embodiment A66 wherein the suitable organic
solvent comprises one or mors solvents selzcied from the group consisiing of xylenas,
tohicne, 1,2, 4-trimethylbenzens, mesitylene and 1-methylnaphthalenc.

Embodiment A68. Tha method of Emmbodiment AG7 or A67a wherzin the suliable
organic solvent comprises »ylenes, toluene, 1-methynaphthalene or mesitylenz,

Embodiment A69. The method of Embodiment A68 wherein the suitable organic
solvent comprises xylenes, toluene or mesitylene,

Embodiment A69a. The method of Embodiment AGS whercin the suitalile organic
solvent comprises 1-methylnaphthalzne or mesitylene.

Embodiment A70. The method of Embodiment AG9 wherzin the snitable organic
solvent cormprisss ¥vylenes.

Embodiment A71. The method of Embodiment AG9 wherein the suitable organic
solvent comprises toluene.

Embodiment A72. The method of any one of Embodimenis A69 and AG9a wheicin
the suitable arganic solvent comprises mesitylene,

Erabodiment A73. The method of any ons of Embodimentis A63 through A72 whercin
the ratio of the volwme of the suitable organic solvent to the weight of reagent (1) is at least
about 2 mL/g. '

Embodiment A74. The method of Embodiment A73 wherein the ratio of the volume
of the suitable organic solvent to the weight of reagent (1) 18 at least about 3 mL/g.

Embodiment A75. The method of Embodiment A74 wherein the ratio of the volume
of the suitable organic solvent to the weighi of reagent (1) is at least about 4 mL/g.

Embodiment A76. The method of any one of Embodiments AG3 through A75 whersin
the ratio of the volume of the suiiable organic solvent to reagent (1) is not larger than about
10 mL/g.

Embodiment A77. The method of Embodiment A76 wherein the ratio of the volume
of the snitable organic solvent to the weight of reagent (1) is not larger than aboui ¢ mL/g.

Embodiment A78. The method of Embodiment A77 whersin the ratio of the velume

of the suitable organic solvent to the weight of veagent (1) is not larger than about 5 ml/g.
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Embodiment A79. The method of any one of Embodiments Al through A78 wherein
rzagent (1), reagent (2), veagent (3), veagent (4) and reagent (5) are contacted in the prascnce
of a suitable organic solvent to form a mixture, the prassurs above the mixturs is incrcascd
above atrnospheric prassure and the tomperature of the mixire is incrzased abaove the
normal boiling point of the solvent (i.e. boiling point ai 100 kPa or 14.5 psia pressure).

Embodiment AZ0. The meihod of Erabodiment A79 whercin the suitable organic
solvent comprises xylenes, toluene or anisole.

Embodiment ASla. The method of Embodiment AS0 wherzin the suitable organic
solvent comprises xylenes or toluene.

Embodiment AS2. The mathod of any one of Embodiments A1 through A81a wherein
reagent (1), reagent (2), reagent (3), reagent (4) and reagent (5) are contactad with a suitable
organic solvent at a temperature not greater than about 200 °C.

Embodiment AS3. The method of Embodiment AS2 wherein reagent (1), veagent (2),
rcagont (3), reagent (4) and reagent (S) are contacted with a suitable arganic solveni at a
temperature not greater than about 180 °C.

Embodiment A84. The method of Erabodiment A83 wherein reagent (1), veageni (2),
reagent (3), reagent (4) and reagent (5) are contacted wiih a suitable organic solvent at a
ternperature not greater than about 170 °C,

Ermbodiment ASS. The method of Embodimeni AS4 wherein reagent (1), veagent (2),
rcagent (3), reagent (4) and reagent (5) are contacted with a suiiable organic solvent af a
temperaiie not greater than about 165 °C.

Embodiment A86. The method of any one of Emmbodiments AT ilwough ASS wherein
rcagent (1), reagent (2), reagent (3), reagent (4) and reagent (5) ave contacicd with 4 suitable
organic solvent at a termperature greater than about 115 °C.

Embodiment AS7. The methad of Embodimeant AS6 whercin reageni (1), reagent (2),
reagent (3), reagent (4) and reageni (5) are contacted with a suiiable organic solvent at a
temperature greater than about 145 °C,

Embodiment ASS. The method of Embodiment AS7 wherein reageni (1), reagoni (2),
reagent (3), rzagent (4) and reageni (5) are contactzd with a suitable avganic solvent at a
temperature greater than about 155 °C.

Embodiment AS9. The method of Embodiment ASS wherain veagent (1), reagent (2),
reagent (3), reagent (4) and reagant (S) are coniactzd wiili a suitable organic solvent at a
temperature gicater than abant 160 °C.

Embodiment A90. The mzthod of Embodimeni A1 wherzin X is Br and the compound
of Formula 1 is prepared as a solid, comprising coniacting reagent (1) with & suitable organic
solvent to form amixiure, and then sequeniially adding veagent (2), reagent (3), reageni (4)
and rcagent (5) to the mixtre, maintaining ihe temperature of the mixiure between aboui

145 and 180 °C for about § to aboui $ h, cooling ithe mixure o between about 0 and 50 °C,
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adding water (o the mixivre, optionally adding a copper-coordinating agent (o the reaction
mixture, optionally stiring for about 1 to about 24 h, and then recovering the compound of
Forrmla 1 as a solid from the mixture.

Embodiment A91. The method of Ernbodiment A1 wherzin X is Cl and the compound
of Tormaula 118 prepared as 2 solid, comprising contacting reagent (1) with a suitable organic
solvent (o form a mixture, and then sequentially adding reagent (2), reagent (3), reageni (4)
and reagent (5) to the mixture, mamtaining the temparature of the mizture between about
150 and 200 °C for about 5 w0 aboui 24 h, cooling ihe mixiues o botween abont O and 50 °C,
adding watcr 1o the mixiure, optionally adding a copper-coordinating agent to the reaction
mixture, optionally stirring for about 1 60 about 24 h, and then recovering the compound of
Forraula 1 as a solid from the mixture.

Embodiment B1. The method described in the Surumary of the Invention for
preparing a compound of Formula 4 using a compound of Formula 1 prepared from a
compound of Formula 2.

Embodiment B2, The method of Embodimeni B1 whercin the compound of Formula 1
18 prepared from a compound of Fornmula 2 by the methad of any one of Embodiments Al
through A91.

Embodiment B3, The method of Embodiment Bl or B2 whercin Z is N.

Embodiment B4, The method of Emboditaent B1 or B2 wherein 2 is CH.

Erbodiment B4, The method of any one of Eribodimienis Bl through B4 whersin R3
18 C;-Cy allzyl, cyclopropyl, cyclopropyleyclopropyl, cyclopropylmethyl or
methylcyclopropyl.

Enibodimeit Bé. The method of Embodiment BS wherein B3 is C-Cy alkyl or
cyclopropylmethyl.

Ernbodiraent B7. The method of Embodiment B6 wherein R3 is methyl.

Embodiment BS. The method of any one of Enibodinents B1 through B7 whersin R2
1s methyl.

Embodiment BO. The method of any one of Embodiments B1 through BS wherzin R
is Br.

Embodiment B10. The method of any one of Embodiments B1 tlwough B whercin
R12 s CL.

Embodiment B11. The method of any one of Embodiments B1 ihrough B10 whercin
RI3 is H.

Embodiment B12. The method of any one of Embodiments A1 through A91 or Bl
through B11 whersin the compound of Formula 1 is 2-amina-5-cyano-N,3-

dimethylbenzamide.
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Embodiment C1. The method descintbed in the Surumary of the Invention or any one
of Embodiments Al through A%1 or Bl throngh B12 wheicin F2 is Hy or C)-C ;, allyl

optionally substituted with NROR10 unless a narawer definition is specifiad.

Erabodiment C2. The method described in the Surmary of the Invention or any one
of Erhodiments Al throngh A%1, B1 ihrough B12 or C1 wherein each FO, F7 and P8 is
independently H or C|-C 5 alkzyl, unless a narrower definition is specified.

Embodiments of this invention can be combined in any manner. Of note is the mathod
of any one of Embodimenis A1-A%0 or B1-B12 wherein X is Br. Also af noic s the mathod
of any onc of Embodiments A1-A89, A9] or B1-B12 whercin X is CL

In the following Schemes 1-8 the definitions of F1, B2, B3, B4, PS5, ES, BT RS, 11,
RIZ R13 X and Z in the compounds of Formmlae 1 throngh 10 are as defined above in the
Summiary of the Invention and description of Embodimenis unless otherwise indicatcd.
Formulae 1a, 1b and 1¢ arz subsets of Formula 1. Formula 2a is a subiset of Formula 2.

As shown in Scheme 1, in a method of the present invention a compound of Formula 1

a compound of Forraula 2 with at least onc metal cyamde (e, a

o)

is prepared by contacting

5
=4

g

mctal cyanide reagent), at lcast one copper(l) salt (e g copper(l) salt reagent), af lzast one

1odide salt (i.e. an iodide salt reagent) and at least one compound of Forraula 3.

Scheme 1

2 2
R metal cyanide reagent R
NH, Cu(l) salt reagent NH,
1odide salt reagent o
. 1 R ; 1
X COR NC COR
N
2 BN 1
I
RS

It the present method the metal cyanide reageni particularly compriscs at least one
compound  selected from the group consisting of all:ali meial cyanides, allali mctal
hexacyanoferrates(IT) and copper(l) cyanide.  Suiiable all-ali matal cyanides inclode
componnds of the formula MICN wherein M1 is an allali metal such as sodium or
potassium.  Suitable all:ali metal hexacyanofervates(1l) include, for cxample, potassium
hezacyaoferrate(IT) and sodium hexacyanofaraie(Il), both of which are commercially
availablz at low cost, are non-tozic, easy (o handle, and have six cyanide ions availallc for
transfer to compounds of Formula 2. Highest yields of Formula 1 compounds are nsually
achicved when using a metal cyanids reagent comprising sodivm cyanide.  Typically the

cyanide equivalent ratio of the metal cyanide reagent relative to it compound of Farmula 2
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18 frorm about 1 to about 2.1, and move typically from about 1.15 to about 1.55. However,
the use of larger amounts of the metal cyanide reagent can be advantageous for removing
copper during isolation of the compound of Forrmla 1. Alkali meial cyanides such as
sodiuri cyanide are particulatly useful as copper-coordinating agents facilitating removal of
capper during isolation of the compound of Formula 1. When additional amounts of a mectal
cyanidi reagent comprising an alkali metal cyanide are included in the reaction mixiure 0
facilitate latey vemoval of copper, the equivalent ratio of metal cyanide reagent relative to the
compound of Formmla 2 typically is from about 1.4 to about 2.1 or even higher, When using
an allali metal cyanide it may be beneficial to vaduce the particle size of the allali metal

cyanids by standard means, such as grinding or milling, before adding the alkyl metal

cyanide to the reaction mixre, Typically an alkali meial cyanide that has been ground or
milled 1s particularly advaniageous when using only a stoichiometric amount or slightly

more of the allzali metal cyamde. In contrast, when an alliali metal cyanide 1s usad in large
ercass, such as an amount sufficient for not ouly the cyanation step but also latcr removal of
copper from the reaction mixire (1.e about 1.4 to 2.1 velative (0 Formula 2), grinding or
milling the alkali metal cyanide may provide 2 negligible benefit comparad to using the
alkali mectal cyanide not ground or milled before addition to the reaction mixture,

In the: method of Scheme 1, the copper() sali reagent is believed (o act as a source of a
chermical species which catalyzes the conversion of Formula 2 compounds to Formula 1.
Suitabilc copper(l) salt reagents comprise ene or mors compounds selected from the group
consisting of copper(l) salts, such as copper(l) iodide, copper(I) bromide, coppar(l) chlaride,
copper(l) cyanide and copper(l) riflatz (CuOQSO,CF3). The mole ratio of the copper(l) salt
reagent (based an Cu(l)) to the compound of Formula 2 is from about 0.01 o about 1, and
typically from abont 0.01 to about 0.99, and morve typically from aboui 0.1 io about 0.4,
When X is Br, optimal results are typically abitained from mole vatios from about 0.1 to
about 0.3 of the copper(l) salt reageni to the compound of Formula 2. Because componrnds
of Formula 2 wherein X is Cl are generally less reactive than corresponding compounds of
Formula 2 in the reaction of Scheme 1, graater amomnts of copper(l) are typically uscd to
promotc the reaction when X is Cl. Therzfors when X is Cl, mole railos fror about 0.3 to
abwout 0.4 of the copper(l) salt reagent to the compound of Fornwla 2 are typically used.

Without being bound by any particular theory, it is believed wnder the conditions of the
present method a S-bromws ar chloro derivative of Formula 2 is at least partially convarted to
the corresponding S-iodo derivative in the presence of an iodide sali. Suitalile iodide salt
reagents comprise one ar more componnds selected from ihe group consisting of quatermary
ammoninr, allzali and allzaling earih metal iodide salis such as copper(l) iodide, sodivm
1odide, potassinm iodide, zinc iodide, lithiwm iodide, caleimn iodide, tetrabutylammonium

iodide and tetramethylammoniwmn iodidz. The mole ratio of the iodide salt to the compound
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of Formula 2 is typically from akout 0.001 (o about 1, and move typically frora about 0.05 o
about 0.4, and most typically from about 0.1 0 about 0.4,

In the method of Scheme 1 highest yields of Fonmula 1 compounds with aptimal
rcaction ratcs arc ofien obiained when copper(l) iodide (Cul) is used as the source of ihe
copper(l) salt reagent and the todide salt reagent. When copper(l) iodide (Cul) 1s used in the
present maethod typically the niole ratio is fiom about 0.1 to about 0.4 relative o the
comipound of Formmula 2. In some cases it can be hencficial to use copper(l) iodide in
combination with another 1odide salt reagent, such as sodium iodids, potassivm iadide, zine
1dide, tetrabntylammonivm jodide or tetramethylammonivm iodide.  The uscfulness of
combining copper(l) iodide with another iodide salt reagent depends on the spreific reaction
conditions and subsirate, Typically optimal yizlds of Formula T compounds can be obtaincd
from the present process simply by using cappei(l) iodide as the only source of iodide sal
reagent.

Cornpounds of Formula 3 act as ligands in the racthod of Scheme 1. Both
monodcntaic chelating ligands comprising an optionally aubstituted imidazole ring and
bidentate chelating ligands comprising 2 optionally substitutzd imidazolc vings can be uscd.
These ligands have bieen found to acezlerate the vate of conversion of compaounds of Farmula
2 to Formmla 1. Not being bound by any particular theory, it is belicved these ligands
facilitaic the reaction by increasing the solubility, reactivicy and/or stability of the active
copper(I) catalytic species via the formation of a copper-ligand complcx,  Formula 3
compounds including imidazole and a wide variety of imidazole-substituted derivatives are
uscful as ligands in the present method. Typical ligands of Fornmula 3 include compounds
wherein B2, B, F7 and F8 are independently H or €,-Cy allzyl such as 1-mcthyl-1H-
imidazole, 1-ethyl-1H-imidazols, 1-propyl-1H-imidazolz, 1-butyl-1H-imidazole, 1-pentyl-
1A-imidazole,  I-hexyl-1A-imidazole  and  4-mciliylimidazole. Alse uscful - are
bis(imidazolylallanes (i.c. wherein P5 is C-Cy5 allzyl substitnied with NFF10) such as
L1'-(1,4-tutanediybis-1H-imidazale, 1,1'-(1,5-penianediyl)bis-1 H-imidazole and 1,1'-(1,6-
hexanediyl)bis-1H-imidazole. Tn the mathod of Scheme 1 typically ihe highest yiclds of
Formula 1 componnds and the mast favarable veaciion rates are achicved with the use of ane
or morc of the following coramcrcially available ligands: T-methyl-1H-imidazolc, 1-butyl-
1H-imidazolz, 4-methylimidazole and 1,1'-(1,6-hizzanediybis-1H-imidazole.  The mole
ratio of the compound or compounds of Fornmla 3 to the copper(T) salt reagent is typically
from about 1 to aboui 10, As miole vatios greater than 1 can often accelerate the reaction
while ratios aboves 6 generally offer litile additional benefit while increasing cost, the raiio is
preferably fram about 1.5 o about 6.

The reaction of Scheme 1 is typically conducted in a suitable organic solveni. A
variety of solvents can be used io form ihe suitabls solveni for this methad. Typically, the

mcthod 1s mosi satisfactonly conducted using solvents in which compounds of Formula 2
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are preferably complztely or at least substantially soluble and the mctal cyamide reagent has a
low solulbility in the volume of solvents used and al the reaction tempcratures. Examples of
suitable  solvents include halogenatzd  and  nonhalogenated  aliphatic and  aromatic
hydiocarbons such as xylenes, toluznz, chlorobenzene, methozybenzene (alse Imown as
anisols), .],2,4-tl'il]'l":t]'ly”.'@l'l:'ffl'lET, 1,3, 5-trimethylbenzene  (also Imown  as  mcsitylene),
ethylbenzeng, (1-methylethylbenzens (also Imown as cumene), C-Cy allzyl-substitutcd
naphihalenes (2.g., l-methylnaphthalens, 2-methylnaphthalene, 1,5-dimethylnaphthalene,

2,6-dimzthylnaphthalene and 1,3-dimethylnaphthalene) and aromatic solvent mixturcs which

o

we sold, for cxamiple, by Shell Chemical vader the trade name ShellSol, in particular
ShellSol AT00 (mixiure of Cy-C o aromatic hydracarbons) and ShellSol A150 (muxture of
C10-C11 aromatic hydrocarbons), including mixtues of the foregoing solvents. The mothod
158 most satisfactorily conducted using 2 solvent that allows for rcaction tempaeraiures
hetween about 150 and 180 °C. This can be accomplished by using a sotvent with 2 normal
boiling point (i.c. boiling point at 100 kPa presswre) within or abave this rangz or by

operating at elevated pressure with a lower boiling solvent such as =ylines or toluenz, The
solventz xylencs or ioluene are nseful solvernts, as high yizlds of Formula 1 compounds arc

typically obtained nsing these solvents, paviienlarly when ihe present method s conductied at
eleated pressure. When using rylences as a solvent a single isomer (1.c. o-xylenc, m-xylene
or p-rylens) can be used, but vse of the isomeric mixture of rylencs is commercially
praferable as it providas equally good vesulis at lower cost. The method is also convenicntly
conducted using a solvent with a normal boiling point in the rangs of aboui 150 and 180 °C
such as 1,3,5-trimethylbanzens, T-methylnaphthalenc, Cy-C |y aromatic solvont mixturcs, or
mixtures thereof. Tn particular, the vse of a solvent (i.e. with a normal boiling poini boiling
the  range of about 150 and  180°C)  comprising  l-methylnaphihalenc  or
1,3, 5-trimethylbenzens has bean found to resulis in high yields of Formula 1 compounds.
The volume of the organic solvent relative to the weight of the compound of Formula 2
typically between about 2 mL/g and about 10 mL/g.  Amounis of solvent groaicr than
2 mL/g can facilitate stivring the reaction mixtwe, but larger amounts of solvent can slow the
reaction as well as increase cost; therefore typically the volwne of solvent o the weight of
the compound Formula 2 is betwesn about 2 mL/g and about 5 mil/g, and more typically
between abont 2 mL/g and 4 mL/g. The solvent ¢an be added in various ways and times
during the course of the reaction, such as: in one batch ai the start of the veaction scquence,
or portionwise during the reaction sequence, or intermittently during the course of adding
one or more réagents. For exarmple, one or more reagents can be dispersed, dissolved or
partially dissolved in the snitable organic solvent and ihen added o 2 mixiure comprising the
other reagents and an additional smount of the suitable organic salvent.

In the present method, the ovder in which the reaciants are combined is noi critical o

the ontcome of the reaction. One order of combination, for example, involves combining the
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compound of Formula 2 with the suitable orgaaic solvent o form a mixbwe, and ihen
scquentially adding the metal cyanide reagent, the copper(l) salt reagent, the 1odide salt
reagent and at the least one compound of Formula 3 to the mixture.  Alicrnatively, in some
cazes it 18 advaatageous (o dissolve the at lzast one compound of Formula 3 and ihe
copper(l) salt reagent in the suitable organic solvent and add this salution to 2 mixiure
camprising the compound of Formula 2, metal cyanide reagent, iodide salt reagent and
suitalide organic solvent. Or, alternatively, the at lzast one compomid of Formula 3 can be
dissalved in the suitable organic solvent and added o a mixiure comprising the compound of
Forraula 2, metal cyanide reagent, copper(l) salt reagent, wdide salt reagent and the suitable
organic solvent, For these modes of addition, typically the suitable organic solvent (i.c.
solvent compound or mixture of solvent cormpounds) used (o dissolve the compound(s) of
Formula 3 and the capper(l) sali reagent is the same suitable organic solvent uscd to form the

mixture comprising the reaction components. A variety of other arders of addition arc also

useful for the present method.

The method of Scheme 1 is preferably conducted in an oxygen-free cnvironmcit,
although not essential for the suceessful outcorns of the reaction. Reducing the presenes of
atmosphicric oxygen in the reaction vessel prior to and during the addition of the reagonts
and maintaining an oxygen-free environmant during the coursc of the rcaction has bcen
found to be advantageous.  Standard techniques for aktaining an oxygen-frec cnvironmcnl
can lic used including, for 13:~1.:!1’1’1p]f;:, evacuating the reaction vesscl using 2 vacuuwm purnp ad
then repressurizing to atmospheric pressurs with an inert 298 (2.g., nitrogen or argan). This
mcthod can be repeated two or more times (o further reduce the oxygen prosent in the
reaction vessel. Alternatively, the reaction vesszl can be purged with an incrt gas and then a
pasitive pressure of inert gas can be maintained thronghout the reaction.

The present method 15 typically conducted at temperaturcs between about 115 and
200 °C and more typically beiween abont 145 and 200 °C. Temparaines bizbwoon sbaoni 150
and 180 °C ofien achieve the highest product yield and purity with the mosi favorable
caction rates; for example, im most cases compounds of Formula 1 arg obtained in yiclds of
95% ar greater in about S to about 8§ h.

The product of Forrmula 1 can be isolated by standard techniques known in the art,
inchiding filtration, z:traction, evaporation and crystallization.  For example, the reaction
mcdium can be diluted with about 2 10 € parts by weight of waicr velative to the compound
of Formula 2 to dissolve norganic salts that ave present in the reaciion medium.  As the
compounds of Formula 1 ave typically solids at ambient ismperature and generally sparingly
soluble in the reaction solvent, they are mosi casily isolated by fltration, fllowed by
washing  with  water and  optionally an organic  solvent (s.g., =ylenes, tolucne,
1,3,5-trimethylbenzene). I the compounds of Forimula 1 are soluble in the rcaction solvent,

they are most convenizntly isolated by diluiing the reaction medium with water to dissolve
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imarganic salts, then separating the organic phase, optionally followsd by washing with
water, o remove residual amounts of salts and/or metal cyanides, and thon removing the
solvemt by distillation or evaporation at reduced pressure. I some cascs i can b
advantageous to add & water-soluble copper-coordinating agent to optiniize the remioval of
copper prior to 1solaiing compounds of Formula 1. Useful copper-coardinating agents

include, for cxample, 2,2-thiodicthanol, ethylenediamine, N N-dimethylsthylencdiaming,
N, NN N-tetramethylethylenzdizmine and all-ali wmetal cyanides. Particularly uscful for the
removal of copper is ethylenediaming and allzali metal c:yaniclr;ts. If an allali metal cyanida
(¢.g., sedivrm cyamde) is used in the present method a8 a copper-coordinating agent typically
about 0.3 o about 0.6 moles relative 1o the cm’npouru:ls of Forrmula 2 is nseful for reducing
the amomt of residual copper in corapounds of Formula 1. This amount of sodium cyanide
can be added when the metal cyanide reagent is added (e, during the cyanation vcaction as
discussed above) or at the completion of the reaction and prior (o isalating compounds of
Forrula 1. For the fivst mode of addition the allali meatal cyanide is added in anhydrons
form, and for the second it is added cither in anhydrons form or as an aqueous solution,

Compounds of Formwla 1 can be further purified by vecrystallization from an appropriate
organic solvent. Examples of appropriate solvents include methanal, ethanol, i-propanol,
n-propanol, tolnene, xylenas and chlorobenzens, The method of Scheme 1 is illusirated in
Eramples 1-21 below. Evamples 3 and 4 illustrate the mezthod of Schome 1 mcluding ihe
treatment of the reaction mixturs with ethylenediamineg prior o 1solation of the compound of
Forrmula 1.

The features of the present method provide an cfficient micans using incxpensive
rcagenis o produce 3-substituted 2-amina-5-cyanobenzoic acid dervivatives of Formnla 1 in
high yields (typically 95% or greater based on the moles of Formula 2 compound used) in
abont 5 to abont & b, Of particular note is thai the present mcthod can be used o provide
remarkably high yields of the compounds of Formula 1 in excellent puriiy cven though ihese
compounds as well as the siarting compounds of Fornla 2 contain aming substitucnts and
in some casas amide substitnents that can potentially participate in side reactions.

Starting cormpounds of Formmula 2 can be made by a variety of methods known in the
art. Ag shown in Scheme 2, according to one methad compounds of Formula 2 are proparcd
by halogenation of a compound of Formula § using & varicty of reagenis Inown in the
literature mclucling bromine, chloring, sulfuryl chloride, N-chlorosuccinimide (NCS),
N-bromosuceinimide (NBS) and halogenating reagenis such as mizbures  comprising
hydrogc-.n peroxide and hydrogen halide. For leading vefercnces describing these methods,
sec PCT Paient Publications WO 1998/16503  (Schemc 4 and  Examplc  132),
WO 20060/068669 (Scheme 11), WO 2003/015519 (Scheme 4 aud Example 1, Siep A) and
WO 2006/062978 (Scheme 15; Example 4, Step B and Exaplz 5, Step B).
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COR! X COR!
5 2

Another method for praparing compounds of Forrula 2 whersin X is Br and P} is

NHP3 invalves brominaiion of compomids of Formula § by hreabment with a gas containing

5 broming, as illustrated by the procedure of Feference Example 1 (Poference Example 1 1s
also found in PCT Patent Publication WO 2008/082502).

Compounds of Forrmula 2a (Formula 2 wherein B is NHR3) can also be preparad by

contacting an isatolc anhydride of Formula 6 with an allryl amine of Formula 7 in the

presence of a carboxylic acid as illustrated in Schems 3.

10 Scheme 3

© N NH,
3 carboxylic acid
+ R°NH, -

O -
7 X C(O)NHR?
6 0 2a

wherein R! is NHR3

ZT

As amincs such as the compound of Forrmula 7 are bascs, in the abscenee of the
carborylic acid, the mixture of the compounds of Formulac 6 and 7 would be basic (i.e.
effective pH > 7). The carboxylic acid acts as a tuffer io reduce the effective pH of the
15 reaction mixture. A wide variety of carborylic acids are useful, as the anly requircmcent is
for at least one carboxylic acid group to impart acidity. Other fimctional groups can b
present, and more than one carboxylic acid grovp can be present on the carboxylic acid
molecule. Typically the carboxylic acid has an effeciive pKy in the rangs of aboui 2 to abont
5. Carboxylic acids include, for exsmple, formic acid, acetic acid, propionic acid,
20 chloroacetic acid, benzoic acid, phthalic acid, maleic acid, tartaric acid and ciiric acid. For
reason of cost, inezpensive carboxylic acids such az formic acid, acziic acid, propionic acid
and benzoic acid are preferred. Aceiic acid, which is commercially availabls at low cost in

its anhydrous form (Inown as “glacial acetic acid”) is particularly preferred.
The combination of the carbo:-:ylivc acid wiih the basic aming of Formula 7 forms an
25 amine salt of the carboxylic acid. This amine salt can be preformed bafore addition of the

isatoic anhydride compound of Fornmla 6, or the amine salt can be gencrated in siiu by
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metering the ammime of Forraula 7 mto a mixiure of the compound of Foraula 6 and ihe
car noxylic acid. For either mode of addition, maintaining the cffective pH of the mixture
during the reaction between about 3 and about 7 is generally optimal.

As the effective pH of the mixture results from the boffering effoct of the carboxylic
acid in combination with the amine of Formula 7, the effective pH can be adjusied according
o the affective pIlg of the carboxylic acid by adjusting the molar vatio of carboxylic acid to
the amine of Forrmula 7. Typically the molar armounts of the amine of Formula 7 (o
carboxylic acid are in the range from about 0.8 o akoul 3. Morz pariicularly, whon the
made of combination mvolves metering the amine of Formula 7 into a mixiurz of the isaloic
anhydridr: compound of Formula 6 and carboxylic acid, the molar ratio of Formula 7 amine

carbioxylic acid is preforably fiom about 0.95 0 about 3. When the mode of combination
involves forming the amine salt before addition of the compound of Formmula 6 the molar
raiio of Formula 7 amine to carboxylic scid is preferably from about 0.8 o aboui 1.05; as
long as a nearly equimolar ratio (e.g., about 0.95 (0 about 1.05) of Formula 7 amine 0
carboxylic acid is used, the amine salt thus formed 13 typically nsed in a vatio of about 1.1 to
about S rolar cquivalents relative to the compound of Formula 6. For optimal conversions,
the molar ratio of amine of Formula 7 to isatoic anhydride compound of Formula 6 should be
at least 1.0, although the molar ratio is preferred to Le from about 1.1 to about 1.5 for reasons
of cfficicncy and of economy, regardless of how the components are mixed. The molar
amount of amine of Formula 7 relative to compound of Formula 6 ¢ b subsiantially
greater than 1.5, particularly when a nearly equimiolar ratio (z.g., about 0.95 (o about 1.08) of
amine to acid is used.

Highest product yicld and purity is achieved when the reaction medium is subsianiially
anhydrous.  The reaction medivm is thus typically formcd from substantially anhydrous
compounds of Formulae 6 and 7 and carboxylic acid. Preferably ihe reaction medinm and
forming materials coniain abtoui 5% or less, more preferably aboui 1% or less, and mos
preferably abiout 0.1% water or less (by weight). I the carboxylic acid is acctic acid, it is
preferably in the form of glacial acetic acid.

The reaction of Scheme 3 1s typically conducied in a liquid phase. In many casas ihe
reaction can be camiad ont withont solvent aiher than the compounds of Formulac 2a, 6 and
7 and the carboxylic acid. But a preferred procedurs involves use of a solveni that can
suspend and at least partially dissolve the reactanis. Preferred solvenis are thoasc which arc
non-reactive with the reaction components and have a diclecivic constant of about 5 or
greater, such as allzyl nitriles, esters, cthers, or betones.  Preforably the solvent should be
substantially anhydrons to facilitaie achicving a substantially anhydrous reaction medium.
The weight ratio of solvent to the compomd of Farmula 6 is typically from about 1 to about

20, and preferably about 5 for reasons of efficiency and econoniy.
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Carbon diaxide forms as a byproduct of the reaction of Schanic 3. Mast of ihe carkon
diozide formed avolves from the reaction medivm as a gas. The addition of the compound
of Formula 6 into reaction medium containing the amine of Formula 7 or the addition of the
amine of Formula 7 into the reaction medivm containing the compound of Formula 6 is
preferably conducied at such a rate and temperature as o facilitate conirolling the cvolution
of carbon dioxide. The temperaiure of the reaction medivm is rypically between about § and
75 0C, more typically between about 35 and 55 ©C,

The product of Formula 2a can be isolated by standard techniques lmown in the art,
including pH adjustiment, extraction, evaporation, crystallizaiion and chromatography. For
crample, the reaction medium can be diluted with about 3 to 15 paris by weight of waier
rzlative to the starting compaound of Forrmula 6, the pH can be optionally adjusizd with cither
acid or base to optimize the removal of cither acidic or basic impuritizs, the water phase can
be optionally separated, and most of the organic solvent can be removed by distllation or
cvaparation at reduced pressure. As the compounds of Formula 2a are typically crystalline
solids at ambicnt temperature, they are generally mosi easily isolated by filtration, optionally
followed iy washing with water and then drying.

As shown in Schere 4, isatoic anhydrides of Formula 6 can be propared from
anthranilic acids of Formula 2b (Formula 2 wherein F! is OF# and F4 is H, which can be
prepared by the method of Schame 2) via a cyclization reaction involving treatment of the
anthranilic acids with phasgene or a phosgens equivalent such as triphasgens or an allzyl
chloroformate (g, wethyl chloroformate) in a suitable solvent such as toluene or
tetrahydrafiran. The meihod is described in PCT Paieni Publication WO 2006/068669,
including a specific exampls relevant to Scheme 4. Also sce Coppola, Synihesiz 1980, 505
and Falas et al., Tetrahedron 1998, 10789,

Scheme 4

R? R?
phosgene or

H
NH, allyl chloroformaie N O
- Y

solvent 0O
X CO,H X

2b 6 O

Compounds of Forraula 3 are commercially available and the synthctic literature
describes many general methods for forming imidazoles; see, for cxampls, Grinumcit,
cience of Syntheziz 2002, 12, 325-528 and vaferences clied therein. Bis(imidazolyl)allizancs
of Forrmla 3 such as 1,1'-(1,4-butanzdiyl)bis-1 A-imidazole, 1,1'<(1,5-pentancdiyl)bis-1H-
imidazole, 1,1'-(1,6-hexanadiyDbis-1A-imidazols, and the like can be prepared by the

reaction of the corresponding dihaloallane (.., 1,4-dibromobutane, 1,5-dibromopentane,
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1,6-dibromohezane) with 2 equivalznis of am optionally substituizd imidazols in the presence

of a hase, according to the general procedures describad by Dicz-Barva ot al., Heterocycles
1992, 54(7), 1365-1373, Torves et al., Journal of Heieracyzlic Chemiztry 1988, 25(3), 771-
792, Sato, et al., Hzlzrocycles 2003, 60(4), 779-784, and Lua ct al., Heierooprles 1995,
41(7), 1421-1424.

In another aspect of the present invention, compounds of Formula 1 prepared by the

method of Scheme 1 are useful as intermediates for preparing compounds of Formula 4.
Compounds of Forrmla 4 arz useful as inaecticides, as cl»a-sc:ril:u::-:l, for cxample in PCT Paicit
Publications WO 2003/015518 and WO 2006/05592

Rll
| \
N
R2 0 N/ 12
NH
7 N
NC C(O)NHR> NE

4

whercin

R2 is CH; or CI;

P3 is H, C-Cy allzyl, cyclapropyl, cyclopropyleyclopropyl, cyclopropylmeihyl or

methylcyclopropyl;

Zis CR14 or N;

R1L s Cl, Br, CF3, OCF,H or OCH,CF5;

R12isF, Clor Br;

R13is H, F or Cl; and

R!4isH, F, Clor Br,

A variety of methods are possible for the preparation of a compound of Formula 4
from a compound of Formula 1. As outlined in Scheme §, one such method involves ihe
coupling of a compound of Formula 1a (Formula 1 wherein P! is OF4 and F4 is H) with a
pyrazole-S-carboxylic acid of Formula 8, rzsulting in a cyanobenzoxazinons of Formula 9
Subscquent reaction of the cyanobenzoxazinons with an aming of Formula 7 provides a
compound of Formula 4. Conditions for the first step involve sequential addition of
maethanesulfonyl chloride in the presence of o iortiary aming such as icthylamine or
pyridine to a pyrazole of Formula 8, followed by the addition of a compound of Forraula 1a,
followad by a sccond addition of teriiary aming and methanesulfonyl chloride. The reaction

can be run neat or in a variety of suitable solvents inclnding tetrahydrofuran, dicthyl ether,
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dioxanz, toluene, dichloromethane or chloroform with optimurn temperatures ranging from
room temperature to the reflux tzmperature of the solvent,  The second step, reaction of
benzoxazinones with amines to produce anthvanilamides, is well documented in the chiemical
literature. For a general review of benzorazinone chemistry see Jalwobson =t al., Riorganic
and Medicinal Chemiztry 2000, 8§, 2095-2103 and reforences cifed within, and G, M.
Coppala, J. Heteracyoliz Chemisziry 1999, 56, 563-588. Also see PCT Paicui Publication

WO 2004/067528, which teaches the general maethod shown in Scheme 5, including

experimental cxamples relevant to Scheme 5.

Scheme 5

11 '
2
| N 1 MeS(0)Cl R , \
o / tertiary amine N /N
N o2 . N N )
R, R
oH 7 2 0
Z \ NHZ NC Z/ \
= O =
9
13
g§ R NC CO,H B3
n3
la R°NH,
3. tertiary amine 7 .
4. MeS(0),Cl R
o AN
R? Y(NS Ri2
NH
7N
NC C(O)NHR? 13
4

Another method of preparing cormpounds of Formula 4 13 shown in Scheme 6. In this
method a compound of Formula 4 is prepared by comibining a compound of Formula 1b
(Formula 1 wherein P is NHR3), a pyrazole of Formula 8 and sulfonyl chlaride according
tor ihe general method taught in PCT Patent Publication WO 2006/062978, which is hercby

mncorporated hierein in iis entirety by reference.
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Scheme 6
R2
Rl NH, R!!
o / >N MC C(ONMHE> .
N R!2 1b
OH /
Z \ sulfonyl
— chloride

C(O)NHR3
R13

As deseribed in WO 2006/062978, a variety of reaction conditions are possible for this

transformation.  Typically a sulfonyl chloride is added to a mixture of the compounds of

“n

Forrmulac 1b and 8 in the presence of a solvent and a basz. Sulfonyl chioridas are gonerally
of the formula FS(0),Cl whercin . is 2 carbon-based radical. Usually for this mcthod Tt is

o]

Cy-C4 allyl, C{-C, haloallzyl, ar phenyl optionally substituted with 1-3  substitucnis
independently  selected from the group consisting of halogen, C-Cy alkyl and nitro.
Commearcially available sulfonyl chilorides include methanesulfonyl chloride (F. i3 CHs),
10 propancsulfonyl chloride (R is (CHy),CHs), benzenesulfonyl chloride (B is phanyl), and
p-toluenesulfonyl chloride (P is 4-methylphenyl). Methanesulfonyl chloride is of note for
reasons of lower cost, @ase of addition and/or less waste, At least one vaalar cquivaleni of
the sulfonyl chloride per mole of the compound of Formula 8 1s stoichiometrically necdad
for complete conversion. Typically the molar ratio of sulfonyl chloride to the compound of
15 Formmla 8 is no more than about 2.5, more typically no more than about 1.4.
The compound of Formula 4 is formied when the starting compounds of Formulac 1h,
8 and the sulfonyl chloride are contacted with sach other in a comibined liquid phase, in
which cach 15 at least partially soluble, Sinice the siarting materials of Farmulaz 1b and 8 are
typically solids at ordinary ambient temperaines, the method is most saiisfactorily
20 conducied using a solvent in which the siarting compounds have zignificant solubility. Thus
typically the method is conducied in a liquid phase comprising 2 colvent. Tn some cascs the
carboxylic acid of Formula § may have only slight solubility, tut it salt with added base
may have more solubility in the solvent. Suitable solvenis for this mecthod nclude nitriles
such as acetonitrile and propionitrile; esters such as methyl acetate, ethyl acciaie, and butyl
25  acetate; ketones such as acetone, methyl cihyl Letone (MEK), and mcthyl butyl kotone;
haleall:anes such as dichloromethane and wichloromethans; ethers such as cthyl cther,
methyl iert-butyl cther, tetrahydrofuvan (THF), and p-dioxanz; aromatic hydrocarbons such
as hbenzenz, tolucne, chlorobenzens, and dichlorobenzens; tertiary  amines such  as

triall-ylamines, diallzylanilines, and optionally substituted pyridines; and mixtures of the
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forcgoing. Solvents of note include acetoniirile, propionitrile, ethyl acetate, acztonz, MEK,
dichloromethane, methyl ters-butyl ether, THF, p-dioxane, toluene, and chlorobenzene, Of
particular note as the solvent 18 acetoniirile, as it often provides producis in superior yicld
and/or purity.

As the reachion of the method of Scheme 6 gcneratcs hy«:lrogc:n chloride as a
byproduct, which would otherwise bind (o basic centers on the compounds of Formulac 1h,

4 and 8, the method 1s most satisfactorily conducted in the presence of at least one added
basz, The basz can also facilitate constructive interaction of the carboxylic acid with the
sulfonyl chloride compound and the antheanilaimide, Feaction of an addod base with the
carboxylic acid of Formula § forms a salt, which may have greater solubility than the
carboxylic acid in the reaction medinm. Although the base may be added at the same time,
i altcrnation, or even after the addition of the sulfonyl chlonde, the base is typically added
before the addition of the sulfonyl chloridz. Some solvenis such as tertiary amines also serve
as bases, and when these arc nsed as solvents they will be in large stoichiomatric cxcess as
bascs. When the base is not used a8 the salvent the nominal mole raiio of the base o ihe
sulfonyl chloride is typically from about 2.0 to about 2.2, and is preferably from about 2.1 0
about 2.2, Preferred bases are tcrtiary amines, including subsiituted pyridines,  More
preferred bascs include 2-picoling, 3-picoling, 2,6-lniidine, and pyridine, Of particular note
as the base is 3-picoling, as its salts with carboxylic acids of Formula 8 arc often highly
soluble: in solvents such as acetoniirile. The methad of Scheme 6 is illustrated in Example
22 below.

The compounds of Formula 4 can be isolaied from the reaction mixtures by methods
Imown to those shilled in the art, inclnding crysiallization, filtration and exiraction.  As
disclosed in WO 2006/062978, in some cases uinder the coupling reaction conditions of

Scheme 6 compounds of Formwla 4 can pariizlly cyclize o form iminobenzorazine

derivatives of Formula 10, as shown below in Scheme 7.

