Process for the Preparation of Anagrelide and Anal ogues The present
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A number of US Patents have been issued on anagrelide and its method of making
including Nos. 3,932,407; 4,146,718; 4,208,521; 4,357,330; Re 31,617; and
5,801,245. Published European patent applications EP 1373268, EP 1700840, EP
1700841, EP 1700842, EP 1700843, and EP 170859 also disclosed methods for

preparing anagrelide.

Commercially, as discussed in U. S. Patent No. 5,801,245, and as shown in Figure 1,
anagrelide has been prepared as the hydrochloride monohydrate (compound V)
from the intermediate, ethyl-N-(6-amino-2,3-dichlorobenzyl) glycine (compound |)
either by reaction with cyanogen bromide in hot alcoholic solution, or, preferentially,
by reaction with cyanogen bromide in an aprotic solvent such as toluene to give the
iminoquinazoline intermediate (compound Il), which is isolated and then reacted with

a base in a hot solution of alcohol to form anagrelide base (compound IlI).



i m noqui nazoline internediate (conpound I1), which is isolated and then
reacted wwth a base in a hot solution of alcohol to form anagrelide base
(conpoundwol2bjo/Fogere 1 (IN) (1V) The hydrochl ori de nonebydrBzv®/@nagr el i de
salt (conpound IV) is prepared by addeng hydrochloric acid to a net hanol
slurry of anagrelide base (conmpound I11) and heating to reflux. The
hydrochl oride salt is then hydrated in a high humdity chanber. These two
st eps ar eFiguret consum ng however, and the yield of hydrochloride salt can
be poor due to conpeting acid hydrolysis of the Iactaﬂ1ring and net hyl
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free base has undeg rgb e p{bperties—saeh as pd ol ubij ity or a non-solid
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parent nol ecul e throu&ﬁ hydrol ysis of the Iactan1ring”?nd this presents
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The hydrochloride monohydrate anagrelide salt (compound V) is prepared by adding
hydrochloric acid to a methanol slurry of anagrelide base (compound Ill) and heating
to reflux. The hydrochloride salt is then hydrated in a high humidity chamber. These
two steps are time-consuming however, and the yield of hydrochloride salt can be
poor due to competing acid hydrolysis of the lactam ring and methyl ester formation.
After 15 minutes at reflux, the isolated yield is 62% and this decreases to 40% after 2

hours.

Normally, salts are prepared when the free base has undesirable properties such as
poor solubility or a non-solid physical state. In this case, both anagrelide base
(compound 1) and the hydrochloride salt (compound V) are solids with low agueous
solubility. In addition, the water of crystallization can accelerate decomposition of the
parent molecule through hydrolysis of the lactam ring and this presents long-term

stability problems for pharmaceutical anagrelide formulations.

Radiolabeled anagrelide base has been used in pharmacokinetic studies in humans
and monkeys and results show complete absorption into blood plasma demonstrating
that the base is bioavailable. The free base is converted into the hydrochloride salt in
the stomach to enhance absorption. Both the salt and the base exhibit equivalent
pharmacological effects, and there is no inherent advantage to using the

hydrochloride monohydrate salt as the active pharmaceutical agent.

As an important intermediate in the synthesis of anagrelide, ethyl-N-(6-amino-2,3-



the stomach to enhance absorption. Both the salt and the base exhibit
equi val ent pharnacol ogi cal effects, and there is no i nherent advantage to
usi ng t hewbydromzbdieri de nonohydrate salt as the active poargeo®ulsical
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1,2,3-trichlorobenzene is shown in U S. Patent No. 4,146,718. An inproved
process for the formation of ethyl-N-(6-am no-2, 3-dichl orobenzyl) glycine
(compoundFigureugi ng the internedi ate 2, 3-di chl oro-6-nitrobenzyl halide
(conpound VI I | waere halide is iodi ,Q@, chloride or brom de, jhas been
devel oped as énvironnental |y eptdbl e alternative (Figuwre 3). The
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commerci al maniff acture. O

The conventional process for the formation of ethyl-N-(6-amino-2,3-dichlorobenzyl)
glycine (compound 1) from 1,2,3-trichlorobenzene is shown in U. S. Patent No.
4,146,718.