Scheme 7

Rl Rl

o! / \N R? N
2 < 12 —_— \ / R'2
R N R N. N
NH / \ h =
-
Z O Z /
. aqueousacid  NC I N\
NC Y 3 or N R'3
2 R water and heating %RB

NHR" 4 10

As discussed in WO 2006/062978, in these cases ii is often advaniageous to convart

the iminobenzoxazing compouinds of Formula 10 bacl: o the amides of Formula 4 prior to
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isolation. This conversion can be accomplishad by reatment of the reaction mixture with an
aqueons actd solution (=.g., agqueous hydrochloric acid); or by isolating the mixiure of
Formula 10 and Forrmula 4 compounds, and then treating the wixture with an aqueous acid
solution, optionally in the presence of a suitable organic solvent (c.g., acctonitrile).
WO 2006/062978 disclosas specific examples relevant 1o the method of Scheme 6, including
cramples illustrating ireabment of the reaction mixiure with an aqueous acid solution priar to
isolating compounds of Formula 4. Example 22 below illustrates the wicthod of Schome 6
including the treatment of the veaction mixture with aqueous hydrochlone acid prior o
isolating the compound of Formula 4.

Altarnatively, compounds of Forula 10 can be converted back (o compounds of
Forrmula 4 prior to isolation by contacting the reaciion mixiure with water and heating,
Typically, the conversion of Formmla 10 compounds o Fonmula 4 compounds can bic
achicved by adding batween about 2 to 6 parts by weight of water welative to the weight of
the starting compaound of Formula 1 and then heating io between about 45 and about 65 °C.
The convarsion of the compowd of Formula 10 o the compound of Formula 4 is usnally
complete in 1 h or less. Peference Example 2 below illustrates the meihod of Scheme 6
inchading the treatment of the reaction mixture with water and heating prior io isolating the
compaound of Formnla 4.

Pyrazole-S-carboxylic  acids of Forrmla 8 can be  propsaed  from S-oxo-

3-pyrazolidincearbozylates by treatment with a  halagenating  agent to give  3-halo-
4,5-dihydro-1H-pyrazale-S-carboxylatzs, which can  subscquently he  treaicd with an

oxidizing agent to provide esters of Formula 8. The eaters can then be converied to ihe acids

(i.e. Formula 8). Halogenaiing agents that can be used include, for ezample, phosphorus
oxyhalides,  phosphorus  trihalides,  phosphorus  pentahalides,  thionyl  chleride,

dihalotrialkylphasphoranes, dihalodiphenylphosphoranes, oxzalyl chloride and phosgene,
The oxidizing agents can be, for cxample, hydrogen peroxide, organic peroxides, potassinm
persulfate,  sodiura persulfate, ammonium  persulfate, potassimm monopersulfaic (c.g.,
Oxone®) or potassivi pevmanganaie.  Sez PCT Patent Publications WO 2003/016283,
WO 2004087659 and WO 2004/011433 for a description of the halogenation and oxidation
methods, and a procedure for preparing the siarting S-oxo-3-pyrazolidincemborzylaies. To
convert the esters to carborxylic acids a varizty of racthods reparted in the chemical literature
cani he used, including nucleophilic cleavage under anhydvous conditions ar hydrolysis
involving the use of cither acids or bases (see T. W. Greene and P. G. M. Wutis, Proiective
Groups in Organic Synihesiz, 2nd ed., John Wilsy & Sons, Tnc., New Yorl;, 1991, pp.
224269 for a review of methods). Baze-catalyzed hydvolytic methods are preferred o
prepare the caboxylic acids of Formula 8 from the corresponding esters. Suiiabls bases
include all:ali metal hydroxides (such as lithinm, sodium, or potassivm hydroxidcs). For

zample, the esters can be dissolved in & mixture of watee and alcohol such as methanol.
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Upon treatment with sodivm hydroxide or potassium hydrozide, the asters saponify to
provide the sodium or potassium salt of the carboxylic acid.  Acidification with a sirong
acid, such as hydrochloric acid or sulfuric acid, gives the carboxylic acids, PCT Patci
Publication WO 2003/016283 provides a relevant cxperimental example illusirating the
basz-catalyzzd hydrolysis method for the conversion of an cstzr to an acid.

Alternatively, pyrazole-S-carboxylic acids of Fonwnula § can be preparcd  from
4,5-dihydro-5-hydroxy-1H-pyrazole-S-carboxylates  via  an  acid-catalyzcd  dehydration
reaction to give the esters, which can then be converted to the acids of Formula 8. Typical
reaction conditions ivalve treabment of 4,5-dilhydro-5S-hydroxy-1H-pyrazole-S-carboxylates
with an acid, for example, sulfuric acid, m an organic solvent, such as acctic acid,
temperatures between about 0 and 100 °C. The mizthod s describad PCT Paicnt Publication
WO 2003/016282,  Conversion of the esiers 0 acids can be done using the micthods
described above. Also, WO 2003/016282 provides a relevant exparimental cxample for the
conversion of an ester 1o an acid.

Anthranilic amides of Formula 1a can also be prepared from the corresponding acids
or esters of Formula 1e (Formula 1 wherein 1 i3 OR4 and P4 is H or C-Cy allzyl) as shown

tzlow in Scheme 8. Forming amides from carboxylic acids typically involves addition of a
coupling agent (e.g., silicon telrachloridz, or altematively dicyclohcxylcarbodiimide or

-r_:thy]-3-(3-(111’11&1]1y1&1’ﬁinopropyl)carbodi imide often in the prasence of  1-hydroxy-
bienzotriazole). Preparation of anthranilic amides from anthranilic acids is disclosed in M. J.
Kornet, Jowrnal of Heizrocyclic Chemizivy 1992, 29(1), 103-5; PCT Publication WO
01/66519-A2; T. Asana ¢i al., Fioorganic & Medicinal Chemisiry Leers 2004, 14(5), 2269.
2302; H. L. Birch et al., Zoorganic & Medizinal Chemistry Leiers 2008, 15(23), 3333-
$339; and D. Kim et al., Bioorganic & Mzdicinal Chermiziry Leners 2008, 15(8), 2129-2134.
Also T. Asano et al. reports preparation of an anthivanilic amide frova an anthranilic acid
through an N-protected aniline intermaediate or through a 4H-3,1-benzozazins-2,4(1H)-dione
(isataic anhydride) intermediatz. Forming amides from esters often involves heating the
ester with the appropriate amine in 2 polar solvent such as ethylene glycol. A pracedure
uscful for conversion of anthranilic esters to anthranilic amides 13 described in PCT Patent
Publication WO 2006/06297S. Also, E. B. Skibo et al., Journal of Medicinal Chemisiry
2002, 75(25), 5543-5555 discloses preparation of an anthranilic  amide from  the

corresponding anthranilic ster using sodium cyanide catalyst.
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Scheme 8

R? R
NH, NH,
R3NH,
r———-
NC COoOr? 7 HC C(O)MHR3
1c la

The methods of Schemes & and 6 arve illustrative of just two of many mcthods for
converting a compound of Forrmula 1 0 the carboxamide compound of Formula 4. A wide
varisty of general methods known in the art for preparing carboxamides from carboxylic
acids and amines. For a general review, see M. NMorth, Conteinporary Org. Synth. 1995, 2,
269-287.  Particular methods imclude contaciing a compound of Forrla 1b with a
corapound of Forrmla 8 in the presence of a dchydrating coupling agent such as
1,1'-carbonyldiimidazols, tis(2-0xo-3-oxazolidinyl)phosphinic chloride or benzotriazol-1-
yloxytris(dimethylamino)phosphonium hezaflnoraphosphate, or 2 palymer-bound analogous
reagent such as polymer-hound dicycloherylcarbodiimide, iypically in an inert salvent such
as dichloromathanc or NN-dimethylformamide, as is gencrally disclascd in PCT Patent
Publication WO 2003/15518. Also disclosed in WO 2003/15518 is a mathad of proparing an
acyl chloride counterpart of the compound of Formula 8, such as by contaci with thionyl
chloride or oxalyl chloride in the presence of a catalytic amount of N,N-dimethylformamide,
and then comtaciing the derived acyl chloride with the compound of Formula 1b in the
presence of an acid scavenger, such a3 an amine basc (c.g., tricthylamins, NN-
diisopropylethylamine, pyridine, and polymee-supported  analogs) or a hydieozids or
carbonate (e.g., MaOH, ITOH, Ma;COs, 15,C05), typically o an incrt solvent such as
teirahydrofuran, 1,4-dioxane, cthyl ether or dichloromethans.  The product compounds of
Formula 4 ¢an be isolated from the reaction mixiures by methods lnown to those skilled in
the art, including crystallization, filivation, and extraction.

Without further elaboration, it is believed that one skilled in the ari using the preceding
description can nilize the present invention o iis fullest extent. The following Examplcs
are;, therefore, to be construed as merely illustrative, and not limiting of the disclosure in any
way whatsoever. The following Examples illusirate synthesis procedurcs, and the starfing
material of cach Example may not have necessarily been prepared by a particular proparative
run whose procedure is described in other Examples. In Exaraples 13 through 16 the
reaction miztures wers analyzed by reversed phase HPLC (HP Zorbax® Eclipse XDB-CS,
mamifactured by Agilent Technologies, 3.5 pm, 4.6 mun = 75 mm). The solvent sysicii was
solvent A: water with the pH adjusied to 2.5 by the addition of phosphoric acid, and solveni
B: acetonitrile (gradient stavied at 0 minuies with 1% solvent A and 19% solvent B, and

solvent B was increased to $7% over 27 mimiies; flow was 1.5 mL/minntz). In Examples 17
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through 21 the veaction mixtures were analyzed by roversed phase HPLC (HP Zorbax®
SB-Phenyl, manufachwed by Agilent Technologies, 3.5 pnt, 4.6 mra = 15 mm). The solvent
systcrin was solvent A water with the pH adjusted to 3.0 by the addition of phasphoric acid,
and solvent B: acetonitrilz (gradient started at 0 ninutes with 3% solvent A and 17%
solvent B, and solvent B was increaszd to 95% over 15 minuteos; ﬂow was 1.5 mL/minuks).
THNMP. specira are reported in ppm downfizld from  tetramcthylsilanc; 5 is singlct,
d is doublet, mis muliiplet, br s is broad singlet, and br d means broad doublet,

REFERENCE EXAMPLE |

Preparation of 2-amino-5-bromo-N,3-dimsthylbenzamide (a compound of Formula 2)

A 1000-mL flask equipped with a mechanical stirrer, thermocouple, condensar and
Teflan® fluaropolymer tbing (1/16" (0.16) cm LD, x 1/8" (0.32 ¢m) 0.D.) (pasitioncd such
that the end of the wbing was submerged helow the swlface of the reaction mixture) was
chargcd with acetic acid (226 mL). A solution of aqueous sodium hydroxide (50%, 25 g) in
watcr (25 g) was added over 15 minuies, and then 2-amino-N,3-dimcthylbenzamde (50 g,
0.305 mal) (sce PCT Paient Publication WO 2006/06297S for a method of preparation) was
addcd and the mixture was heated ai 55 °C. A two-necled 200-mL flasl: fitted on one neck
with a Teflan® tubing dip wbe was charged with hquid bromine (60.1 g), and the athcr neck
was commeceted to ihe Teflon® mbing on the 1000-mL flask. Nitrogen gas was then flawed
through the dip wbe balow the surface of the liquid brormine al a rate of about 0.012 m3
(0.4 cu ft) per h for 2.5 b, during which time all of the bromine evaporated and the bromine
vapor cntrained in the nitrogen gas flowed ont of the two-necled 200-mL Aasl and caterecd
the reaction mixturs through the Teflon® iubing. The reaction temperature was held at about

55 °C during the bromine vapor addition and for 30 minntes thereafter, and then cooled o
45 °C and stirred avernight. A solution of aqueous sodivm hydroxide (50%, 52 @) in walcr
(88 mL) was added to the reaction mizture at a rate of 0.8 wmiL/ninute, After abont 10% of
the total volume of the sodium hydroxide solution had been added, the addition was stopped
and the reaction mixtures was stived for 1 hoat 45 °C. After 1 h the remaining sodium
hydro=ide solution was added ai 2 vate of 0.8 mL/minuic. Afcr ihe addition was complete,
the reaction was stirred for 30 raimies at 45 °C, and then cooled o 10 °C and stireed for 1 h.
The mixture was filtered and the s0lid collected was washed with methanol ( 130 xall) and
water (260 mal), and then dried o a consiant weighi in a vacuum-oven ai 45 °C o give the
tifle compound as a solid (67 g, 994 mea % purity by HPLC, 90% yield) melting at
133-135 °C.

TH NMF. (DMSO-4:) & 9.30 (m, 1H), 7.49 (d, 1H), 7.22 (d, 1H), 6.35 (br s, 2H), 2.70 (d,
3H), 2.06 (s, 3H).
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EXAMPLE 1

Preparation of 2-amino-5-cyano-N,3-dimethylbenzamide (a compound of Formula 1)

A 100-mL, three-necked flask equipped with a mechanical stirrer, thermamctor and
condenser was charged with 2-amino-5-bromo-N,3-dimethylbenzamids (preparad by the
method of Feference Example 1) (99.1% purity, 5.0 g, 0.02 miol) and 1-methylnaphthalene

h

(20 g) while maintaining a flow of nirogen through a gas mlet line connceled to the
condenser.  The reaction mizbure was stitred at room iemperature, and sodinm cyanide
(ground to a powder just prior o use) (1.25 g, 0.024 mol, assuming 95% purity), copper(l)
iodide (0.57 g, 0.003 wol, 98% purity) and 1-butyl-1H-imidazole (2.5 g, 0.017 mal, 98%
10 purity) were added. The mixture was heated o betwoen 158 and 167 °C for 5 h and ihen
allowed to cool overnight. Water (20 mLl) was added dropwise io the reaction mixiure over
S mimutes while stiming.  After stirring for an additional 1 h, the reaction mixture was
filtcred, and the solid collected was washed water (3 » 10 mL), xylenes (10 L) and dricd to
a constant weight in a2 vacunm-oven at €0 °C o give the iitle compound as 2 light brown
15  solid (3.4 g).
TH MMPE. (DMSOQ-7;) & S.40 (br s, 1H), 7.7 (br ¢, 1H), 7.41 (tr s, 1H), 7.18 (br s, 2H), 2.72
(d, 3H), 2.08 (s, 3H).

EXAMPLE 2

A Second Preparation of 2-amino-5S-cyano-N,3-dimethylbenzamide

20 A 100-mL, threc-necked flask cquipped with a mechanical stivrer, thermomecter and
condenser was charged with 2-amino-5-browio-N3-dimethylbenzamide  (prepaved by the
method of Feference Example 1) (5.0 g, 0.02 mol, 99.1% purity) and 1-methylnaphthalcne
(20 g) while maintaining a flow of nitrogen through a gas inlet line comnected o the
condcnser.  The reaction mixiure was stirred at voom temperature and sodium cyanide

25 (ground to a powder just prior to use) (1.25 g, 0.024 mol, aseuming 95% purity), copper(l)
iodide (0.57 g, 0.003 mal, 9% puriry) and 1-methyl-1H-imidazole (1.40 g, 0.017 mol, 099%)
were added. The mizture was higatad o between 160 and 163 °C for & h and then transferred
to 2 200-ral flask: and allowed to cool avernight. Waier (20 mL) was added dropwise Lo the
rcaction mixture over 5 minntes while stiring.  After stirring for an additional 2 h, the

30 reaction mixiure was filtered and the collzcied solid was washed with water (3 = 10 L) and
zylenes (10 mL) and drizd to a constant weight in 2 vacuum-oven ai 80 °C o give the title
compouid as a light brown solid (3.85 g).

TH NME (DMSO-7:) & 8.40 (br s, 1H), 7.20 (brs, 1H), 7.40 (br s, 1H), 7.15 (br 5, 2H), 2.72
(d, 3H), 2.07 (s, 3H).
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EXAMPLE 3

A Third Preparation of 2-amino-5-cyana-N,3-dimsthylbenzamide

A 500-mL four-necked flask equipped with a mechanical stirrer, thermocoupli,

condcnscr, side-arm addition fimnel and sodivm hydroxide/sodium hypochloriie scrubber

was charged with 2-amino-5-lwoma-N,3-dimethylbenzamide (prepared by the method of
Feference Example 1) (24.6 g, 0.10 mol, 99% purity) and mesitylens (100 g) while
maintaining an atmosphers of nitrogen through a gas inlet line cormectad (o the condonscr.
The reaction mixture was stirad at room temperature and sodium cyanide (ground o a
powder just prior to use) (6.2 g, 0.121 mol, assuming 25% purity), copper(l) iodide (2.9 g,
10 0,015 mol, 98% purity) and 1-butyl-1H-imaidazolz (10.8 g, 0.085 mol, 98% purity) wiic
added, after which time the nibogen inlst ling was attached directly to the rcaction flagk,
The reaction mixture was heated at reflux (about 166-170 °C) for 7 h, while venting through
the scrubber.  After cooling overnight, waier (100 mL) was added to the reaction wusiure
and stirring was contirmed for 1 h, Ethylensdiamine (0.09 g, about 0.015 mal, 99% purity)
15 was added to the mixture, and stirring was continued for an additional 15 minuics.  The
mixture was filtered, and the solid collected was washad with water (3 2 50 L), mesitylene
(50 g) and dried to a constant weight in a vacuum-oven at 55 °C o give the dile compound
as a light brown solid (18.3 g).
TH NMP. (DMSO-4;) & §.44 (b d, 1H), 7.82 (d, 1H), 7.44 (br s, 1H), 7.17 (b s, 2H), 2.75
20 (d, 3H), 2.10 (s, 3H).

EXAMPLE 4

A Fourth Preparation of 2-amino-S-cyano-N,3-dimethylbenzamide

A 500-mL four-necled flask equipped with a mcchanical stivver, thermocouple,
condenser, side-arm addition fimmel and sodium hydeoxide/sodivm hypochlorite scrubber

ncthod of

[\
h

was charged with 2-amino-S-bromo-N,3-dimethylbenzamide (propared by the
Peference Example 1) (24.6 g, 0.10 mol, 99% purity) and wmesitylens (100 g) while
maintaining an atmosphers of niivogen through a gas nlet line connecied (o the condenser,
The reaction mixture was stivred al room tzmperamire and sodivm cyanide (ground to 4
powder just prior to use) (6.2 g, 0.121 mol, assuiiing, 95% purity), copper(l) indide (2.9 g,
30 00153 mol, 98% purity) and 1-butyl-1A-imidazole (5.4 g, 0.0425 mol, 98% purity) were
added, after which time the nitvogen inlet line was attached divectly to the veaction flasl:,
The reaction mixiure was heated at veflux (about 166-170 °C) fn 6 b, while veniing through
the scrubber. After cooling overnight, water (100 mL) was addad to ihe reaction mixiure
and stirring was continmed for T h. Ethylenediamine (0.09 g, aboue 0.013 mol, 99% purity)
35 was added o the reaction mixture, and stiving was continued for an additiomal 3.5 k. The
mixture was filtered, and the solid collected was washed with water (3 = 50 mL), mesitylcne
(50 g) and dried to a constani weight in a vacuum-oven at 55 °C o give the title componnd

as a light brown solid (19.0 g).
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IH NMF. (DMSO-d) 5 .44 (br d, 1H), 7.83 (4, 1H), 7.44 (br s, 1H), 7.19 (br s, 2H), 2.74
(d, 3H), 2.10 (s, 3H).
EXAMPLE 5

A Fifth Preparation of 2-amino-5-cyano-N,3-dimethylbenzamide

A 500-mL four-necked flask squipped with a mechanical stircer, thermocouple,
condenscr, side-anm addition funnel and sodivm hydroxide/sodimn hypochlorite scrubber
was charged with 2-amino-5-bromo-N,3-dimethylbenzamide (prepared by the method of
Feference Example 1) (24.6 g, 0.10 mol, 99% purity) and mesitylens (100 2) while
nwintaining an atmosphers of nitrogen through a gas inlet lineg connzcted o the condenseor.
The veaction mizture was stirred at voom temperatue and sodium cyanide (ground o a
powdcr just prior to use) (7.7 g, 0.15 mol, assumming 95% purity), copper(l) iedide (2.9 g,
0.015 mol, 9% purity) and 1-butyl-1 H-udazole (10.2 g, 0.085 mal, 98% purity) were
added, afier which time the nitrogen inlet line was attached divectly io the reaction flask.
The reaction miziure was heated ai reflux (about 166-170 °C) for 7 b, while venting through

scrubber. After cooling overmght, water (100 ml) was added (o the reaction mixture
and stirring was contimied for 1 h. The mixture was filiered, and the solid collccicd was
washed with water (3 » S0 mL), masitylane (50 g) and dried o a constant weight in a
vacuuii-aven at 55 °C to give the ttle compound 25 a light yellow solid (16.9 ).
TH NMF. (DMSO-d;) & 8.44 (br d, 1H), 7.82 (d, 1H), 7.44 (br 5, 1H), 7.12 (bi s, 2H), 2.74
(d, 3H), 2.10 (s, 3H).

EXAMPLE 6

A Sixth Preparation of 2-aming-5-cyano-N,3-dimetliylbenzamide

A 500-mL four-necked flask couipped with a mechanical stiner, thermocouple,
condenser, side-arm addition funncl and sodium hydroxide/sodium hypochlorite scrubber
was charged with 2-amino-S-tvomo-N,3-dimethylbenzamide (repared by ihe mcthod of
Feference Example 1) (24.6 g, 0.10 mol, 99% purity) and mesitylene (100 g) while
maintainin
The mivtor
prior to use:) (7.7 g, 0.15 mol, assuming 95% purity), copper(l) iodide (2.9 ¢, 0.015 mol, 98%
purity) and 1-buiyl-1H-imidazols (7.6 ¢, 0.06 mol, 98% purity) were added, aficr which time

ig an 1luosplu-1r of nitrogen through a gas inlei line connected (o the condenser,
re v

5 stirred at voom temiperature and sodinm cyanide (ground (o a powdcr just

the nitrogen inlet ling was attached divectly o the veaction flask, The reaction mixture was
heated at reflux (about 166-170 °C) for 6.75 h, while veniing through the scrubber.  After
conling to 25 °C, water (100 mL) was added o the reaction mixture and strring was
contimied for 1 k. The mixzre was filterad, and the solid collected was washed with water

(3 = 50 mL), mesitylens (50 g) and dried o a constani weighi in a vacaum-oven at 55 °C to

give the title compound as a light yellow solid (17.7 g).
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1 NMF. (DMSO-d) & .44 (br d, TH), 7.82 (d, 1H), 7.44 (br s, 1H), 7.19 (L 5, 2H), 2.74
(d, 3H), 2.10 (s, 3H). ’
EXAMPLE 7

A Seventh Preparation of 2-aming-5-cyano-N,3-dimcthylbenzamide

A 500-ral four-necked flask equipped with a mechanical siiver, thermocouple,
condenser, side-anm addition fimnel and sodium hydroxide/sodivm hypachloriic scrubber
was charged with 2-amino-5-bromo-N,3-dimethylbenzamide (preparcd by the method of
FPeference Example 1) (24.6 g, 0.10 mal, 99% purity) and mesitylene (100 g) while
maintaining an atmosphers of nitrogen throngh a gas inlet ling connceted to the condenser.
The mixture was stirred at room temperatuie and sodinm cyanide (ground o a powdor just
prior to use) (7.7 g, 0.15 mol, assuming 95% purity) and capper(l) iodide (2.9 g, 0.015 mol,
8% purity) and 1-zthyl-1H-imidazolz (5.9 g, 0.06 mol, 98% punity) were addcd, aficr which
tiwic the nitrogen inlet ine was attached divectly io the reaction flasl, The veaction mizfur:
was heated at reflux (about 166-170 °C) for $ h, while venting throngh ihe scrulibar, After
cooling overnight, water (100 L) was added, and stirving was continucd for 1 h. The
mizture was filtered, and the solid collccied was washed with water (3 » 50 mL), mesitylone
(50 g) and drizd to a constant weight in a vacuurm-oven ai 55 °C (o give ihe dile compaund
as a light yellow solid (18.0 g).

IH NMFE. (DMSO-dg) & 8.44 (br d, 1H), 7.82 (4, 1H), 7.44 (br s, 1H), 7.19 (br s, 2H), 2.74
(d, 3H), 2.11 (s, 3H).

EXAMPLE 8
An Eighth Preparation of 2-amine-5-cyano-N,3-dimethylbenzamide

A 500-mL fourmecked flasl: squipped with a mechanical stiveer, thermocouple,
comdenser, side-arm addition fnnel and sodinm hiydroxide/sodium hypochlorite scrubber
was charged with 2-amino-5-bromo-N,3-dimathylbenzamide (preparcd by the mcthod of
Feference Example 1) (24.6 g, 0.10 mol, 99% purity) and mesitylene (100 g) while
maintaining an atmosphers of nitrogen through a gas inlet ling connected to ithe condenser,
The mixture was stirred at room temperature, and sodivm cyanide (ground (o a powder just
prior tause) (7.7 g, 0.15 mal, assuming 95% purity), copper(l) iodide (2.9 g, 0.015 mol, 98%
purity) and I-butyl-1H-imidazole (9.5 g, 0.075 wiol, 98% purity) were added, after which
time the nitrogen inlet line was attached directly (o ihe reaction flask. The vcaction miriure
was heated at reflux (about 166-170 °C) for § h, while veniing ihrough the soiubber. After
cooling overnight, water (100 L) was added o the reaction mixture, and stirring was
contimied for 1 h, The mixiure was filtered, and the solid collected was washed with watcr
(3 = 50 1al), mesitylens (50 ¢) and dried to a constant weizhi in a vacuu-oven at 35 °C ©

give the title compound as a light yellow solid (17.0 g).
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EXAMPLE 9

A Hinth Preparation of 2-amino-5-cyano-N,3-dimethylbenzamide

A 500-mL four-necked flask equipped with a mechanical stirver, thermocouple,
condenser, sidc-arm addition funnel and sodium hydroxide/sodium hypochlovits: scrubber
was charged with 2-amino-5-bromo-N,3-dimethylbenzamide (prepared by the method of
Peference Example 1) (24.6 g, 0.10 mol, 99% purity) and mesitylenc (100 g) while
maintaining an atmosphers of nitrogen through a gas inlet line commectod (o the condenser,
The rcaction miziare was stirred at voom temperabns, and granular sodivm cyanide (Alfa
Acsa®, 7.7 g, 0.15 mol, assuming 5% purity), copper(l) iodide (2.9 g, 0.015 mal, 98%
purity) and 1-butyl-1 H-imidazole (10.8 g, 0.085 mol, 98% purity) were added o the reaction
mizture, after which time the nitrogen wlet line was attached dircetly o the reaction {laslz,
The reaction mixre was heated at refluz (abont 166-170 °C) for & L, whilz venting through
the scrabber and then allow to cool overnight. Water (100 wil) was addad to the reaction
mziure and stiring was continied for 45 minutes. More water (25 mL) was added to the
rcaction wixbure and stiving contirmed for an additional 15 minutes. The mixire was
filtcred, and the solid collzcted was washed with water (3 = 50 mL), mcsitylenc (50 g) and
dricd to 2 constant weight in a vacuum-aven at 55 °C o give the dtle compound as a light
yellow solid (16.8 g).

IH MMF. (DMSQ-d;) & 8.44 (br d, 1H), 7.82 (4, 1H), 7.44 (br s, 1H), 7.18 (br 5, 2H), 2.74
(d, 3H), 2.10 (s, 3H).

EXAMPLE 10

A Tenth Prepavation of 2-amino-5-cyano-N,3-dimethylbenzamide

A 100-mL three-necked flask equipped with a2 mechanical stivrer, ihermomctar and
condenser was charged with 2-amino-5-brorao-N,3-dimcthylbenzaraide (prepared by the
method of Reference Exaraple 1) (99% purity, 5.0 g, 0.02 mol) and wesitylene (20 g) while
maintaining a flow of nitrogen through a gas inlet line connccted o the condenser. The
reaction mixiure was stirred at room temparaturs, and sodivm cyanide powdor (CyPlus®,
1.40 g, 0.027 mol, assuming 95% purity), capper(l) cyanide (0.27 g, 0.003 mol, 99% puority),
sodium iodide (0.45 g, 0.003 mol, 99% purity) and 1-butyl-1H-imidazole (1.9 g, 0.015 mol,
8% punity) were added. The mixture was heated st reflux (about 167-168 °C) for 6 h and
then allowed to cool overnight. Waier (20 mL) was added dropwisc to the reaction milxture
over 5 mirmies while stiving. After stirving for an additional 1 b, ihe reaciion mixfure was
filtered, and the solid collecied was washed successively with water (3 = 10 mL), masitylenc
(10 L) and dried io a constant weight in a vacuuni-oven at 55 °C io give the title compound
as a light yellow solid (3.4 g).

TH NIAP. (DMSO-dg) 5 .44 (be s, 1H), 7.2 (br s, 1H), 7.44 (br s, 1H), 7.18 (br s, 2H), 2.74
(d, 3H), 2.10 (s, 3H).
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EXAMPLE 11

An Elevenih Preparation of 2-amino-5-cyaino-N,3-dimethylbenzanide
N 3

A 100-ml reactor (HP antoMATE high prassurs rcactor system constincted of
Hastelloy® C and produced by HEL, Inc., Lawrenceville, New Jerszy) was equipped with a

mcchianical stimer (constructed of Hasizlloy® C) with a twin turbine agitator (botton turbine

h

pumiping up and top tbine pumping down). The reactor was purged with nitrogeon, then
maintained under a nitvogen atmosphers, and charged suceessively with 2-arnino-S-bramo-
N,3-dimethylbenzamide (prepared by the method of Reference Examplz 1) (99% punity, 7.4
g, 0.03 mol), sodinm cyanids powder (CyPlus®, 2.3 g, 0.045 maol, assuiaing 95% purity),
10 copper(T) indide (98% purity, 0.87 g, 0.0045 mol), xylenss (30 g) and 1-butyl-1A-imidazole
(3.2 g, 0.0255 mol, 95% puriiy). The reactor was pressurized to 345 LPa with nitrogen and
then vented.  The mitrogen pressurization/venting  procedure was repeated five times.
Stirving was started at 300 rpm, and the reactor was lzal: (ested by pressurization o 690 1:Pa

for 20 minutss. The veactor was vented, the vent was closed, and the reaciion mixture was

15 heated at 170 °C for 6 b, The reaction mixiure was cooled o between 20 and 25 °C, and the
reactor was vented and allowed to stand over the weelend.  The reaction mixturs was
transferred to 2 250-mL Erlenmeycr flask, and water (30 ) was added. After stirring for 1 h,

the reaction mixture was Altersd and the solid collecied was washed successively with watcr
(3 = 15 mL) and »ylenes (15 mL), and dried to a constant weight in a vacuum-oven at 55 °C
20 to give the title compound as a light yellow solid (5.2 g).
IH MME. (DMSOQ-45) 6 €.44 (br s, 1H), 7.82 (br s, 1H), 7.44 (brs, 1H), 7.18 (br s, 2H), 2.74
(d, 3H), 2.10 (s, 3H).
EXAMPLE 12

An Twelfth Preparaiion of 2-amine-5-cyzno-N,3-dimethylbonzamide

25 A 100-mL reactor (HP antoMATE high pressuie veactor systoni construcied of
Hastclloy® C and produccd by HEL, Inc) was equipped wiih a mechanical stirrer
(construcicd of Hasteloy® C) with a twin turbine agitaior (bottom tuikineg pumnping up and
top turbine pumping down). The reactor was purged with nitvogen, then mainiained under a
nitrogen  atmosphere,  and  charged  successively  with  2-amino-S-bromo-N,3-

30 dimethylbenzamide (prepared by the method of Reference Example 1) (99% pwrity, 7.4 g,
0.03 mol), sodium cyanide powder (CyPlus®, 2.3 g, 0.045 mol, assuming 95% purity),
copper(l) iodide (98% purity, 0.87 g, 0.0045 mol), wluene (30 g) and 1-butyl-1H-iniidazole
(3.2 2,0.0255 mol, 98% purity). The reactor was pressurized to 345 EPa with nitrozen and
then vented.  The nifrogen pressurization/veniing procedure was vepeaied five times.

35  Sinring was started at 300 rpm, and ihe reactor was lzalt (esied by pressurization w 690 1:Pa
for 20 minutes. The reactor was vented, the vent was closed, and the reaction mixture was
lizated at 170 °C for 6 h. The reaciion mixiure was cooled o batween 20 and 25 °C, and the

reactor was vented and allowed to stand over the weelzend. Then the reaction mixture was



10

30

000046

WO 2009/111553 PCT/US2009/036012

36

transferred io 2 250-mL Erlenmeyer Qasly, and water (30 g) was added. Afier stinng for 1 h,

the: reaction mixture was filtered, and the solid collected was washed successively with waicr

(3 x 15mL) and tolnenz (15 mL), and dried to a constant weight in a vacuum-oven at 55 °

to give the title cormpound as a light yellow solid (5.0 g).

TH NMF. (DMSOQ-7:) & £.44 (br 3, 1H), 7.93 (b s, 1H), 7.44 (br s, 1H), 7.19 (br s, 2H), 2.75
(d, 3H), 2.11 (s, 3H).

EXAMPLE 13
A Thirtzenth Preparation of 2-amino-5-cyana-N,3-dimcthylbenzamide

A 100-maL reactor (HP autoMATE high pressurs veactor systemn construcicd of
Hastelloy® C and produced by HEL, Inc.) was equipped with a mechanical  stirrer
(constrocted of Hastelloy® C) with a twin turbine agitator (bottom turbine puniping up and
top furbing pumping down). The reactor was purged with nitvogen, then maintained undeor a
nitrogen  atraosphers,  and  charged  suceessively  with 2-amine-S-nomo-N,3-
dimcthylbenzamide (preparcd by the method of Feference Example 1) (99% purity, 7.4 g,
0.03 mol), sodivm cyanide powder (CyPlus®, 2.3 g, 0.045 mal, assuming 5% purity),
copper(l) odide (98% purity, 0.87 g, 0.0045 mol) and »ylenes (20 @), The reactor was
pressurized (0 345 1:Pa with nitrogen and then vanted., The nitrogen pressurizaiion/venting
procedure was repeated two times. Siirving was started at 300 rpm, and the reactor was leals
tested by pressurization to 690 1Pa for 20 winuies. The reactor was vented o aimospheric
pressure, and a soluilon of 1-methylimidazole (1.86 g, 0.0255 mol, 99% purity) in xylenes
(10 mL) was added o the reaction mixure, The reactor was pressurized to 345 1Pa with
nitrogen and then vented. The nitrogen pressurization/venting procedure was repeated fwo
timies, The reactor vent was closed, and the mirture was heated at 170 °C for € h. Then the
reaction mixture was cooled to hetween 20 and 25 °C, and the rcactor was vented and
allowed o siand overnight.  Then ihe veaction mixiure was  diluted  with N N-
dimethylformamide (DMF) (iotal weight of the reaciion miviure after dilution with DMF
was 100 2) and analyzed by HPLC, which indicated 98% conversion of the 2-amino-5-
bromo-N,3-dimethylbenzamide  with  2-amino-5-cyana-N,3-dinicthylbenzamide being  the
major product. |

EXAMPLE 14

A Fourtcenth Preparation of 2-amino-5-cyano-N,3-dimethylbenzamide

A 100-mL reactor (HP antoMATE high pressuve rvzactor systern constructed of
Hastelloy® C and produced by HEL, Inc.) was aquipped wiith a mechanical siirror
(constructzd of Hastelloy® C) with a iwin turbine agitator (botiom turbing pumping up and
tap tarbine puraping down). The reactor was purged with nitrozen, then maintained under a
nifrogen  atmosphere,  and  charged  suecessively  wiih 2-amino-5-bromo-N,3-

dimethylbenzamide (prepared by the method of Reference Example 1) (9% purity, 7.4 g,
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71

0.03 mal), sodium cyanide powdsr (CyPhua®, 2.3 g, 0.045 mol, assuming 5% purity),
copper(l) 1odide (9€% purity, 0.87 g, 0.0045 mol) and wliene (20 g). The rcactor was
pressurized o 345 1Pa with nitrogen and then ventad., The mitrogen pressurization/venting
procedurs was repaated twa dmes. Siliring was started at 300 rpr, and the vcactor was lealz
tested by pressurization to 690 IPa for 20 minutes. The veactor was venicd o aimospharic
pressure, and a solution of J-methylimidazole (1.86 g, 0.0255 mial, 99% purity) in tolucne
(10 mL) was added o the reaction mixivre, The reactor was pressurized (o 345 EPa with
nittogen and then vented., The nitvogen pressurization/venting procedure was repeaicd two
timcs. The veactor vent was closed, and the mizire was heated at 170 °C for € h. The
reaction mixiire was coolod o betweesn 20 and 25 °C, and the reactor was ventcd and
allowed to stand overnight. Then the reaction miziure was diluted wiih DMF (total weight
of the reaction mizire after dilution with DMF was 100 g) and analyzcd by HPLC, which
indicated 99% conversion of the 2-amino-5-bromo-N,3-dimethylbenzamddz with 2-amino-5-
cyano-N,3-dinethylbenzamide being the major product.
EXAMPLE 15

A Fifteenth Preparation of 2-amino-5-cyano-N,3-dimzihylbenzamide

A 100-mL reactor (HP autoMATE high pressurc reactor sysicmi constructad of
Hastelloy® C and produccd by HEL, Inc) was equippad with a mechanical stirrer
(constructed of Hastelloy® C) with a twin tbine agitator (bottorm turbine pumping up and
top turbinz pumping down). The reactor was purged with nitrogen, then maintaincd under a
nittogcn atmosphers,  and  charged  suceessively  with  2-amino-5-bromo-N,3-
diracthylbenzamide (prepared by the method of Refercnce Example 1) (99% purity, 7.4 g,
0.03 mal), sodiurn cyanide powder (CyPlus®, 2.3 g, 0.045 mol, assuming 5% purity),
copper(I) iadide (98% purity, 0.87 g, 0.0045 mwol) and xylencs (20 g). The reactor was
prossurized to 345 IPa with nitrogen and then vented. The niirogen pressurization/venting
procedure was repeated two tiracs. Stirring was siaried st 300 rpm, and the reactor was leak
tested by pressurization to 690 1:Pa for 20 minutes. The reactor was venied (o atmosphoric
pressure and a solution of 4-methylimidazole (1.86 g, 0.0255 mol, 8% puriiy) in xylcnes
(10 mL) was added o the reaction mixiurs, The reactor was pressurized o 345 kPa with
nitrogen and then vented. The nitrogen pressuization/venting procadure was repcated two
timics. The reactor vent was closed, and the miziure was heated at 170 °C for 12 b The
reaction mixture was coaled to betwezen 20 and 235 °C, and the reactor was venicd and
allovrzd (o stand overnight. Then the reaction mixiure was diluied with DMF (total weight
of the reaction mixture after dilution with DMF was 100 g) and analyzcd by HPLC, which
indicated 8% conversion of the 2-aming-5-hromo-N,3-dimethylbenzamide with 2-aminoe-3-

cyano-N,3-dimethylbenzaraide being the major product.
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EXAMPLE 16

A Sixicenth Preparation of 2-amno-5-cyano-N,3-dimethylbenzamide

A 100-mL reactor (HP autoMATE high pressure reactor system construciod of

Hastelloay® € and produced by HEL, Inc.) was cquipped with a mechanical stirrer

5 (consiructed of Hastelloy® C) with a twin mrbing agitator (bottom turbine pumping up and
top twbine pumiping down). The reactor was purged with nitrogen, then maintaincd under a
nitrogen  atmosphere,  and  charged  successively  with  2-amino-5-bromo-N,3-
dimethylbenzamides (preparsd by the method of Reference Example 1) (99% purity, 7.4 g,

0.03 mal), sodiwm cyanide powder (CyPlus®, 2.3 g, 0.045 mol, assurning 95% purity),

10 capper() iodide (98% purity, 0.87 g, 0.0045 mel), 1,6-bis(imidazol-1-yDhezane (2.5 g,
0.011 mol) snd =ylenas (30 g). The reactor was prassurized to 345 EPa with nitrogen and

then vented. The nitrogen pressurization/venting procodure was vepezated two tinies, Stirring

was staried at 300 rpm, and the reacior was leals tested by pressurization o 690 Pa for 20
minutes. The reactor was venled (o atmospheric pressure, the vent was then closed and the

15 reaction mixture was heatzd at 170 °C for 12 b The reaction mixture was cooled to betweon
20 and 25 °C, and the reactor was vented and allowed to stand overnight. Then the reaction
mizture was diluted with DMF (total weight of ihe veaction miziure after dilution with DMF

was 100 g) and analyzed by HPLC, which indicated 93% conversion of the 2-amino-5-
bromo-N,3-dimethylbenzamide with  2-amino-S-cyano-N,3-dimethylbenzamide being the

20 major product.

EXAMPLE 17

A Seventeenth Preparation of 2-amino-5-cyano-N,3-diniethylbenzamidg

A 125-mL reactor (Advaniage Series® 3400 Process Cheristiry Worlisiation, sold by

Biotage) was equipped with a mechanical stivrer (shaft conatructed of Hastclloy® C wiih

25 polyetheretherlztons (PEEK) stirrer bearing and PEEK twhine style agitator), tcmporature
probe (constincted of Hastelloy® C) and a reflux condenser. The reactor was charged with
2-amino-S-tromo-N,3-dimethylbenzamids (prepared by the method of Reforence Example

1) (99% purity, 9.8 g, 0.04 mol), copper(l) iodids (98% purity, 1.17 g, 0.006 mol) and
grarmlar sodium cyanids (Alfa Acsar®, 3.09 g, 0.060 mol, assuming 95% purity). The

30 reactor was purged with nitrogen through & gas inlzt line connecied o the condenser, then a
solution of 1-butyl-1H-imidazals (0.76 g, 0.006 mol, 98% purity) in mesiiylenz (40 g) was
added to ihe veaction mixture. The agitator was twned on 9 300 wpra, and the wixture
heated to refluz for ¢ b, The reacilon mixiure was cooled 20 °C and allowed to stand
overnight. Then the reaction mixiure was diluted with DMF (ioial weighi of the reaciion

i iure aficr dilution wiih DMF was 130 2) and analyzed by HPLC, which indicaizd 97%

78]
n

conversion of the 2-amino-5-tromo-N,3-dimethylbenzamide with 2-amino-5-cyano-N,3-

dimethylbenzamide being the major produci.
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EXAMPLE 18

An Eighteenth Preparation of 2-amino-S-cyano-N,3-dimethylbenzamide

The title compound was prepared by the procedurc of Example 17 using a different
amouni of 1-butyl-1H-immdazole (1.52 g, 0.012 mol). Analysis of the reaction mixiure by
5 HPLC indicated 97% conversion of the 2-amino-S-bromwmo-N,3-dimcthylbenzammds with 2-
amino-5-cyano-N,3-dimethylbenzamide being the major product.
EXAMPLE 19
A Nincteenth Preparation of 2-amina-5-cyana-N,3-dimcthylbenzamide

The title compound was preparad by the procedure of Example 17 using a different
10 amount of 1-butyl-1H-imidazols (2.27 g, 0.018 mol). Analysis of the reaction mixture by
HPLC indicated 97% conversion of the 2-amino-5-broma-N,3-dimaethylbenzaride with 2-

arnino-5-cyano-N,3-dimethylbenzamide being the major product.

EXAMPLE 20
A Twentieth Preparation of 2-amino-5-cyano-N,3-dimethylbenzamide

15 The title compound was prepared by the procedure of Example 17 using a different
amount of 1-butyl-1H-imidazole (3.03 g, 0.024 mol). Analysis of the veaction wixture by

HPLC indicated 99% conversion of the 2-amine-S-tromo-N,3-dimethybonzaude with 2-

amino-5-cyano-N,3-dimethylbenzamide being the major product.

EXAMPLE 21

20 A Twenty First Preparation of 2-aming-S5-cyano-N,3-dimethylbenzamide

The title compound was prepared by the procedure of Exaniple 17 using a different
amount of 1-butyl-1H-imidazole (3.82 g, 0.030 mol). Analysis of the reaction mixiure by
HPLC indicated 98% conversion of the 2-anming-5-bromo-N,3-dimethylbenzandde with 2-

amino-5-cyano-N,3-dimethylbenzamide being the major product.

25 EXAMPLE 22
Preparation of 3-brorma-1-(3-chloro-2-pyridinyl)-N-[4-cyano-2-meihyl-6-
[(methylamino)carbonylphenyl]-1 H-pyrazole-5-caitoxaimide

To a mixture of 3-bromao-1-3-chloro-2-pyvidinyl)-1H-pyrazole-5-carboxylic acid
(sce PCT Pateni Publication WO 2003/013319 for a methad of prepavation) (3.02 g,
0.010 mol) and  2-amino-S-cyano-N3-dimethylbenzamide  (prapared by the method of

(R
<

Example 9, with the cxception that the 2-amine-5-bromo-N,3-dimcihylbenzamide was
obtaincd from a commercial sourcs and sodium cyanide powder frorn CyPlus® was uscd)
(1.29 g, 0.0105 mol) in acetonitrile (16 mL) was added 3-picoline (2.92 mL, 0.030 mol).
The reaction mixbure was cooled to 15 10 20 °C, and then methanesulfonyl chloride (8.2 o,
35 0071 mol) was added dropwise. After stirring for 2 b at 20 °C, watcr (7.5 mL) was added

dropwise to the reaction mixture while maintaining the emperature at 20 w 25 °C. After
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5 minutes, concenirated hydrochloric acid (0.50 mL) was added, and the rcaction mixture
was stirred for 1 h at 20 °C. The muxture was filicred, and the solids collzcted wers washed
with acctonitrile-water (3:1 mixiure, 2 x 2 ml) and watcr (2= 2wl), and dricd under
nitrogen to afford the title compournd (4.26 g) as an off-white salid meliing af 206-208 °C.
TH NME (DMSO-J5) 5 10.32 (e s, 1), 8.50 (dd, 1H), $.36 (m, 1H), $.17 (dd, 1H), 7.88 (d,

1H), 7.76 (d, 1H), 7.62 (i, 1H), 7.41 (s, 1H), 2.66 (d, 3H), 2.21 (s, 3H).

REFERENCE EXAMFLE 2
Preparation of 3-bromo-1-(3-chloro-2-pynd inyl)—N—[4-cya116-2-11115:t11y1-6-
[(miethylaraino)carbonylJphenyl]-1H-pyrazolz-S-carboxamide (a compound

of Formula 4)

To a mizture of 3-bromo-1-(3-chloro-2-pyridinyl)-1 H-pyrazole-S-carboxylic acid (sce
PCT Patent Publication WO 2003/015519 for a method of preparation) (15 g, 0.049 mel,
97.4% purity) and 2-amino-5-cyano-N,3-dimethylbenzammde (see PCT Patent Publication
WO 2006/62978 for a method of preparation) (10.0 g, 0.0525 mol) in acctoniicile (80 mL)
was added 3-picoline (13.9 g, 0.148 mol). The reaction mizture was eooled to 15 6o 20 °C,
and then methanesulfonyl chloride (S.2 g, 0.071 maol) was added dropwisc. Afier 1k, water
(37.3 g) was addzd dropwise (o the reaction mixture while maintaining the temporaturs at
5 to 20 °C. The mixture was heated at 45 10 50 °C for 30 minmtes and then cooled o 15 (0
25 °C for 1T b, The mixtore was filtered, and the solids collecicd were washed with
acctonitrile-watzr (approximately a 5:1 mixture, 2 = 10 mL) and acctonitrile (2 x 10 mL),
and then dried under nitrogen to afford the titls compound (24.0 g, 93.6% correcied yield
based on ain assay of 91.6%) as an off-white solid.
TH NME. (DMSO-7:) & 10.53 (br s, 1H), .49 (dd, 1H), £.36 (m, 1H), 2.16 (dd, 1H), 7.87 (d,
1H), 7.76 (d, 1H), 7.60 (m, 1H), 7.41 (s, 1H), 2.67 (d, 3H), 2.21 (s, 3H).

Takle 1 illustraies the particular tvansformations to propare compounds of Formula 1
according to a method of the present invention. For these transformations, the copper(l) salt
reagent and the iodide salt reagent are copper(l) iodide. In Table 1 and the following takles:
t means tertiaty, § means secondary, # means normal, / mcans 8o, ¢ micans cyclo, Mc means
mcthyl, Bt means ethyl, Pr means propyl, and Bu means butyl. Concatenations of groups arc

ablbweviated similarly; for exampls, “c-PrCH,” means cyclopropylhaethyl,
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TABLE 1
2 2
R metal cyanide reagent R
NH, Cu(T) salt reagent NH,
lodide salt reagent o
1 R 1

X COR. NC COR

I

RS

3

Plic NI-IP.3, ¥ ig Br, and the metal cyamde i codinm cyanide.
K2 & RS RE R’ K8
Me H Me H H H
Me Me Me H H H
Me Et Me H H H
Mc n-Pr Me H H H
Me i-Pr Me H H H
Me n-Bu Me H H H
Me i-Bu Me H H H
Me s-Bu Me H H H
Me -Bu Me H H H
Me c-Pr Me H H H
Me ¢-PrCH» Me H H H
Me 1-CH3-¢-Pr Me H H H
Me 2-CH3-c-Pr Me H H H
Me 1,1'-bicyclopropyl-2-yl Me H H H
Me 1,1'-bicyclopropyl-1-yl Me H H H
Me (1R,28)-1,1"-bicyclopropyl-2-yl Me H H H
PlizMHP3, Vs By, and the metal cyanide ic potazsium cyanide.

Me H Me H H H
Me Me Me H H H
Me Et Me H H H
Me n-Pr Me H H H
Me i-Pr Me H H H
Me n-Bu Me H H H
Me i-Bu Me H H H
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Pl ic MHP3, ¥ iz Br, and the metal cyanide iz potaztinm cyamde.

R2

Me

R3
s-Bu
-Bu
c-Pr
¢-PrCH,
1-CH3-c-Pr
2-CH3-c-Pr
1,1"-bicyclopropyl-2-yl
1,1'-bicycloprapyl-1-yl
(1R,28)-1,1"-bicyclopropyl-2-yl

R
Me
Me
Me

Me
Me

PlictHP3, ¥ iz Pr, and the metal cyanide is polazsivim hexacyanoferrate(Il).

R?

P!isrmp3

R2

K>
H
Me
Et
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
1-Bu
c-Pr
c-PrCH»
1-CH3-c-Pr
2-CH3z-c-Pr
L1'-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(1R,28)-1,1"-bicyclopropyl-2-yl

e

R2
H
Me
Et
n-Pr
i-Pr

R

Me

T iz Br, and the metal cyanide iz sodivm cyanide.

RS
n-Bu
n-Bu
n-Bu
n-Bu

n-Bu

RG

T X T & =

= T o@D @m & & & T T T

a~J= - - - S N
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K’ RS
H H
H H
H H
H H
H H
H H
H H
H H
H H
K7 k8
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
R’ R®
H H
H H
H H
H H
H H

2
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Pl iz 1THP3, 7 iz By, and the meial cyaaide is zodivm cyanide.
Me n-Bu n-Bu H H H
Me i-Bu n-Bu H H H
Me s-Bu n-Bu H H H
Me -Bu n-Bu H H H
Me c-Pr n-Bu H H H
Me ¢-PrCHy n-Bu H H H
Me 1-CH3-c-Pr n-Bu H H H
Me 2-CHy-c-Pr r-Bu H H H
Me 1,1%bicyclopropyl-2-yl n-Bu H H H
Me 1,1'-bicyclopropyl-1-yl n-Bu H H H
Mec (1R,25)-1,1"-bicyclopropyl-2-yl i-Bu H H H

Pl iz MHAP3, ¥ iz By, and the metal cyanide 13 polassium cyanide.

Me H n-Bu H H H
Me Me n-Bu H H H
Me Et n-Bu H H H
Me n-Pr n-Bu H H H
Me i-Pr n-Bu H H H
Me n-Bu n-Bu H H H
Me i-Bu n-Bu H H H
Me s-Bu n-Bu H H H
Me -Bu n-Bu H H H
Me c-Pr n-Bu H H H
Me c-PrCHy n-Bu H H H
Me 1-CH3-c-Pr n-Bu H H H
Me 2-CHg-c-Pr n-Bu H H H
Me 1,1"-bicyclopropyl-2-yl n-Bu H H H
Me 1,1-bicyclopropyl-1-yl n-Bu H H

Me (1R,25)-1,1"-bicyclopropyl-2-yl n-Bu H H H

P! is MHP3, ¥ ic Br, and the metal cyanide 15 potaczinm hexacyanofzirate(Il).

RZ R3 R” RS R’ R®
Me H n-Bu H H H
Mec Me n-Bu H H H

Me Lt n-Bu H H H
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Plic II‘HP}, M is Br, and ihe meial cyanide iz potascinm hexacyanofermrate(l).

RZ

Pl ic 1THE3, T2 and P10 ave talien ogether as -CH=1T-CH=CH-, ¥ iz Br, and the metal

cyanide.

R?
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
c-Pr
c-PrCHy
1-CHy-c-Pr
2-CHgz-c-Pr
1,1-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl

&3
H
Me
Et
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
c-Pr
¢-PrCHy
1-CHg-c-Pr
2-CHg-c-Pr
1,1"-bicyclopropyl-2-yl
1,1%-bicyclopropyl-1-y1

(1R,25)-1,1"-bicyclopropyl-2-yl
Propy Y

RS
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu
n-Bu

#n-Bu

R>
(CH,)4NROR10
(CH)4MNRIR!O
(CH4)4NRIRI 0
(CH5)4NROR10
(CH),NROR!0
(CH)4MRIRI0
(CH,)4NROR!0
(CH,)4NRIR!O
(CH,),MROR10
(CHy)4NROR!0
(CH,)4MROR10
(CHy)MRORIO
(CH,)4NROR!0
(CH3) 2 10
(CH,) 4210
(CH,)rop 10

RS

(
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H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H

cyanide ic sodium

R’ R8
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
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PlicTHP3, P2 and 10 ape eken iwgether as -CH=IT-CH=CH-, * is By, and the metal cyanide i5 potassiom

cyanide.

Me
Me

Et
n-Pr
i-Pr
n-Bu
i-Bu
5-Bu
i-Bu
¢-Pr
¢-PrCH5
1-CHy-c-Pr
2-CHy-c-Pr

1,1-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(1R,28)-1,1bicyclopropyl-2-yl (CHy)4MROR!0

R
(CHy)4NRIR10
(CH,)4NROR10
(CHy)4WRIR10
(CH)4NROR!0
(CHZ)4NROR10
(CHg)4NRORIO
(CH,)4NROR10
(CH5)4NRIR!O
(CHy)4NRRI0
(CHZ)4NRIR10
(CH)4NRIR10
(CH)4NRORI0
(CH)4NROR!0
(CH,)MRIRIO
(CH,)MROR10

Pl iz 1THP3, P2 and 710 are talen toaether as -CH=11-CH=CH-, ¥ i¢

potassivm hexacyanoferrate(Il).

R2

Et
n-Pr
i-Pr

n-Bu
i-Bu
s-Bu
i-Bu
c-Pr
c-PrCH5
1-CHz-c-Pr
2-CHg-c-Pr

1,1-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl

R
(CH),MRIR!0
(CH7)4NROR!0
(CHy)4NRIR10
(CHZ)4MNRIR10
(CH,)4NRR!0
(CH2)4NROR!0
(CHy)4MNROR10
(CH)4NROR!0
(CH),MRIR!0
(CH)4,NRIR10
(CHy),MRIRI0
(CHZ)4MRIRIO
(CHo)4NROR10
(CH5),NROR10
(CH,)4NRORIO

RS

H
H
H

Dy, and the melal eyanide is

Rr7

H
H

RS
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
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Pl TH—IP3, P2 and 10 ave 1aken toacther ac -CH=1-CH=CH-, ¥ is By, and (b meial cyanide is
potassium hexacyanoferrate(IT).
R2 R3 RO R R7 R8

Me (1R,285)-1,1"bicyclopropyl-2-yl (CH,)4NRIR!1O H H H

Plio1IHP?, P2 and 1210 are islien together az -CH=11-CH=CH-, ¥ iz Bs, and (he metal cyanide is

sodinm cyanide.

R? R3 K3 RS R7 RS
Me H (CHy)sNRIRIO . H H
Me Me (CH»)sMNRIRIO 1 H H
Me Me (CHy)eMRIRIO g H H
Me Et (CHz)NRIRIO H H
Mc #-Pr (CH»)sNRIR!0  H H H
Me i-Pr (CHy)cMRIRIO | H H
Me nBu (CH,)sNRIR10 H H H
Me i-Pu (CHp)6NRIR!0 1 H H
Me s-Bu (CHZ)sNRIR!0 H H H
Me t-Bu (CHy)sNRORIO H H
Me c-Pr (CHp)eNROR!IO 1 H H
Me c-PrCH, (CH.)sNROR!IO | H H
Me 1-CHj-c-Pr (CHy)sMNRORIO  p H H
Me 2-CH3-c-Pr (CHy)gNRIRIO | H H
Me 1,1"-bicyclopropyl-2-yl (CHZ)sMROR10 H H H
Me 1,1"bicyclopropyl-1-yl (CHy)NRORIO H H H
Me (1R,28)-1,1"bicyclopropyl-2-yl (CHy)sHEIRIO H H H

PLictTHP3, P and P10 are talen together az -CH=11-CH=CH-, 77 iz Br, and the metal cyanide is

potassium cyanide.

Me H (CH)gNRR!0 H H H
Me Me (CH,)gNRIR!0 H H H
Me Lt (CH7)sMRORIO | H H
Me n-Pr (CHy)sMRIRIO H H
Me i-Pr (CHp)sNRIRIO  H H H
Me n-Bu (CHy)gNRIRI0 H H
Me i-Pu (CHy)sNRORIO g H H
Me s-Bu (CH)sNRORIO 1 H H

Me 1-Bu (CHy)NRIRIO H H H
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Pliz1THE2, P2 and T10 are ialien ogether ag -CH=11-CH=CH-, * 15 Br, and the metal cyanide is

potassium cyanide.

Pli T]T—]T'.3, P2 and P10 are talen iogether az -CH=TI-CH=CH-, >7 iz Br, and the metal cyanide is

k2

wr

R
c-Pr
c-PrCHy
1-CHy-c-Pr
2-CH3-c-Pr
1,1-bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl

47

R
(CHy)sNRIRI0
(CH5)sNRIR10
(CH,)sNRIR!O
(CHy)sNRIR!0
(CHy)NRORIO
(CH,)sNRIR10

(1R,25)-1,1-bicyelopropyl-2-y1 (CHy)gNROR10

potassium hexacyanoferrate(ll).

R2

R3
H
Me
Et
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
c-Pr
c-PrCH;
1-CH3-c-Pr
2-CHz-c-Pr
1,1 bicyclopropyl-2-yl

1,1-bicyclopropyl-1-y1

R’
(CH4)sNRIR10
(CH4)¢NRIR10
(CHZ)sNRIR!0
(CH,)sNRIR10
(CH)sNROR!0
(CH7)gNROR10
(CH,)sNRIR10
(CH2)¢NRIR!0
(CH;)sNRIRI0
(CH,)sNRIR10
(CH4)sNROR10
(CH,)sNRIR!O
(CH7)GNRIR!0
(CHo)sHEIR10
(CHy)NRIR10

(1R,25)-1,1"bicyclopropyl-2-yl (CH,)sHPORIO

RS
H
H
H
H
H
H
H

RO

H
H
H
H
H
H
H
H
H
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R7
H
H
H
H
H
H
H

R’
H
H
H
H
H
H
H
H
H
H
H
H

Plis TII—IR3, T? end P10 are talien together as -CH=N-CH=CH-, 37 is Iy, anad the metal cyanide iz sodium

cyanide.
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pl isz'l']-l]",g', P9 and T10 are 1alen waether az -CH=T-CH=CH-, ¥ iz By, and the motal cyamde iz sodium

cyanide.
R2 R3 RS RS R’ 8
Me Me Me H Me Me
Me Me Et H H H
Me Me n-Pr H H H
Me Me i-Pr H H H
Me Me n-Bu Me H H
Me Me n-Bu H Me H
Me Me n-Bu H H Me
Me Me n-Bu H Me Me
Me Me s-Bu H H H
Me Me i-Bu H H H
Me Me 1-Bu H H H
Me Me n-pentyl H H H
Me Me n-hexyl H H H
Me Me n-heptyl H H H
Me Me n-octyl H H H
Me : Me n-nonyl H H H
Me Me n-decyl H H H
Me Me n-decyl Mc H H
Me Me n-undecyl H H H
Me Me n-dodecyl H H H
Me i-Pr Me H H H
Me i-Pr n-Bu H H H
Me i-Pr (CH)4NRIR!0 H H H
Me i-Pr (CH5)sNROR10 H H H
Me i-Pr (CH9)gNROR10 H H H

P is MHP3, P2 and P10 are talen woaciher as -CH=11-CH=CH-, X7 iz Br, and the meial cyanide is

potassium cyanide.

R2 R3 RS RS R7 RS
Me Me Me Me H H
Me Me Me H Me H
Me Me Me H H Me
Me Me Me H Me Me
Me Me Et H H

Me Me n-Pr H H H
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Pl iz 1mHPe3, P2 and P10 ave 1aken waether ag -CH=1T-CH=CH-, 27 1z By, and the metal cyanide is

potassium cyanide.

R? R> K> RS R’ RS
Me Me i-Pr H H H
Me Me n-Bu Me H H
Me Me n-Bu H Me H
Me Me n-Bu H H Me
Me Me n-Bu H Me Me
Me Me s-Bu H H H
Me Me i-Bu H H H
Me Me -Bu H H H
Me Me n-pentyl H H H
Me Me n-hexyl H H H
Me Me n-heptyl H H H
Me Me n-octyl H H H
Me Me n-nonyl H H H
Me Me n-decy!l H H H
Me Me n-decyl Me H H
Me Me n-undecyl H H H
Me Me n-dodecyl H H H
Me i-Pr Me H

Me i-Pr n-Bu H H H
Me i-Pr (CH)4NRIR10 H H H
Me i-Pr (CH,)sMRIRI0 H H H
Me i-Pr (CH-)gNRIR10 H H H

Plic NI—]’P,3, P2 aud P10 apc talen togeiher ag -CH=IT-CH=CH-, X is Br, and the metal cyanide is potassium

hexacyanoferrate(1l).

Me Me Me Me H H
Me Me Me H Me H
Me Me Me H H Me
Me Me Me H Me Me
Me Me Et H H H
Me Me n-Pr H H H
Me Me i-Pr H H H
Me Me n-Bu Me H H

Me Me n-Bu H Me H
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Pl ic1iHE3, F? a0d 710 are talien logether ag -CH=I-CH=CH-, X ic By, and ih: meial cyanide i potassium

hexacyanoferrate(Il).

R2

i-Pr
i-Pr
i-Pr
i-Pr

R
n-Bu
n-Ru
s-Bu
i-Bu
-Bu
n-peityl
n-hexyl
n-heptyl
n-octyl
n-nomnyl
n-decyl
n-decyl
n-undecyl
n-dodecyl
Me
n-Bu
(CH,)4NRIR 10
(CH5)sNRIR!0
(CH5)GNRIR10

=3

oo X D @D T O T o= & oT |

T T =

H
H

T = I ©T LT & ¥ £ &=m = = T T

bt el et et
e W R

Plis TH—IP3, P and P10 arc alen ivgelher ag -CH=IT-CH=CH-, X iz Cl, and ihe mclal cyanide is codinm

cyanide.

Me
i-Pr
i-Pr

RS
Me
Et
n-Pr
n-Bu
(CHy),MRIR10
Me

(CHo)4NRIR10

T =& I @

H

H
H

H

p! iS]IHP,?’: P2 and P10 arc talen together ag -CH=TL-CH=CH-, >0 iz C1, and the meial cyanide i polazsium

hexacyanoferrate(IT).
R2
Me

R3
Me

RS
Me
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PlicTmHr3, T "D and P10 are iaken wgziher az -CH=1-CH=CH-, > ic C], and the macial cyanide it potassiom

hexacyanoferrate(1I).

Me Me Et H H H
Me Me n-Pr H H H
Me Me n-Bu H H H
Me Me (CH»)4NROR!C H H H
Me i-Pr Me H H H
Me i-Pr (CH,)4NRIR10 H H H

Plis TIHI‘_3, P2 and P10 are 1alen iogzther as -CH=11-CH=CH-, > is By, and ilc metal cyanide iz codium

cyanide.
R2 R4 R RS R’ R8
Cl Me Me H H H
Cl Me Et H H H
Cl Me n-Pr H H H
Cl Me n-Bu H H H
Cl Me (CH;)4NROR10 H H H
Cl i-Pr Me H H H

Cl i-Pr (CH,)4MRIR10 H H H

Pliz P4, P9 and P10 are walien waeiher as -CH=I-CH=CH-, ¥ iz Rr, and the mctal eyanide iz sodinm

cyanide.
R2 k4 RS RS R’ RS
Me H Me H H H
Me Me Me H H H
Me Et Me H H H
Me n-Pr Me H H H
Me i-Pr Me H H H
Me n-Bu Me H H H
Me s-Bu Me H H H
Me i-Bu Me H H H
Me -Bu Me H H H
Me H n-Bu H H H
Me Me n-Bu H H H
Me Et n-Bu H H H
Me n-Pr n-Bu H H H
Me i-Pr n-Bu H H H
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Fliz or?, 19 and P10 are 1aken iogather az CH=TTWCH=CH-, 2is Br, and the meial cyanide ¢ codium

cyanide.

n-Pr
i-Pr
n-Bu
s-Ru
i-Bu

-Bu

n-Pr
i-Pr
n-Bu
s-Bu
i-Bu
-Bu
H
Me
Et
n-Pr
i-Pr

n-Bu

RS

i-Bu

n-Bu

n-Bu

n-Bu
(CHy)4NRORTO
(CH,)4NRIR10
(CHZ)4NRIR10
(CH,)4NRIR!O
(CHy)4NROR10
(CH,)4MNRIR!0
(CH,),NROR10
(CH)4MRIR!0
(CH,)4MRIR10
(CH;)sNRIR10
(CH,)sNRIR10
(CHy)sNRIR!0
(CH4)sMNRIR!0
(CH)sNROR10
(CH4)sHROR!O
(CH,)3MRIRI0
(CH4)sNRIR10
(CH5)sNROR!0
(CH)gNRIR10
(CHy)MRIR!O
(CH4)gNRIR10
(CHy)gMROR!0
(CH;)gMRIR10
(CHZ)gMOR10
(CHy)gMRIR!0
(CH,)gNRIR!0
(CHy)gMRIR!0

RS

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

R7

H
H

RS

H
H
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rlicoré, I'9 and P10 are telien iogether as -CH=1T-CH="H-, > is Iir, and the metal cyanide i5 sodium

cyanide.

R2
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

n-Pr
i-Pr
n-Bu
s-Bu
i-Bu
-Bu

H

Et
n-Pr
i-Pr
n-Bu
s-BPu
i-Bu
-Bu
H
Me
Et
n-Pr
i-Pr
n-IBu
s-Bu

i-Bn

n-Bu

n-Bu

n-Bu

n-Bu

n-Bu

1n-Bu

n-Bu

n-Bu

n-Bu
(CH,)4NRIR1O
(CHp)4NROR1O
(CH,)4NRIR!O
(CH5)4NROR10
(CH)4NRRIO
(CH)4NRIR10
(CH,)4NRIR!0
(CH,)4NROR10
(CH-)4NROR10
(CH,)gMRIR!0
(CH2)sNROR10
(CH;)sNRIR!0
(CH7)sNROR10
(CHZ)sNRIR10
(CHy)sNROR10
(CHZ)sNRIR!O
(CH4)sNRIR10
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rlisor4, P2 and P10 i taken 1ogether ac -CH=11-CH=CH-, 2712 Br, and the metal cyanide 12 sodiom

cyanide.
R?
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

Plic OPA, 7 iz Br, and the meial cyanide 15 polassium cyauide.

R?
-Bu
H
Me
Et
n-Pr
i-Pr
n-Bu
s-Bu
i-Bu

1-Bu

R4

RS
(CH,)sNROR10
(CHo)gNRIR10
(CH,)eNRIR10
(CH,)gNROR!0
(CH,)gNROR1C
(CHy)gNRIR!0
(CH,)gNRIR10
(CH,)gNRIR10
(CH,)NRIR10
(CH4)gNRIR10

RS

n-Pr
i-Pr
n-Bu
n-Bu
n-Bu
n-Bu
s-Bu
i-Bu
-Bu
n-pentyl
n-hexyl
n-heptyl
n-octyl
n-nonyl
n-decyl
n-decyl

n-undecyl
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H
H
H
H
H
H
H
H
H
H
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plic OR4, X1z Pr, and the metal cyanide ic potassium cyanide.

R2 R4 RS RS R’ RS
Me Me n-dodecyl H H H
Me Et Et H H H
Me Et n-Pr H H H
Me Et i-Pr H H H
Me Et n-Bu Me H H
Me Et n-Bu H Me H
Me Et n-Bu H H Me
Me Et n-Bu H Me Me
Me Et s-Bu H H H
Me Et i-Bu H H H
Me Et -Bu H H H
Me Et n-pentyl H H H
Me Et n-hexyl H H H
Me Et n-heptyl H H H
Me Et n-octyl H H H
Me Et n-nonyl H H H
Me Et n-decyl H H H
Me Et n-decyl Me H H
Me Et n-undecyl H H H
Me Et n-dodecyl H H H
Me n-Pr Et H H H
Me n-Pr n-Pr H H H
Me n-Pr i-Pr H H H
Me n-Pr n-Bu Me H H
Me n-Pr n-Bu H Me H
Me n-Pr n-Bu H H Me
Me n-Pr n-Bu H Me Me
Me i-Pr Et H H H
Me i-Pr n-Pr H H H
Me i-Pr i-Pr H H H
Me i-Pr n-Bu Me H H
Me i-Pr n-Bu H Me H
Me i-Pr n-Bu H H Me

Me i-Pr »n-Bu H Me Me
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Pl iz OP4, 37 i Pr, and the metal cyanide 12 polaseium heracyanoferrate(ll).

R2

R4

56

R

Et
n-Pr
i-Pr
i-Bu
n-Bu
n-Bu
n-Bu
s-Bu
i-Bu
t-Bu
n-pentyl
n-hexyl
n-heptyl
n-octyl
n-nonyl
n-decyl
n-decyl
n-undecy]
n-dodecyl
Et
n-Pr
i-Pr
n-su
n-Bu
n-Bu
n-Bu
s-Bu
i-Bu
-Bu
n-pentyl
n-hexyl
n-heptyl

RO
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Plic OP4, ¥ iz Br, and the meial cyanide ic potassivi hexacyanoferrate(Il).
R2 R% R RS R’ RS
Me Et n-octyl H H H
Me Et n-nonyl H H H
Me Et n-decyl H H H
Me Et n-decyl Me H H
Me Et n-undecyl H H H
Me Et n-dodecyl H H H
Mc n-Pr Et H H H
Me n-Pr n-Pr H H H
Me n-Pr i-Pr H H H
Me n-Pr n-Bu Me H H
Me n-Pr n-Bu H Me H
Me n-Pr n-Bu H H Mc
Me n-Pr n-Bu H Me Mc
Me i-Pr Et H H H
Me i-Pr n-Pr H H H
Me i-Pr i-Pr H H H
Me i-Pr n-Bu Me H H
Me i-Pr n-Bu H Me H
Me i-Pr n-Bu H H Me
Me i-Pr n-Bu H Me Me

Table 2 illustratzs particular transformations to prepare compowids of Formula 4
from compounds of Formula 2 according to a method of the present invention. Conversion
of the corapound of Forraula 1 to the compound of Formula 4 can, for exampls, be
accomplishcd according o the method of Scheme 6 vsing a sulfonyl chloride such as
n‘.:::tl‘.m‘h::sulfonyl chloride in the presence of 2 solvent such as accionitrile and a basa such as
3-picoling.  For thase transformations, the metal cyanide reagent is sodinm cyanide, the
copper(l) salt reagent and the jodide sali reagent are copper(l) iodide, and the compound of
Forriula 3 is 1-raethyl-1H-imidazols (i.e. S is Me, B6, B7 and B8 are H).
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OH
7N

P2is Me, s Bi, 12 s and Ziz 11

R3 Rl

H Br

Me Br

Et Br

n-Pr Br

i-Pr Br

n-Bu Br

i-Bu Br

s-Bu Br

-Bu Br

c-Pr Br

¢-PrCHy 1
1-CH3-¢-Pr Br
2-CH3-c-Pr Br
1,1'-bicyclopropyl-2-yl Br
1,1"-bicyclopropyl-1-yi Br

(1R,25)-1,1"-bicyclopropyl-2-yl Br
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TABLE 2
metal cyanide reagent 2
Cu(l) salt reagent R
iodide salt reagent NH,
—
R7
N NC COR!
SN 1
R® N Rr® | 3
| wherein R is NHR
RS
3
Rl 1
0 / N
NH
7\
NC C(O)NHR> 13
4
P2 21,3 is By, B3 i Hoand Zic N
Rl 2 R3 rll Rr12
F H Br F
F Me Br F
F Et Br F
F n-Pr Br F
F i-Pr Br F
F n-Bu Br F
F i-Bu Br F
F s-Bu Br F
F -Bu Br F
F c-Pr Br F
F c-PrCHy Br F
F 1-CH3-c-Pr Br F
F 2-CH3-c-Pr Br F
F 1,1 bicyclopropyl-2-yl Br F
F 1,1'-bicyclopropyl-1-yl Br F
F (1R,25)-1,1"-bicyclopropyl-2-yl Br F
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P2 i3 Me, 7 is Br, P12 iz Hand Z iz 10, P2is 0L Yis Br, P13z Hand T ie 1N,
R3 RII  RI2 R3 Rl RIZ

H Br Cl H Br Cl

Me Br Cl Me Br Cl

Et Br Cl Et Br Cl

n-Pr Br Cl n-Pr Br Cl

i-Pr Br Cl i-Pr Br Cl

n-Bu Br Cl n-Bu Br Cl

i-Bu Br Cl i-Bu Br Cl

s-Bu Br Cl s-Bu Br Cl

-Bu Br Cl -Bu Br Cl

¢-Pr Br Cl c-Pr Br Cl
c-PrCHy Br Cl c-PrCHy Br Cl
1-CH3-c-Pr Br Cl - 1-CHz-c-Pr Br Cl
2-CH3-c-Pr Br cl 2-CH3-¢c-Pr Br Ci
1,1"-bicyclopropyl-2-yl Br Cl 1,1'-bicyclopropyl-2-yl Br Cl
1,1"-bieyclopropyl-1-yl Br Cl 1,1"-bicyclopropyl-1-yl Br Cl
(1R,2R)-1,1"-bicyclopropyl-2-yl Br Cl (1R,2R)-1,1"-bicyclopropyl-2-yl Br Cl
H , Br Br H Br Br
Me Br Br Me Br Br
Et Br Br Et Br Br
n-Pr Br 31 n-Pr Br Br
i-Pr Br Br i-Pr Br Br
n-Bu Br Br i-Bu Br Br
i-Bu Br Br i-Bu Br Br
s-Bu Br Br s-Pu Br Br
1-Bu Br Br -Bu Br Br
c-Pr Br Br c-Pr Br Br
c-PrCH, Br Br ¢-PrCHy Br Br
1-CH3-c-Pr Br Br 1-CH3-c-Pr Br Br
2-CH3-c-Pr Br Br 2-CH3-c-Pr Br Br
1,1-bicyclopropyl-2-yl Br Br 1,1'-bicyclopropyl-2-y Br Pr
1,1"-bicyclopropyl-1-yl Br Br 1,1"-bicyclopropyl-1-yl Br Br

H Cl F H Cl F

Me Cl F Me Cl F

Et Cl F Et Cl F

n-Pr Cl F n-Pr Cl F

i-Pr Cl F i-Pr Cl F
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P2izMe, X i Br, P13 o Hand Z i1l 25l ¥ ic Br, P12 iz Hand Z iz N
n-Bu Cl F n-Bu Cl F
i-Bu Cl F i-Bu Cl F
s-Bu Cl F s-Bu Cl F
-Bu Cl F -Bu Cl F
c-Pr Cl F c-Pr Cl F
¢-PrCH» Cl F ¢-PrCHy Cl F
1-CH3-c-Pr Cl F 1-CH3-c-Pr Cl F
2-CH3-c-Pr Cl F 2-CH3-c-Pr Cl F
1,1'-bicyclopropyl-2-yl Cl F 1,1'-bicyclopropyl-2-yl cl F
1,1 '-.bicyclopropyl— 1-yl Cl F 1,1"-bicyclopropyl-1-yl Cl F
(15,2R)-1,1"-bicyclopropyl-2-yl Cl F (18,2R)-1,1"-bicyclopropyl-2-yl Cl F
H Cl Cl H Cl Cl
Me Cl Cl Me Cl Cl
Et Cl Cl Et Cl Cl
n-Pr Cl Cl n-Pr Cl Cl
i-Pr Cl Cl i-Pr Cl Cl
n-Bu Cl Cl n-Bu Cl Cl
i-Bu Cl Cl i-Bu Cl Cl
s-Ru Cl Cl s-Bu Cl Cl
-Bu Cl Cl -Bu Cl Cl
¢-Pr Cl Cl c-Pr Cl Cl
c-PrCHy Cl Cl c-PrCHy Cl Cl
1-CH3-c-Pr Cl Cl 1-CH3-c-Pr Cl Cl
2-CH3-c-Pr Cl Cl 2-CH3-c-Pr a Cl
1,1'-bicyclopropyl-2-yl Cl Cl 1,1'-bicyclopropyl-2-yl Cl Cl
1,1'-bicyclopropyl-1-yl Cl Cl 1,1'-bicyclopropyl-1-yl Cl Cl
(1R 2R)-1,1"-bicyclopropyl-2-yl Cl Cl (1R,2R)-1,1'-bicyclopropyl-2-yl Cl c
H Cl Br H Cl Br
Me Cl Br Me Cl Br
Et Cl Br Et Cl Br
n-Pr Cl Br n-Pr Cl Br
i-Pr Cl Br i-Pr Cl Br
n-Bu Cl Br n-Bu Cl BBr
i-Bu Cl Br i-Bu Cl Br
s-Bu Cl Br s-Bu Cl Br
-Bu Cl Br -Bu Cl Br
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P2 Me, X iz B, P12 is Hoand Z iz 11,

R’
c-Pr
c-PrCHy
1-CH3-c-Pr
2-CHz-c-Pr
1,1"-bicyclopropyl-2-yl
1,1"-bicyclopiopyl-1-yl
H
Me
-Bu
1-CH3-c-Pr
2-CHj3-¢-Pr
1,1"-bicyclopropyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
1-CH3-c-Pr
2-CHz-c-Pr
1,1-bicyclopropyl-2-yl
L 1-bicyclopropyl-1-yl
H
Me
-Bu
1-CH3-c-Pr
2-CH3-¢-Pr
1,1-bicyclopropyl-2-yl
H
Me
-Bu
1,1-bicyclopropyl-1-yl
H
Me
-Bu
1,1'-bicyclopropyl-1-yl
H
Me

R
Cl
Cl
Cl
Cl
Cl
Cl

CF3

CF5

J

CF5

CF;
OCH,CF3
OCH,CF5
OCH,CF
OCH,CF;
OCH,CF5
OCH,CF;
OCH,CF4
OCH,CF5
OCH,CF3
OCH,CF;

Br
Ar

Br
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R
c-Pr
c-PrCHy
1-CH3-c-Pr
2-CH3-c-Pr
1,1"-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
H
Me
-Bu
1-CH3-c-Pr
2-CHy-c-Pr
1,1"-bicyclopropyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl
H
Me
-Bn
1-CH3-c-Pr
2-CH3-c-Pr
1,1-bicyclopropyl-2-yl

L I'-bicyclopropyl-1-yl

1,1-bicyclopropyl-2-yl

H

-Bu
1,1-bicyclopropyl-1-yl
H
Me
-Bn
1,1 -bicyelopropyl-1-yl
H
Me

P2zl i B, P12 ig Hoand 2 i 10

Rl
Cl
cl
Cl
Cl
Cl
cl

CF;

CF3

CF;
OCH,CFj
OCH,CF3
OCH,CF5
OCH,CF5
OCH,CF5
OCH,CF5
QCH,CF5
OCH,CF5
OCH,CF3
OCH,CF5

RI2

Br
Br
Br

Br
Br
Br

Br

Br
Br
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. I 2. - o
P2is Me, 27 ic B, P12 icHand Zic1l.

R?

-Bu
1,1%-bicyclopropyl-1-yl
H
Me
-Bu
1,1'-bicyclopropyl-2-yl
H
Me
-Bu
1,1'-bicyclopropyl-1-yl
H
Me

i-Bu

OCF,H
OCF,H
OCF,H

P2 is Mc, 3 is Br, P12 ic Hand 2 ic CH.

R3
H
Me
-Bu
c-Pr
¢-PrCHy
1,1"-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl
(LRZR)-1,1'-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1"-bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl
H
Me
-Bu
c-Pr

R
Br
Br
Br
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2

R3
-Bu
1,1'-bicyclopropyl-1-y1
H
Me
-Bu
1L1'-bicyclopropyl-2-yl
H
Me
1-Bu
1,1-bicyclopropyl-1-yl
H
Me

-Bu

R3
H
Me
-Bu
c-Pr
c-PrCHy
1,1"-bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl
(1R,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCH»
1,1%bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl
H
Me
-Bu

c-Pr

P2 L s, P13 s Hand Zis M.

OCH,CFy
OCH,CF
OCF,H
OCF,H
OCF,H
OCF,H
OCF,H
OCF,H
OCF,H
QCFyH
OCF,H
OCF,H
OCF,H

T2 icCl, ¥ ic Br, I3 is Hand 7 iz CH.

rR!!
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br

Rr12

R12

- ™ = T T Y M T T
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P2 ic Me, ¥ iz B, 13 ig H and 7 is CH.