An improved process for the formation of ethyl-N-(6-amino-2,3-dichlorobenzyl)
glycine (compound ) using the intermediate 2,3-dichloro-6-nitrobenzyl halide
(compound VIII), where halide is iodide, chloride or bromide, has been developed as
an environmentally acceptable alternative (Figure 3). The route of preparation from
2,3-dichloro-6-nitro-toluene (compound VIl) is described in U. S. Patent No.
5,801,245, and involves a radical halogenation of the toluene group. Radical
conditions can be nonselective, however, and could be difficult to effectively

implement in large-scale commercial manufacture.

Figure 3
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In both reactions shown in Figures 2 and 3, ethyl-N-(2,3-dichloro-6-nitrobenzyl)
glycine (compound VI) is reduced to the 6-amino-2,3-dichlorobenzyl glycine
(compound I) by stannous chloride reduction (SnCl,/HCI). A disadvantage of this
route is the formation of large amounts of tin-containing waste products. In addition,

the strongly acidic reaction conditions can promote chlorination of the aromatic ring,



Figure 3 In both reactions shown in Figures 2 and 3,
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Bearing in mind the problems and deficiencies of the prior art, it is therefore an object

of the present invention to provide an improved synthetic process for the making of

anagrelide whether in base or salt form.

Itis an aim of the present invention to provide a synthetically efficient process for the
production of quinazoline derivatives which avoids the problems of the prior art
processes. Itis also an aim to provide a process in which the convergency (i.e. the
bringing together of synthetic fragments) is maximised. It is a further aim to ensure
that the need for purification and workup is minimised. It is a particular aim of the
present invention to provide a process which minimizes the need for intermediate
and final purification steps. It is thus an aim to provide a route to the compounds of
formula (l) which offers an improved yield relative to the existing routes. It is a further
aim of the process of the present invention to avoid the use of tin compounds, where

possible, on account of their hazardous nature and troublesome by-products.

It is an additional aim of the present invention to make suitable intermediates from
readily available starting materials. Ideally this is achieved by an environmentally
acceptable method.

Still further objects and advantages of the present invention will become apparent

from the details provided in the specification.

We have found an improved route to the quinazoline derivatives of formula (l) above
via certain novel intermediates. The present invention thus satisfies some or all of
the above aims. This is achieved by using a process involving a nitrobenzylsulfonate

as an intermediate.



processes. It is also an aimto provide a process in which the convergency
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troubl esonme by-products. It is an additional aimof the present invention
to make suitable internediatgs fromreadily available starting nmaterial s.
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deth e épeci fication. W have found an
i nproved route to the quin Z(y ne dgrivatives of formula (1) above via
certain novel interned gt’es>N>The es jnvention thus satisfies some or
all of the above ains. This is aghiev By using a process involving a

ni trobenzyl sul fonate as an ihtefm&di ate. According to a first aspect of the

present invention there is provid&d a nethod for naking a conpound of

Formula (IX): wherein:
wherein:

R" and R? independently represent hydrogen or a blocking group which functions to

directly or indirectly prevent metabolic reaction at the 3- position of substitution;
R®and R* are hydrogen;

V, W, X, and Y, are independently chosen from the group comprising: H, F, Cl, |, Br,
CN, C. alkyl, Cy6 haloalkyl, C1.s alkoxy, C1.¢ haloalkoxy and C, alkanoyl; and

R®is H, C.6 alkyl or OH;

comprising the steps: (a) nitrating a compound of formula (X):

X)
X CHO

to form a compound of formula (XI) :