R3
¢-PrCHy
1,1-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-y1
H
Me
{-Bu
c-Pr
¢-PrCH»
1,1-bicyclopropyl-2-y1
1,1"-bicyclopropyl-1-yl
(1R,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
¢-PrCHy
1,1'-bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl
(15,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1'-bicyclopropyl-2-y]
1,1"-bicyclopropyl-1-y1
H
Me
-Bu
2-CHy-c-Pr

1,1-bicyclopropyl-2-yl

R
Br
B
v
Cl
Cl
Cl

Cl

= = =

= I > B 5 M 5

Br
Br
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2

K3
¢-PrCH,
1,1%bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
H
Me
t-Bu
c-Pr
c-PrCHy
1,1'-bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl
(1R,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl
(15,2R)-1,1"-Licyclopropyl-2-y!
H
Me
-Bu
c-Pr
c-PrCH»
1,1'-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl
H
Me
-Ru
c-Pr

1,1%bicyclopropyl-2-yl

2L ¥ is Br, P13 iz Hand 7 is CH.

R
Br
Br
Pr
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

Br
Br

p—
"~
-

s B M > B o B > B> B o B 5

Q¢ o Qa

Br
Br
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P2 s Me, ¥ iz Br, P13 is Hand Z i CH.

R3
¢-Pr
¢-PrCH»y
1,1'-bicyclopropyl-2-yl
Me
Et
c-Pr
¢-PrCHy
1,1'-bicyclopropyl-2-yl
Me
Et
Me
Et
c-Pr
c-PrCHy
1,1-bicyclopropyl-2-yl
Me
Et

R
CF3
CF;
CF3
OCH,CF;
QCH,CF5
OCH,CFy
OCH,CF5
OCH,CF;
OCH,CF5
OCH,CF;3
OCF,H
OCF,H
OCF,H
OCF4H
OCF,H
OCF,H
OCF,H

FP2iz e, 7 i Pr, P13 isFand 2 ic 11,

R3
H
Me
-Bu
c-Pr
c-PrCHy
1,1"-bicyclopropyl-2-yl
L 1"-bicyclopropyl-1-yl
H
Me
-Bu
c-Pr
¢-PrCH,
1,1'-bicyclopropyl-1-yl
H
Me

(-Bu

R!
Br
Br
Br
Br
Br

Br
Br
Br
Br
Br
Br
Br

r
Br
Br

Br

R12
Br
Br

Br

rl12

= ™ =

Mo
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| P2is 0l Y is B, T3 s Hoand 7 iz CHL

R3
c-Pr
c-PrCHy
L '-bicyclopropyl-2-yl
Me
Et
c-Pr
c-PrCHy
1,1-bicyclopropyl-2-yl
Me
Et
Me
Et
c-Pr
c-FrCHy
1, 1'-bicyclopropyl-2-yl
Me
Et

R3
H
Me
{-Bu
c-Pr
¢-PrCHy
L, 1'-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
H
Me
t-Bu
c-Pr
c-PrCHy
1,1'-bicyclopropyl-1-y1
H
Me
-Bu

QCH,CF3
OCH,CF3
OCHyCF5
OCH)CF,
OCH,5CF3
OCH,CF;
OCFyH
OCF5H
OCF,H
QCF,H
OCFyH
OCFyH
OCFyH

[ S 17 . —~
- i ClL ¥ ic By, P12 iFand Zis 1.

R
Br
Br
Br
Br

Br
Br
Br
Br
Br
Br
Br

Br
Br

Br

r12
Br
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2 g Me, ¥ icBr, P13 s Fand Zic 11,
R3
¢-Pr
¢-PrCH,
1,1-bicycloprapyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
¢-PrCHyp
1,1'-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1-bicyclopropyl-1-yl
H
Me
-Bu
c-Pr
¢-PrCH,
1,1-bicyclopropyl-2-yl
1,1%-bicyclopropyl-1-yl
H
Me
-Bu
2-CH3-c-Pr
1,1-bicyclopropyl-2-yl

c-Pr
c-PrCHy
1,1-bicyclopropyl-2-yl

Rl

Br
Pr

Br

k12

Br

Br
Br
Br

3r
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P2ic oL, ¥ iz Er, P12 iz Fand T is V.

K3
c-Pr
c-PrCH,
1,1"bicyclopropyl-1-yl

(1R,25)-1,1-bicyclopropyl-2-yl

H
Me
-Bu
c-Pr
c-PrCH»
1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1"-bicyclopropyl-1-yl
H
Me
-Bu
c-Pr
¢-PrCHy
1,1%-bicyclopropyl-2-yl
1,1-bicyclopropyl-1-yl
H
Me
-Bu
c-Pr
1,1'-bicyclopropyl-2-yl

Et
c-Pr
c-PrCHy
1,1'-bicyclopropyl-2-yl

Kl

Cl
Cl
Cl
Cl
Cl
Cl
Cl

Cl
Cl
Cl
Cl
Cl

Cl
CF3
CF;
CF4
CF3
CF3
CF5
CF3
CF;
CF;
CF3
CF3
CF;
CF;

Br
Br

Br
Br
Br
Br
RBr
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PlicMe, ¥ isEe, P12 2T and Z iz 11,

R? R RI2
Me OCH)CF; F
Et OCH,CF; F
c-Pr OCHyCFy  Cl

OCHyCFy
OCHoCF5 (I

c-PrCHy
1,1"-bicyclopropyl-1-yl

Me OCH,CF3  Pr
Et OCHoCF3 DBr
Me OCFhH  F
Et OCFpH F
¢-Pr OCFH (I
¢-PrCH, OCFyH ]

1,1%bicyclopropyl-1-yl OCF 1t Cl
Me OCF5H  Br
Et OCFyH Br

F2 iz Me, X is Br, 13 iz Cland Zis 10

K3 " it k12
H Br F
Me Br F
-Bu Br F
c-Pr Br F
c-PrCHy Br F
1,1'-bicyclopropyl-2-y] Br F
1,1'-bicyclopropyl-1-yl Br F
H Br Cl
Me Br Cl
t-Bu Br Cl
c-Pr Br Cl
c-PrCH5 - Br Cl
1, 1"-bicyclopropy!-2-yl Br Cl
(1R,25)-1,1"-bicyclopropyl-2-yl 3r Cl
H Br Br
Me Br Br
-Bu Br Br
c-Pr Br Br

c-PrCH; Br Br
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R
Me
Et
¢-Pr
c-PriCHy5
L1'-bicyclopropyl-1-yl
Me
Et
Me
Et
c-Pr
c-PrCHy
1,1"-bicyclopropyl-1-yl
Me
Et

2

R-
H
Me
-Bu
¢-Pr
c-PrCHy
1,1"bicyclopropyl-2-yl
1,1-bicyclopropyl-1-y1
H
Me
-Bu
c-Pr
c-PrCH,
1,1%-bicyclopropyl-2-yl
(1R,25)-1,1"-bicyclopropyl-2-yl
H
Me
+-Bu
c-Pr
c-PrCH,

Vg v c1n 172 —-
I'=is ClL 2z Br, T2 i3 F and Z iz V.

k!
OCH,CF3
OCH,CFy4
OCH,CF3
OCH4CF5
OCH,CF3
OCHyCF,
OCH,CFy

OCF,H
OCF,H
OCF,H
OCF,H
OCF,H
OCF4H
OCF,H

P2 i L iz Ee, P13 o Cland 2 i M.

b
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br

Rrl2
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F2ic Me, 7 iz Br, P12 iz Cland Z iz 17,

R3
1,1"-bicyclopropyl-1-yl
(1R,2R)-1,1"-bicyclopraopyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCHy
1,1'-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl
H
Me
-Bu
c-Pr
¢-PrCH»
1,1"-bicyclopropyl-2-yl
L1%-bicyclopropyl-1-yl
H
Me
-Bu
2-CH3-c-Pr
1,1"-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl

¢-Pr
¢-PrCHy

1, I'-bicyclopropyl-2-yl

RrI11
B
Br
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

Rr12

Br

Br
Br
Br
Br
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PlisCL ¥ icbir, P12 ic Cland Z iz V.

R3
1,1"-bicyclopropyl-1-yl
(1R,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
c-Pr
c-PrCH»
1,1-bicycloprojpyl-2-yl
H
Me
-Bu
c-Pr
c-PrCH,
1,1"-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl
H
Me
-Bu
¢-Pr
¢-PrCH,
1,1-bicyclopropyl-2-yl
1,1'-bicyclopropyl-1-yl
H
Me
-Bu
¢-Pr
1,1'-bicyclopropyl-2-yl

1,1"-bicyclopropyl-1-yl

It
c-Pr
c-PrCHy

1,I-bicyclopropyl-2-yl

I3r

CF3

CF3

Br
Br
Br
Br
Br
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F2 i3 Me, 7 is Br, D13 iz Cland Z iz 10, | 2401, 2705 B, T is Cland Zis .
R_3 Rr1l g R_3 ﬁ r12
Me OCH,CF; F Me OCH,CF3  F
Et OCH,CF; F Et OCH)CFy F
c-Pr OCH,CF5  Cl c-Pr OCH,CFy  Cl
c-PrCHy OCHyCFy (1 c-PrCHy OCHyCF5  Cl
1,1"-bicyclopropyl-1-yl OCHoCF5 L1'-bicyclopropyl-1-yl OCHLCF,  Cl
Me OCH,CFy  PBr Me OCHyCFy  Pr
Lt OCH,CF3 Br Et OCH,CFy  Pr
Me OCF,oH F Me OCF,H F
Et OCFpH  F Et OCF,H F
¢-Pr OCFpH (I ¢-Pr . QCFpH (I
c-PrCHy OCFyH c-PrCHy OCFoH
L P-bicyclopropyl-2-yl OCFyH F 1,1'-bicyclopropyl-2-yl OCF5H F
Me OCF,H  Br Me OCF4H Dr
Et OCFyH  Br Et OCFH  Br
P2z Me, s CL P2 i Hoand 2z 7L, F2is Me, 2 iz oL P2 i Hoand T i .
H Br F H Br Cl
Me Br F Me Br Cl
Et Br F Et Br Cl
n-Pr Br F n-Pr Br Cl
i-Pr Br F i-Pr Br Cl
n-Bu 31 F n-Bu Br Cl
i-Bu Br F i-Bu Br Cl
s-Bu Br F s-Bu Br Cl
-Bu Br F -Bu Br Cl
c-Pr Br F ¢-Pr Br Cl
c-PrCH, Br F c-PrCH, Br
1-CH3-c-Pr Br F 1-CH3-c-Pr Br a
2-CH3-c-Pr Br F 2-CH3-c-Pr Br Cl
1,1"-bieyclopropyl-2-yl Br F 1,1"-bicyclopropyl-2-yl Br Cl
1,1'-bicyclopropyl-1-yl Br F 1,1"-bicyclopropyl-1-yl Br Cl
(1R,25)-1,1"-kicyclopropyl-2-yl Br F (1R2R)-1,1"-bicyclopropyl-2-yl Br Cl
H Br Br H Cl '
Me Br Br Me Cl
Et Br Br Et cl
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F2ic Me, ¥ iz CL T2 is Hoand Z iz 10,

R3
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
¢-Pr
c-PrCH»
1-CH3-c-Pr
2-CHs-c-Pr
1,1"-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(15,2R)-1,1"-bicyclopropyl-2-yl
H
Me
Et
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
c-Pr
¢-PrCH,
1-CHy-c-Pr
2-CH3-c-Pr
1,1'-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(1R,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
1-CHy-c-Pr
2-CHy-c-Pr
L1'-bicyclopropyl-1-yl
(1R,25)-1,1"-bicyclopropyl-2-yl

RU

Br
Br
Br
Br
Br
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2

R
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
c-Pr
c-PrCHy
1-CH3-¢c-Pr
2-CH3-¢-Pr
1,1'-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(15,2R)-1,1"-bicyclopropyl-2-yl
H
Me
Et
n-Pr
i-Pr
n-Bu
i-Bu
s-Bu
-Bu
c-Pr
¢-PrCHy
1-CHz-¢-Pr
2-CH3-c-Pr
1,1"-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(1R2R)-1,1"-bicyclopropyl-2-yl
H
Me
t-Bu
1-CH3-c-Pr
2-CHz-c-Pr

1,1%bicyclopropyl-2-yl

1,1"-bicyclopropyl-1-yl

P2 is Me, Ziz CL B2 is Hand Z iz .

s
b—
N

) ™ ™ =™ = T Tm = =T T T T

—
= =

Br
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P2icMe, 7 iz CL P13 i3 Hand 7 i 11, P2isMe, X ic CL DI s Hoand Z ic V.
e gll  RI2 R3 rll Rl2
H CF5 Br H OCHyCF5; F
Me CF3 Br Me OCH,CF3 F
-Bu CT5 Br -Bu OCH,CFy F
1-CH5-c-Pr CF5 Br 1-CHy-c-Pr OCH,CFy F
2-CHy-c-Pr CF3 Br 1,1'-bicyclopropyl-1-yl OCH,CF3 F
1, 1-bicyclopiopyl-1-yl CF; Br H OCH,yCF5 (]
H OCFoH F Me OCH,CF3 Cl
Me OCFH  F -Bu OCHyCF; Cl
-Bu OCF,H F 2-CHy-c-Pr OCHyCFy (]
1,1-bicyclopropyl-1-y1 OCFyH F 1,1-bicyclopropyl-1-yl OCHoCF5 Cl
H OCF,H (I H OCH,oCF3 Br
Me OCF;H (] Me OCH,CF3 Br
-Bu OCFyH 1 -Pu OCH,CF5 Dr
1,1'-bicyclopropyl-2-yl OCF,H  Cl1 1-CHs-c-Pr OCHyCF5 Br
H OCFoH P 1,1-bicyclopropyl-2-yl OCH5CF5 Dr
Me OCFyH  Br -Bu OCFoH  Br
F2icMe, iz SL P2 i3 Hand 2 is CH. 2 is Me, X ig O, P12 s Hoand Z is CH.
H Br F H Br Cl
Me Br F Me Br Cl
{-Bu Br F -Bu Br Cl
¢-Pr Br F c-Pr Br Cl
¢-PrCHy Br F ¢-PrCHy Br Cl
1,1-bicyclopropyl-2-yl Br F 1,1’-bicyclopropyl-2-yl Br Cl
1,1-bicyclopropyl-1-yi Br F 1,1’-bicyclopropyl-1-yl Br Cl
(1R,25)-1,1"-bicycloprojyl-2-yl Br F (1R,25)-1,1"-bicyclopropyl-2-y! Br Cl
(1R,2R)-1,1'-bicyclopropyl-2-yl Br F o (1R2ZR)-1,1"-bicyclopropyl-2-yl Br a
H Br Br H Cl F
Me Br Br Me Cl F
-Bu Br Br -Bu Cl F
c-Pr Br Br ¢-Pr Cl F
c-PrCHy Br Br ¢-PrCHy Cl F
1,1 '-bicyclopropyl-’z—y] Br Pr L1'-bicyclopropyl-2-yl Cl F
1,1-bicyclopropyl-1-yl Br Br 1,1-bicyclopropyl-1-yl Cl F
(1R,2R)-1,1"-bieyclopropyl-2-yl Br Br (1R2R)-1,1'-bicyclopropyl-2-yl Cl F
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P2ic e, Z i CL T2 is Hoand 2 ic CHL

R3
H
Me
-Bu
c-Pr
c-PrCHy
1,1'-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(15,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
2-CH3-c-Pr
1,1'-bicyclopropy!l-2-yl
Me
Et
c-Pr
Me
c-PrCHy
1,1-bicyclopropyl-1-yl
Me
Et
Et
c-Pr

Cl
Cl
cl
Cl

CF3
OCH,CF;
OCH,CF5
OCH,CF;
OCH,CF3
QCH,CFj5
OCH,CF5
QCH,CF
QCH,CF;
OCH,CF5
OCH,CF5

P2 iz Me, 7 is CL T3 ic Fand Zig 11,

R3
H
Me
-Bu
c-Pr
c-PrCHy
L, 1'-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
H
Me
-Bu

rll
Br
Br
Br
Br

Cl
Cl
Cl
cl

= 4 =™ =m ‘' Y0 =

0 Q0

—
Lo
=

r12

P2 ic Me, ¥ iz CL, P13 o H and 7 is CH.

-Bu
¢-Pr
¢-PrCH,
1,1"-bicyclopropyl-2-yl
1,1"-bicyclopropyl-1-yl
(15,2R)-1,1"-bicyclopropyl-2-yl
H
Me
-Bu
Me
Et
c-Pr
c-PrCHy
1,1'-bicyclopropyl-1-yl
Me
Et
o-Pr
c-PrCHy
1,1"-bicyclopropyl-1-yl
Me
Et

P2icMe, iz CLTA2 i Fand T is M.

R3
H
Me
-Bu
c-Pr
c-PrCHy
1, 1-bicycloprojpyl-2-yl
1,1"-bicyclopropyl-1-yl
H
Me

-Bu

ril
Cl
Ci
Cl
Cl
Cl
Cl

Cl

Cl

CF3

OCF,H
OCF,H
OCF,H
QCF,H
OCF4H
OCF,H
OCF,H

R
Br
Br
Br
Br
Br
Br
Br
Cl
Cl
Cl

BBr
Br
Br
Br
Br

RBr

RI2

Cl
Cl
Cl
Cl
Cl
Cl
Cl
F
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P2 ic Me, % iz L P12 i F and Zic 110, | P2 ic Me, 374201, P12 e Fand = iz 1.
R? R RIZ R3 RI - RIZ2

c-Pr Br Br c-Pr Cl F

c-PrCHy Br Br ¢-PrCH, Cl F
1,1"-bicyclopropyl-2-yl Br R 1,1"-bicyclopropyl-1-yl Cl F
(1R,25)-1,1"-bicyclopropyl-2-yl Br br - (1R,28)-1,1"-bicyclopropyl-2-yl Cl F
H Cl Cl H Cl Br
Me Cl Cl Me Cl Br
-Bu Cl Cl -Bu Cl Br
c-Pr Cl Cl c-Pr Cl Br
¢-PrCHy Cl Cl ¢-PrCHo Cl BBr
1,1"-bicyclopropy!-2-yl Cl Cl 1, 1-bicyclopropyl-2-yl Cl Br
1,1-bicyclopropyl-1-yl Cl ] 1,1%bicyclopropyl-1-yl Cl Br

H CF, F Me OCH)CF3; F

Me CF3 F Et OCH,CF3 F

-Bu CF, F ¢-Pr OCH,CF3y Cl

2-CHjz-c-Pr CF5 F c-PrCHy OCHoCF3  Cl
1,1'-bicyclopropyl-2-yl CF5 F 1,1"-bicyclopropyl-1-yl OCH,CF3 (I
H CF3 Cl Me OCH,CF3 Br
Me CF3 Cl Et OCH,CF3 Br

-Bu CF; Cl Me OCFoH F

c-Pr CF3 Cl Et OCFoH F

Me CF3 Rr c-Pr OCFH (]

Et CF; Br c-PrCHy OCFyH (I

c-Pr CFs Br 1,1'-bicyclopropyl-2-yl OCFoH (I
c-PrCHy CF4 Br Me OCFH  Dbr
1,1'-bicyclopropyl-1-yl CF3 Br Lt OCFsH  Br

P2 iz Mg, i CL P13 iz Claad T iz 10, P2 i Me, 3 i 1, P13 s Ol and T s 1.
R3 R RI2 R} RI - RI2

H Br F H Br Cl

Me Br F Me Br Cl

-Bu Br F -Bu Br Cl

¢-Pr Br F c-Pr Br Cl

c-PrCHy Br F c-PrCH» Br Cl
L1I"-bicyelopropyl-2-yl Br F 1,1"-bicyclopropyl-2-yl Br Cl
L1bicyclopropyl-1-yl Br F (1R,25)-1,1"-bicyclopropyl-2-yl B Cl

H Br Br H Cl F
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P2icMe, ¥ is CL I3 i Cland Zis 11 | F2i Me, 7 iz CL, P12 i Cland Zis M.

R3 Rl RI2 R3 R RI2

Me Br Br Me Cl F

-Bu Br Br -Bu Cl F

¢-Pr Br Br c-Pr Cl F

¢-PrCHy Br Br c-PrCHy Cl F

1,1'-bicyclopropyl-1-yl Br Br 1,1'-bicyclopropyl-2-yl Cl F

(1R,21)-1,1"-Licyclopropyl-2-yl Br Br (1R, 2R)-1,1"-bicyclopropyl-2-yl Cl F
H Cl Br H Cl Cl

Me Cl Br Me Cl Cl

-Bu Cl Br 1-Ru Cl Cl

¢-Pr Cl Br ¢-Pr Cl Cl

c-PrCHy Cl Br c-PrCH, Cl Cl
1,1-bicyclopropyl-2-yl Cl Br 1,1-bicyclopropyl-2-yl Cl Cl
1,1'-bicyclopropyl-1-yl Cl 3r 1,1-bicyclopropyl-1-yl Cl Cl

H CF3 F Me OCH,CF3

Me CF3 F Et OCHyCF3 F

-Bu CF3 F c-Pr OCH,CF3 Cl
2-CH3-c-Pr CF; F c-PrCHy OCH,CF3  Cl

1,1 ’-bicycloﬁropy]-?-yl CF, F 1,1-bicyclopropyl-1-yl OCH,CFy (I
1,1 -bicyclopropyl-1-yl CF3 F Me OCH»CF3  DBr
H CF3 Cl Et OCHyCF3  Br

Me CF3 Cl Me OCFoH F

-Bu CF3 Cl Et OCF,H F

Me CF3 Br c-Pr OCFH (I

Et CF5 Rr ¢-PrCHy OCFH (I

¢-Pr CF5 Br 1,1-bicyclopropyl-2-yl OCF,H F

¢-PrCHy CF; Br Me OCFoH  Br
1,1'-bicyclopropyl-1-yl CF; Br Et OCFoH  Br

The present disclasure inehides Table 3 whichi 1 consiructed the same as above Table
2 except that the compaund of Formula 3 of Takle 2 (.. 1-methyl-1H-imidazals) is roplacad
with 1-butyl-1H-imidazole (i.e. F2 is 0-Bu, FS, F7 and F8 arc H) in Table 3. F2, F3, pil)
R12 and R13 in Table 3 are as listed in Table 2.
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CLAIMS

What is claimed is:
1. A method for preparing a compound of Formula 1

R2

NH;
NC COR!
1
wherein

R! is NHR3 or OR%,
R2is CH3 or Cl;
P3 is H, C|-C, alkyl, cyclopropyl, cyclopropyleycloprapyl, cyclapropylmethiyl or
methylecyclopropyl; and
R4is Hor C;-Cy alkyl,
comprising contacting (1) a compound of Formula 2

R2
NH,
X COR!
2
wherein X is Br or Cl;
with (2) a metal cyanide reagent, (3) a copper(l) salt reagent, (4) an 1odide salt reagent and
(5) at least one compound of Formula 3
R7
IN
A8
I
RS
3

wherein
P35 ic H, phenyl or benzyl; or C-C 5 all:yl optionally substifuted with NRORIO;
each P6, P7 and E8 is independenily H, C,-C 5 all-yl, phenyl or benzyl; or
F.6 and P7 are ial:en togother as -CH=CH-CH=CH-; and
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P9 and P10 are alen ingether as -CH=M-CH=CH- optianally subsiituted with up io 3
substituents independently selectzd from C|-Cy5 alkyl;
provided that when X is C1, then R2 is methyl.

2. The meihod of Claim 1 wherein the copper(l) salt reagent and the iodide salt
reagent comprise copper(l) indide.

3. The method of Clann 1 wherein ihe at least one corapound of Formula 3
cormnprises one or mors compounds selected fom the group consisting of 1-mathyl-1H-
imidazole, 1-ethyl-1H-imidazels, 1-propyl-1H-imidazole, 1-butyl-1H-imidazole, 1-pentyl-
1H-imidazole, 1-hexyl-1H-imidazole, 4-methylimidazole, 1,1'-(1,4-butanediyl)bis-1H-
imidazole, 1,1-(1,5-pentancdiyl)bis-1H-imidazole and 1,1'-(1,6-hexanediyl)bis-1H-
imidazole

4. The method of Claim 3 wherein the at least one componnd of Formula 3
comprises one or more compounds szlectad from the group consisting of 1-mathyl-1H-
imidazole, 1-buiyl-1H-inddazole, 4-methylimidazole and 1,1'-(1,6-hexzanadiyl)bis-1H-
imidazole.

5. The method of Claim 4 wherein the at least one compound of Formula 3

comprises 1-methyl-1H-imidazole or 1-butyl-1H-imidazole.

6. The raethod of Clain 1 wherein the uulupuund of Forrmula 2 is contacted with
a suitable organic solvent to form & mixiure, and then the metal eyanide reagent, ihe

capper(l) sali reagent, the iodide salt reagent and the at 1zast one compound of Formula 3 arc
scquentially added to the nuxture.

7. The method of Claim 6 wherein the suitablz arganic solvent comprises one or
mare solvents selecied from the group consisting xylenes, toluene, chlorabenzene,
methoxybenzene, 1,2, 4-inmethylbenzene, 1,3,5-irimsthylbenzene, ethylbenzcne,
(I-methylethylDbenzene, C-C alliyl-subatituied naphithalenze, ShellSol A100 and ShallSol
A150.

<. The method of Claim 7 whersin the suitablz organic solvent comprises one or
more  solvents  selected  from  the  group  consisting  of  uylenes,  iolucne,
1,2,4-trimethylbenzene, 1,3,5-trimethylbenzens and 1-methylnaphthalene,

9. The method of Claim 1 whersin the metal cyamide reagent comprises one or
more compounds selected from the group consisting of allali metal cyanides, allzali metal
hexacyanoferrates(IT) and copper(l) cyanide.

10. The method of Claim 9 wherein the metal cyanide reagent comprises one or
more compounds selected from the group cansisting of sodivm cyanide, poiassinm cyanide,
sodiurm hexacyanoferrate(Il) and paiassivi hevacyanoferrate(ID).

11. The method of Claim 10 wherein the metal cyanide reagent comprises sodinm

cyanide or potassium hevacyanoferrate(1l).
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12. The method of Claim 11 wherein the metal cyanide reagent comprises sodinm
cyanide.
13. The method of Clanm 1 wherein X is Br and the compound of Formula 1 is

prepared as a solid comprising: contacting a compound of Formmla 2 with a snitable arganic
solvent to form 2 mixiure, and then sequeniially adding the metal cyanide reagont, the
copper(l) salt reagent, the iodide salf reagent and the compound or compounds of Formula 3,
maintaining the tcmperature of the wmixture between about 145 and 180 °C for aboul 5 io
about § h, cooling the mixivre to between about 0 and 50 °C, adding water to the mixture,
aptionally stivring for about 1 to about 24 h, and then recovering a compound of Fornmla 1
as a solid from the mixture.

14.  The methad of Claira 13 wherein the compound of Formmmla 1 is 2-amino-5-
cyano-N,3-dimethylbenzarmide.

15. The method of Claim 1 wherein X is Cl and the compound of Formula 1 is
prepared as a solid comprising contacting a cowipound of Formula 2 with 4 suitablc organic
solveni to form a nuxture, and then sequentially adding the metal cyanide veagont, the
copper(l) salt veagent, the iodide sali reagent and the compound or compounds of Formula 3,
maintaining the temperature of the maixiure hetween about 150 and 200 °C for about 5 6
abont 24 h, cooling the miriure (o between about 0 and 50 °C, adding waicr (o ihe mixre,
optionally stivring for about 1 o about 24 h, and then recovering a compound of Formula 1
as a solid from the mixture.

16, The method of Claim 15 wherein the compound of Formula 1 is 2-aniine-5-
cyano-N,3-dimethylbenzamide.

17. A method for preparing a corapound of Formula 4

Rll

| \

N

e NG

R
R12
NH

z/ \

S

NC C(O)NHR?
R13

4

wherein

R2 is CHj or CI;

P3is H, C|-C4 allyl, cyclopropyl, cyclapropyleycloprapyl, cycloprapylmethyl or
methylcyclopropyl;

Z is CR or N;
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k1l is Cl, Br, CF3, OCF,H or OCH,CFj;
R12isF, ClorBr;

R13 is H, F or Cl; and

R!4isH, F, Cl or Br;

5  using a corapound of Fornmla 1
NH,
NC COR!

wherein
Rl is NHR3 or OR4; and
R4 is Hor C-C4 alkyl,
10 characterized by:
preparing said compound of Forraula 1 by the method of Claim 1.
18, The method of Claim 17 wherein B2 is CHy, B3 is CHg, F11 is Br, F12 s Cl,
R13isH, and Z is N.
19. A method for preparing a compound of Forrmmla 4

NC C(O)NHR?
4

wherein
R2 is CH; or CI;
P3 is H, C-Cy alkyl, cyclapropyl, cycloprapylcyclopropyl, cyclopropylmcthyl or
methylcyclopropyl;
20 Zis CR4orN;
K1l is Cl, Br, CF5, OCF,H or OCH,CF5;
R!2isF, Clor Br;
R13is H, F or Cl; and
R!4is H, F, Cl or Br;
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using a compound of Formula 1

wherein
R1is NHR3 or OR4; and
R4 is H or C|-Cy4 alkyl;

characterized by:
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R2
NH,
NC COR!
1

using as said compound of Formula 1 a compound of Formula 1 prepared by the

method of Claim 1.

20, The methad of Claim 19 wherein F2 is CHy, F3 is CHy, 1 is Br, F12 s Cl,

10 RI3isH, and Z is N.
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PROCESO PARA PREPARAR DERIVADOS DEL ACIDO 2-AMINO-5-

CIANOBENZOICO

5 La presente invencidén se relaciona con un método para
la preparacidn del acido 2-amino-5-cianobenzoico 3-

Sustituido vy sus derivados.

10 Se describe la preparvacidén de ciertos &cidos Z-amino-5-
cianchenzoicos y su utilidad como intermediarics para preparar
las diamidas ciancantranilicas insecticidas corvespondientes

(véase, por ejemplo, el Esguema 9 en la publicacidn
r b J E ’ 1 k

l_!
Cn
jnt]
D
l_]
[a]]
]
Qi
ct
(1)
=
T
[
D,
(]
l_l
35}
(@]
=3
]
[wiN
=
=
=
O

15 2, Etapa A, en la publicac

200€6/068669; y el Dsguema 15 y =21 Ejemplo 6, BEtapa B, en la

* Sin embargo, aln es necesario encontrar nuevos y mejores
métodos  adecuados para proporcionar  &cildos 2~amino-5-
20 cianchenzoicos y sus derivados de manera ridpida y econdmica.
BREVE DESCRIPCION DE LA INVENCION
La presente invencidén se relaciona con un método para
preparar un compuesto de la Férmula 1
25



0000199

R2
NH,
NC COR!
1
5
en donde
R' es NHR® u OR%;
R? es CH; o Cl;

10 Rr3 es H, alquilo de C1-C4, ciclopropilo,
ciclopropilciclopropilo, ciclopropilmetilo 0
metilciclopropilo; vy
R es H o alquilo de Cy1-Cy;

que conprende poner en contacto (1) un compuesto de la
15 Férmula 2
R2
NH,
X COR!
20
2

A ¥4

en donde X e

n
o
[



con (2) un reactivoe de cianuro metdlico, (2) un re
sal de cobre(I), (4) un reactivo de sal de yoduxro y (5) al
Tenos un compuesto de la Férmula 3
5 R’
\
(N
N N RS
It
3
10
en donde
R° es H, fenilo o bhencilo; o alquilo de C;-Ci»
opcionalmente sustituido con NR®R'YY;
.
cada R6, R’ Y R® eg independientemente H, alguilo de C;-
15 Ci2, fenilo o bencilo; o
R® 3% R’ se toman juntos como —-CH=CH-CH=CH-; y
R® v R'YY se toman juntos como -CH=N-CH=CH- opcionalmente
sustituido con hasta 3 sustituyentes opcilonalmente
seleccionados de alguilo de Ci1-Cya;
20 siempre gue ¥ sea Cl, entonces R? es metilo.
La presente invencidn tanbién proporcicona un método
para preparar un compuesto de la Formula 4
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4
donde
R? es CH; o Cl;
RS es H, alquilo de C1-Cy, ciclopropilo,
ciclopropilciclopropilo, ciclopropilmetilo o

metilciclopropilo;

Z es CR"™ o N;

R es Cl, Br, CF3;, OCFH u OCH,CFs;
R!? es F, Cl o Br;

R3 es H, FoCl; vy

R es H, F, Cl o Br;

mediante el uso de un compuesto de la Férmula 1. E1 método se

P T T

caracteriza por (a) preparar el compuesto de la Férmula 1 del

compuesto de la Férmula 2 con ¢l nétodo descrito anteriormente

(b) usar, como ese compuesto de la Férmula 1, un compuesto de

Férmula 1 preparadoe con el método descrito anteriormente.



> 000033

DESCRIPCION DETALLADA DE LA INVENCION

(]

Como se usa en la presente, 1os términos “comprende”, “gue
conprende”, que incluys”, “tiene”, “que tiene”, o

cualquier otra variante de é&stos, pretenden abarcar una

wsing  que  puede  incluir  otros  gue no  estén  exprassamente
E ]

listados o sean inherentes a

10  articulo o aparato. Ademds, a menos Jque se especifique
expresamente lo contrario, la disyuncidn se relaciona con un
(11 2

condicién A o B se satisface mediante cualquiera de los
siguientes criterios: A es verdadero (o actual) v B es falso
15 (0 no actual), A es falso (o no actual) y B es verdadero (o

Asimisino, los articulos indefinidos “un(a)” y “unos(as)”
gue preceden un elemento o componente de la invencidn estén

.
previstos para ser no restrictivos con  respecto a la
20 cantidad de instancias (es decir, incidencias) de=l elemsento
o componente. Por consiguiente, “un(a)” o “unocs(as)” deben
interpretarse para incluir uno o por lo menos uno y la forma
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6
.
incluye el plural, a menos gue el nimero obviamsnte indique
que es singular.

Como se usa en la presente, las siguientes definiciones
aplicardn a menos ¢ue se indigue de otra manera. El término
“opcionalmente sustituido” se usa intercambiablemente con la
frase sus ido o insustituids” o con el término
“(in)sustituido.” A mencs due se indigue de otra manera,

cuando més de un susitituyente estd presente en un grupo,
cada sustitucién es independiente de la otra. También, un

grupoe declarado como opcionalmente sustituide  con un

‘sustituyente estd sustituido con cero o un ejemplo de dicho

1; por ejemplo, una relacidn de 4 significa 4: 1.

Como se usa en la presente, el término “equivalente de
cianuro” y los términos relacilonados tales como “relacidn del
equivalente de cianuro” cuando se refiere a un compuesto gue

comprende uno o mads grupos cianuros, se refiere al ndmero de

iones cianuro (CN7) por mol del compuesto que contiene cianuro.

moles de ion cianuro capaz de ser proporci lo por un mol del
conpuesto que contiene cilanuro (es decir, fuente de cianuro)

por conversidén de un compuesto de la Férmula 2 a un compuesto



de la
un reactive de hexacianofervato(II) tiene seis moles de iones

Clanuro por mol de hezacianoferraco(IlIl); por lo tanto, =i la

relacidén  del equivalente de ‘cianuro de un reactivo de
5 lheracianoferrato(Il) en relacidn a otro reactivo (por ejemplo,

molar seria 0,167: 1. Ademds, el método de la presente

10 compuestos que contiensn clanuro (por ejemplo, uno < mas
cianuros metdlicos). En los casos donde el reactivo (2)
comprends mas de  un puesto  gue contiene cianuro, los
“ . »

15 de CN7) proporcionados por cada uno de los compuestos Jue

contiensn cianuros en el reactivo (2). Por ejemplo, para una

reaccidn particular, el reactivo (2) pudiera consistir de una
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20 relacién a otro reactivo (por ejemplo, un compuesto de la
Férmula 2) es la suma del nimero de eguivalentes de cianuro
proporcionado por clanuro sdédico y cianure de cobre(I) en

25 por mol (es decir, pesco férmula) del compuesto, la relacidn del
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equivalente de cianuro en relacidn a otro reactivo es también
la suma del numero de moles de cianuvro séddico y de cianuro de
cobre (I) en relacién al nimerco de moles del otro reactivo.

n las menciones anteriores, el término “alguilo
icade o de cadena lineal, tales como,

netilo, etilo, n-propilo, i-propila, o los di

isdieros butilo, pentilo o hexilo

El térnino “ciclopropilciclopropilo” indica la sustitucidn
de ciclopropilo en otro anillo de ciclopropilo. Los ejemplos de
“ciclopropilciclopropilo”  incluyen  1,1'-biciclopropil-1-ilo,

de ciclopropilciclopropilo, tales Como (LR, 285)~1,1'-

“ligando bidentado” se refiere a una molécula orgdnica que

comprende al mencos dos pares de electrones gue estén

C)

disponibles para la coordinacidén con un dtomo de metal (por

ejemplo, atomo de cobre).

Un radical de base carbono se refiere a un componente
molecular monovalente que comprende un dtome de carbono Jue

=
Y]
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—
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n

conecta el to de la estructura guimica mediante
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un enlace simple. Opcicnalimence, los rad

pueden comprender cadenas,

icales

anillos vy

invencidén,

Ca r"hoi’hl y (’je

de
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[
<
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el reactivo (3)

(es r, 4

(es decir, un reactivo de sal de cobre(I)) y el reactivo (4)

(es decir, un reactivo de sal de yoduro). El reactivo (2) se

describe de manera alternativa y eguivalente como al mencs un
1 un  reactivo Jde cianurc metdlic

porcue

n"") 'I”C_{Ue umn

comoe al menos una

wna o mads sales de cobrs(I). El reactivo (4

manera alternativa y eguivalente como al menos una sal de
yoduro, porgue un reactivo de sal de yoduro contiene una & mas
sales de yoduro. Ademds, la cantidad de moles de un reactivo de
cianuro metélico se refiere a la cantidad de moles de cianuro
que contiene el reactivo (como se describid antericrmente). La
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. » .
a la cantidad de noles de cobre(I) gue contiene el reactivo. La

cantidad de moles de un reactivo de sal de yoduro se refiere a

la cantidad de moles de yoduro gue contiene el reactivo.

gue comprende al wencos un grupoe funcicnal &cido carboxilico

10 Los 4cidos carboxilicos incluyen, por ejemplo, acido

férmico, dcido acético, dcido propidénico, Acido

cloroacético, éacido benzoico, acido maleico y acido citrico.

.

Bl tévmninoe “pH; eficaz” se refiesre al plly del grupe funcional

Acido carboxilico o, si el compuesto tiene més de un grupo
15  funcional é&cido carboxilico, “pE, eficaz” se refiere al pK,

mezcla no acuosa, tal como una mezcla de reaccidn, se

20  con aproximadamente 5 a 20 volumenss de agua y luego medir

medidor de pH). Tal como se menciona en la presente, una
.

sustancia

no contiene més de aproximadamente 1 % de agua en peso. El
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nombre gquimico “anhidride isatcico” es otro nombre que
corresponde  al  nombre actual “2H-2,1l-hanzoxazin-2,4(1H)-
diona”, incluido en Chemical Abstracts.
Las modalidades de la presente invencidn incluyen:
Modalidad Al El método descrito en la Breve
descripcién de la invencidn para preparar un compuesto
de la Férmula 1, 21 método comprands poner en contacto
el reactivo (1) (es decir, un compuesto de la Férmula
2) con el reactivo (2) (es decir, un reactiveo de
cianuro de metal), el reactivc (3) (es decir, un
reactivo de sal de cobre(I)), el reactivo (4) (es
decir, un reactivo de sal de vyoduro) y el reactivo (5)
(es decir, al menos un compuesto de la Férmula 3).
Modalidad A2. El método de la Modalidad Al, en donde r?
es NHR3.
Modalidad 23. El método de la Modalidad Al o A2, en
donde Rr3 es alquilo de C1-Caq, ciclopropilo,
ciclopropilciclopropilo, ciclopropilmetilo o)
metilciclopropilo
Modalidad A4. El método de la Modalidad A3, en donds R3
es alquilo de C1-C4 o ciclopropilmetilo.
Modalidad AS5. El método de la Modalidad 24 en donde R3

es metilo.
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Modalidad  AG. Bl método de cualguiera de las
Modalidades A1l a A5 en donde R? es metilo.

Modalidad  A7. El métode  de cualdguiera de las
Modalidades Al a A6, en donde X es Br.

Modalidad  AS. Bl meécodo  de cualguiera de las

Modalidades Al a A7 en donde el reactiveo (1) comprende
2—amino-5-hromo-N, 3-dimetilbenzamida.
Modalidad A9. El método de cualguiera de las Modalidades

Al a A8 en donde el reactivo (2) comprende uno O mMas

cianuros metdlic seleccionados del grupo consistente

seleccionados del grupoe consistente de cianuros de metales
alcalinos y hexacianoferratos (II) de metales alcalinos.

Modalidad All. El método de la Modalidad A10 en donde
el reactivo (2) comprende uno o mas cianuros metadlicos

seleccicnados del grupo consistente de cianuro sdédico,

Modalidad Al2. El método de la Meodalidad A1l en donde

el reactivo (2) comprende uno o mads cianuros metdlicos
{

seleccionados del grupo consistente de cianvroe sbéddico,

clianuro potédsico y hexacianoferrato(II) potédsico.
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13
Modalidad A12. El método de la Modalidad Al2, en donde
el reactivo (2) compreande cianuro sddico 0

14. E1 métaodo de la Madalidad A1Z2, en donde

el reactivo (2) comprende cianuro sédico.
Modalidad  Alb. El mwétodo de cualguiera de las

Modalidades Al & Al4, en donde la relacidén del
equivalente de cianuro entre el reactiveo (2) y el
reactivo (1) es de al menos aproximadamente 1.