R1 and R2 independently represent hydrogen or a bl ocking group which
functions to directly or indirectly prevent netabolic reaction at the 3-
posi ti on wO 2810bwd38uUt i on; R3 and R4 are hydrogen; V, W XCTazBRodd/05862¢

i ndependently chosen fromthe group cenprising: H F, d, I , Br, CN, G-6
al kyl, G -6 haloalkyl, G -6 al koxy, G -6 haloal koxy and G -6 al kanoyl;
and RS is H C -6 alkyl or OH conprising the steps: (a) nitrating a
conmpound of forwula (X): to forma conpound of forrmula (X) :(b) reacting
t he corrpmwd of forrg,ga (XI') under reducing conditions to forma conpound
of fornula reacting the conpound of forrmula (XIl) with an al kyl -
or aryl-sulf alide of fornmula R6SO T and an organic base to forma
conmpound of (X1 )(:X')vmerei n, R6 is an optionally substituted C -6
al kyl group or ptH®nal |y substituted aryl group, each of which can be
optionally subsyituted where chemcally possible by 1 to 3 substituents

i ndependently selected fromthe group conprising: G -6alkyl, C-6

hal oal kyl , -SR8, -0OR9, -NR8R9, -NO2, SCF3, hal ogen, -C(OR8, -CN, and -CF3,
where R8 . are | nde r ¢ - Kyl } al o; (d)
reacting geﬁ'ﬂgghuen%o%&g ggmtr@}jl(agf(ﬁllﬁngﬁ %Hgégﬁg%rboitn%ﬁé-[%ﬁ@%and a glycine
deri vat i veoropodrarofidranu(aXPM)wherein R7 is an optionally substituted C -6

al kyl group or aryl group, each of which

\

(X1
OH

(c) reacting the compound of formula (XII) with an alkyl- or aryl-sulfonyl halide of

formula R°SO,T and an organic base to form a compound of formula (XIII):

V
w NO,
o) R® XIIl
X g~ (X1m)
/7 \\
Y O O
wherein;

R® is an optionally substituted C;. alkyl group or an optionally substituted aryl group,
each of which can be optionally substituted where chemically possible by 1 to 3
substituents independently selected from the group comprising: Csalkyl, C1.6
haloalkyl, -SR?, -OR®, -NR®R?, -NO,, SCF3, halogen, -C(O)R?, -CN, and -CF;, where
R® and R® are independently H or Cysalkyl; and T is halo;

(d) reacting the compound of formula (XIII) with an organic base and a glycine

derivative of formula (XIV)



can be optionally substituted by 1 to 3 substituents independently sel ected
fromthe group conprising: Cl-6al kyl, G -6hal oal kyl, -SR8, -0OR9, -NR8R9,

- N2, SCRBO 2halogas, C(O R8, -CN, and -CF3, where R8 an@CR&GB20®/051621

i ndependently H or G -6 alkyl, to forma conpound of forrmula (XV): (e)
reacting the conpound of fornula (XV) under reducing conditions to forma
conmpound 6ENE%523%5 (XVI): (f) reacting the conpound of formula (XVI) under
br onocyanat i, conditi@ng to forma conpound of formula (XVI1): (Q)
reacting t He coﬁpound of formula (XVI1) under cycl oal kylation conditions to
formthe conpound of formula (IX): According to a second aspect of the
present invention there is provided a nethod for naking a conpound of

formul a (Xhergn ngz ancatipnally suhetiteteehSosatkyadrosp pharykarew. [epchiof whish al kyI or
aryl -sul f efybe Bafidrdfy QUbet'RﬁéHthosen ?Jt;%tlﬁjéqtsaﬂd&fega@ﬁt RAkd ﬂ‘tﬁ?ﬁ’ir% n.