Modalidad Al6. El método de la Modalidad AlS, en donde la

relacién del eguivalente de clanuro entre el reactivo (2)

Modalidad Al7. El método de la Modalidad Alé, en donde la
relacidn del equivalente de clanuro entre el reactivo (2)

y el reactive (1) es de al nmenos aproximadamente 1,25.

vy el reactivo (1) es de al menos aproximadamente 1,4
Modalidad AlS El nétodo de cualguiera de las

Al a Al7a en donde la relacidén del

reactivo (1) no &s mayor gue aproximadanm:

¢ v
o
(0]
[\
<~
}_\

Modalidad Al19. El método de la Modalidad Al9, &n donde la

J_
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N0 es mayor que apro

14 600102

método de la Modalidad A19, en donde la

ntre el reactivo (2)

ximadamente 1,5.

Modalidad A20. Bl método de la Modalidad Al%a e&n donde la

Modalidad A21. El métado de

Modalidades A1 a A20 en

relacidn del eqguivalents de cianuro entis

PO el s

cactivo (2)

[

D

s mayor que aproximadamente 1,4.

(@]
(1)

cualguiera de las

donde R es H; o alquilo de Ci-

C¢ opcionalmente sustituido con NRR'C.

es metilo o n-butil

Modalidad A24,

método de la Modalidad 21 en donde R®

o, nh=propilo o n-butilo; o alguilo de

El método de

Modalidades Al a A22 en donde R® y R'Y se toman juntos

como -CH=N-CH=CH-.

Modalidad A25,

ELl wmétodo de cualguiera de las

nétodo de la Modalidad A25 en donde
RS cuando se £ oma solo s
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Modalidad A27. El wétode de la Modelidad A26 en donde
cada R%, R’ y R® cuando se toma solo es H.
Modalidad A27a. El métode de cualquiera de las Modalidades

Al a A27 en donde cada R®, R y R® ze toman solos.

Modalidad  A28. Bl wmétodo  de cualdguiera de las
Modalidades Al a A27a en donde el reactiva (5) comprende

uno © mas Comj
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de l-metil-1lH-imidazaol,l-etil-1H-imidazol, 1-propil-1H-

imidazol, 1-butil-1H-imidazol, l-pentil-1H-imidazol, 1-
hexil-1H-imidazol, 4-metilimidazol, 1,1'-(1,4-
butanodiil)bis-1H-imidazol, 1,1'-(1,5-pentancdiil)bis-

1H-imidazol y 1,1'-(1,6-hexanodiil)bis-1H-imidazol.
Modalidad A28a. El método de la Modalidad A28 zn donde el

reactivo (5) comprende uno o més compuestos seleccionados

1,1'-(1, 6-hexanodiil)bis-1H-imidazol.

Modalidad A28k, Bl método de la Madalidad A28a en donde

el reactivo (5) comprende unG o mas COnpuUestos
seleccionados del grupoe consistente de 1-metil-1H-

Modalidad  A29. El método de cualguiera de las

Modalidades Al a A28k en donde el reactivo (5)
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PO R,

l-propil-1H-imidazol, 1-butil-1H-imidazol, l-pentil-1H-
imidazol, l-hexil-1H-imidazol, 1,1'-(1,4~
butanodiil)bis-1H-imidazol, 1,1'-(1,5-pentanodiil)bis-

Modalidad A20. El método de la Modalidad A29 en donde
el reactivo (5) comprende uno o wés  conpuestos

seleccionados del grupo consistente de l-metil-1H-

Mcocdalidaa A32. El método de la Modalidad A31 en donde

A3l en donde

Modalidad  A34. El mé&tode de cualguiera de las
Modalidades Al a A33, en donde la velacidén molar del
reactivo (5) al reactivo (3) {(sobre la bhase del

contenido de cobre(I)) es roximadamente 1.
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Modalidad A34a. El método de la Modalidad A34 en donde

On

la relacidén mnolar del reactivo (5) al resactivo (3)



—

15

(%]

D

(sobre la base del contenido de cobre(I)) &s al menos
aproximadamente 1,5.

Modalidad A35, El méitodo de la Modalidad AZ4a, en donde

)
2

-

la relacidén molar del reactive (5) al reactivo (3) es
de al menos aproximadamente 2.

Modalidad A36. El método de la Modalidad A35, en donde
la relacién molar del reactive (5) al reactivo (3) es

de al menos aproximadamente 2,5.

Modalidad A27. El método de la Modalidad A36, en donde

)

n nmolar del reactive (5) al reactive (3) es

ay

de al menos aproximadamente 3.

Modalidad A38. El método de la Modalidad A37, en donde

(1)

la relacidn molar del reactivoe (5) al reactive (3) es
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Modalidad A39. El método de cualgquiera de las Modalidades

Al a A38, en donde la relacidn molar del reactivo (5) vy
el reactivo (3) (sobre la base del contenido de cobre(Il))

no es mayocr gue aproximadamente 10.

Modalidad A40. El método de la Modalidad A39, en donde
la relacidén molar del reactivo (5) al reactivoe (3) no
es mayor Jue aproximadamente 6.

Modalidad A41. El1 método de la Modalidad A40, en donde

n

la relacién molar del reactivo (5) al reactivo (3) no

es mayor que aproximadamente 5,5.
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Modalidad 242. El1 método de la Modalidad 241, en donde
la relacién molar del reactive (5) al reactivo (3) no

es mayor dJue aproximadamente 5.

Modalidades Al a A42, en donde la relacidn molar del

reactivo (3) (sobre la base del contenido de cobre(I))

Modalidad A44., El wétodo de la Modalidad A43, en donde

de al menos aproximadamente 0,1.

Modalidad A4L5. El nétode de la Meodalidad A44, en donde
la relacidn molar del reactivo (3) al reactivo (1) es
de al menos aproximadamente 0,15.

Modalidad A45a. El método de la Modalidad A45 en donde
la relacidén molar del reactivo (3) al reactivo (1) es
al menos aproximadamente 0,3 cuando ¥ es Cl.

de las

I_V
o
i~
0

Modalidad  A46. El método de cualqu

Modalidades Al a Ad5a, en donde la relacidn molar del

reactivo (3) (scobre la base del contenido de cobre(I))
al reactive (1) es menor de aproximadamente 1.

Modalidad  RA47. El métode de cualguiera de las

000106
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Modalidad A48. Tl método de la Modalidad Ad47, en donde
"la relacidén molar del reactivo (3) al reactivo (1) no
es mayor que aproximadamente 0,5.

. Bl métoda de la Modalidad A4S, en donde

Modalidad A49

‘D

z

la relacidén molar del reactivo (3) al reactivo (1) no
es mayocr Jque aproximadamente 0,4.
Modalidad AS50. El método de la Modalidad A49, en donde

vo (3) al reactivo (1) no

|=-

la elacidén molar del react

es mayor que aproximadamente 0, 3.

Modalidad AS1. El1 wméicodoe de la Modalidad A50 en donde

la relacién molar del reactive (3) al reactivo (1) no
es mayor que aproximadamente 0,25 cuando X es Br.

Modalidad A52. El méiodo de la Modalidad ALl en dJdonde
la relacidbén molar del reactivo (3) al reactivo (1) no
es mayor que aproximadamente 0,2 cuando ¥ es Br.

Modalidad AS3. El método de cualquiera de las Modalidades

Al a A52 en donde la relacidn molar del reactivo (4) al

!T’

Modalidad A54. El método de la Modalidad A53, en donde

la relacidén molar del reactivo (4) al reactivo (1) es

Modalidad AS55. El método de la Modalidad AS54, en donde
la relacidén molar del reactiv (4) al reactivo (1) es

de al menos aproximadamente 0,1.



10

=
w

20

25

20

5, en donde

(,‘n'l

Modalidad RAS6. El1 méiodo de la Modalidad A
la relacién molar del reactivo (4) al reactivo (1) es

imadamente 0,15.

‘l

Modalidad AS7. El método de cualguiera de las Modalida

Al a B56 en donde la relacidn molar del rveactivo (4) al
reactivo (1) es menor que aproximadamente 1.
Modalidad ASS. El método de cualguiera de las Modalidades

Al a AS57 en donde la relacién molar del reactivo (4) al
reactivo (1) no es mayor gue aproximadamente 0,5.
Modalidad A58, en donde
la relacidn molar del reactivo (4) al reactivo (1) no
es mayor que aproximadamente 0,4.

Modalidad AG60. El método de la Modalidad AL9, en
la relacidn molar del reactivo (4) al reactivo (1) no
es mayor que aproximadamente 0, 3.

Modalidad A61. El método de la Modalidad 60 en donde la

(

relacién molar del reactivo (4) al reactivo (1) no es
mayor gue aproximadamente 0,2.

cualquiera de las
Modalidades Al a A6l, en donde el reactivo (3) y el

reactivo (4) comprenden yoduro de cobre(I).

000108
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solvente organico adecuado para formar una mezcla, vy
después el reactivo (2), el reactivo (3), &l reactivo (4)

 mezcla.

[51]

y el reactivo (5) se afiaden secuencialmente a 1

Modalidad  A65. Bl métedo de cualquiera de las

D
®
l_l
(i)

Modalidades A63 y A64, en dond
adecuado comprende uno o mads solventes seleccionados

del grupo consistence de hidrocarburos halogenados y no

]
}

&t i

h

—

L
L

1

"]

(

08y aromaticos.

73]

logenados, a
Medalidad AEGG. El método de la Modalidad AGS, en donde el

golvente orgénico adecuado comprende unoc © mas solventes

seleccionados del grupo consistente Je =xileno, tolueno,

clorohencenao, nmetoxibenceno (también conocido Como
ainisol), 1,2,4-trimetilbenceno, 1,3, 5-trimetilbenceno
(también conocido como mesitileno), etilbenceno, (1-
metiletil)benceno (también cornocido Como cumeno) ,
naftalenos sustituidos con alqguilo de C;-C3; (por ejemplo,
l-metilnafitaleno, 2-metilnafialenc, 1,5-dimeitilnafialeno,
2,6-dinetilnaftalenc vy 1,3-dimetilnaftalenc), ShellSol
A100 (mezcla de hidrocarburos arométicos Cg—Cip) y ShellSol

A150 (mezcla de hidrocarburos arcomaticos Ci0-Cii1) .
Modalidad AG7. El1 método de la Modalidad AGE en donde el

solvente orgdnico adecuado comprende uno o més solventes
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clorobenceno, anisol 1,2,4-trimetilbencence, mesitileno,
l-metilnaftalens, ShellSol A100 y ShellSol Al50.

sdo de la Modalidad ARG en donde el

([)\

Mcdalidad AG7a. El m
solvente orgédnico adecuvado comprende uno o mas soclventes
\

eleccionados del grupo consistente de xilencs, tolueno,
1,2,4-trimetilbenceno, mesitileno y l-metilnatftaleno.
Modalidad A63. Ll método de la Modalidad AG7 o AET7a en
donde el solvente orgénico adecuado comprende xilenos,
tolueno, l-metilnaftalenco o mesitileno.
Modalidad A69. Bl método de la Modalidad A63 en donde
el solvente orgénico adecuado comprende xilenos,
tolueno o mesitileno.

Modalidad A6%a. El método de la Modalidad 2635 en donde

el sclvente organico adecuado comprende 1-
metils aleno o mesitileno

Mcdalidad A70. El1 método de la Modalidad A69 en donde

xilenos.

D

el solvente crganico adecuado comprende

Mcdalidad A71. El1 método de la Modalidad A69 en donde

Modalidad A72. El wétodo de cualguiera de las

Modalidades AG9 y A69a en donde el solvente orgadnico

Z

odali

D.

ad AT3. El método de cualdquiera de las

Modalidades A63 a A72 en donde la relacidn entre el
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volumen del solvente orgénice adecuado y el peso del
reactivo (1) es al mencs aproximadamente 2 ml/g.
Modalidad A74. El método de la Modalidad A73 en donde
la relacidén entre el volumen del olvente orgdnico
adecuado y el peso del reactivo (1) es al menos
aproximadamente 3 ml/g.

Modalidad A75. El método de la Modalidad A74 en donde
la relacidn entre el volumen de solvente o©rgénico

adecuado vy el peso del reactivo (1) es al menos

aproximadamente 4 ml/g.
Modalidad A76. El método de cualguiera de las
odalidades A63 a A75 en donde la relacidn entre el

volumen del solvente orgdnico adecuado y el reactivo

(1) no es mayor due aproximadamente 10 ml/g.
Modalidad A77. Bl método de la Modalidad A76 en donde

la relacidén entre el volumen dJdel solvente organico

adecuado y el peso del reactive (1) no es mayor Jgue

Modalidad A72. El1 método de la Modalidad A77 en donde
la relacidén entre el volumen del solvente orgédnico

adecuado y el peso del reactivo (1) no es mayor Jue

Al a A78, an donde el reactive (1), el reactivo (2), el
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para formar una mezcla; la

mezcla se aumenta por encima

n  por encima

de 1la

la presidn atmosférica vy

Modalidad AS0. El1 nétodo de la
el solvente organico adec

tolueno o anisol.

Modalidad 4A8l1a. El método de

Modalidad A82. El método de cualquiera de las Moda

a por ancima del

(es decir

Modalidad A79 er

vado

comprende x

, punto

1 donde

ilenos,

la Modalidad AZ0 en donde el
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temperatura no mayor Jue aproximadane:

Modalidad A83. El métoadoa de
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R

un solvente orgénico adscuvado a una tenperatura 1o
mayor gue aproximadamente 170 °C.

Modalidad A2L. El método de la Modalidad AZ4, en donde
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el reactivo

'

reactivo (4) vy el reactivo (5) entran en contacto con
un solvenie organico adecuado a una temperacura no

mayor que aproximadamente 165 °C.
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Modalidad ARG. El método de cualguiera

Al a A85, en donde el reactivo (1), el reactivo (2), el

reactivo (3), el reactivo (4) y el reactivo (5) entran en
contacte con un  solvente organico adecuado a  una

enperatura mayor que aproximadamente 115 °C.
Modalidad A87. El1 método de la Modalidad AB6, en donde

el reactiveo (1), el reactivo (2), el reactivo (3), el

T

Modalidad AB88. El método de la Modalidad A87, en donde
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un solvente orgédnico adecuado a una tenmperatura mayor
que aproximadamente 160 °C.

Modalidad 290. El método de la Modalidad Al, en donde X
es Br y el compuesto de la Férmula 1 se prepara como un
s6élido; el wmétodo comprende poner en contacto el reactivo
(1) con un solvente organico adecuado para formar una
mezcla y después afadir secuencialmente el reactivo (2),

el reactivo (3), el reactivoe (4) y el reactivo (5) a la

mezcla, manteiner la tenperatura Jde la mezcla de
aprozimadaments 145 a 180 °C duvante aprounimadamente 5 a
aprozimadamante & h, enfriar la mezcla de aproximadamente

0 a 50 °C, afiadir agua a la mezcla, opciocnalmente afiadir

un agente coordinador de cobre a la mszcla Jde reaccidn,
opcionalmenta agitar durante aproximadamente 1 a
aprozimadanente 24 h y después recupsrar de la mezcla el
compuesto de la Férula 1 como un sdlido.

Modalidad A%1. Bl método de la Modalidad Al, en donde X es
Cl y el compuesto de la Fbériula 1 se prepara como un
sélido; el método comprende poner en contacto el reactivo

(1) con un solvente orgénico adecuado para formar una

mezcla y después anadir secuencialmente el reactivo (2),

mezcla, nantener la temperatura de la mezcla de

aproximadamente 150 a 200 °C durante aproximadamente 5 a
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0 a 50 °C, afadir agua a la mezcla, opcionalmente afadir
un agentce coordinador de cobre a la mezcla de reaccidn,
opcicnalmente agitar durante aproximadamente 1 a
aprorzimadamsnte 24 h vy después recuperar de la mezcla el
compuesto de la Férmula 1 como un sdlido.

Modalidad B1. Bl método descrito en la Breve

descripcidn de la invencidn para preparar un COMPUESTO

teo de la Férmula 1

Modalidad B2. El métode de la Modalidad B1l, en donde el
conpuesto de la Férmula 1 se prepara de un compuesto de
la Pérmula 2 mediante &1 método de alquiesra de las

Modalidades Al a AS91.

rD
W
5

Mcdalidad B3. El método de la Modalidad Bl o B
donde Z es N.
Modalidad B4. El métode de la Modalidad
donde Z es CH.

Modalidad R5. El método de cualguiera de las Modalidades

ciclopropilciclopropilae, ciclopropilmetilo o)

Modalidad BG6. El método de la Modalidad BS en donde R3

Modalidad B7. El método de la Modalidad BG& en donde R®

es metilo.



10

15

20

Modalidad

Modalidades

Modalidad

Moda

lidades

I_J
l_v -

Modalidad
Modalidades
Modalidad
Modalidades
Modalidad

Modalidades

28

BR3. El método  de cualguiera
Bl a B7 en donde R? es metilo.

B9. El método de cualguiera
Bl a B3, en donde R} es Br.
B10. El método de cualguiera
Bl a B9, en donde R? es Cl.
B11. El método de cualguiera
Bl a B10, en donde R es H.
B12. El  método de cualguiera
Al a A91 o Bl a B1ll, en donde el

de las
de las
de las
de las
de las
ompuesto

nenzamida.

Cl. El método descrito en la Breve
de 1la invencidn o cualguiera de las
Al a A91 o Bl a B12 en donde R°> &3 H; o

con NRgRlo, a

menos gue se especifique una definicidén més concreta.
Modalidad C El método descrito en la Breve
descripcidén de la invencidn o cualquiera de las
modalidades Al a A91, R1 a R12 o Cl &n donde cada R r’
y R® es independientemente H o alguilo de C;-Cjz, a menos
gque se especifigue una definicidén més concreta
Las modalidades de la presente invencidén se pueden
combinar de cualguier Zforma. Cabe destacar 1 mwmétodo de
cualqu uiera de las Modalidades Al1-A90 o B1-B1l2, en donde ¥ es
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Br. También se destaca el métoda de cualguiera de las
Modalidades A1-A39, A9l o B1-Bl2 en donde ¥ es Cl.
En los siguientes Esguemas 1-8 las definiciones de R,
rR?, Rr®, RY R°, RS @R’, R® &RY, RY PRY¥, X y Z en los
5 compuestos de las Fdrmulas 1 a 10 son como se definieron
aAanteriormente en la Breve descripcidn de la invencidn y én
la descripcién de las modalidades, a menos gue se indigue de
sira forma. Las Férimulas la, 1b y le son sukconjuntos de la
Férmula 1. La Fdrmula 2a es un subconjunto de la Férmula 2.
10 Como se muestra en el Esguema 1, en un wétodo de la
presente invencidn, un compuesto de la Férmula 1 se prepara al
poner en contacto un compuesto de la Fdrmula 2 con al menos un
cianuro de metal (es decir, un reactivo de cianuro metédlico),
al menos una sal de cobre(Il) (es decir, un reactivo de sal de
15 cobre(I)), al menos una sal de yoduro {(es decir, un reactivc
de sal de yoduro) y al menos un compuesto de la Férrwula 3.
.
Esquema 1
R reactivo de cianuro metalico R?
R ti d 1 de Cu(I
20 o fmete s ol N
~nl R j ~ ~ R
X COR N NC COR
: 8N |
R6 N RS
as
3

25
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En el presente método, €l reactivoe de cianuro metéalico

comprends, en particular, al menos un compuesto seleccionado

compuestos de la Férmula M!CN, en donde M! es un metal
alcalino, tal como sodic o potasic. Los hexacianofervatos(II)
de netal alcalino adecuados incluyen, por ejemplo,
Jhexacianoferrato (IT) de potasic vy  hexacliancferrato(II) de

sodio; ambos estén disponibles comercialmente a hajo costo, no
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cianuro disponibles para trans
Férmula 2. A menudoe, s puede obtener un wmayor rendimisnto de

los compuestos de la Formula 1 cuando se usa un reactive de

Q

cianuro

=

etdlico que comprende cilanuro de sodio. Tipicamen

et
0]}

la relacién del egquivalente de cilanurco del reactive de cianuro

metédlico en relacidn al compuesto de la Férmula 2 es de

cianuro metdlico para eliminar =l cobre durante el aislamiento

del  compuesto de la Fdrmula 1. Los clanures de mwetales

n del cobre durante el aislamiento del compuesto de
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la Férmula 1. Cuando se incluyen cantidades adicionales de un

reactivo de cianuro metdlico gue comprends un cianuro ds metal
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mezcla de reaccidn. Usualmente, un clanuro de metal alcalino
que se triturd o molid es particularmente ventajoso cuando se
usa solo una cantidad estequicnétrica o un poco mads del cianuro
de metal alcalino. Por el contrario, cuando se usa un cianuro
de metal alcalino en gran exceso, tal como una cantidad

iciente no sélo para la etapa de cianacidn, sino también

para la posterior remocidn de cobre de la mezcla de reaccidn

(es decir, aproximadanente 1,4 a 2,1 en relacidn a la Fdrmula
2), trituracidén o molienda ¢l cianuro de metal alcalino puede
proporcionar un bheneficio insignificante comparado con el uso

del cianuro de metal alcalino sin triturar o nmoler antes de la

adicidn a la mezcla de reaccidn.

o En el método del Esquema 1, se cree gue el reactivo de sal
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Férmula 1. Los reactivos de sal de <cobre(I) adecuados

comprenden uno o was compuestos seleccilonados  del  grupo
consistente de sales de cobre(l), talss como yoduro de

cobre(I), bromuroe de cobre (I), cloruro de cobre(l), ciamaro de

cién molar
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del reactivo de sal de cobre(I) (que se hasa en Cu(l)) y el

wimadamente 0,01 a

O

conpuesto de la Fdérmula 2 es de apr

aproximadamenite 1 vy, tipicamente, de aprozimadamente 0,1 a

aproximadamente 0,99 y, més tipicamente, de aproximedamente 0,1

se obtienen

I
F
=]
c
(o3

a aproximadamente 0,4. Cuvando ¥ es Br,

resultados dptimos de relaciones nolares de aproximadamente 0,1

a aprozximadamente 0,3 entre el reactivo de sal de cobre(I) y el
compu de la Fdrmula 2, Debido a que los compuestos de la

Férmula 2, en donde ¥ es Cl, son a wmenudo menos reactivos gue

de sal de cobre(I) vy el compuesto de la Férmula 2.

gue .en las condiciones del presente método un derivado de 5-
bromo o cloro de la Férmula 2 se convierte, al menos
parcialmente, al derivado de 5-yodo correspondiente en

presencia de una sal de yoduro. Los reactivos de sal d
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adecuados comprenden uno ¢ més conpuestos seleccionados del

—

grupo consistente de amonio cuaternario, sales de yoduro de
metal alcalino vy alcalinotérres, tales como yodurc de
cobre(I), yoduro de sodio, yoduro de potasic, yoduro ds zing,
yodure de litio, yoduro de calcio, yoduro de tetvabutilamonio

y yodurc de tetrametilsmonio. La relacidédn molar de la sal de

yoduro al  compuesce de  la  Fdrm

aproximadamente 0,001 a aprozimadamente 1, y més tipicamente
de aproximadamente 0,05 a aproxzimadamente 0,4, v mas

En el método del Esguema 1, a menudo se obtiene &l méximo
rendimiento de los compuestos de la Férmula 1 con velocidades
de reaccidén dptimas, cuando se usa yodurc de cobre(I) (Cul)

como A

uente del reactivo de sal de cobre(I) y del reactivo de
sal de yoduro. En general, cuando se usa yoduroe de cobre(I)

(Cul) en el presente wétodo, la relacidn molar es de

ventajoso usar yoduro de cobre(I) en conjunto con otro reactivo

de sal de yodurc, tal como yoduro de sodio, yoduro de potasio,

yoduro de zinc, yoduroe de tetrabutilamonio o @ yoduro de
tetrametilamonico. La utilidad de combinar yoduro de cobre(I)

con otro reactivo de sal de yoduro depende de las condiciones
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yoduro de cobre(I) como

compuestos

como ligandos en

pueden usar los

renden un anillo dJde

imidazol
ados que conpr anillos
descubrid

velocidad los compues
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la formacis

la Férmula 3 qgue

variedad de derivados

ligandos en el

de la Fdérmula 3
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reactivo de sal de cobre(I) es tipicamente de aproximadamente
1 a aproximadamente 10. Como las relacionss molares mayores

que 1, a menudo, pueden acelerar la reaccidn mientras las

heneficio adicional mientras aumentan <1 costo, la relacidn
es de preferencia de aproximadamente 1,5 & aprodimadamente 6.
L3

Usualmen
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ormar el solvente adecuado para este método. Tipicamente,

=in los que los compuestos de la Férmula 2 sean de

preferencia compleiamenie o al menos sustancialmente solubles y
el reactivo de cianuro metélico tiene uvna baja solubilidad en

reaccidn. Los ejemplos de solventes adecuados incluyen
hidrocarburos halogenados v no halogenados, alifadticos vy
saromaticos, tales Como xileno, toluenao, clorobenceno,
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trimetilbencenc, 1,23,5-trimetilbenceno (también conocido como

conocido come cumeno), na

y mezclas de solventes avomdticos gue vendes, por ejemplo, Shell

1 con el nombre comercial ShellScl, en particular,

@]
=y
0]
=
|_|.
(@]
o1}

ShellSol Al00 (una mezcla de hidrocarburos arcméticos C¢-Cig) VY
ShellSol A150 (una mezcla de hidrocarburos aromdticos Cip~Cii),

realiza de manera wmAs satisfactoria con un solvente Jgue pevimite
2. .. [ . N 0
temperaturas de reaccidén de aproximadamente 150 a 130 "C. Esto

dgrar  con  un  solvente que tiene un  punto de

ebullicidén normal (es decir, punto de ebullicién a 100 kPa

los compuestos de la Fdérmula 1 se obtienen tipicamente poxr
medico del uso de esos solventes, particularmente cuando el

presente métodoe se conduce a presidn elevada. Cuando se usan
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El método se conduce también convenientemente por medio del uso

de un solvente con un punto de ebullicidén normal en el
intervalo de aproximadament 150 y 180 °C tal como 1,3,5-
crimetilbenceanac, l-metilnaiftalenc, mezclas de solventes

encontrd gue el usc de un solvente (es decir, con un punto de
ebullicién normal que ebulle =n el intervalo de aproximadamente
trimetilbenceno vesnlta en altos rendimientos de compuestos de
respectae  al peso Jdel  compuesto de la Fdrmula 2 es  de
aproximadamente 2 wl/g a aprozimadamente 10 ml/g. Una cantidad

de solvente mayor que 2 ml/g puede facilitar la a n de la

Cn

jitaci

(@]

O

nezcla de reaccidn, pero una mayor cantidad de solvente puede

v
]

v 1o tanto, a

menudo, la relacidn entre el volumen del solvente y el peso del

compuesto de la Férinula 2 es de aproximadamente 2 wml/g a
aproximadamente 5 ml/g vy, wds a menudo, de aproximadamsnt

reactivaos puec dispersarse, disclverse o disolverse
parcialmente en el solvente orgénico adecuvado vy después
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‘adiciona

s

se a la mezcla que comprends los otros reactivos y una

¥
Q.
®
Q
C
i}
Q.
O

cantidad adicional del solvente orgdnico

En el presente método, el orden en el Jgue se combinan

e}

los reactivos no es determinante para el resultado de la

combinar el compuestce de la Férmula 2 con el solvente

organico adecuado para

de sal de cobre(Il), =1 reactivo de sal de yoduro y al menos

—
(&)
c
-

conpuesto de la Férmula 3 a la mezcla. Alternativamente,

en algunos casos es ventajeso disolver al mencs un compuesto

=

de la Férmula 3 y el reactivo de sal de cobr

(I) en el

o

solvente orgénico adecuade y afiadir esta solucidén a un

nezcla que comprende el compuesto de la Férmula 2, reactivo
15 de cianuro metalico, reactivo de sal de yoduro y el solvente
organicao adecuado. 0, alternativamente, al menos un
compuesto de la Férraula 3 puede disolverse en el solvente

organico adecuado atiadirse a una mezcla que conprende el
compuesto de la Férmula 2, reactivo de cianuro metalico,

20 reactivo de sal de cobre(Il), reactivo de sal de yoduro y el

soclvente organico adecuado. Para estos wmodos de adicidn,

usan para disolver =1 (los) compussto(s) de la Férmula 3 vy

nico

Qn

25 el reactivo de sal de cobre(I) es el mismo solvente org
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adecuado que se usa para formar la mezcla gue comprend2 los

componentes de reaccidén. Otros oérdenes de adicidén también

preferencia, en un ambisnte likre de oxigeno, aungue no es
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descubrié que es ventajoso reducir la presencia de oxigeno
atmosférico en &l vecipiente de reaccidn antes y durante la
7 mantener un ambilente libre de

o durante el transcurso de la reaccidn. Se pueden usar

estas técnicas incluyen, por ejemplo, evacuar el recipiente
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te, &l recipiente de reaccidn se

rte y luego se puede mantener una

entre aproximadamente 115 y 200 °C y més tipicamente entre
aprozimadaments 145 y 200 °C. En .

aproximadamente 150 a 180 °C logran un maximo rendimiento vy

Losi]

una maxima pureza del oducto con las velocidades de reaccidédn

l‘h

worables; por ejemplo, en la mayoria de los casos los



10

15

20

000128

40

}

rendimientos de
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iy

compuestos de la Fdérmula 1 se obitienen

95 % o mayores en aproximadamente 5 a aproximadamente 8 h.

El producto de la Fbrmwula 1 s puede aislar wediante
técnicas esténdar conccidas en la técnica; éstas técnicas
incluyen filtraciédn, extraccidén, evaporacidn y criscalizacidn.

Por ejemplco, €l medioc de reaccidén se puede diluir con
a 8 partes an peso de agua, con respacto al
compueste de la Fbrmula 2, para disolver sales inorganicas

wpuestos de 1la

4
=
jt]

presentes en el medic de reaccidn. Como los cc
I
Férmula 1 son tipicamente sélidos a temperatura ambiente, y en

general, moderadamente scolubles en el solvente de reaccidn, se

aislan mas fécilmente por filtracidn, seguido por el lavado con
agua y opcionalnente un  solvente organico (por ejemplo,
xilenos, tolueno, 1,3,5-trimetilkbencenc). Si los compusstos de
la Férmula 1 son solubles en el solvente de reaccidn, se aislan
mds convenientemente por dilucidn del medio de reaccidn con

agua para disolver las sales inorgénicas, después separar la
fase orgdnica, opcionalmente seguide por el lavado con agua,
para eliminar cantidades residuales de las sales y/o cianuros
evapcoracidén a presién reducida. En algunos casos puede ser
rentajoso afiadir un agente coordinador de cobre soluble en agua

para optimizar la eliminacidn de cobre antes de aislar los

~

compuestos de la Formula 1. Los agentes coondinadores de cobre

utiles incluyen, por ejemplo, 2,2'-tiodictanol, etilenodiamina,
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eliminar el cobre es la etilenodiamina y los cianuros de

5 de metal alcalino (por ejemplo, cianuro sddice) como agente

coordinador de cobre, en gensral, es 0til emplear de
aproximadamenite 0,3 a aproxinadamenta 0,6 moles, con respecto a

los compuestos de la Férmula 2, para reducir la cantidad de

cobre residual en los compuest de la Férmula 1. Esta cantidad
10 ‘de cianuro de sodio se puede afiadir cuando se afiade el reactivo
de cianuroe metédlicoe (es decir, durante la reaccidn de
clanacidn, como se analizd anteriormente) o cuando se completa
la reaccidn y antes de aislar los compuestos de la Férmula 1.

icidn, el cianuro de metal alcalino se

=
O
)
=
1)
v
=
1_!
C_

15 aflade en dra, y para el segundo se aiade en
anhidra o como una solucidn acuosa. Los compuestos de la

Férmula 1 se pueden purificar wads aun mediante la

rohenceno., El mnétodo del

ejemplos 3 y 4 ilustran ¢l método del Esquena de reaccidn 1 gue

incluyen el tratamiento de la mezcla de reaccidn con

etilencdiamina antes de aislar el compuesto de la Férmula 1.
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‘ l

Las caracteristicas del presente método proporci

F)
i}
j\E)
o}

an

derivados del &4cide 2-amino-5-cianobenzoico 3-sustituido de
la Férmula 1 con un alto rendimiento (tipicamente 95 % o0

mas, sobre la base de los mcles del compuesto de la Férmula

2 usado) en aproximadamenie 5 a aprozimadamente & h. Cabe
destacar gue el presente wétodo se puede uwsar para

compuestos de la Fdrmula 1 con una pureza excelente, aungue
estos compuestos v los compuestos iniciales de la Fdrmula 2

contienen sustituyentes de amino vy, en algunos casos,

Los compuestos de partida de la Fdrmula 2 se  pueden
obtener por una variedad de métocdos conocidos en la técnica. De

acuerdo con un método, como se mnuestra en el Esquema de

halogenacién de un compuestce de la Fdrmula 5 por medic del uso

incluyen bromo, cloro, cloruro de sulfurilo, N-clorosuccinimida

(NCS), N-bromosuccinimida (NBS) y reactives de halogenacidn,

haluro de hidrdgeno. Para referencias importantes que describers
estos métodos, véanse las publicacicnes de las patentes del PCT

nam. WO 1998/16503 (el Esquema 4 y el BEjemplo 132), ntm. WO
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2006/068669 (el Esquema 11), num. WO 2003/015519 (el Esquema 4
y el Ejemplo 1, Etapa A) y num. WO 2006/062978 (el Esquema 15;

el Ejemplo 4, Etapa B y el Ejemplo 5, Etapa B).

5 - Esquema 2
R? R2
NH, Halogenacién NH,
>
COR! X cor!
5 2
10

Otro método para preparar los compuestos de la Fdrmula

2, en donde ¥ es Br vy R! =3 NHR?, inplica la hrominacidn de

los compuestos de la Férmuls 5 mediante el tratamiento con
un gas gque contiene bromo, como se ilustra mediante el
15
Jprocedimiento del Ejemplo de referencia 1 (2l Ejemplo de
referencia 1 también se encuentra en la publicacidén de la
patente del PCT num. WO 2008/082502).
Los compuestos de la Formula 2a (Fodrmula 2 =n donde r!
es NHR®) también se pueden preparar al poner en contacte un
. 20
anhidrido isatoico de la Fdérmula 6 con una amina de alguilo
de la FPérmula 7 en presencia de un acido carkboxilico como se
ilustra en el Esquema de reaccidn 3
25
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Esquema 3

H
N 0o Acido NH,
3 carboxilico
+  R'NH, _—

X C(O)NHR?
6 0 2a

en donde R' es NHR’

Debido a que las aminas, tales como el compuesto de la

Formula 7, son bases, en ausencia del acido carboxilico, la

10 mezcla de los compuestos de las Férmulas 6 y 7 seria basica
(es decir, pH eficaz > 7). El &cido carboxilico actia como
amortiguador para reducir el pH eficaz de la mezcla de
reaccidén. Se puede usar una amplia variedad de Acidos
carboxilicos, ya que el unico reguisito es gue al menos un

15 grupo &acido carboxilico inparta acidez. Se pueden incluir
otros grupos funcionales y mas de un grupo acido carkboxilico
puede estar presente en la molécula de Acido carboxilico.
Tipicamente, el acido carboxilico tiene un pK, eficaz dgue se
.
encuentra S c1 intervalo de aproximadament 2 a

20 aproximadamente 5. Los é&cidos carboxilicos incluyen, por
ejemplo, acido férmico, é&cido acético, acido propidnico,
dcido cloroacético, &cido benzoico, &cido ftalico, &cido
maleico, Acido tartérico vy écido c¢itrico. Por razones de
costo, se prefieren los &4cidos carboxilicos econdmicos,

25
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tales como &cido férmico, &cido acético, &cido propidnico y

fiere el &acido acético,

1
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disponible comercialmente a bajo costo en su forma anhidra

La combinacién del dcido carboxilico con la amina bésica

compuesto anhidrido isatoico de la Férimuwla 6, o la sal de amina

se puede generar in situ mediante la medicidn de la amina de la

i
O~
!_)
=
[
X—l
3]
~J
M
[
=
Q
=
Q)
M
0
l.__l
[a}]
oL

V]
s
O
O
{3

e}
(ot
m
9]
ct
O
o
[
[_l
Q
1
O
]
3
[t
I_J
)}
)}

<
o
0]
',__l

Acido carboxilico Independientenente del modo de adiciédn,

1

nezcla

=
3
jAl)
]
o
(1
l_l
[8}]

[y

durante la reaccidn de aproximadamente 3 a aproximadamente 7.

de acuerdo con 21 pK, e

en el intervalc de aproximeadamente 0,8 a aproximadamente 3.
. rd . ] LI . ]
Mas particularmente, cuando el nodo de combinacidn implica

nedir la amina de la Fbérmula 7 en una mezcla del compuesto
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al Acido carkboxilico es, de prefevencia, de aproximadamente
0,95 a aprozimadaments 3. Cuando el modo de combinacidn
implica formar la sal de amina antes de la adicidn del
conmpuesto de la Fdrmula 6, la relacidén mcolar de la amina de
la Férmula 7 y el &cido carboxilico es, de preferencia, de
aproximadamente 0,8 a aproximadamentce 1,05; siempre Jgue se
use una relacién casi equimolar (por ejemplo, de
aprozimadamente 0,95 a aproximadamente 1,05) de la amina de

la Férmula 7 al acido carboxilico, la sal de amina formada

de esta manera se usa, en Jeneral, en una vrelacidn de

aproxinadanente 1,1 a aproximadaments ] equivalentes
mnolares, con respecto al compuesto de la Férmula 6. Para que
la conversidn sea éptima, la relacidén meolar de la amina de

6 debe ser al menos 1,0, aungue se prefiere que la relacidn
molar sea de aproximadamente 1,1 a aproximadamente 1,5 por

ficacia y economia, independientemente de <dmo
se mezclan los componentes. La cantidad molar entre la amina
de la Férmula 7 y el compuesto de la Férmula 6 puede ser
sustancialmente mayor cque 1,5, parvticularmente cuando se usa

d

una relacidn casi equinclar (por ejemplo, de aproximadamente

0,95 a aproximadamente 1,05) de la amina al Acido.
El médzino rendimiento y la méxima pureza del producto se
logran cuando =1 medic de reaccidn es sustancialmente anhidro.

Por lo tantoe, el medio de reaccidn se forma, tipicamente, de
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compuestos sustancialmente anhidros de las Fbérmulas 6 y 7 vy

O
[}
[}
=
a
Q
(9]
O
l_l
O
3

del &cido carboxilico. De preferencia, el medis v
menos, con mas prefsrencia, aproximadaments 1 % o menos y, con
la més preferencia, aproxzimadamente 0,1 % o menos de agua (en
peso). Si el acido carboxilico es é&cido acético, éste se
encuantra de preferencia en forma de &cido acético glacial.

Usualmente, la reaccidén del Esguema 2 se realiza en una

fase liguida. En muchos casos, la reaccidn se puede realizar

es aquel en el gque se usa un solvente gue puede suspender y

reaccidén y gue tienen una constante dieléctrica de
aproximadamente 5 o mayor, tales como alquil nitrilos,
“steres, éteres o cetonas. De preferencia, el solvente debe

entre el solvente y el compuesto de la Fdrraula 6 es de

aproximadamente 1 a aproximadamente 20 y, de preferencia,

forma comoe un subproducto de la

[}

reaccidn del Esquema 3. La mayor parte del bidxidoe de carbono

De
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que se form
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= la adicién del compuesto de la PSrmula 6 en el

medio de reaccidn que cont

adicién de la amina de la Férmula 7 en el medio de reaccidn
gque contiene el compuesto de la Férmula 6 se realiza a

velocidades y temperaturas adecuadas para

de la evolucidén del hiéxide de carvbono. La tempervatura del
nedio de reaccién es, tipicamente, entre aproximadamente 55 vy

del PH, extraccidin, evaporacidén, cristalizacidén y
cromatografia, Por ejemplo, el medio de reaccidn se puede

respecto al pwuesto inicial de la Férmula 6, el pH se puede
ajustar opcionalmente ya scea con dcido o hase para optimizar
la remccidn de impurezas acidicas o bésicas, opcionalmente la

fase de agua se puede separar y la mayor parte del solvente
nediante destilacidn o evajpx

organicce se pusde remover

a presidén reducida. Dado que los compuestos de la Fédrmula 2a

son tipicamente sélidos cristalinos a temperatura ambientce,
generalmente, se aislan mds facilmente mediante filtracidn,

opcionalmente seguido del lavado con agua y después secado.

Como se muestra en el Esquema de reaccidén 4, los
anhidridos isatoicos de la Fdérmula 6 se pueden preparar a

partir de los Acidos antranilicos de la Férmwla 2b (Férmula

000136
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2 en donde F' es OR' vy RY es H, que puede prepararse por el

.

mnétodo del Esquema de reaccidn 2) a través de una rz2accidn
de ciclizacién que implica el tratamientoc de los Aacidos

como trifosgenc o un cloroformiato de alguilo (por ejemplo,
cloroformiato de metilo) en un solvente adecvado, tal como
tolueno o tetrahidrofuranc. El método se describe en la

publicacidédn de la patente del PCT ndm. WO 2006/068669, due

incluye un ejemplo especifico importante para el Esguema 4.
Véase tamhién Coppola, Synthesis 1980, 505 y Fabis et al.,
Tetrahedron 1998, 10789.
Esquema 4
2 2
R Fosgeno o R
cloroformiato de H
NH, alquilo N O
- T
Solvente O

X CO,H X
2b 6 O

Los compuestos de la Férmula 3 se encuentran

comercilalmente disponibles y la literatura acerca de la

A

sintesis describe muchos métodos generales para formar
imidazoles; ver, por ejemplo, Grimmett, Science of Synthesis

L}
2002, 12, 325-528 vy las referencias citadas en la misma.