X, and Y, are independentl roup conprising: 0 I

Br, CN, cgtogp@pwrlsmq;C%eelkmhpodlakaﬁlkyl chR- 608?kb|)?yR ANO2.65 G b@lpmy and G
-6 al kanoglo)H6.dN A8 -eR], 'vmaé hyaédihsgﬁet.@@&n%nny% 8t kylaigoup or an

optionally substltuted aryl group, each whi ch "can be optionally
substituted where chemcally p055|ble by 1 to 3 substituents independently

sel ected -6al kyl, G -6 hal oal kyl, - SRS,
OR9, -NR%JR@%%%MOHHQO%WW%SWQ _C(OR 8, -CN, and -CF3, where

COR (XV)
Jé@ >

(e) reacting the compound of formula (XV) under reducing conditions to form a

compound of formula (XVI):

Y
w NH,
H
N CO,R" (XVI)
x x
1 2
Y R R

(f) reacting the compound of formula (XVI) under bromocyanation conditions to form

a compound of formula (XVII):

Y
H
W NYNH
N CO,R" (XVII)
X ),
R1 R2
Y

(g) reacting the compound of formula (XVII) under cycloalkylation conditions to form

the compound of formula (IX):



R8 and R9 are independently Hor G -6 alkyl; and T is halo. In an
enbodi nent, the alkyl or aryl-sulfonyl halide is a chloride. However, it is
possi bl e wo 2umm7edi8er nati ve hal o derivatives, eg a sul f eayiGE2besar5iade. | n
anot her enbodi nent, the anhydride equs8val ent of R6SQ2T, a conpound of
formula (R6SC N O coul d be used instead to prepare the nitrobenzyl sul fonate
of fornmula (XIIjl). The anhydride may be a symmetrical anhydride or a m xed
anhydri dewn which aQ%D/HG is different. According to a third aspect of the
€ |

rovided a nmethod for making a conpound of
formul a (XV) eactj ng é)qDonund of formula (XIIl1) with an organic
base and agl he~deT | ive of formula (XIV) to formthe conpound of
formula (XV), erein:gV, W* X, and Y, are independently chosen fromthe
group conprising: H F, d, I, Br, CN, CG-6 alkyl, G -6 haloalkyl, G -6

al koxy, G -6 hal oal koxy and G -6 al kanoyl; and Rl and R2 are
i ndependently selected fromthe group conprising: H, cyano; C -6 alkyl,
SC -6 al RgtqrdiGdt®a abkanlydspe@f heaprieyent linveCBorShpd ie @ dwdedvehmetiod ferai d
al kyl , al vl, al kyn | oahkyl groups nay be optionally substituted
by 1 to SH§$%85§§@$5¥ﬁaO?%ﬁﬁ%%ﬁggﬂtIy fromthe group conprising: halo,
hydr oxyl, cyano, Yitro, G - alkylsulfonyl and COOH, C -6 hydroxyal kyl; G
-6 car boxyaI\K/yI; and g\giphi de;or Rl and R2 together with the carbon to
whi ch they are xghied form a C3_8 carbocyclic ring which may be
optionally subs ed by 1 tg 5 gngps chosen

- R (Xl
A\
Y O O

X

by reacting the compound of formula (XII)

(XINy
OH

Y

with an alkyl- or aryl-sulfonyl halide of formula R®SO,T and an organic base, wherein:

V, W, X, and Y, are independently chosen from the group comprising: H, F, CI, |, Br,
CN, C. alkyl, Cy6 haloalkyl, C4.¢ alkoxy, C4.6 haloalkoxy and C,. alkanoyl;

R® is an optionally substituted C;. alkyl group or an optionally substituted aryl group,
each of which can be optionally substituted where chemically possible by 1 to 3
substituents independently selected from the group comprising: Csalkyl, C1.6
haloalkyl, -SR?, -OR®, -NR®R?, -NO,, SCF3, halogen, -C(O)R?, -CN, and -CF;, where
R® and R® are independently H or Cysalkyl; and T is halo.