Bis (imida

3]
N
I_J
l_l
l_l
[8))
l_—l
¢
Q
o
(..-
[¥7]
[S3
aO
I_l
[al)
T
Cn
I~
=
[
l_l
[al]
w
ot
[t}
l_l
(D
n
(9]
O
=

9]

}_\

}—l
1

}__I

o
|



10

15

600138

50

butanodiil)bis-1H-imidazol, 1,1'-(1,5-pentanodiil)bis-1H-

imidazol, 1,1'-(1,6-hexancdiil)kis-1H-imidazol, y similaxres

pueden prepararse por la reaccidén del  dihaloalcano
correspondiente {(por ejenplao, 1,4-dibromobutano, 1,5-

(Tl
e
m
juc
O

dibromop , 1,6-dibromohezanc) con 2 equivalentes de un
imidazol opcionalmenite sustituido en presencia de una base,

de acuerdo con los procedimientos ¢generales descritos por

784, y Luo et al., Heterocycles 1995, 41(7), 1421-1424.

£
O
4]
<,
(g

?
o

.)

aspecto de la present nci los

(W)
compuestos de la Fdoérmula 1 preparados de acuerdo con el

V4]

mnétodo del Esquema de reaccidn 1 son Gtiles como intermedios

Ppara preparar conpuestos de la Férmula 4. Los compuestos de
la Férmula 4 son Gtiles come insecticidas, tal como se
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ANo \—y
NS Y \C(O)NHR3 NE
4

en donde

R® es CH; o Cl;

R3 es H, alquilo de C1-Ca, ciclopropilo,

ciclopropilciclopropilo, ciclopropilmetilo o

metilciclopropilo;

Z es CRY o N;

R'" es Cl, Br, CF3, OCF,H u OCH,CFj;

R*? es F, Cl o Br;

R"” es H, FoCl; y

R es H, F, Cl o Br;

Para preparvar un compuesito de la Pérmula 4 a partir de
un  compuesto de la Fdérmula 1 se pueden vutilizar varios

Lodaci b

uno de es
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la cianohkenzovazinona con una awmina de la Pdrmula 7
proporciona un compuesto de la Fdrmula 4. Las condiciones
para el primer pasoc implican la adicidén secuencial de
mnetanosulfonil cloruroc en presencia de aminas terciarias,

ol de 1la

I~
™

tales como trietilamina o piridina, a un pira

=

Férmula 8, seguido de 1la adicidén de un compuesto de la
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L)
diclorometano o cloroformo con temperaturas dptilmas Jque van

desde la temperatura ambiente hasta la temperatura de

general de la guimica de la benzoxazinona ver Jakobsen et

publicacién de la patente del PCT ntm. WO 2004/067528, due

ensefia el método general del Esquemna 5, gue incluye ejemplo
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Esquema 5
Rl Rl
) A\ R2
| N 1.MeS (0),C1 ‘ I \
o / amina terciaria N /N
N R - X7 N .
R
> OH 2. R O Y
Z \ NH, NC Z \
R13 . . s
8 NC CO,H R
3
‘ la R NH2
‘ 3.amina terciaria
4 ,MeS (O) gCl
10 j/(<
Z
. NC C(O)NHR? 13

15
Otro método para preparar los compuestos de la Férimula
4 sc¢ muestra en el Esquema de reaccldn 6. En este método, se
prepara un compuesto de la Fdérmula 4 por la combinacidn de
un compuesto de la Férmula 1b  (Férmula 1 en donde R! es
20 NHR?), un pirazol de la Férmula 8 y cloruro de sulfonilo de
acuerdo con el nétodo general instruidoe en la publicacidén de

la patente del PCT nutm. WO 2006/062978, gque se incorpora en

la presente en su totalidad como referencia.
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Esquema 6
rl
0 / \N C(O )NHP3
- N R12

Cloruro de

— sulfonilo
8 C(O)NIIR

Tal como se describe en la patente num. WO 2006/062978,

para esta transformacidn se pueden utilizar varias condiciones
de reaccidén. Usualmente, se adiciona un cloruro de sulfeonilo a

una mezcla de los compuestos de las Férmulas 1b y 8 en
presencia de un solvente y una base. En general, los cloruros
de sulfonilo corresponden a la Férmula RS(0).Cl, en donde R es

rhono, Habituvalmente, para este método,

‘R es alquilo de Cy-C4, halcalgquilo de C1-C,, o fenilo

opcicnalmente sustituide con 1-3 sustituyentes opcilonalmente
seleccionados del grupo consistente de haldgeno, alquile de Ci-

Cs y nitro. Los cloruros de sulfonilo disponibles

W
[
|
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=
)
e
()]
9]
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)
W

comercialmente incluyen cloruro de metano

por cuestiones de menor costo, facilidad de adicidn y menor
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residuo. Al mencos un eguivalente molar de cloruro de sulfonilo
por mol del compuesto de la Férmula 8 es esteguiométricamente
necesarioc para que la conversidn sea completa. Usvalmente, la

relacidn molar del cloruro de sulfonilo al compuesto de la

icamente, hasta

=
O
5
=
[
l_J
Q!
w
D
w
fog
[$}]
9]
)
\})
ja3]
G
=
D
He
l_v
o
)
[
Q
(\
;—I
@
P
~
&
~
=
o
)
w0
IJ\
"Cn

El compuesto de la Férmula 4 se forma cuando los

compuestos iniciales de las Férrmulas 1lb y 8 y el cloruro de
Ssulfonilo entran en contacto entre si en una fase ligquida
combinada, en la que cada uno de ellos es al menos

utilizando un solvente en el cual los compuestos iniciale

civa. De esta manera, el

método se realiza, tiplcamente, en wuna fase liguida Jue
comprende un solvente. En algunos cascs, el acidoe carboxilico
de la Férmula 8 puede tener solamente una ligera solubilidad,
pero su sal con base afadida puede tener mayor solubilidad en
.

ales como acetaco de metilo, acetaio de etilo v acetato de

butilo; cetonas, tales como acetona, metil etil cetona (MER) v
. . |~ . i P - - - ' m P I - —~ e -
metil butil cetona; haloalcanos, tales come diclorometano y
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“2ter, tetrahidrofurano (THE) y  p-diczano; hidrocarburos

arcoméaticos, tales como henceno, tolueno, clorobenceno vy
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acetonitrileo va qgue a menudo provee productos con un

Dado gue la reaccidn del método del Esquema de reaccidn 6
genera cloruro de hidrdgeno como un subproducto que, de otra
manera, se uniria a los centros béasicos en los compuestos de

& realiza mas
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actoriamente en presencia de al wenos una base

acilitar también la interaccidn

. Aungue la base se puede afiadir en forma
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simulténea, alternada o incluso después de la adicidén del

fonile, ésta se afiade tipicamente antes de la

atiles como bhases vy,
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cuando se usan como solventes, &staran prszentes CoOn un gran

erceso estequiométriceo como hases. Cuando no se wsa la base
|

a aproximadamante 2,2, v, de preferencia, es de
aproxzimadamente 2,1 a aproximadaments 2,2. Las bases
preferidas son aminas terciarias, que incluyen piridinas
sustituidas. Las bases més preferidas incluyen Z-picolina, 3

picolina, 2,6-lutidina y piridina. Como base, se prefiere la

3-picolina dado gue sus sales con acidos carboxilicos de la

Férmula 8 son, a menudo, altamente solubles en solventes,

tales como acetonitrilo., El método del Esguema de reaccidn 6

Los compuestos de la PFdrmula 4 se puede aislar de las
mezclas de reaccidén mediante métodos conocidos para agquellos

reaccidn de acoplamiento del Esquema 6, los compuestos de la
Férmula 4 se pueden ciclar parcialmente para formar derivados

de  iminckhenzoxazina de la drmula 10, como se ilustra a

continuacidn, en el Esquema de reaccidn 7.
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de reaccidn con &cido clorhidrico acuoso antes de aislar el

Alternacivamente, los compuestos de la Pdrmula 10 se

pueden convertir nuevamente en compuestos de la FPdrmula 4
antes del aislamiento poniendo en contacto la mezcla de
reaccidn con agua y calenténdola. General te, la conversidn

de los compuestos de la Férmula 10 en compuestos de la Férmula

4 se puede lograr afiadiendo de aproximadamente 2 a 6 partes en
peso de agua en relacidén con el peso de compuesto inicial de
la Foérmula 1 v luego calentandoe de aproximadamente 45 a
.

aproximadament 65 °C.  La conversién del compuesto de la
Férmula 10 en el compuesto de la Fdrmula 4 se completa

habitualmente en 1 h ¢ menos. El Ejenple de referencia 2 a

tratamiento de la mnezcla de reaccidn con agua y calentando
antes del aislamiento del compuesto de la Formula 4.

Los é&cidos pirazol-5-carboxilicos de la Férmula 8 se
pueden preparar de SH-oxo-3-pirazolidincarboxilatos nediante el
Tratamiento con un agente halogenizante para lograr 3-halo-4,5-
dihidro-1H-pirazol-5~-carboxilatos, que posteriormente se pusden
stratar con un agente oxidante para proporcionar los ésteres de
la Pérmula 8. Los ésteres se pueden convertir en Acidos (es

decir, Férmula 8). Los agentes halogenizantes que se pueden

usar incluyen, por ejenplco, oxihaluros de fésforo, trihaluros
de fosforos, pentahalurcs de fdsforo, clorure de tionilo,
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potasico persulfato sédicao, persuliato de amnonio,

rmanganacto

1t}

monopersulfato potédsico (por ejemplo, Oxone®) o p
potésico. Véanse las publicaciones de las patentes del PCT
nums. WO 2003/0162282, WO 2004/087639 y WO 2004/011453 para

obtener una descripcidn de los wétodos de halogenacidén vy

en 4cidos carkoxilicos se puede usar una variedad de métodos
informados en la literatura quimica, que incluyen clivaje

cmwuclecfilico en condiciones anhidras o hidrdlisis gue implica

Protective Groups in Organic 8§
Sons, Inc., Nueva York, 1991, pigs. 224-269 para una revisidn
de los métodos). Se prefieren los métodos hidroliticos
catalizado en bhase para preparar los acidos carboxilicos de la

Férmula 8 de los ésteres correspondientes. Las hases adecuadas

incluyen hidedunidos de metal alcalinoe (tales como hidré=xzidos de
litic, sodioc o potasic). Por ejemplo, los ésteres se pueden

potasio del A&cido carboxilico. La acidificacidén con un &cido
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proporciona acidos carboxilicos. La publica
del 2CT num. WO 2003/016283 proporcicna un ejemplo experimental

levante que ilustra el wétods de hidrédlisis catalizada en
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la publicacién de la patente dzl PCT nltm. WO 2003/016222, La
conversidén de los ésteres en Acidos se puede hacer usando

los métodos anteriormente descritos. Ademéds, la patente nidm.
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generalmente, adicionar un agente de acoplamiento (por ejemplo,
tetracloruro de silicio, O alternativamente,
diciclohexilcarbodiimida O l-etil-3-(3-

l1-hidroxi-benzotriazol). La preparacidn de amidas antranilicas

7

de 4cidos antranilicos se expone en M. J. Kornet, Journal of

Heterocyclic Chemistry 1992, 29(1), 103-5; publicacidn de la

patente PCT nlm. WO 01/66519-A2; T. Asanc =t al., Bicorganic &

la preparacidn de una amida antranilica de un Acide antranilico
mediante un intermedio de anilina protegida con N o mediante un
intermedio ce 4H-3,1-hbenzoxazina-2,4 (1H) -diona (anhidrido
isatoico) Formar amidas de ésteres implica, £recuentemente,
calentar el éster con la amina apropiada en un solvente polar,

Asimismo, E. B. Skibo et al., Journal of Medicinal Chemistry
2002, 45(25), 5543-5555 describe la preparacidén de amida

antranilica a partir del éster antranilico corvrespondiente por

nedio del uso de un catalizador de cianuroe sédico.
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Esquema 8

R2

Lo MH
R3NH, “ h
—_— s e
7 HCT T C(OHHR

tan
edad de métodos para convertir un compuesto
el compuesto de carboxamida

conoce una

particulares incluyen poner en contacto un compuesto de la
Férmula 1lb con un compuesto de la Férmula 8 en presencia de un
agente de acoplamiento  deshidratante, cal como 1,1'-
carbonildiimidazol, cloruro de bis(2-0x0-3-
oxazolidinil) fosfinico o benzotriazol-1-
iloxitris(dimetilamino) fosfonio hexafluorofosfato, s} un
reactivo andlogo unido a un polimero, tal COMo
diciclohexilcarbodiinida unida a un polimero, generalmente, en

An solvente inerte, Cal COMmo diclorometano o) N, N
dimetilformamida, como se  describe, en general, en  la
publicacidéin de la patente PCT nlGm. WO 2003/15518. También en
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la patente nam. WO 2003/15518, se descrikbe un método para

preparar una contraparte de cloruro de acilo del compuesto de
1

N, N-dimetilformamida y después poner en contacto el cloruro de
acilo derivado con el compuestos de la Fériwla 1lb en presencia

de un depurador de A&cidos, tal como una base amina (por

solvente inerte, tal como tetrahidrofurano, 1,4-dioxano, éter
etilico o diclorometano. El producto de los compuestos de la

Férmula 4 se puede aislar de las mezclas de reaccidn mediante

incluso cristalizacidn, filtracidn v exiraccidn.

Sin entrar en otzos detalles innecesarios, se considera
que, basandose en la descripcidn precadente, un experimentado
en la té&cnica podrad usar al méximo la presente invencién. Por
lo tanto, 1los sigulentes ejemplos se interpretardn como

sentido. Los siguientes ejemplos ilustran los procedimientos

de sintesis, y el material de partida de cada Ejemplo no tiene

particular cuyo procedim
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inversa (HP Zorba=z® Eclipse ¥DB-CE, fabricado

._..
9]
T
T
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i-n
st
wn
[

por Agilent Technologies, 3,5 pm, 4,6 mwm x 75 mm). El sistema

ve el solvente A, agua con 21 pH ajustado a 2,5

[\

por la adicién de acido osférico y el solvente B,

Q

acetonitrilo (gradiente comenzado a 0 minutos con 81 % de

m de

e B s& aumentd a

HPLC en fase inversa (HP Zorbax® S3SB-fenilo, fabricado por

Agilent Technologies, 3,5 jm, 4,6 mm x 15 mm). El sistema de

la adicién de Acido fos

(gradiente comenzado a 0 minutces con 83 % de solvente A y 17 %

reportaron en ppm  canpo abajo del

Singulete, d es doblete, m es multiplete, br s es singulete

Prenaracidn de 2-amino-5-hromo-N, 3-dimetilbenzamida (un

Un matraz de 1000 ml equipado con un agitador mecdnico,

N

(0,16 cm (1/16”) I.D. = 0,32 cm (1/87”) 0.D.) (ubicado de manera

cermopar, condensador y  tuberia de fluoropolimexro Teiflon®
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tal que el extremo de la tuberia se sumergia dzhkajo de la

superficie de la mezcla de reaccidn) se cargd con acido acético
(226 ml) . Se afadid una solucidn de hidrdxido de sodio acuoso
(50 %, 25 ¢) en agua (85 g) a lo largo de 15 minutos y luego Z-

amino-N, 3-dimetilbenzamida (50 g, 0,305 mol) (véase la
publicacidén de la patente del PCT nlm. WO 2006/062978 para un

métode de preparacién) y la mezcla se calentd a 55 °C. Un

entubado para tubo de inmersidn de Teflon® se cargd con bromo
liquido (50,1 g) y el otroe cuello se conectd al entubado de

nitrégeno por el tubo de inmersidn debajo de la superficie del

bromo se evapord y el vapor de bromo dentro del gas nitrdgenc

salid del matraz de doble cuellc de 200 ml e ingresd en la
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i e P, I o emmy e L . e, g °
peratura de la reaccidn se mantuvo a aproximadamente 55 °C

durante la adicidén de wvapor de bromo y durante 30 minutos

después y luego se enfrid a 45 °C y se agitd durante la noch

0]

Se adiciond una solucidén de hidréxido de sodic acuoso (50 %,
52 g) en agua (88 ml) & la mezcla de reaccidn, a un indice de
0,8 ml/minvto. Después de adicionado aproximadamente 10 % del
volumen fotal de la solucidén de hidrdxido de sodie, se

interrumpid la adicidén y se agitd la mezcla de reaccldn durante
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completada la ad

a 45 °C y luego
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ucidn de hidrdxido

agregd la solu
0,8 ml/minuto. Después de

30 minutos

icidn, se agitd la reaccidn durante
se enfrid a 10 °C y se agitd durante 1 h. La

constante en un horno de vacio a 45 °C para obtener el
compuesto base como un sélido (67 g, 99,4 Adrea % de pureza por
HPLC, 90 % de rendimiento) qgue se funds a 133-135 °C.

'H NMR (DMSO-c) & 8,30 (m, 1H), 7,49 (d, 1H), 7,22 (d,

13y, 6,35 (bx s, 2H), 2,70 (d, 3H), 2,06 (s, 2H).

.

Ejemplo 1

Preparaciédn de 2-amino ciano-N,3-dimetilbenzamida (un
compuesto de la Férmula 1)

Un matraz de tres cuell de 100 ml, eguipado con un
agitador mecénico, termdmetro y condensador, se cargd con 2-
aminco-5-bromo~N, 3-dinetillbenzamida (preparada de acuerdo con el
nétodo del Ejemplo de referencia 1) (92,1 % de pureza, 5,0 g,
0,02 mol) y l-metilnaftaleno (20 g) mientras se mantcenia un
flujo de nitvdgeno a través de una linea de entrada de gas
conectada al condensador. La mezcla de reaccldn se agitd a
JLemperatura ambiente, y se afadid clanuro sdédico (wolido hasta
hacer un polvo justo antes del uso) (1,25 g, 0,024 meol, se
asume 95 % de pursza), yodure de cokre(I) (0,57 g, 0,002 mol,
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98 % de pureza) y l-butil-1H-imidazol (2,15 g, 0,017 mol, 93 %

de pureza). La mezcla se calentd hasta entre 158 y 167 °C por

cidn durente 5 minutos

]
l_l
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()
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Q
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(20 ml) en gotas a la mez:

giientras se agitaba. Después de agitar durante 1 h adicional,

se filtrd la wmezcla de reaccidén y los sédlidos recolectados se
lavaron con agua (3 x 10 ml), wxilenos (10 ml) y se secaron a un
peso constante en un horno de vacio a 80 "C para producir un
compuesto del titulo como un sé&lido marvdn claro (3,4 g).

Ejemplo 2

I_Y
On
]
[wl
(o)

Una segunda preparac —amino—5-ciano-N, 3-dinetilbenzanida

Un matraz de tres cuellos, de 100 ml, equipado con un

.

égitador mecanico, termdimetro y condensador, se cargd con 2-
amino-5-bromo-N, 3-dimetilbenzamida (preparada de acuerdo con
el método del Ejemplo de referencia 1) (5,0 g, 0,02 mol,
99,1 % de pureza) y l-metilnaftaleno (20 g) mientras se

mantenia un flujo de nitrégeno a través de una linea de

entrada de gas conectada al condensador. La mezcla de

O

reaccidn se agitd a temperatura ambiente y se afadid cianuro
sbédico (molidoe hasta hacer un polvo justo antes del uso)
(1,25 g, 0,024 mol, se asume 95 % de pureza), yoduro de

cobre(I) (0,57 g, 0,003 mol, 983 de pureza) y l-netil-1H-

oe



060157

69

imidazol (1,40 g, 0,017 mol, 99 %). La mezcla se calentd
hasta entre 160 y 165 °C por 6 h y después se transfirid a

un frasco de 200 ml y se dejd enfriar toda la noche. Se

)_l
on
j=}

adiciond agua (20 ml) en gotas a la mezcla de reacci

iltrd la mezcla de reaccidn vy

Zilenos (10 ml) y se secaron a un peso constante en un horno

de vacio a 80 °C para producir un compuesto del

15 Una tercera preparacidén de 2-amino-5-cianc-N,3-dimetilbenzamida
Un matraz de cuatro cuellos, de 500 wml, eguipado con un

agitador mecanico, termopar, condensador, embudo de adicidn
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(preparado por
20 el método del Ejemplo de referencia 1) (24,6 g, 0,10 mol,
99 % de pureza) y mesitileno (100 g) mientras se mantiense una

atindsfera de nitrédgeno a través de un conducto de entrada de

gas conectado con el condensador. La mezcla de reaccidn se
agitd a temperatunra amkiente vy se afadid cianuro sdédico

25 (molido hasta hacer un peolve justo antes del usc) (6,2 g,
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°
0,121 mcl, se asume 95 % de pureza), yoduro de cobre(I)

1-butil-1H-imidazol

™

(2,9 g, 0,015 mol, 98 % de pureza)

e

(10,8 g, 0,08% mol, 98 % de pureza), después de ese tiempo el

conducto de entrada de nitrdgeno se unid directanente al
frasco de reaccidn. La mezcla de reaccidn se calentd a
reflujo (aproximadamente 166-170 °C) por 7 h, wmientras se
purgaba a través del lavador. Después de enfriar toda la

L]
adicionales. La mezcla se filtrd, v 21 sdbdlido recolectado se
lavé con agua (3 x 50 ml), mesitilena (50 g) v se secd hasta

un pesc constante en un horno al vacio a 55 °C para producir
el compuesto del titulo como un sdlido marrdén claro (18,3 g).
M NMR (DMSO-ds) & 8,44 (br d, 1H), 7,82 (d, 1H), 7,44

(br s, 1H), 7,17 (br s, 2H), 2,75 (d, 3H), 2,10 (s, 3H).

ilbenzanida

Una cuarta preparacidn de 2-amino-5-ciano-N, 3-dimet

Ui matraz de cuatro cuellos, de 500 wml, equipado con un
agitador mecénico, termopar, condensador, embudo de adicidn
lateral y lavador de hidrdédxido sédico/hipoclorito sédico se

cargd con 2-amino-5-bromo-N,3-dimnetilbenzamida (preparado por

el mé&todo del Ejemplo de referencia 1) (24,6 g, 0,10 nmol,
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mantienes una

atmdsfera de nitrdgeno a través de un conducto de entvada de
gas conectade con el condensador. La mezcla de reaccidn se
agitd a temperatura amblente y se afiadid cianuro sddico
(molide hasta hacer un polve justo antes del wuso) (6,2 g,
0,121 mol, se asume, 95 % de pureza), yoduro de cobre(I)

(2,9 g, 0,015 98 % de pureza) ¥y

(5,4 g, después de

de puresza),

conducte de entrada de ni CL‘(’DgenO s5e

frasco de reaccidn La mezcla de reaccidn
reflujo  (aproximadamente 166-170 °C) por 6 h
purgaba a través del lavador. Después de en
noche, se afadid agua (100 ml) a la mezcla de
agitacidén se continud por 1 h Se afadid

nezcla de reacciédn, y la agitacidn se

adicionales.

el compuests del

4y NMR (DMSO-d¢) & 8,44

1-butil-1H-imidazol

, Tientras se
friar toda la
reaccidn y la

pureza) a la
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Una guinta preparacidn de 2-amino-5-ciano-N,3-dimetilbenzamida
Un matraz de cuatro cuellos, de 500 ml, eguipado coin un
agitador mecanico, termopar, condensador, embudo de adicidn

cargd con  Z2-anino-5-bhromo-N, 3-dimetilbenzamida (preparado
por el método del Ejemple de referencia 1) (24,6 g,

mantiene una actmds

de entrada de gas conectado con ¢l condensador. La mezcla de

reaccldédn se agitd a temperatura ambiente y se afadid cianuro
sédico (molido hasta hacer un polvo justo antes del uso)
(7,7 g, 0,15 mol, se asume 95 % de pureza), yoduro de
cobre(I) (2,9 g, 0,015 mcl, 98 % de pureza) y l-bucil-1H-

imidazol (10,5 g, 0,085 meol, 98 % de pureza), después de ese

-

calentd a reflujo (aproximad
mientras se purgaba a través del lavador. Después de enfriar

toda 1la noche, se ai

50 ml), mesitileno (50 ¢g) y se secd hasta un peso constante

en un horno al vacio & 5% °C para producir el compuesto del

titulo como un sélido amarillo claro (16,9 g).
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y NMR (DMSO-dg) & 8,44 (by d, 1H), 7,82 (d, 1H), 7,44

(br s, 1H), 7,19 (br s, 2H), 2,74 (4, 2H), 2,10 (s, 3H).

Una sexta preparacidn de 2-amino-5-cianc-N,3-dimetilbencamida

Un matraz de cuatro cuellos, de 500 wml, egquipado con un
agitador wecdnico, termopar, condensador, embudo de adicidn

lateral y lavador de hidréxido sédico/hipoclorito sddico se

—amino-5-bromo-N, 3-dimetilbenzanida (preparvadoe poxw

hacer un polvo justoe antes del use) (7,7 g, 0,15 mol, se

de pureza), después de ese tiempo el conducto de entrada de

mezcla de reaccidn se ca
170 °C) por 6,75 h, mientras se purgaba a través del lavador.
Después de enfriar hasta 25 °C, se afadid agua (100 ml) a -la
mezcla de reaccidn y la agitacidn se continud por 1 h. La
mezcla se

lo recolectadoe se lavd con agua (3

Z 50 ml), mesitileno (50 ) y se secd hasta un peso consiante
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enn un horno al vacio a 55 °C para producicr el compuesto del

titulo como un sdlido amarilleo clarc (17,7 g).
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d, 1H), 7,82 (d, 1H), 7,44

(br s, 1H), 7,19 (br s, 2H), 2,74 (4, 3H), 2,10 (s, 3H).

Una séptima preparacidn de 2-amino-5-ciano-N,3-dimetilbenzamida

Un matraz de cuatio cuellos, de 500 ml, equipadoc con un
agitador mecdnico, termopar, condensador, embudo de adicidn

lateral vy lavador de hidrdxido sddico/hipoclorito sédico se

atmésiera de nitrédgeno a través de un conducto de entrada de
gas conectado con el condensador. La mezcla se agitd a

temperatura ambiente y se afadid clanuro sddico (meolido hasta
hacer un polvo justo antes del uso) (7,7 g, 0,15 mol, se asume

95 % de pureza) y yoduro de cobre(I) (2,9 g, 0,015 mol, 28 % de

se calentd a reflujo (aproximadamente 166-170 °C) por 8 h,

mientras se purgaba a través del lavador. Despuéds de enfriar

Lo L
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se lavd con agua (3 = 50 ml), mesitileno (50 g) y se secd hasta
un peso constante en un hornc al vacio a 55 °C para producir el
compuesto del titulo como un sdlido amarillo claro (16,0 g).

'H NMR (DMSO-dg) & 8,44 (br d, 1H), 7,82 (d, 1H), 7,44

Una octava preparaciédn de 2-amino-5-ciano-N, 3-dimetillbenzamida

Un metraz de cuatro cuellos, de 500 ml, eqguipado con un
agitador mecénico, termopar, condensador, embudoe de adicidn

z

lateral vy lavador de hidréxido sddico/hipoc
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atmdsfera de nitrdgeno a través de un conductoe de entrada de
L)
gas conectado con el condensador. La mezcla se agitd a

temperatura ambiente, y se afiadid cianuroe sédico (molido hasta
hacer un polvo justo antes del uvso) (7,7 g, 0,15 mol, se asume

95 % de pureza), yoduro de cobre(I) (2,9 g, 0,015 mcl, 98 % de

rasco de reaccidn., La
mezcla de reaccidn se calentd a reflujo (aproximadamente 166-
170 °C) por 6 h, mientras se purgaba a través del lavador.

Después de enfriar toda la noche, se afadid agua (100 ml) a la
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mezcla de reaccidn, y la agitacidn se
mezcla se filtrd, y el sélido recolecta

x 50 ml), mesitilenc (50 ¢g) vy se secd h
en un horno al vacic a 55 "C para
titulo como un sdlidoe amarillo claro

producir

continud por 1 h. La
do se lavd con agua (3
asta un peso constante

compuesto del

(17,0 g).

‘Una novena preparacién de 2-amino-5-cianc-N, 3-dimetilbenzanida

cuellos,

condensador,

sédico/hipoclorito

00 ml, eguipado con un

embudo de adicién

séddico se

cargd con 2-amino-5-bromo-N,3-dimetilbenzamida (preparado por
el método del Ejemplo de referencia 1) (24,6 ¢, 0,10 ncl, 99 %
de pureza) y mnesitileno (100 g) mientras se mantiene una
atmdésfera de nitrdgeno a través de un conducio de entrada de
gas conectado con el condensador. La mezcla de reaccidn se
agitédé a temperatura ambiente, y se afiadid cianuro sddico
granular (Alfa Aesar®, 7,7 g, 0,15 mol, 3& asume 95 % de
}ureza), yodurce de cobre(I) (2,9 g, 0,01% wmol, 98 & de pureza)
y l-butil-1A-imidazol (10,8 ¢, 0,085 mol, 98 % de pureza) a la
mezcla de reaccidn, despuis de ese tiempo el conducto de

entrada de nitrdgeno se unid directamente al frasco de
reaccidn La mezcla de reaccidn se calentd a reflujo
(aproximadamente 166-170 °C) por 6 h, mientras se purgaba a
través del lavador y después se dejd enfriar toda la noche. Se
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afiadidé agua (100 ml) a la mezcla de reaccidén y la agitacidn se
continud por 45 minutos. Se afiadid mds agua (25 ml) a la mezcla
de reaccién y la agitacidén continud por unos 15 minutos
adicionales. La mezcla se

lavé con agua (3 % 50 ml), mesitileno (50 g) y se secd hasta un

]

1

peso constante en un horno al vacic a 55 °C para producir el
compuesto del titulo como un sélido amarillo clarc (16,8 g).

M NMR (DMSO-dg) & 8,44 (br d, 1H), 7,82 (d, 1H), 7,44

Una décima preparacidn de Z2-amino-5-ciano-N, 3-dimetilbenzamida

amino-5-bromo-N, 3-dimetilkbenzamida (preparadoe por el método
del Ejemplo de referencia 1) (99 % de pureza, 5,0 g, 0,02 wmol)

y mesitileno (20 g) mientras se mantenia un

=
L

lujo de nitrdgeno

a través de un conducto de entrada de gas conectado con el

ambiente, vy se afadidé polvo de cianuro sédico  (CyPlus®,

cobre(I) (0,27 g, 0,003 mcl, 99 % de pureza), yoduro sddico

(1,9 g, 0,015 mol, 98 % de pureza). La mezcla se calentd a
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por 6 h y después se dejd



0008166

78

enfriar toda la noche. Se adiciond agua (20 ml) en gotas a la

mezcla de reaccidn durante 5 minutos wmientras se agitaba.

Después de agitar por 1 h adicional, la mezcla de reaccidn se

e

filtrd, y el sélido recolectado se lavd sucesivaments con agua
5 (3 =x ml), mesitileno (10 wml) y se secd hasta un peso

10
constante en un horno al vacic a 55 °C para producir el
compuesto del titulo como un sédlido amarillo claro (3,4 g).
'H NMR (DMSO-dg) & 8,44 (br s, 1H), 7,82 (br s, 1H), 7,44
(bx s, 1H), 7,18 (br s, 2H), 2,74 (d, 3H), 2,10 (s, 3H).
10

Ejemplo 11

Una undécima preparacidn de 2-aminc-5-ciano-N, 3-

dimetilbenzamida

Un reactor de 100-ml (sistema reactor de alta presidn HP
15 autoMATE construido de Hastelloy® C y producidoe por HEL, Inc.,
Lawrenceville, Nueva Jersey) se equipd con un agitador

mecénico (construido de Hastelloy® C) coin un agitador de doble

superior bombea hacia akajo). El  reactor se  purgd  con
20 nitrdgeno, después se mantuvo bajo una atmbsfera de nitrdgeno,
y se cargd sucesivamente con 2-amino-5-bromo-N, 3-

dimetilbenzamida (preparado por el método del Ejemplo de
referencia 1) (99 & de pureza, 7,4 g, 0,03 mol), polvo de

cianuro sédico (CyPlus®, 2,3 g, 0,045 wmol, se asume 95 % de

>
[$)]

‘pureza), voduro de  cobre(I) (98 % de pureza, 0,37 g,
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0,0045 mol), =x=ilenos (30 g) vy 1-butil-1A-inidazcl (3,2 g,
0,0255 mol, 9298 % de pureza). Se presurizd =l reactor a 345 kPa

con nitrégenc y después se purgd., Bl procedimiente de

presurizacién/ourga del nitrdgeno se repitid cinco veces. La
agitacidn comenzd a 300 rpm y se sometid el reactor a prueba

de pérdida mediante presurizacidén a 690 kPa por 20 minutos. E1L
reactor se purgd, el conducto se cerxd, y la mezcla de
reaccién se calentéd a 170 °C por 6 h. La mezcla de reaccidn se

~ 4 oz . [ . 5
enfrid hasta entre 20 y 25 "C, y el reactor se purgd y se dejd

reposar durante el fin de semana. La nezcla de reaccidn se
transfirid a un frasco de Erlenmeyer de 250 ml, y se anadid
agua (30 g). Después de agitar por 1 h, la mezcla de reaccidn
se filtrd y el s=élido recolectado se lavd sucesivamente con
agua (3 = 15 ml) y =ilenos (15 wml), y se s3ecd hasta un peso

constante en un horno al vacio a 55 °C para producir el
compuesto del titulo como un sélideo amarillo claroe (5,2 g).

W NMR (DMSO-c) & ©,44 (br s, 1H), 7,82 (br s, 1H), 7,44

(br s, 1H), 7,18 (br s, 2H), 2,74 (4, 3H), 2,10 (s, 3H).

Ejemplo 12

Una duodécima preparacidn d

SR o= L NSV
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dimetilkbenzamida

Uz

]
-

reactor de 100-ml (sistema reactor de alta presidn HP

8UtoMATE construide de Hastelloy® C y producido por HEL, Inc.)

£ — Y - Ll i
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con un agitador mecénico (construido con Hastelloy
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agitador de daoble turbina (la turbina inferior bombea hacia
arriba y la turbina superior bombea hacia abajo). El reactor se

purgd con nitrdgeno, despuds se mantuvo bajo una atmdsfera de
nitrégeno, y se cargd sucesivamente con 2-amino-5-bromo-N, 3-
dimetilbenzamida (preparado por el método del Ejemple de
referencia 1) (99 % de pureza, 7,4 g, 0,03 mol), polvoe de
2

cianuro sdédico (CyPlus®, 2,3 g, 0,045 mol, se asume 95 % de

pureza),  yoduro de cobre (I) (98 % de  pureza, 0,87 g,

¥

«0,0045 mol), tolueno (30 gy vy 1l-butil-1HA-imidazol (3,2 g,
0,0255 mol, 93 % ds pureza). El reactor sz presurizd a 245 kPa

con nitrdgeno y después se ventild, El  procedimiento de

presurizacidén/ventilacidn de nitrdgeno se repitid cinco veces.

fugas por presurizacidédn a 690 kPa por 20 wminutos. El reactor se

purgd, el conducto se cerrd, vy la mezcla de reaccidn se calentd
a 170 °C por 6 h. La mezcla de reaccidn se enfrié hasta entre
20 y 25 °C, y el reactor se purgd y se dejd reposar durante el

un horno al vacio a 55 °C para producir el conpuesto del titulo
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Ejemplo 13

Una decimotercera preparvacidn de 2-amino-5-cianco-N, 3-

Un reactor de 100 ml (sistema r

[44]
I_J
[(})

actor de alta presidn HP
autoMATE construide de Hastelloy® C y producido por HEL,

Inc.) con un agitador mecanico (construido con Hastelloy® C)

.

conn un agitadcr de doble turbina (la turbina inferior bhombea
hacia arriba y la turbina supericr hombea hacia abajo). E1L
reactor se purgd con nitrégeno, después se mantuvoe bajo una
era de nitrdgeno, y se cargd sucesivamente con 2-amino-

todo del

(In

S-bromo-N, 3-dimetilbenzamida (preparado por el @
crencia 1) (99 & de pureza, 7,4 g, 0,03 mol),
solvo de cianuro séddico (CyPlus®, 2,3 g, 0,045 mol, se asume
95 % de pureza), yoduro de cohrse(I) (98 % de pursza, 0,27 g,
0,0045 mol) y =xilencs (20 g). E1 reactor se presurizd a

345 kPa con nitrdgeno y después se ven

de presurizacidn/purga del nitrégeno se repitid dos veces. La
agitacidn comenzd a 300 rpm, y el reactor se probd para fugas

(10 ml) s= afiadid a la mezcla de reaccidn. LBl reactor se
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presurizéd hasta 345 kPa con nitrdgenc y después se purgo. El

idn/purga del nitrdgeno =z repitid
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dos veces. El conducto del reactor se cerrd y la mezcla se

calentd a 170 °C por & h. Daspués la mezcla Jde reaccidn se

rid hasta entre 20 y 25 °C, y el reactor se purgd y se

diluyé con N, N-dinetilformamida (DMF) (el peso total de la
mezcla de reaccidn después de la dilucidn con DMF fue 100 g)

ciano-N,3-dimetilbenzamida era el producto principal.

Ejemplo 14

Una decimocuarta preparacidén de 2-amino-5-ciano-N, 3-

dimetilbenzamida
e

Un reactor de 100-ml (sistema reactor de alta presidn HP
aUtoMATL construido de Hastelloy® C y producido por HEL, Inc.)
con un agitador mecénico (construido con Hastelloy® C) con un

agitador de dokle turbina (la turkina inferior bombea hacia

arriba y la turbina superior bombea hacia akajo). El reactor se
purgd con nitrédgeno, después se mantuvo bajo una atwmdsfera de
nitrégeno, y se cargd sucesivamente con 2-anino-5-bromo-N, 3-
dimetilbenzamida (preparads por el método del Ejemplo de

referencia 1) (99 & de pureza, 7,4 g, 0,03 mol), polve de

cianuro sédico (CyPlus®, 2,3 g, 0,045 wol, se asume 95 % de



0,0045 mol)

83

de

U
Q
2,
W)
=3
[0}
[

a 300 rpm, y el

a 690 kPa por 20

0,0255 mol, 99 % de pureza)

cla de reaccién.
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con un agitador mecénico (construido con Hastelloy® C) con un
agitador de doble turbina (la turbina inferior bomkea hacia
arriba vy la turbina superior bombea hacia abajc). El reactor se
purgd con nitrdgeno, despuds se mantuvo Dajo una atmdésfera de
nitrdgeno, y se cargd sucesivamente con 2-amino-5-bromo-N, 3-
dimetilbenzamida (preparado por ¢l método del Ejemplo de
referencia 1) (99 & de pureza, 7,4 ¢, 0,03 mol), polvo de

cianuro sédico

0,045 mol, se asume 95 %

pureza), yodure de cobre (I) (95 % de  pureza, 0,87 g,
0,0045 mol) y xilenos (20 g). El reactor se presurizd a 345 kPa
con nitrdgenc y después se ventild El procedimiento de
presurizacidn/purga del nitrdgeno se repitid dos veces. La
agitacidn comenzd a 300 rpm, y el reactor se probd para fugas
por presurizacidn a 690 kPa por 20 minutos. El reactor se purgd
a presidn atmosférica y una solucidén de 4d-metilimidazol
(1,86 g, 00,0255 mol, 98 % de pureza) en =xilencs (10 ml) se
afiadié a la mezcla de reaccidn. El reactor se presurizd a
34% kPa con nitrdgeno y después se ventild. El procedimiento de
presurizacidén/purga del nitrdgeno se vepitid dos veces. EI
conducto del reactor se cerrd v la mezcla se calentd a 170 °C
‘vor 12 h. La mezcla de reaccidn se enfrid hasta entre 20 vy
25 °C, y el reactor se purgd y se dejd reposar toda la noche

Después la mezcla de reaccidén se diluyd con DME (el peso total
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bromo-N, 3-dimetilbenzamida, vy Jque 2-amino-5-
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producto principal.

Q
l_l
2]
o
(o]
. I
=
(93]
|
[N
l_|
=
)
i
]_l
I_l
oy
D
=
N
31}
=
-
l_a
Q
[
=
[8Y)
M
I_J
e}

con un agitador de doble turkina (la turbina inferior bombea
hacia arriba y la turbina supericr bombea hacia abajo) El

S5-bromo-N, 3-dimetilbenzamida (preparadoe por el wmétodo del
Ejemple de referencia 1) (99 & de pureza, 7,4 g, 0,03 mol),
polvo de cianuro séddico (CyPlus®, 2,3 g, 0,045 mel, se asume
95 % de pureza), yoduro ds cokre(I) (98 & de pureza, 0,37 g,

0,0045 mol), 1,6-bis(imidazol-1-ilo)hexano (2,5 g, 0,011 mol)

y ailencs (30 g) 1 reactor se presurizd a 245 kPa con
nitrdgeno y después se ventild. El procedimiento de
presurizacidén/purga del nitrdgeno se repitid dos veces. La

agitacidn comenzd & 300 rpm, y el reactor se probhd para fugas

érica, el conducto después se cerrd vy

a mezcla de reaccién se calentd a 170 °C por 12 h. La mezcla

fo—"
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reaccidén se diluyd con DME (el peso total de la mezcla de

reaccidédn después de la dilucidn con DME fue 100 g) y se
analizé por HPLC, la cual indicd 92 % de conversidén de la 2-
‘armino-5-hromno=-N, 3-dimetilbenzanida, vy que 2-amino-5-ciano-

N, 3-dimetilbenzamida era &l producto principal.