In an embodiment, the alkyl or aryl-sulfonyl halide is a chloride. However, it is

possible to use alternative halo derivatives, eg a sulfonyl fluoride.



i ndependently fromthe group conprising: halo, hydroxyl, cyano, nitro, G
-4 hal oal kyl, C - 4 alkylsulfonyl and COOH, or Rl and R2 together wth the
car bon atwonbm/ombsish they are attached represent a C2- 6 palrkaBryd/B162€2- 6

al kynyl group bound t hrough a double bond to the ring to mhich it is

attached b ti onal subst | y one to roups
" depondelt T TR e eRE B SR o S B I By ano, G
-4 hal oal K-?ﬁS(BBd) dau@dhe @erudl Iﬁ&eécStoémemréItmmtrbb!erﬁvbaﬂfoﬁaw @fdor@hula 6 al kyl

group or C whi ch can be opti onal stitute lto 3
Jubebi tuehkl)-; thecaBiaER PV befy Flr Pt Ao BEA e Reting b R ai iy
- 6hal oal kghch RSR dffere®R 9, -NR 8R9, -NO 2, SCF 3, halogen, - C(OR 8, -CN,
and -CF 3, where R8 and RO are independently Hor G -6 alkyl. According to
a fourth aspect of the present invention there is provided a conmpound of
formul a (xb¢dr¢mg\martreidnas‘¢ect th@@reséfmt,in\&ndOMewie pasvidadeyimethodyordef i ned
above. The | owi ng are its of the invention which are relevant to
each of tH@ 'Inpras Om@’é’%r‘?& O”inH g@ nd fourth aspects of the invention. In an
enbodinent, Y is preferably halo, and is nore preferably chloro. In an
enbodi nent, X is preferably halo, and is nore preferably chloro. In an
enbodi nent, Vis H

W NO,

H
N
X <

Y R" R

COR" (xv)

2

by reacting the compound of formula (XIII)

V
W NO,
0 R’ Xl
X g7 (Xiih
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Y O O

with an organic base and a glycine derivative of formula (XIV)

to form the compound of formula (XV), wherein:

V, W, X, and Y, are independently chosen from the group comprising: H, F, CI, |, Br,
CN, C. alkyl, Cy6 haloalkyl, C1.s alkoxy, C1.¢ haloalkoxy and C, alkanoyl; and

R" and R?are independently selected from the group comprising: H; cyano; Cq. alkyl,
SCi.6 alkyl, C,6 alkenyl, C,6 alkynyl, Cs.5 cycloalkyl wherein said alkyl, alkenyl,
alkynyl or cycloalkyl groups may be optionally substituted by 1 to 5 groups chosen
independently from the group comprising: halo, hydroxyl, cyano, nitro, Cq.4

alkylsulfonyl and COOH; C,¢ hydroxyalkyl; C, carboxyalkyl; and sulphide;



In an enbodi nent, Wis HIn an enbodinent, RL is Hor an optionally
substituted G - alkyl or C3_8 cycloal kyl group. In an enbodinent, R2 is H
or an optwonaldoromebstituted G - al kyl group or C3_8 cyclras2kydosid2n an
enbodi nent, RlL and R2 are both nethylioor together forma cycl opropyl group.
In each of the above enbodi nents for Rl and R2, one or nore hydrogen atons
may be replaced by deuterium Simlarly, one or nore carbon atons nay be
repl aced byR136d RF mgameEMI@diermamtbon #83vHich ﬂhysylemmcaéd ttemteCigm Preferably,

R3 is hydrogen. .In an e i rent n or deuterium Preferably,
R 15 nydPoeeit Ang nEReEH frertonsl et Ao SR it b ef erabl v,
R5 is hydrrmlgeamdehny fromehd gabiupeoinpristtg: aal@ myoikyipa@nbyniso G L, Haldatikgl,d- 6 al kyl
group or tuted aryl group. Wen R6 iiss aryl it is
pr ef er abl ﬂ)ﬂ ‘ﬁp ML%/’@SeSaéHerably R6 is nmethyl or tolyl. Mst preferably
R6 is methyl. In an enbodi ment, R7 is an optionally substituted d 6 aI kyI
group, and gor e, pk abl net hyl t nbodl
It oo, r PuBraT bR GeglkBr wih beutBadAGH tp Sk Bty areieBFeifBRRsA ot  cormound
(XI) to cGecpalke@leCLaalkwl beuptbbaed ttoushi angoubleciborl ©xhambgto viyich itde. A
sui tabl e req%%hg chh may %dépltllongﬁ)/ Bgtquteg%y one to three groups