Ejemplo 17

Una decimoséptina preparacidn de 2-amino-5-cianc-N, 3-

agitador mecénico (el eje construide de Hastelloy® C  con

e tipo turkina de PEEK), sonda de temperatura (construida de
L)

Hastelloy® C) y un condensador de reflujo. El reactor se cargd
coen  2-amino-5-bromo-N, 3-dimetilbenzamida (preparado por el

mnétodo del Ejemplo de veferencia 1) (99 & de pureza, 9,3 g,
0,04 mol), yoduro de  cobre (1) (98 % de
0,006 mol) y cilanuro sddice granular (Alfa Aesacr®, 3,09 g,
se purgd con

0,060 mol, se asume 95 % de pureza). El reacton

nitrégeno a través de un conducto de entrada de gas conectado

con &l condensador, después una solucidn de l-bhutil-1H-imidazol

(0,76 g, 0,006 mol, 9% % ds pureza) en mesitileno (40 g) se
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afiadié a la mezcla de reaccién. El agitador se encendid a

300 rpm, y la mezcla se calentd hasta reflujo por 6 h. La

mezcla de reaccidén se enfrid 20 °C y se dejd reposar toda la
noche. Después la mezcla de reaccidn se diluyd con DMEF (el peso

total de la mezcla de reaccidn después de la dilucidn con DMFE

[

fue 130 g) y se analizd por HPLC, la cual indicéd 97

o

de

conversién de la 2-amino-%5-bromo-N,3-dimetilkenzamida, y que 2-

L

amino-5-ciano-N, 3-dimetilbenzamida era el producto principal.

Una decimoctava preparacidn de 2-aminoc-5-ciano-N, 53—

El compuesto del titulo se prepard por el procedimiento
del Ejemplo 17 mediante el uso de una cantidad diferente de

l1-butil-1H-imidazol (1,52 g, 0,012 mol). El1 andlisis de la

mezcla de reaccidn por HPLC indicdé 97 & de conversidén de la
2-amino-5-bromo-N, 3-dimetilbenzanida, y Jque Z-amino-5-clano-

.(l
'—t

tilbenzamida

El compuesto del titulo se prepard por el procedimiento

del Ejemplce 17 mediante <l uso de una cantidad difevente de
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mezcla de reaccidén por HPLC indicd 97 % de conversidén de la

2-amino-5-bromo-N, 3-dimetilbenzamida, v Jue

N, 3-dimetilbenzamida era el producto principal.

del Ejemplc 17 mediante el uso de una cantidad di

mezcla de reaccidén por HPLC indicd 929 % de conversidn de la

N, 3-dimetilbenzamida era el producto principal.

Ejemplo 21

Una vigesimoprimera preparacidédn de 2-amino-5-ciano-N, 3-

dimetilbenzamida

El compuesto del titulo se prepard por el procedimiento

del Ejemplo 17 mediante el uso de una cantidad diferente de

2-amino-5-bromo-N, 3-dinetilbenzanida, y gque 2-aminc-5-ciano-

N, 3-dimetilbenzamida era el producto principal.
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Preparacidn de 3-bromo-1l-(3-cloro-2-pividinil)-N-[4-ciano-2-
metil-6-[ (metilamino)carbonil] fenil]-1H-pirazol-5-carboxamida

A una mezcla de &cido 3-bromo-1-(3-cloro-2-piridinil)-

A H-pirazol-S-carboxilico (ver publicacidén de la patente PCT
5 num. WO 2003/015519 por un método de preparacidn) (3,02 g,
0,010 mol) y 2-amino-5-cianco-N,3-dimetilbenzamida (preparada

por el método del Ejemplo 9, con la excepcién de ques la 2-

obtuvo de una fuente

(1]

aminco-b-hromo-N, 3-dimetilbenzamida s

comercial y se usd el polve de cianuroe sddico de CyPlus®)
0 (1,99 g, 0,0105 mol) en acetonitrilo (16 ml) se afadid 3-

picolina (2,92 ml, 0,030 mol). La mezcla de reaccidn se

enfrié hasta 15 a 20 °C, vy después se afiadid cloruro de

metanosulfonilo (8,2 g, 0,071 wmol) en forma de gotas. Después
de agitar por 2 h a 20 °C, se afadid agua (7,5 wml) en forma
. ] , . z

5 de gotas a la mezcla de reaccidn mientras se mantenia la

temperatura a 20 a 25 °C. Después de 15 minutos, se afadid

dcide clorhidrico concentrado (0,50 ml), vy la mezcla de

0 2:1, 2 = 2ml) yv agua (2 = 2 ml), y s= secaron con nitrdgeno
para proporcionar el compuesto del titulo (4,86 g) como un
sélido bhlanco hueso gue se derrite a 206-208 °C.

'H NMR (DMSO-dg) & 10,52 (br s, 1H), 8,50 (dd, 1H), 8,36

(m, 1H), 8,17 (dad, 1H), 7,88 «(a, 1H), 7,76 (4, 1H), 7,62 (m,

cD
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Ejemplo de referencia 2

(]
l—‘

Preparacién de 3-bromo-1-(3-cloro-2-pirvidinil)-N-[4-cianc-2-

metil-6-[(metilamino)carbonil]fenil]-1H-pirazol-5-

carboxamida (un compuesto de la Férimula 4)

A una mezcla de Acido 3-bromo-1-(3-cloro-Z2-piridinil)-

l1H-pirazol-5%-carkboxilico (ver publicacién de la patente PCT
ntm. WO 2003/015519 por un métodoe de preparacidn) (15 g,
0,049 mol, 97,4 % de pureza) v 2-amino-5-ciano-N, 3-

dimetilbhenzamida (ver publicacidédn de la patente PCT num. WO

2006/62978 por un método de preparacidn) (10,0 g, 0,0525 mol)

enfriar hasta 15 a 25 °C por 1 h. La mezcla se filtrd y los
sbélidos recolectados se lavaron con acetonitrilo-agua
(zproximadamente una mazcla 5:1, 2 % 10 wml) y acetonitrilo (2
x 10 ml) y luego se secd en nitrdgeno para lograr el

compuesto khass como un sdlido blanco crema (24,0 ¢, 93,6 % de

rendimiento corregido
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'H NMR (DMSO-dg) & 10,53 (br s, 1H), 8,49 (dd, 1H), 8,36
(m, 1H), 8,16 (ad, 1H), 7,87 «(d, 1H), 7,76 (d, 1H), 7,60 (m,
1H), 7,41 (s, 1H), 2,67 (d, 3H), 2,21 (s, 3H).
La Tabla 1 ilustra traensformaciones particulares para
5 preparar compuestos de la Férmula 1 de acuerdo con un metodo de
la presente invencién. Para estas transformaciones, el reactivo
de sal de cohre(I) y el reactivoe de sal de yoduro son yoduro de
cobre(I). En la Tabla 1 y en las tablas sigulentes: t significa
terciario, s significa secundavio, # significa normal, I
10 esignifica iso, ¢ significa c¢iclo, Me significa metilc, Et
significa etilo, Pr significa propilo y Bu significa butilo.
Las concatenaciones de Jrupos se abrevian similarmente; por
ejenplo, “c-PrCHp” significa ciclopropilmetilo.
15 Tabla 1
R? - - i R
reactivo de cianuro metalico
Reactivo de sal de Cu(I)
NH ] NH
2 Reactivo de sal de yoduro 2
' o
. o1 R -l
X COR N NC COR.
20
2 [ 3 !
I
RS

91

000179
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R es NHR3, ¥ es Br, y =l

R R
Me H
Me Me
5 Me Et
Me n-Pr
Me i-Pr
Me n-Bu
Me i-Bu
10 Me s-Bu
Me t-Bu
Me c-Pr
) Me c-PrCH,
Me 1-CH3-c-Pr
15 Me 2-CH3y-c-Pr
Me 1,1'-biciclopropil-2-ilo
Me 1,1'-biciclopropil-1-ilo
Me (1R,2S5)-1,1"'-biciclopropil-2-ilo

20 R!' es NHR?, X es Br, y &l

potasico.
. Me H
Me Me

25

Me

Me

Me

Me

Me

Me

Me

Me

€3

Me

Me

000180

H H H
H H H
H H H
H H H
H H H

H B H

cianuro
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R* es NHR3, X es Br, y el cianuro de metal es cianuro
potésico.
R’ R’ R R R R
Me Et Me H H H
Me n-Pr Me H H H
Me i-Pr Me H H H
Me n-Bu Me H H H
Me i-Bu Me H H H
Me s-Bu Me H H H
Me t-Bu Me H H H
Me c-Pr Me H H H
Me c-PrCH, Me H H H
Me 1-CHz~-c~Pr Me H H H
Me 2-CH3-c-Pr Me H H H
Me 1,1"'-biciclopropil-2-ilo Me H H H
Me 1,1'-biciclopropil-1-ilo Me H H H
Me (1R,28)-1,1"-kbiciclopropil-2-ilo Me H H H
R es NHR3, X es Br, y el cianuro de metal es
hexacianoferrato(II) de potasio.
R? R’ R R R R
Me H Me R H H
Me Me Me H H H
Me Et Me H H H
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R! es NHR®, ¥ es Br, y el cianvrc de metal es
hexacianoferrato (IT) de potasio
R R’ R R R R
Me n-Pr Me H H H
5 Me i-Pr Me H H H
Me n-Bu Me H H H
Me i-Bu Me H H H
. Me s5-Bu Me H H H
Me t-Bu Me H H H
10 Me | c-Pr Me H H H
Me c-PrCH, Me H H H
Me 1-CH3~c~Pr Me H H H
Me 2-CHz;-c-Pr Me H H H
Me 1,1'-biciclopropil-2-ilo Me H H H
15 Me 1,1'-biciclopropil-1l-ilo Me H H H
Me (1R,25)-1,1"'-biciclopropil-2-ilo Me H H H

20 Me H n-Bu H H H
Me Me n-Bu H H H
Me Et n-Bu H H H
Me n-Pr n-Bu H H H
Me i1-Pr n-Bu H H H

25



N 000183

' es NHE®, ¥ es Br, y el cianuro de metal es cianuro sddico.

R2 r3 RS R® R’ R®

Me n-Bu n-Bu H H H

Me i-Bu n-Bu H H H

5 Me s-Bu n-Bu H H H
Me t-Bu n-Bu H H H

Me c-Pr n-Bu H H - H

Me c—-PrCH, n-Bu H H H

Me 1-CH3-c-Pr n-Bu H H H

10 Me 2-CHs—-c-Pr n-Bu H H H
. Me 1,1"'-biciclopropil-2-ilo n-Bu H H H

Me 1,1'-biciclopropil-1-ilo n-Bu H H H

Me (1R,28)-1,1"-biciclopropil-2-ilo n-Bu H H H

15 R' es NHR®, ¥ a5 Br, y el cianuro de metal es cianuzxo

potasico.

R? R’ R R R R

Me H n-Bu H H H

Me Me n-Bu H H H

20 Me Et n-Bu H H H
Me n-°Pr n-Bu H H H

« Me i-Pr n-Bu H H H

Me n-Bu n-Bu H H H

Me i-Bu n-Bu H H H

25
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20

25

96

R' es NHE®, #Z es Br, y el cianuro de
potasico.

R R’

Me s-Bu

Me t—-Bu

Me c-Pr

Me c-PxrCH»

Me 1-CH3-c-Pr

Me 2-CH3-c-Pxr

Me 1,1'-biciclopropil-2-ilo

Me 1,1'-biciclopropil-1-ilo

Me

(1R,28)-1,1"-biciclopropil-2-ilc n-Bu

«R' es NHR?, X es Br, y el cianuro de
hexacianoferrato(II) potasico

R? R’

Me H

Me Me

Me Et

Me n-Pr

Me 1-Pr

Me n-Bu

Me i-Bu

Me s-Bu

clanuro
R® R’
H H
H H
H H
H H
H H
H H
H H
H H
H H
R R’
H H
H H
H H
H H
H H
H H
H H

H

000184

H
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R es NHR®, X es Br, y el cianuro de metal es

hexacianoferrato(II) potésico.
R? R? R
Me t-Bu n-Bu
Me c-Pr n-Bu
Me ¢c—-PrCH, n-Bu
Me 1-CH3-c-Pr n-Bu
Me 2-CH3-c-Pr n-Bu
Me 1,1'-biciclopropil-2-ilo n-Bu
Me 1,1'-biciclopropil-1-ilo n-Bu
Me (1R,25)-1,1"'-biciclopropil-2-ilo n-Bu

R! es NHR?, R’ y

o
17}
(Y

Br, y el cianurc de metal es cianuro sdédico.

Me

Me

RS
(CH,) 4NR°R*®
(CHy) (NR°R?®
(CH,) jNR°RY®
(CH,) 4NR°R*®
(CHz) 4NR’R®
(CH,) (NR°R'®
(CHap) 4NR°R'®
(CH,) QNR°R'?

(CHp) 4NR’R™®

H

H

H

H

H

H

000185

toman juntos como -CH=N-CH=CH-, X es

H

H

H

H

H

H
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600186
R! es NHR?, R® \Y% RY se toman juntos como -CH=N-CH=CH-, X es

Br, y el cianuro de metal es cianuro sdédico.

R R’ R’ R OB R

Me c-Pr (CHp),NR°R® H H H

5 Me c-PrCH; (CHp),NR°R® H H H
Me 1-CH3-c-Pr (CH2)NR°RY® H H H

Me 2-CH3-c-Pr (CH2) oNR°R™® H H H

Me 1,1'-biciclopropil-2-ilo (CHz) JNR°R® H H H

« Me 1,1'-biciclopropil-1-ilo (CH2)NR°RY® H H H

i0 Me (1R,2S)-1,1'-biciclopropil-2-ilo (CHz) NR°R™ H H H

—

R! es NHR®, R® v R se toman juntos como -CH=N-CH=CH-, X es Br,

y el cianuro de metal es cianuro potédsico.
’? S ¥ B R K
15 Me | H (CHp) (NR°RY® H H H
Me Me (CHy) (NR°R!® H H H
Me Et (CH,) (NR°R® H H H
Me n-Pr (CH,) QNR°R'®  H H H
Me i~-Pr (CHp) @NR°R'®  H H H
20 Me n-Bu (CH).NR°R™® H H H
| Me ' i-Bu (CHp) (NR°R'® H H H
Me s-Bu (CH,) ,NR°R*® H H H
Me t-Bu (CHz) (NR°RY®  H H H
Me c-Pr (CHz) ,NR°R'Y® H H H

25
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25

R

1

99

y el cianuro de metal es cilanurc potasico.

r2
Me
Me
Me
Me
Me

Me

RS
(CH,) 4NR°R*?
(CHy) 4NR°R*?
(CHy) 4NR®R*®
(CHp) (NR°R®
(CHy) JNR°RY®

(CH,) 4NR°RY?

2~ es NHR?, R’ \% P se toman junitos come —CH=N-CH=CH-,

H

H

000187

X es Br,
R’ 8
H H
H H
H H
H H
H H
H H

R! es NHR3, R® y R se toman juntos como -CH=N-CH=CH-, X es

LORN

z,

R2
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

y el clanuro de metal

i

es hexaciancferrato(IT)
R5
(CHy) 4NR°R*?
(CHp) JNRR*?
(CH,) 4NR’R*®
(CH,) ,NR°R'®
(CH,) JNR°R®
(CHa2) {NR°R®
(CHy) 4NRR™®
(CH,) ,NRR?C
(CH,) 4NR°R*®
(CH) (NR°R®

(CHz) JNRR™®

potésico.

R’ R®
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
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000188

R' es NHR?, R’ y R se toman juntos como -CH=N-CH=CH-, X es

B,
R?
Me
Me
Me
Me

Me

R es NHR?}, R® yv RY se toman juntos como -CH=N-CH=CH-,

Br,
R?
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

'Me

h)

y el cianurc de mezal es hexacianorfervrato(II)

(CH,) 4NR°R™
(CHy) 4NRR*®
(CH») (NR’R®
(CH2) 4NRZR®

(CH,) .NR°RYY

y el cianuro de metal es cianuro sédico.

R?
H
Me

Me

R’
(CH,) sNRR'C
(CH,) sNR°R*
(CH,) NRZR®
(CHz) ¢NR°R*
(CH,) sNR°R?®
(CH,) NR’R*®
(CH,) sNR?R*®
(CHy) NRPR*®
(CH,) sNR°R*®
(CH,) sNR°R*?
(CHyp) NRZR*®

(CH,) NRR1Y

H

H

7
P3N

H

H

€s

H

H
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000189

R' es NHR?, R’ Yy P se toman juntos como -CH=N-CH=CH-, X es

s cianuro sdédico.

@

Br, y el cianurc de metal

R R’ B R R R

Me 1-CH3-c-Pr (CH2)sNR°R® H H H

5 Me 2-CHs-c-Pr (CH2)gNR°R® H H H
Me 1,1"'-biciclopropil-2-ilo (CH,) sNR°RY® 1 H H

. Me 1,1'-biciclopropil-1-ilc (CHa) NR°RY  H H H
Me (1R,2S)-1,1'-biciclopropil-2-ilo (CHp)sNR'RY® H H H

10 R es NHR?], R® v RY se toman juntos como -CH=N-CH=CH-, ¥ es
y J

Br, y el cianuro de metal es cianuro potdsico.

g iy D S -

Me H (CHy) NR°RY®  H H H

Me Me (CH2) NR°RY® H H H

15 Me Et (CH,)sNR®R® H H H
Me n-Pr (CH2)sNR®R® H H H

Me i-Pr (CH,) sNR°R'®  H H H

* Me ' n-Bu (CH2) NR°R® H H H

Me i-Bu (CH,) sNR°R*®  H H H

20 Me s-Bu (CH2)sNRR*® H H H
Me t-Bu (CH2)NRR*® H H H

Me c-Pr (CHz) sNR°R'Y®  H H H

Me c-PrCH, (CHy) sNR°RY®  H H H

Me 1-CH3-c-Pr (CH,) sNR°RY®  H H H

25



102 000190

R' es NHR?, R’ \% R se toman juntos como -CH=N-CH=CH-, X es

Br, y el cianuro de metal es cianurc potéasico.

R? R’ R® R® R R
Me 2-CH3-c-Pr (CHp)sNR°R*® H H H
5 Me 1,1'-biciclopropil-2~ilo (CH2) eNR°R® H H H
Me 1,1'-biciclopropil-1-ila (CH,) sNR°R'®  H H H

Me (1R,2S)-1,1'-biciclopropil-2-ilo (CHz)eNR’R™® H H H

10 Br, y el cianuro de metal es hexacianoferrato(II) potasico.
Me H (CHp)sNR®R™® H H H
Me Me (CH2)¢NR°R*® H H H
Me Et (CH2)sNR®R*® H H H
15 Me n-Pr (CH2)sNR°R!® H H H
Me i-Pr (CHz) sNR°R*®  H H H
Me n-Bu (CHz) NR’R'Y®  H H H
Me i-Bu (CH2)sNR°RY™® H  H 1
Me s-Bu (CHz)eNRR™® H H H
20 Me t-Bu (CH,) sNR°RY®  H H H
. Me c-Pr (CHp) sNR®R*®  H H H
Me c-PrCH, (CHp) sNR°R'®  H H H
Me 1-CHs-c-Pr (CH,) sNR°R'®  H H H
Me 2-CH3-c-Pr (CHz) NR°RY®  H H H

25



Lo3 000191

R! es NHR?, R® y R! se toman juntos como -CH=N-CH=CH-, X es

Br, y el cianurc de metal es heracianoferrato(II) potasico.
© R R R R R R
Me 1,1'-biciclopropil-2-ilo (CHp)sNRR*® H H H

(CHp) (NR°RY®  H H H

5 Me 1,1'-biciclopropil-1-ilo

Me (1R,2S)-1,1'-biciclopropil-2-ilo (CH,)sNR°R*® H H H

R' es NHR?], R® y R'® se toman juntcos comd -CH=N-CH=CH-, X es Br,
y el cianuro de metal es cianuro sddico.
10 R’ R’ R® R® R’ R?
Me Me Me Me H H
Me Me Me H Me H
Me Me H H Me H
° Me Me Me H H Me
15 Me Me Me H Me Me
Me Me Et H H H
Me Me n-Pr H H H
Me Me i-Pr H H H
Me Me n-Bu Me H H
- 20 Me Me n-Bu H Me H
Me Me n-Bu H H Me
Me Me n-Bu H Me Me
Me Me s-Bu H H H
Me Me i-Bu H H H

25
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20

25

R' es NHRY, R® y R' se toman juntos come -CH=N-CH=CH-,

y el cianuro de m

R2
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

Me

R' es NHR?’, R® y R se toman juntos como -CH=N-CH=CH-, 3

r3
Me
Me
Me
Me
Me

Me

Me

R3

Me

Me

104

sédico.

9]
Q
lJ
Qo
I
c
[a
O

e

t-Bu
n-pentilo
n-hexilo
n-heptilo
n-octilo
n-nonilo
n-decilo
n-decilo
n-undecilo

n-dodecilo

n-RBu
(CH,) 4NR°R?
(CH,) sNR°R°

(CH,) (NR°RY®

R5

Me

Me

cianuro de metal es cianuro potdsico.

R6

Me

H

7
~

Me

N7
EaN

000192

es Br,

{ es

RB
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B! es NHR?}, R’ y R se toman juntos como -CH=N-CH=CH-,

Br, y el cianuro de metal 2s cianuro potdsico.

R? R’ R® R® R’
Me Me Me H H
Me Me Me H Me
Me Me Et H H
Me Me n-Pr H H
Me Me i-Pr H H
" Me Me n-Bu Me H
Me Me n-Bu H Me
Me Me n-Bu H H
Me Me n-Bu H Me
Me Me s-Bu H H
Me Me i-Bu H H
Me Me t-Bu H H
Me Me n-pentilo H H
Me Me n-hexilo H H
Me Me n-heptilo H H
Me Me n-octilo H H
Me Me n-nonilo H H
Me Me n-decilo H H
Me Me n-decilo Me H
Me Me n-undecilo H H
Me Me n-dodecilo H H

Me

Me

Me

Me
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15

20

25

R es WHR?}, R® y R se toman juntos como -CH=N-CH=CH-,

Br, y el cianurc de metal es cianuro potéasico.

R?
Me
Me
Me
Me

Me

106

R® R®
r Me H
r n-Bu H
r (CH,) 4NR°R*® H
r (CH,) sNR°R*® H
r (CH,) NR°R*? H

R* es NHR?}, R® y R!® se toman

Br,
r2
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

y el cilanuro de meital es !
R’ R®
Me Me
Me Me
Me Me
Me Me
Me Et
Me n-Pr
Me i-Pr
Me n-Bu
Me n-Bu
Me n-Bu
Me n-Bu
Me s-Bu

00019+«

X es

juntos como -CH=N-CH=CH-, X es

Me

Me

Me

Me

potésico.

Me

Me

Me

Me



107 000195

B! es NHR?}, R® v R se toman juntos como -CH=N-CH=CH-, X es
Br, y &l cianuro de metal es hexacianoferrato(II) potésico.
R? R’ R° RS R’ R®
» Me Me 1-Bu H
5 Me Me t-Bu H
Me Me n-pentilo H
Me Me n-hexilo H
Me Me n-heptilo H
Me Me n-octilo H
10 Me Me n-nonilo H
Me Me n-decilo H
Me Me n~decilo H
Me Me n-undecilo H
Me Me n-dodecilo H H H
15 ° Me i-Pr Me H H H
Me i-Pr n-Bu H H H
Me i-Pr (CHz) 4NR°R*® H H H
Me i-Pr (CHz) sNR°R*® H H H
Me i-Pr (CHz) 6NR°R*? H H H
20
RY es NHR), R y R' se toman juntos como ~CH=N-CH=CH-, ¥ es
Cl, y el cianuro de metal es cianuro sddico.
R? R’ R® R® R’ R®
Me Me Me H H H

25



o

100196

1

108

' es NHR?}, P° vy R' se toman juntos como -CH=N-CH=CH-, X es

Cl, y el cianuro de metal es cianuro sddico.

R R’ R RS R’ R®
Me Me Et H H H
5 Me Me n-Pr H H H
Me Me n-Bu H H H
. Me Me (CHz) 4NR’R*® H H H
Me i1-Pr Me H H H
Me i-Pr (CHz) 4NR°R*® H H H
10
R' es NHR?, R? v R'® se toman juntos como -CH=N-CH=CH-, X es
Cl, y el cianuro de metal es anoferrato(IT) potdsico.
R? R’ R® R® R’ R
Me Me Me H H H
15 Me Me Et H H H
Me Me n-Pr H H H
Me Me n-Bu H H H
Me Me (CHz) 4NR®R® H H H
Me i-Pr Me H H H
20 Me i-Pr (CHy) 4NR®RY® H H H
R' es NHR?, R® \% R se toman juntos como -CH=N-CH=CH-, ¥ es
Br, y el cianuro de metal es cianuro sbédico.
R R R® R® R’ R®

25
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000197

' es NHR®, R° y R' se toman juntos como -CH=N-CH=CH-, X es

Br, y el cianuro de metal es cianuro sédico.

R2
Cl
Cl
Cl
Cl
Cl
Cl

Cl

R4
Me
Me
Me

Me

RS

Me

(CH,) ,NR°R*®
Me

(CH,) ;NR°R*®

R® R’ R®
H H H
H H H
H H H
H H H
H H H
H H H
H H H

R' es OR*, R’ y R!® se toman juntos como -CH=N-CH=CH-, ¥ es

Br,
r2
Me
Me
Me
Me
Me
Me
Me
Me

Me

Me

y el cianuro de metal es cianuroc sdédico.
R* R° R® R’ R®
H Me H H H
Me Me H H H
Et Me H H H
n-Pr Me H H H
1-Pr Me H H H
n-Bu Me H H H
s-Bu Me H H H
1-Bu Me H H H
t-Bu Me H H H
H n-Bu H H H
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e
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000198

k' es OR*, R’ 3% R!® se toman juntos como -CH=N-CH=CH-, X es

Br,
R2
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

Me

Me
Me
Me

Me

y el cianuro de metal es cianuro sddico.

R4

Me

Me
Bt

n-°FPr

n-Bu
(CHy) 4NR°R*®
(CH,) 4NR°R'®
(CH,) 4NR°RY®
(CH,) (NR°R*®
(CH,) 4NR°R*®
(CH,) 4NR®R*®
(CHp) 4NR?R*®
(CHz) (NRR'?
(CHj) 4NR°R*?
(CHy) gNR°R*®
(CHz) sNR?R*?
(CHz) sNR®R*?

(CH,) sNR°R?®

H



111 000198

R' es OR*, R° y R se toman juntos como -CH=N-CH=CH-, ¥ es

Br, y el cianuro de metal es cianuro sddico.

R R’ R® R® R’ R®
Me i-Pr (CH,) sNRR™® H H H
Me n-Bu (CH,) sNR°R*® H H H
Me s-Bu (CH,) sNR°R*° H H H
Me i-Bu (CH,) sNR°R® H H H
Me t-Bu (CH,) sNRR'? H H H
Me H (CH,) ¢NR°R*® H H H
Me Me (CH,) NRR*? H H H
Me Et (CH,) ¢NR°R'® H H H
Me n-Pr (CH,) ¢NR°R*® H H H
Me i-Pr (CH,) ¢NR°R*? H H H
Me n-Bu (CH,) NR°R*? H H H
Me s-Bu (CHy) NRR™? H H H
Me i-Bu (CH,) ¢NR°R*® H H H
Me t-Bu (CHa) gNR°R*® H H H

AY4

es OR4, R® \% R se tomain juntos como ~CH=N-CH=CH-, X es

Br, y el cianurc de metal es cianuro sédico.

R? R* R® R R’ R®
cl H Me H H H
cl Me Me H H H

Cl Et Me H H H



1

R”

es ORY, R® y R' se toman ju

Br,

10

15

20

25

R2
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Ccl
Cl
Cl
Cl

Cl

cianuro

de metal es

112

RS
Me
Me
Me
Me

Me

(CHp) 4NR°R*?
(CHj) 4NR°R*®
(CHj) 4NR°R*?
(CHp) 4NR°R*®
(CH,) 4NR®R*®

(CH,) ,NR°R*®

FURQNUR

ncos

cianuro sédico.

R6

H

como —CH=N-CH=CH-,

'.—...

‘-]
)

Y s
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- -9 =10
27, ROy KR

se

113

coman juntos

comne —-CH=N-CH=CH-,

Br, y el cianurc de metal es cianuro sédico.

R2
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

Cl

Cl

RS
(CH,) 4NR°R*®
(CH,) 4NR°R*°
(CHy) NR°R*®
(CHp) NR®R™®
(CH,) sNR°R'®
(CH,) sNR°R™°
(CH,) sNR°R*®
(CH,) sNR°R'?
(CH,) sNR°R*?
(CH,) sNRR®
(CHz) sNR°R™°
(CH,) sNR°R*®
(CHp) ¢NRR®
(CH,) ¢NR°R*®
(CH,) NR°R*?
(CH,) ¢NR°R*®
(CHap) ¢NR°R*®
(CH,) ¢NRR!?
(CH,) ¢NR°R*®
(CH,) ¢NR°R®

(CH,) (NR°R?®

R® R’
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H

v
EEN

es
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p! es ORY, ¥ es Br, y el cianure de metal
potésico.
R R R R®
Me Me Me Me
Me Me Me H
Me Me Me H
Me Me Me H
Me Me Et H
Me Me n-Pr H
Me Me 1-Pr H
Me Me n-Bu Me
Me Me n-Bu H
Me Me n-Bu H
Me Me n-Bu H
Me Me s-Bu H
Me Me i-Bu H
Me Me t-Bu H
Me Me n-pentilo H
Me Me n-hexilo H
Me Me n-heptilo H
Me Me n-octilo H
Me Me n-nonilo H
Me Me n-decilo H
Me Me n-decilo Me

Me

Me

Me

Me

Me

Me

H

H



10

15

20

25

potasico.
R?
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

Me

Me
Me
Me
Me
Me

Me

Me

Et

Et

Et

Et

Et

Et

Et
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R5

n-undecilo

n-dodecilo

t-Bu
n-pentilo
n-hexilo
n-heptilo
n-octilo
n-nonilo
n-decilo
n-decilo
n-undecilo

n-dodecilo

Me

H

Me

H

H

Me

Me
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Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

(]
[4]
o]
[at

~

<
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el cianuro de wetal

RS

el cianuro de metal es

potasico.
RS
Me
Me

Me

R6

Me

{

cianuro

Me

Me

Me

Me

Me

000204

Me

Me

Me

Me

Me
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P! es OR*!, ¥ es Br, y el cianurc de meta

hexacianoferrato

r2
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

R4
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Et

117

(IT) potésico.
RS

Me

n-pentilo
n-hexilo
n-heptilo
n-octilo
n-nonilo
n-decilo
n-decilo
n-undecilo
n-dodecilo

Et

000205

R’ R®
Me Me
H H
H H
H H
H H
Me H
H Me
Me Me
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
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R! es ORY,

hexacianocferrato(II)

R2
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

Me

~
VAN

Et

Et

Et

Et

Et

Et

Et

Et

es Br, y el cianuro de metal es

118

potasico.

n-pentilo
n-hexilo

n-heptilo
n-octilo
n-nonilo
n-decilo
n-decilo

n-undecilo

n-dodecilo

Me

H

Me

Me

H

H

H

H

000205

Me

Me
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00207

R!' es OR%, ¥ es Br, y el cianuro de metal es
hexacianofer o(II) potasico.

R? R? R® R® R’ R’

Me n-Pr n-Bu Me H H

Me n-Pr n-Bu H Me H
«  Me n-Pr n-Bu H H Me

Me n-Pr n-Bu H Me Me

Me i-Pr Et H H H

Me i-Pr n-Px H H H

Me i-Pr i-Pr H H H

Me i-Pr n-Bu Me H H

Me 1-Pr n-Bu H Me H

Me i-Pr n-Bu H H Me

Me i-Pr n-Bu H Me Me

La Tabla 2 ilustre trensformaciones particularss para

preparar mpuestos de la TPdrmula 4 de compuestos de 1l
Férmula 2 de acuerdo con un método de la presente invancidn
La conversidén del compuesto de la Férmula 1 en 21 compuesto
de la Férmula 4 puede lograrse, por ejemnplo, de acuerds con
el método del Esguema de reaccidén 6 mediante el usc de un
cloruro de sulfonilo, tal come clorure de metanosulfonilo,
en presenc de un solvente, tal mo acetonitrilo y una
base, tal como 3-picolina. Para estas transformaciones, el
reactivo de cianuro metélico es cisnuro sédice, £l reactivo
de sal de cobre(I) y el veactivo de sal dz yoduro son yoduro
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de cobre(I) y el compuesto de la Férmula 3 es 1-metil-1-

imidazecl (es decir, R® es Me, R, R’ y R® son H).

Tabla 2
5
R2
Reactivo de cianuro metélico R2
NH, Reactivo de sal de Cu(I)
Reactivo de sal de yoduro NH;
——-———>
7
"X COR! R ,
, N NC COR
2 / )\ 1
10 R M R® : .
( enn donde R es NHR
RS
R12
3
o / N Rl
N R13
OH
Z/ \ O / >N
8 NH
R14 /4 \
g Z
NC C(O)NHR? 13
4
20
RZes Me, ¥ es Br, R¥® es Hy |R?es Cl, X es Br, R es H y
Z es N. Z es N.
R R R R R R
H Br F H Br F
Me Br F Me Br F
25




000204

121
B2 es Me, X es Br, R¥® es Hy R?es C1, ¥ es Br, R¥® ez H y
Z es N Z es N.
R RY RZ R R RV
Et Br F Et Br F
5 n-Pr Br F n-Pr Br F
' i-Pr Br F i-Pr Br F
n-Bu Br F n-Bu Br F
1-Bu Br F i-Bu Br F
s-Bu Br F s5-Bu Br I
10 t-Bu Br F t-Bu Br F
c-Pr Br F c-Pr Br F
¢-PrCH, Br E c-PxzCH, Br I
1-CHsz-c¢-Pr Br F 1-CHiz-c-Pr Br r
2-CHs-c~-Pr Br F 2-CH3~-c-Pr Br E
15 1,1"-biciclopropil- Br F 1,1'-biciclopropil- Br F
2-ilo 2-ilo
1,1'-biciclopropil- Br F 1,1'-biciclopropil- Br E
1-ilo 1-ilo
(1R,28)-1,1"'- Br F (lR,25)-1,1"'~- Br F
20 biciclopropil-2-ilao biciclopropil-2-ilo
H Br Cl H Br Cl
Me Br Cl Me Br Cl
Et Br Cl Et Br Cl
n—Prv Br Cl n-Pxr | Br Cl

25



c-Pr
10 c-PrCH;
1-CH3~-c-Pr
2-CH3-c-Pr

1,1"-biciclopropil-

20 Me

25

Br

Br

Br

Br

2y,

|

(@]
—

Cl

Cl

Cl

Cl

Cl
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Z es N.

R? es Cl, X es Br, R

Br

Br

Br

Br

Br

Br

Br

Br

000219

y

Cl
Cl
Cl
Cl
Cl
Cl

Cl

Cl

Cl



10 2-CHz-c-P

Lt

1,1"-kbicicls

1-ilo

15

20

25

H

Me

propil-

®
w

Cl

Cl

Cl

(@]
l_l

IO

[®]
l_l

Cl

Cl

H

o

=

7
=

=]

|

T3
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—

'-biciclopropil-
1-ilo

H

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

000211

Br
Br
Br
Br
Br

Br

Br



184

(]

E? es Me,
Z es N.
R3
¢ c-PrCH,
5 l—CH3—c—Pr

2-CHs—-c-Pr

10 1-ilo

15 Et

20 s-Bu

25

Cl

Cl

Cl

IO

Cl

Cl

Cl

Cl

Cl

=

Cl

Cl

Cl

Cl

Cl
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R2 ez Cl, ¥ es Br, R¥ es Hy
Z es N.
R’ RT R
c-PrCH, Cl F
1-CH3-c-Pr Cl F
2-CHz—-c—-Pr Cl F
1,1'-hiciclopropil- Cl F
2-1ilo
1,1'-biciclopropil- Cl F
1-ilo
(15,2R)-1,1'- Cl F
biciclopropil-2-ilo
H Cl Cl
Me Cl Cl
Et Cl Ccl
n-Pr Cl Cl
i-Pr Cl Cl
n-Bu Cl Cl
i-Bu Cl Cl
5-Bu Cl Cl
t-Bu Cl Cl
c-Pr Cl Cl
c-PrCH; Cl Cl
1-CH3z-c-Pr Cl Cl

000212



-2 - . 13
R* es Me, X es Br, R

Z es N,
R3
2-CH3—-c-Pr
5 1,1'-biciclopropil-

2-1lo

15 i-Pr

20 c-Pr
¢c—-PrCH»
1-CH3=-c-Pr
2-CHs-c-Pr
1,1'-biciclopropil-

25

es

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

H

y

Cl

Br

Br

Br

Br

Br

Br

Br

Br

125

R es Cl1, ¥ es Br, R
7 es N.
R3
2-CH3-c-Pr

1,1'-biciclopropil-
2-1ilo

1,1"'-biciclopropil-

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

000213

Cl

Cl

Br
Br
Br
Br
Br
Br
Br

Br

oJ
=5

Br

Br

Br

Br



R2es Me, X es Br, R'® es Hy |RP?es Cl, X es Br, RY es
Z es N. Z es N.
R’ RY R R’ R
2-ilo 2-ilo
5 1,1'-biciclopropil- Cl Br { 1,1'-biciclopropil- Cl
l1-ilo 1-ilo
H CF; F H CF;
Me CFs F Me CF;
t-Bu CF3 F t-Bu CF;
10 - 1-CH3-c-Pr CFs F 1-CH3-c-Pr CF3
2-CH3-c-Pr CFs F 2-CHs-c-Pr CFy
1,1'-biciclopropil- CF3 F 1,1'-biciclopropil- CF3
1-ilo 1-ilo
(1R,25)-1,1'- CF, F (1R, 28)-1,1"'- CFs
15 biciclopropil-2-ilg biciclopropil-2-ilo
H CFs Cl H CFs
Me CF; Cl Me CF;
t-Bu CFy - Cl t-Bu CFs
1-CH3-c-Pr CFs Cl 1-CH3-c-Pr CF3
20 2-CH3-c-Pr Crs Cl 2-CH3-c-Pr CFs
°1,1'—biciclopropil— CF, Ccl 1,1'-biciclopropil- CF,
2-ilo 2-ilo
1,1'-kbiciclopropil- CFs Ccl 1,1"-biciclopropil- CF3
l-ilo l1-ilo

25

126 000214

w



127 000215

K2 es Me, ¥ es Br, R*®> es Hy |R?es Cl, ¥ es Br, R¥® es H y
Z es N Z es N.
r3 11 R12 R3 Rl
H CFs Br H CF3
5 Me CF3 Br Me CFs
t-Bu CFs3 Br t-Bu CFs
1-CHs-c-Pr CFy Br 1-CHs-c-Pr Cky
2-CHsz-c-Pr CF5 Br 2-CH3-c-Pr CFEs
1,1'-biciclopropil- CF Br | 1,1'-biciclopropil- CI
10 2-ilo 2-ilo
H OCH,CF3; F H OCH,CF'3
Me OCH,CF3 F Me OCH,CF3
* t-Bu OCH,CF3 F t-Bu OCH,CF3
1,1"-biciclopropil- OCH,CF3; F 1,1'-hiciclopropil—~ OCH,CE3
15 1-ilo 1-ilo
H OCH,CF3 C1 H OCH,CFE'3
Me OCH,CF3 C1 Me OCH,CF3
t-Bu QOCH,CFy C1 t-Bu OCH,CF5
1,1'-biciclopropil- QOCH,CF; Cl | 1,1'-hiciclopropil- OCH.CFEj
20 1-ilo 1-ilo
H OCH,CF3 Br H OCH,CF3
Me OCH-CE3 Br Me OCH,CF5
t-Bu OCH,CI'3s Br t-Bu OCH,CF;
‘1,1'—1.:1' iclopropil- OCH,CE; Br | 1,1'-biciclopropil- OCH,CE;

25

o
=

o

5

k]

W)



R? es Me, ¥ es Br,

Z es N.

t-Bu
1,1'-biciclopropil-
2-ilo
10 H
Me
t-Bu
1,1"-biciclopropil-
1-ilo
15 H

. Me

-Bu

[w

25

OCF,H
OCFE2H
OCF,H

OCF2H

a2

128
R?es Cl, ¥
Z es N.
R3
1-ilo
H
Me
t-Bu

Me

t-Bu

Cl

Cl

Cl

Br

Br

Br
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R? es Me, ¥ es Br, PP es Hy 2 |R?es Cl, ¥ es Br, R es Hy 2
es CH. es CH
R R R R RY RV
c-Pr Br F c-Pr Br F
5 c—-PrCH, Br o c-PrCH, Br F
1,1'-biciclopropil- Br F 1,1'-biciclopropil- Br F
2-ilo 2-1lo
‘1,1‘—biciclopropil— Br F 1,1'-kbiciclopropil- Br F
1-ilo 1-ilo
10 (1R, 25)-1,1'~- Br F (1R,25)-1,1"'- Bxr F
hiciclopropil-2-ilo biciclopropil-2-ilo
(1R,2R)-1,1'- Br F (1R,2R)-1,1"'- Br F
piciclopropil-2-ilo biciclopropil-2-ilo
H Br Cl H Br Cl
15 Me Br Cl Me Br Cl
t-Bu Br Cl t-Bu Br Cl
c-Pr Br Cl c-Pr Br Cl
¢c—-PrCH, Br Ccl c-PrCH, Br Cl
«1,1l'-bhiciclopropil- Bi ClL | 1,1'-biciclopropil- Br Ccl
20 2-ilo 2-ilo
1,1'-biciclopropil- Br Cl | 1,1'-biciclopropil- Br Cl
1-ilo 1-ilo
H Br Br H Br Br
Me Br Br Me Br Br

25



000215
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R?> es Me, ¥ es Br, R es H y 2 R?’ es Cl, ¥ es Br, R es H y Z
es CH. es CH.
R RY R® R’ R RV
t-Bu Br Br t-Bu Br Br
5 c-Pr Br Br c-Pr Br Br
c-PxCH, Br Br c-PrCH; Br Br
1,1'-biciclopropil- Br Br | 1,1'-biciclopropil- Br Br
2-ilo 2-ilo
1,1"-hiciclopropil- Bi Br | 1,1'-kbiciclopropil- Br Br
10 l-ilo 1-ilo
. H Cl E H Cl E
Me Cl F Me Cl F
t-Bu Cl F t-Bu Cl F
c-Pr Cl F c-Pr Cl F
15 c-PxrCH, Cl F c-PrCH; Cl F
1,1'-biciclopropil- Cl E 1,1"'-biciclopropil- Ccl F
2-ilo 2-ilo
1,1'-biciclopropil- cl E 1,1'-hiciclopropil- Cl E
1-ilo 1-ilo
20 (1R,2R)-1,1"~ Cl F (1R, 2R)-1,1"'- Cl F
biciclopropil-2-ilc biciclopropil-2-ilo
o H Cl Cl H Cl Cl
Me cl Cl Me Cl Cl
t-Bu Cl Cl t-Bu Cl Cl

25



000219
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es CH. es CH.
R3 ! R12 R3 ! R12
) c-Pr Cl Cl c-Pr Cl Cl
5 c-PrCHs Cl cl c-PrCHs Cl Cl
1,1"-biciclopropil- Cl Cl | 1,1"'-biciclopropil- Cl Cl
2-ilo 2-ilo
1,1'-biciclopropil- Ccl Cl | 1,1'-hiciclopropil- Cl Cl
1-ilo 1-ilo
10 (15,2R)-1,1"'- Cl Cl (1S,2R)-1,1"'- Cl Cl
biciclopropil-2-ilo biciclopropil-2-ilo
H Cl Br H Cl Br
Me Cl Br Me Cl Br
. t-Bu ok Br t-Bu Cl Br
15 c-Pr Cl Br c-Pr Cl Br
c-PrCH- Cl Br c—-PrCH>» Cl Br
1,1'-biciclopropil- onk Br | 1,1'-kiciclopropil- Cl Bxr
2-ilo 2-ilo
1,1 -biciclopropil- Ccl Br | 1,1'-kiciclopropil- Cl Br
20 1-ilo 1-ilo
H CFs E H CFs F
Me CF3 F Me CF3 F
t-Bu CEF3 Iy t-Bu CF4 F
2-CH3-c—-Px Cl'y I c-Pr CI's F




R? es Me, X es
es CH.
R3
1,1'-biciclopropil-
5 2-ilo
H
Me
t-Bu
Me
10
c-Pr
c-PrCH,
1,1'-biciclopropil-
2-ilo
15 Me
Et
c-Pr
c-PrCH,
1,1'-biciclopropil-

20 2-ilo
Me
Et
Me
Et

25

es Hy 2
Rll R12
CF3 F
CFs Cl
CFE3 Cl
CF3 Cl
CF3 Cl
CF3 Br
CF3 Br
CFs Br
CF, Br
OCH.CF3; F
OCH,CFs F
OCH,CF3 F
OCH,CF3 Cl
OCH.CF; C1
OCHzCF3 Br
OCH,CF3; Br
OCF,H F
OCF>H F

132

es CH.

1,1'-biciclopropil-
2-ilo
H

Me

t-Bu
Me
Et

c-Pr

c~-PrCH,

1

1,1"-biciclopropil-
2-ilo

Me

Me

Et

000224

CF3

CF3
CFs
CF3
CF3
CFE3
CF3
CF3

Crs

OCH,CFE3
OCH,CF'3
OCH,CF3
OCH,CF3

OCH.CF

OCH,CF5
OCH,CF5
OCF,H

OCFH

Cl

Cl

Cl

Br

Br

Br

Br

o
3

F

F



10

15

25

R2

es

es Me, X

N.

[¢l)
w

Br, RY3

Hy Z

R11 R12

OCrFH C1
OCF,H C1
OCF,H C1
OCF,H Br
OCE»H Br
es 'y 2

Rl R12

Br F

Br F

Br F

Br F

Br F

Br 0

Bi F

Br Cl

Br Cil

133

c-PrCH,
1,1'-biciclopropil-
2-ilo
Me

Et

1,1"'-biciclopropil-
1-ilo
H

Me

OCF,H
OCFE,H

OCt»H

Br

Br

Br

Br

r

Cl

Cl
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R2 es Me, ¥ @3 Br, RP es Ty 2 |R2 es Cl, Y es Br, RP es F y Z
.es N. es N
Rr3 11 R12 R3 R R12
t-Bu Br Cl t-Bu Br Cl
5 c-Pr Br Cl c-Pr Br Cl
c—-PrCH» Br Cl c-PrCHs Br Cl
1,1'-biciclopropil- Br Cl | 1,1"-biciclopropil- Br Cl
1-ilo - 1-ilo
H Br Br H Br Br
10 Me Br Br Me Br Br
t-Bu Br Bi t-Bu Br Br
c-Pr Br Br c-Prx Br Br
) c-PrCH, Br  Br c-PrCH, Br  Br
1,1'-biciclopropil- Br Br | 1,1'-hiciclopropil- Br Br
15 1-ilo 1-ilo
(1R,25)-1,1"- Br Br (1R,25)-1,1"'- Br Br
biciclopropil-2-ilo biciclopropil-2-ilo
H Cl F H Cl F
Me Cl F Me Cl F
20 t-Bu cl F t-Bu Cl F
c-Pr Cl F c-Pr Cl F
c—-PrCH, Cl F c-PrCH, Cl F
1,1 -biciclopropil- Cl F 1,1'-biciclopropil- Cl F
‘ 2-ilo 2-ilo

25
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R? es Me, ¥ es Br, R es Fy Z |R®  es Cl, ¥ es Br, R® es F y %
es N. es N

R® R RY R’ R"  R!Y

H Cl Cl H Cl Cl

. Me Cl Cl Me Cl Cl

t-Bu Cl Cl t-Bu Cl Cl

c-Pr Cl Cl c-Pr Cl Cl

c—-PrCH; Cl Cl c-PrCH; Cl Cl

1,1"'-biciclopropil- Cl cl | 1,1'-biciclopropil- Cl Cl
l1-ilo 1-ilo

H Cl Br H Cl Br

Me Cl Br Me Cl Br

t-Bu Cl Br t-Bu Cl Br

c-Pr ‘ Cl Br c-Pr Cl Br

c-PrCH, Cl Br c—-PrCH» Cl Br

«1,1'-biciclopropil~ Cl Br | 1,1'-biciclopropil- Cl Br
2-1lo 2-ilo

1,1'-biciclopropil- Cl Br | 1,1'-biciclopropil- Cl Br
1-ilo 1-ilo

H CF3 F H CFj F

Me CF3 F Me CFEs F

t-Bu CFEs F t-RBu CF4 F

2-CHz-c-Pr CF3 E c-Pr CFy F

1,1"-biciclopropil- CFE3 E 1,1'-biciclopropil- CF3 F




Me
t-Bu

. Me

10 c-Pr

15 Et

20 Me

25

Cr's
Cr3

CFj

OCH,CF3
OCH,CF3
OCH,CF3

OCH,C

i

el
>

OCH,CF3

Cl

Cl

Cl

Br

Br

Br

T

Cl

136

Me
t-Bu
Me
Et
c-Pr

c-PrCH;

CF3
CF3
CF3
CFE3
CF3
CF3
Clks

CFs

OCH,CF3
OCH,CF'3
OCH,CF3
OCH.CF'3

OCH,CF3

OCH,CFE3
OCH,CI3
OCFoH
OCFoH

OCF>H

000224%

R12

Cl
Cl
Cl
Br
Br
Br

Br

Cl

Cl

Cl



c—-PrCH
5 1,1'-biciclopropil-
1-ilo

Me

15 t-Bu

Me
t-Bu

25

nl3
I

OCF2H

OCFE2H

OCF2H

OCFE,H

es Cl

Br

Br

137
y Z |R? es c1l, ¥ as By, RP es F
es N
R12 R3 11
Cl c-PrCH, OCF,H
Cl | 1,1'-biciclopropil- OCFE:H
1-ilo
Br Me OCFH
Br Et OCI.H
y % 25 Cl, ¥ es BPr, R¥ es Cl
Z es N.
R12 R3 pll
F H Br
F Me Br
F t-Bu Br
E c-Pr Br
I c-FPrCH, Br
F 1,1'-biciclopropil~ Br
2-ilo
E 1,1'-biciclopropil- Br
1-ilo
Cl H Br
Cl Me Br
Cl t-Bu Br

Br

Br

Cl

cl

Cl



- «r 1
R? es Me, « es EBEr, Rt3

Z es N.

(1R, 25)-1,1"'-
biciclopropil-2-ilo

10 H

Me

20 Me

es Cl y

Ri1 R12
Br Cl
Br Cl
Br Cl
Br Cl
Br Br
Br Br
Br Br
Br Br
Bri Br
Br Br
Rr Bi
Cl F
Cl F
Cl F
Cl F
Cl F
Cl F

138

(1R,25)-1,1"'~-
biciclopropil-2-ilo

H

Br

Br

Br

(W)
[}

Cl

Cl

Cl

Cl

Cl

Cl

Br

Br

Br



1,1'~biciclopropil-
l1-ilo
H

15

20

1-ilo

Me

25

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

@
1—

(@]
l_l

CF3

CF3

Cl

Cl

Cl

Cl

Cl

Br

Br

Br

Br
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,1'-biciclopropil-
1-ilo
H

Me

Cl
Cl
Cl
Cl
Cl

Cl

Cl

Cl
Cl
Cl
Cl
Cl

Cl

Cl

CF3

CF3

000227

Cl
Cl
Cl
Cl
Cl

Cl

Cl

Br
Br
Br
Br
Br

Br



R? e3 Me, % &s Br, RY es C1 y
Z es N
R3 Rl R}2
t-Bu CFs F
5 2-CH3-c-Pr CF; F
1,1'-biciclopropil- CF3 F
2-ilo
1,1'-biciclopropil- CEs F
1-ilo
10 0 H CF; Cl
Me CFs Cl
t-Bu CF3 Cl
Me CF3 Br
Et CF3 Br
15 c-Pr CFy Br
c—-PrCH» CF3 Br
1,1'-biciclopropil- CE, Br
2-ilo
Me OCH,CF3 F
20 . Et OCH,CF3 F
c-Pr OCH,CF3 C1
c-PrCH, QCH,CF3 C1
1,1'-biciclopropll- OCH.CF; C1
1-ilo

25

140

p? es Cl, ¥ es Br, RP¥ es Cl
Z es N.

R3 Ril
t-Bu CE3
c-Pr CFs

1,1'-biciclopropil- CF3
2-ilo

1,1'-biciclopropil- CF3
1-ilo

H CF;

Me CFs
t-Bu CFEs

Me CF,

Et CFs
c-Pr CFs

c-PrCH, CEy
1,1'-hiciclopropil- CFy
2-ilo

Me OCH,CF3

Et OCH,CF'3
c-Pr OCH,CF3

c-PrCH; QOCH,CF3
1,1"'-biciclopropil- OCH-CE;
1-ilo

3

Cl

Cl

Cl

Br

Br

Br

Cl

Cl



20

25

Me

Et

Me

¥ es

OCE2H

OCF2H

Cl

Cl

=

Br

Br

12

)

i

=]

=
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Z es N.

1,1"-bi

Py
w

Me

Et

Me

Et

c-Pr

c-PrCH;

ciclopropil-
2-ilo
Me

Et

OCH,CF'3
OCH,CF3
OCFoH
OCF;H
OCF:H
OCF,H

OCr-H

OCF,H

OCF2H

Br
Br
Br
Br
Br

Br

Cl

Cl

Br

Br

Cl

Cl

Cl

Cl

Ccl

Cl



¢c-PrCH;
1“CH3—C—PE

2-CH3-c-Px

1,1'-biciclopropil-
1-ilo
(1R, 25)-1,1'-

-2-ila

15

biciclopropil

* H

20

25

Br

Br

Br

Br

Br

Br

Br

Br

Br

Br

Br

142

s-Bu
t-Bu
c-Pr
c-PrCH,
1-CH3-c-Pr
2-CHs-c-Pr

1,1'-biciclopropil-

(1R,2R)-1,1"'~
biciclopropil-2-ilo
H

Me

Br

Br

Br

Br

Br

Br

Br

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl



-7
R? es Me, ¥ es Cl, R

15

20

25

es Hy 2
R R12
Br Br
Br Br
Br Br
Br Br
Bx Br
Br Bi
Br Br
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl
Cl Cl

143

R? ¢s Me, ¥ es

c-PrCH;
1-CHs-c-Pr
2-CHs-c-Pr
1,1'-biciclopropil-

2-1ilo

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

000231

Br
Br

Br

Br
Br
Br
Br
Br
Br

Br



es N,

10 (1R, 2R)-1,1"-

t-Bu
15 1-CHs3-c-Pr
2-CH3z-c-Pr
1,1'-hiciclopropil-~
1-ilo
(1R,28)-1,1"'~
20 biciclopropil-2-ilo
H
° Me
t-Bu
1-CHs—c~-Pr

25

Cl

CFE3

Cl

]

Br

89
[

v
H

144

1-CH3—-c-Pr
2-CHz-c-Pr
1,1'-biciclopropil-
2-ilo
1

,1'-biciclopropil-

1-ilo

Me
t-Bu
1-CH3—c-Pr
2-CH3-c-Pr
1,1'-khiciclopropil-
2-ilo
1,1"'-biciclopropil-
1-ilo

H

(00232

es Hy 2
R R12
Cl Br
Cl Br
Cl Br
Cl Br
Cl Br
CFs Cl
CF; Cl
CFs Ccl
CF3 Cl
CFs Cl
Cl'3 Cl
CF; Cl

OCH,CF3 F
OCH,CF3 F
OCH,CF3 F
OCH,CF3; F



1l,1'-biciclopropil-
1-ilo
H
Me
10 t-Bu
1,1'-biciclopropil-
1-ilo

H

15 t-Bu

20 Me

R?> es Me, ¥ es Cl, R*

es CH.
R3

25 .

es Hy Z
R R12
CF3 Br
CEs Br

OCF,H F

OCFH F

OCF,H F

OCEF,H F

OCF,H C1

OCF,H (1

OCF,H C1

QCF,H C1

OCF;H Br

OCFyH Br
2s Hy 72
g1l R12

145

| R? 25 Me, ¥ es C1,
es N
r3 Rl
1,1'-biciclopropil- OCHCE3
1-ilo
H OCH»CF'3
Me OCH,CF;
t-Bu OCH,CF;
2-CH3~c-Pr OCH,CF3
1,1'-kbiciclopropil- OCH.CI
1-ilo
H OCH,CF;
Me OCH,CF;
t-Bu OCH,CF5
1-CH3-c-Pr OCH»CF3

1,1'-biciclopropil- OCH,CI3
2-ilo
t-Bu OCF,H

Cl

Cl

Cl

Cl

Br

Br

Br

Br

Br

Br



R?® es Me, X es Cl, R®®

es CH.

10

(1R,258)-1,1"-

biciclopropil-2-ilg

15 (1R, 2R)-1,1"-

20 c-Pr

25

es Hy Z
Rl R12
Br E
Br F
Br F
Br F
Br F
Bi F
Br F
Br I
Br I
Br Br
Br Br
Bi Br
Br Br
Br Br
B Bi
Br Br

146

2

R? es Me, X es Cl, RY

es CH.
r3

H

Me

000234

es Hy Z
R1 r12
Br Cl
Br Cl
Br Cl
Br Cl
Br Cl
Br Cl
Br Cl
Br Cl
Br Cl
Cl r
Cl F
Cl F
Cl F
Cl r
Cl F
Cl F



R? es Me, ¥ es

es CH.
r3
1-ilo
5 (1R,2R)-1,1"-

c¢-Pr
c-PrCH,
1,1'-biciclopropil-

2-ilo

15 1-ilo
(1S,2R)-1,1"-
biciclopropil-2-ila
H
Me
20 t-Bu
) 2-CHs-c-Pr

25

Br

Cl

Cl

Cl

Cl

Cl

OCH,CF3

Cl, RP¥ es Hy 2

Br

Cl

Cl

Cl

Cl

Cl

@)
|—

Cl

&

23]
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es CH.
Rr3

1-ilo

(1R,2R)-1,1'-

c-PrCH;
1,1'-khiciclopropil-
2-ilo
1,1"-hiciclopropil-

1-ilo

(1s,2R)-1,1"'-

t-Bu

P? es Me, Y es Cl, R

13

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Bx

Br

Br

Br

Cl

Cl

Cl

Cl

Br



R? Me, ¥

[
2]

es CH.

Et

5 c-Pr

10

Et

c-Pr

15

20 H

25

OCH,CF3

OCH,CF'3

OCH,CF3
OCH,CFE3

OCH,CF3

OCH,CI3

OCH,CF3

es Cl, RP es Hy Z

R1?
F

F

Cl

Cl

Cl

Br

Br

Bx

148

P? es Me, ¥ es C1
es CH.
r3
c-PrCH,

1,1"-biciclopropil-
1-ilo
Me
Et

c-Pr

c-PrCH»

OCE.H
OCE,H

OCF:H

OCFzH

OCI.H

Cl

Cl

Cl

Br

Br

Cl

Cl

Cl

Cl
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R? es Me, X es Cl, R®es Fy 2z |R®  es Me, X es Cl, R¥ es Fy 2
es N. es N
Rr3 R1l R12 3 R R12
1,1'-biciclopropil- Br F 1,1'-hiciclopropil- Br Cl
5 2-ilo 2-ilo
‘1,1'—bi01clopropll— Br F 1,1'-biciclopropil- Br Cl
1-ilo 1-ilo
H Br Br H Cl F
Me Br Br Me Cl F
10 t-Bu Br Br t-Bu Cl F
c-Pr Br Br c-Pr Cl F
c-PrCH, Bi Br c~PrCH, Cl F
1,1'-biciclopropil- Br Br | 1,1'-biciclopropil- Cl F
2-ilo 1-ilo
15 (1R, 25)-1,1"'- Br Br (1R, 25)-1,1"'- Cl F
Jbiciclopropil-2-ilo biciclopropil-2-ilo
H Cl Cl H Cl Br
Me Cl Cl Me Cl Br
t-Bu Cl Cl t-Bu Cl Br
20 c-Pr Cl Cl c-Pr Cl Br
c-PrCH, Cl Cl c—-PrCH; Cl Br
1,1'-biciclopropil- Cl Cl | 1,1'-biciclopropil- Cl Br
2-ilo 2-ilo
1,1'-biciclopropil- Cl Cl | 1,1"'-biciclopropil- Cl Br

25
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RZ es Me, Y es Cl, R® es Fy 2 |R?> es Me, X es Cl, R® es F y Z
es N. es N
R3 Rll Rl2 R3 Rll R12
1-ilo 1-ilo
5 H . CF3 F Me OCH,CF3 F
Me CFs F Et OCH,CF3 F
t-Bu CFEs F c-Pr OCH,CFy C1
2-CH3-c-Pr CF3 F c-PrCHs OCH,CFy C1
o1,1'—biciclopropil— CF3 F 1,1"'-hiciclopropil- OCH,CF; Cl
10 2-ilo 1-ilo
H CF3 Cl Me OCH,CF3; Br
Me CFs Cl Et OCH,CF3 Br
t-Bu CFj Cl Me QOCF.H F
c-Pr CF; Cl Et OCFoH F
15 Me CF; Br c-Pr OoCr,H C1
Et CF3 Br c-PrCHy OCFH Cl
c-Pr Ct's Br | 1,1'-biciclopropil- OCIM Cl
2-ilo
. c-PrCH, Cl'3 Br Me OCFH  Br
20 1,1"-kiciclopropil- Cr3 Br Et OCF,H Br
1l-ilo
R?es Me, X es C1, RP® es Cl vy R’ es Me, X es Cl, R¥® es Cl vy
Z es N. Z es N.

25



Me
t-Bu
5 c-Pr

c-PrCH;

}—
|

1,1'-biciclopropi

2-ilo

10 1-ilo
H
) Me
t-Bu
c-Pr
15 c-PrCH,

1,1'-biciclopropil-
1-ilo
(1R,2R)~-1,1'-
biciclopropil-2-ilo
20 H

Me

25

Br

Br

Br

Br

Br

Cl

Cl

Cl

Cl

Cl

Br

Br

Br

Br

Br

Br
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J
w

Me
t-Bu
c-Pr
c-PrCH,
1,1'"-biciclopropil-

2-ilo

t-Bu

(1R,2R)-1,1"'-
biciclopropil-2~ilo
H

Me

Br

Br

Br

Br

Br

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

000239

12

o

Cl

Cl

Cl

Cl

Ccl

Cl

Cl

Cl

Cl

Cl

Cl

Cl



1,1"'-biciclopropil-
1-ilo
H
Me
10 t-Bu
2-CH3—-c-Pr
1,1"'-biciclopropil-
2-ilo
1,1'-hiciclopropil-
15 1-ilo
H
Me
t-Bu

Me

Cl

CFj

CF3

CF;

CF3

i

]

T}

Cl

Cl

Cl

1,1'-biciclopropil-
2-ilo

1,1'-biciclopropil-
1-ilo

Me

c-Pr
c—-PrCH,
1,1'-hiciclopropil-
1-ilo

Me

Et

Cl

OCH,CF'3
OCH,CE'3

OCH,CI'3

OCH,CF3

OCHACF3

OCH.CF3

OCI;H

OCFE,H

Cl

Cl

Cl

Cl

Br

Br
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R2es Me, X es Cl, R es Cly |R?es Me, X es C1, R¥? es Cl y
Z es N. Z es N.
R RY R2 R RY R2
1-ilo
5 La presente descripcidén incluye la Tabla 3 la cual se
construye igual gqua la Tabla 2 anterior encepto gue el
‘compuesto de la Férmula 3 de la Tabla 2 (es decir, l-metil-
1H-imidazol) se reemplaza con l-butil-1H-imidazol (es decir,
RS es n-Bu, RS, R’ vy R® son H) en la Tabla 3. R?’, R®, R!Y, R
10 y R' &n la Tabla 2 son como los snumerados en la Tabla 2.

Se hace conatar gue con relacidén a esta fecha, el mejor
método conocido por la solicitante para llavar la préctica
la citada invencidn, es el que resulta claro de la presente
descripcidn de la invencidn.

15

o
20
25
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REIVINDICACIONES

Habiéndose descrito la invencidn como a cede, se reclama

i

=)
I

(]

comno propiedad lo contenido en las siguientes reivindicaciones:

1. Un método para preparar un compuesto de la

5 Férmula 1

R2
NH,
NC COR!
10 -
1
en donde
R' es NHR? u ORY;
15 R? es CH; o Cl;
R® es H, alquilo de €;-C4, <ciclopropilo,
ciclopropilciclopropilo, ciclopropilmetilo o
metilciclopropilo; vy
R' es H o alquilo de Ci-Cy;
20 que comnprende poner en contacto (1) un compuesto de la

Férmula 2



155 000243
R2
NH,
X COR!
2
5
en donde X es Br o Cl;
con (2) un reactivo de cianuro metdlico, (3) un resactivo de
sal de cobre(I), (4) un reactivo de sal de yodure y (5) al
menos un compuesto de la Férmula 3
10
R’
J
y RO ij\\Rs
I,
15 3
en donde
R es H, fenilo o bencilo; o C1-Ci» alquilo
opcionalmente sustituido con NRR!Y;
20 cada 36, R’ y R® es independientemente H, Ci1-Cj,
alguilo, fenilo o bencilo; o
R® Y R’ se toman juntos como -CH=CH-CH=CH-; vy
. R y RY se toman Jjuntos como -CH=N-CH=CH-
opcionalmente sustituido con hasta 3
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sustituyentes opcionalmente selecciocnados de Ci-
Ciz algquilo;
siempre gue cuando X sea Cl, entonces R? sea metilo.
2. El método de la reivindicacién 1, caracterizado
5 ademds porgue el reactivo de sal de cobre(I) y el reactivo
de sal de yodurc comprenden yoduro de cobre(I).

3. El método de la reivindicacidn 1, carac

comprende uno o mAs compuestos seleccionados  del  grupo

10 consistente de l-metil-1lH-imidazol, l-etil-1H-imidazol, 1-

propil-1HA-imidazal, l1-butil-1H-imidazol, l-pentil-1H-
imidazol, l-hexil-1H-imidazol, l-metilimidazol, 1,1'-(1,4-
butanodiil)bis-1H-imidazol, 1,1'-(1,5-pentanodiil)bis-1H-

imidazol y 1,1'-(1,6~hexanodiil)bis-1H-imidazol

15 4 El méiodo de la reivindicacidédn 3, caracterizado
sademds porgue al menos un  compueste de la  Férmula 3
comprende  uno o mas compuestos seleccionados del  grupo
consistente de l-metil-1H-imidaczel, 1-butil-1H-imidazol, 4-
metilimidazol yv 1,1'-(1,6-hexanodiil)bis-1H-imidazol.

20 5. El método de la reivindicacién 4, cavacterizado
ademas porque al menos un ompueste de la  Férmula 3
comprende l-metil-1H-imidazol o l-butil-1H-imidazol

6. El método de la reivindicacidén 1, caracterizado
ademas porque el compuesto de la Férmula 2 se pone en contacto

25  con un solvente orgaénico adecuado parva formar una mezcla vy
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15
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después se afaden, secuencialmente, el reactive de cianuro

metédlico, el reactivo de sal de cobre(I), el reactivo de sal

-

de yoduro y al menos un compuesto de la Férmula 3 a la mezcla.

7. El método de la reivindicacién 6, caracterizado

mas solventes eleccionados del grupo consistente de
x»ilenos, tolueno, clorobencenao, metoxibenceano, 1,2,4-
trimetilbenceno, 1,3,5-trimetillbenceno, etilbenceno, (1-
(-3

8. El métode de la reivindicacién 7, caracterizado

ademds porgue el solvente organico adecuade comprende uno o

mads solventes selecclonados del grupo consistente de
xilenos, tolueno, 1,2,4-trimetilbenceno, 1,3,5-
trimetilbenceno y l-metilnaftaleno.

9. El método de la reivindicacidn 1, carvacterizado

ademés porgque el reactivo de cianuro netalico comprende uno

o mas compuestos seleccionados del grupo consistente de
«<lanuraos de metales alcalinos, hexacianofsrratos(II) de
metales alcalinos y cianuro de cobre(I).

10. El método de la reivindicacidn 9, caracterizado
ademés porque el reactivo de cianure metédlico comprende uno

cianurce de sodio

de sodio y hexacianofervato (II) de potasio.
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11. El método de la reivindicacidn 10,

caracterizado ademéds porque el reactivo de cianuro metédlico

comprends o hexacianocferrato(IT) potésico
12. El método de la reivindicacidén 11,

—-

5 caracterizado ademds porque el reactivo de cianuro metalico

QJ

comprende cianuro sdédico.

13. El método de la reivindicacidén 1, caracterizado
ademas porgue X es Br y el compuesto de la Férmula 1 se

prepara como un sélido; el método comprende: poner  €n

10 contacto un compuessio de la Férmula 2 con un  solvente
nrganico adecuado para formar unae mezcla y después anadir,
e
secuencialmenie, el reactivo cle cianuro metdlico, el

el (los) compuesto (s) de la Foérmula 3, mantener la
15 temperatura de la mezcla entre aprozimadaments 145 y 180 °C
por aproximadamente 5 a aproximadamente & h; dejar enifriar

la mezcla entre aproximadamente 0 y 50 °C, afadir agua a la

mezcla, agitar opcionalmente  por aproximadamente 1 a
aproximadamente 24 h y después recuperar de la mezcla un

20 compuesto de la Férmula 1 como un sdlido.

14, El método de la reivindicacidn 13,
Lcaracterizado ademds porgque <l compuesto de la Férmula 1 es
2-amino-5-ciano-N, 3-dimetilbenzamida.

15 El método de la veivindicacidn 1, caracterizado
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para como un sdlido el métodoe comprend:s poner en contacto

un compuesto de  la Férmula 2 con win solvents ©rganico

de sal de cobre(I), el reactive de 3al de yoduro y el
compuesto © compuestos de la Férmula 3, mantener la
temperatura de la mezcla entre aproxzimadamente 150 y 200 °C
por aproximadamente 5 a aproxzimadamente 24 h, enfriar la

mezcla hasta entre aprovimadamente 0 y 50 °C

la mezcla, opcionalmnente con agitacidn aprozimadamente 1 a
aprozimadamente 24 h, vy después vecuperar 2 partir de la
mezcla, un compuesto de la Fdrmula 1 como un sé&lido

16 El método de la reivindicacidn 15,

4
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en donde
R? es CHs o Cl;
R® es H, alquilo de (C;-C4, ciclopropilo,
ciclopropilciclopropilo, ciclopropilmetilo o)
5 metilciclopropilo;
Z es CR'™ o N;
o R'' es Cl, Br, CF3, OCF;H u OCH,CFj;
R}? es F, Cl o Br;
R¥ es H, FoCl; vy
10 R es H, F, Cl o Br;

sor medic del uso de un compuesto de la Fdrmula 1
2 I

R2
NH,
15
NC COR!
1
en donde
R! es NHR® u OR%; y
20 R! es H o alquilo de C;-C4;
caracterizado ademds porgue:
el compuesto de la Férmula 1 se prepara

z

mediante el método de la reivindicacidn 1.



Férmula 4

en donde

El método de la reivindicacidn 17,

o)

Un método para preparar un compuest

2
L. MH X\)
W T \

P
NC C(O)NHR?

R?> es CH; o Cl;
R® es H, alquilo de C;-C4, ciclopropilo,

ropilmetilo o)

o]
l_J
]._.I
O
Q
l_l -
@]
l_l
O

re]
e

ciclopropilcicloproj
metilciclopropilo;
Z es CR'™ o N;

R es Cl, Br, CF3, OCF,H u OCH,CF3;
R!? es F, Cl o Br;

R es H, F o Cl; vy

RY es H, F, Cl o Br;

uso de un compuesto de la Fdérmula 1
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r2
NH,
.
NC COR!
1
5
en donde
R' es NHR® u ORY; vy
R es H o alquilo de C;-Cq4;
caracterizado ademids porgue:
10 se usa como compuesto de la Férmula 1
compuesto de la Férmula 1 preparado de acu
con la reivindicacién 1.
20 E1l método de la reivindicacidn
.
caracterizade ademads porgqus R? es CHs;, R® es CHs, R es

H

oy

15 R es c1, R' es y Z es N.

000250

un

erdo
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RESUMEN DE LA INVENCION

I_l
jay)

Se describe un método para preparar wun conpuesto de
Férmula (1) que comprende poner en contacto un compuesto de
la Férmula (2) con un reactivo de clanuro metédlico, un

Lva de sal de yoduro vy

R7

. N

S 1. ;/ \

» /ﬁ )

RS \\N' R®

. |

A COR! e
1 2 3

en donde R' 25 NHR?® o or?; R? 25 CHy o C1; R} es H, alquilo de
> 4 q

C1-C4, ciclopropilo, ciclopropilciclopropile, ciclopropilmetilo

L Ly, A

metilciclopropila; R* es H o alguilo de C1-Cy; X es Br o Cl; vy

(o}

rR®, RS, R’ y R® son como se definieron en la descripcidn.

definieron en la descripcidn, gue usa un compuesto de la
Férmula (1) caracterizado por la preparacidn del compuesto de

2

medic del wuso de un comnpuesto de la Fdérmula (1) que se

3 ) -n 4 . o

=

prepara por el método descr
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POWER O ATTORNEY

The undersigned.

E.L. Du Pont de Nemours and Company
domiciled in

1007 Market Street
Wilmington, Delaware 19898 US

declares thai it hereby granis (o

ALVARO CORREA-ORDONEZ and/or

OLGA GEORGETTE OTERO and/or

RICARDO METKE and/or

JUAN PABLO CONCHA
with damicile ai Av. 82 Mo, 10 - 62, 6Th {loor, of Fogod D.
C., Colorbia, a full and sufficient power of aiiomey io obiain
the protection of my (our) industrial praperiy and againsi the
unfair competition, for which purpose T (we) authorize ihe said
itarneys to represent me (uc) before any anihoritizs or pereons,
with or without juricdiction, specially ihose adminisirative,
administrative  contentions and  judicial, as well as befors
Arbitration  Conrt, in all mattere conceming the following: a)
Obnainmaeni of patents, utility models, indusiial dezigns,
integrated civcuire, layout-desions and vegetal varietics; (he
registration of trademarls, denominations of origia, cormmercial
names, trade cmblems, slogane and domain names; iis rinewal,
assignments, changz  of namz or domdcils, voluntary
cancallation; and the regisiraiion of licenzes of uee of the above
rights; )Processes of proiection to the consumer, unfair
competition, oppositions, cancellaiions, nullity, precauiionary
injunctione, infringement, graniing of licenses, vrit mandamue,
the pratection of trads secrets, and in general the civil, penal, an
administrative proceszes rzlating (o thoce righis. And that in all
the above matters they may cubstiiuie this Power of Aiiormey,
compromise, conciliate, admit ihe facts of the cace, desici,
coneel, receive, recign, aid rafify acic done by represeniatives
withaut a power of altorney.

I hereby ratify all actions previeusly faken on behalf of this
company by the aforementicned atformeys wiih raspeci ia the
mentioned matters,

. . .7 ) -
Dane and subseribed lrL‘(,_,_i,_;/,_/;)A_:;,;;-" ;L.y,t_,l\g— dset

On the i day o‘&.»«h-’-lf--“?}'/of 2008

Signature of the person issuing the Power
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Av. 82 No. 10 - 62 &th Floor
Bogota, Colombia

NIT: 900.034.906-9
Tel: +57 1 634 1500
Fax: +57 1 376 2211
www.bakernet.cormn

PODER DE ABOGADO

La abajo firmada,

E.L Du Pont de Nemours and Company
domiciliada en

1007 Market Sireet
Wilmington, Delaware 19898 US

daclara por ¢l presenic que oiorga a

ALVARO CORREA-ORDONEZ y/o

OLGA GEORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA
con domicilio en la Av, 52 Mo, 10 = 62 Fiso 6 en Bogotd D oZ,,
Colornbia, poder especial amplio y suficieniz, para obtener la
proteccion de i (nuecira) propicdad inducirial y contra la
competencia desleal, 2 cuyo efecto antorize (amos) a loz dichos
apoderados para que me (nos) represenien anie cualzsquizra
auioridades o personas, gjzrzan o no jurisdiceidn, espscialmenta
ante las del orden adminisirative, contenciaso-adindnistrativo y
Judicial, aci como los iribunales de arbiicamenio, en toda 1o
concernienia a los siguienies asunios: a) Obiencidn Jdg palenies
dz invencidn, wmodelor  de wiilidad, dicefics  industriales,
ssquemas de trazado d2 ciroudios iniegrados y variedades
vegelales; el regicivo de marcas, denominacionzs de arigen,
nombras comerciales, ensefias, lemac comercialzz y nombres de
dominio; Su  renovacién, waspaco, cambic de nombre o
domicilio, cancelacidin voluniaria; v el regisiro de licencias de
neo de esos derechos; b) Los procesos para la proiscoion del
conswmidor, compeiencia decleal, oposicionzs, cancelaciohes,
nulidades, medidaz  cantelares, infraccionse, conczzién de
licenciaz, la intela, la proieccion de siwl indusirialzs, ¥ en
gzneral procesas civiles, penales, adminiztrativos relacionados
con ectos derechos. Y para que en {odos lo: asuntos arriba
determinades, pusdan susituir 22 mandatc, trancigir, conciliar,
admitir los hechos del cazo, desictir, cancelar, recibir, renunciar,
y ratificar los actos de agzates aficiosos.

3

Igualmeniz, ratifico todo lo scmade hiasia 2l memanto en los
mismos asuntos, por cualquicra de los mencionados apoderados
en representacion de Ssta sociedad.

Dado y firmado en

Alos dias del mes de de 2008

\)
Firma de la persona que Signaol

R
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NOTARIAL CERTIFICATION

L,ZZ{ K A day of Uﬁ:ﬂzc i,

O ihic

2008, the undersignsd Hotary “
CERTIFIES
That Miriam D, Meconnahey

of legal age and domiciled in
1964 Lakeview Road, Wilmington, DE 19805

o~

get hie hand on the foregoing docuraent.

That the grantor i to me pereonally Fnown and that he/she has
legal capacity o execute the instrumeni.

That the grantor has exzcuted the foregoing docurent ac

Assistant Secretary - Patent Board

cf the judicial persen E. 1. duPont de Nemours and
Company

That the judicial person B, 1. duPont de Nemours and
: Company

having its home office in

1007 Market Street, Wilmington, Delaware 19898 USA

duly organized, has prezent legal existence and that the
purpoces for which the powsr of attorney is granizd are wiithin
the scope of its corporate purposes.

That the grantor has in fact he referred io authority and ihat
hic/her reprasantation is legal,

That T have bazed certifications 2, 4 and 5 above on ihe
following authentic documenis for cuch pwpocs exhibited o me
and which T mention specifically, siving their Cl’alc:,- and thzir
origin ar source:
DuPont Patent Board Guidelines and Power of Attorney
dated June 12, 2006.

Alos

dz 2008 els

1

[
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CERTIFICACION NOTARIAL

diaz del mes de
uscrito Maotario

DA FE
Que

mayor y domiciliado en

suacribid de sn puiio v letra el documznto qus anteczds,

Que conozco al otorgante y que £sie tiene capacidad legal
para £l ciorgamienio,

ue el otorgante ha suscriio &l rererido documento &n s
caracter de

de la persona juridica K. L duPont de Nemours

and Company

E. I. duPont de Nemours
and Company

Que la percona juridica

con sede en

(‘ll

sid legalmente constituida, que  iiene existencia legal
aciual y que el acio para el cual =2 otorga 1 poder 2ota
compun«lld-v entre 1os que constimyen su sbjeto social,

=)

Que &l olorgante iens zfeciivamenia la representacidn que
ostenia y que ésia cs legitin

Que he basado las certinicaciones 3, 4 v 5 anieriares en los
siguienizs  documsnios aniéniicos que al efecio e me

evhibieron y que menciono ecpecilicaaente con exprezién
de sus fechas y de eu origen o procedencia:




SURERINTENDENCIA DE INDUSTRIA Y COMERCIO

228- .0
Aria v ; Fecha. _0|o 09 o\. lcc 2:00 D.,p hmo DIF‘,.HUE\/ASCI-".
Industria y Comercio Toa 41 PATELTELA  Eve, 278 FAZENACIGHAL
AL LALLM L LA et 411 PRESENTACION  Falios: 2¢8
PATENTE DE INVENCION [ ] MODELO DE UTILIDAD [ | Art 33 Decision 486/00

Indicasion que s solicita una patente,
Datos de identificacidn del solicitants o de la persona ques pressnta la solicitud
Descripiin de la invenacidn

Dibujas de ser estos partinentes

HRENN

Comprohants ds pago J: 1as tasas establecidas (De ser el casa fonmnats de descuznta)

Completa D v lncompleta [

PATENTE DE lyI‘EﬁCION PCT MODELO DE UTILIDAD PCT D Art.33 Decision 486/00, Circular Unica

@.

Indlcacnun Juz 3 solizita una PCT

Cnpia de 1a solicitud arzspafol, tal comao fue presentada inicialmentes (zapitulo descriptivo,
/rmvmdn atario, resumen)
Dibujos de 2er estos perlinentzs

[]

Comprobants de pago da 1as tasas establacidas (de 2er 2l caso formato de descuento)

Completa l:l Incampleta E:I

DISENO INDUSTRIAL [:' (Art. 119 Decision 486/00)
D Indizaciin que se solicita Disefio industrial
I____l Datos de identificacion del solicitants o ds la persona qua presenta la saliciiud
Papresantacion grafica y fotagrafica del Diseia industrial o muestra del material que incorpora el
D diseno
I:I Comprabants 4z pado de las tasas establecidas

Completa I:] Incorpleta D

ESQUEMA DE TRAZADO || {Art. 92 Decision 486/00)

Indizaciin que 2& solicita un ssquema de trazado

[]

Datos de identificacidn dal solicitantz o de 12 persona que prasanta la solicitud

Comprobants d2 pago 4 las tazas sstablecidas

D Pepresentasian grafica Jds un ssquema Jz trazado

Camplata [:l Incompleta l:]

PI02-FO08 (2009-11-18)