independently selected from the group comprising: halo, hydroxyl, cyano, Cq.4

haloalkyl and COOH; and

R’ is an optionally substituted Cy. alkyl group or aryl group, each of which can be
optionally substituted by 1 to 3 substituents independently selected from the group
comprising: Ci.salkyl, Cqshaloalkyl, -SR®, -OR®, -NR®R?, -NO,, SCF3, halogen, -
C(O)R®, -CN, and -CF3, where R® and R? are independently H or Cy¢alkyl.

According to a fourth aspect of the present invention there is provided a compound of
formula (XII1):

V
w NO,
o _R®  (xm)
X ~s7
/7 \\
Y O O

wherein V, W, X, Y, and R°® are as previously defined above.

The following are embodiments of the invention which are relevant to each of the

first, second, third and fourth aspects of the invention.

In an embodiment, Y is preferably halo, and is more preferably chloro.

In an embodiment, X is preferably halo, and is more preferably chloro.

In an embodiment, V is H.

In an embodiment, W is H.



In an enbodi ment, the organic base used to prepare the conpound of fornula
(XI'1'l) is an aliphatic or aromatic am ne. Preferably the base is an

al i phat i cwerzhrvm703e8r e preferably the base is a tertiarypearigeradvimsian ne.
Particularly suitable bases are tri (d-io al kyl) am nes such as
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need for chromatographic purification or recrystallisation. In another
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In an embodiment, R® is hydrogen or deuterium. Preferably, R® is hydrogen.

In an embodiment R* is hydrogen or deuterium. Preferably, R* is hydrogen.

In an embodiment, R® is hydrogen or deuterium. Preferably, R® is hydrogen.

In an embodiment, R® is an optionally substituted Cy. alkyl group or an optionally
substituted aryl group. When R® is aryl it is preferably phenyl. More preferably R® is

methyl or tolyl. Most preferably R® is methyl.

In an embodiment, R’ is an optionally substituted C1.s alkyl group, and more

preferably it is methyl or ethyl.
In an embodiment, T is chloro, fluoro or bromo. Preferably, T is chloro.

The reduction of compound (XI) to compound (XII) may be effected using a complex

metal hydride. A suitable reducing agent is sodium borohydride.

In an embodiment, the organic base used to prepare the compound of formula (XIII)
is an aliphatic or aromatic amine. Preferably the base is an aliphatic amine. More
preferably the base is a tertiary aliphatic amine. Particularly suitable bases are tri

(C1.10 alkyl) amines such as triethylamine.



same or different fromthat used to formthe conpound of formula (XII1).
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bases ar eworni1o(i@318 Qal kyl ) ami nes such as tri et hyl am necTiBo@r@EeRss for
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preterably about 30 minutes.

In a further embodiment, the resulting product of the reaction (which is the compound
of the formula (XIII)) is isolated. Preferably it is used in the next step to form the
compound of the formula (XV) without the need for chromatographic purification or

recrystallisation.

In another embodiment, the organic base used in the process for forming the
compound of formula (XV) is an aliphatic or aromatic amine. The base may be the
same or different from that used to form the compound of formula (XIl). Preferably,
the base is a tertiary aliphatic amine. Particularly suitable bases are tri (C4.1p alkyl)

amines such as triethylamine.

The process for forming the compound of formula (XV) preferably uses a polar
aprotic solvent. The same solvents may be used as described in relation to the
formation of the compound of formula (XIII) except for those with a boiling point of
less than 70°C. Itis preferred that the solvent has a higher boiling point i.e. greater

than 70°C. Dimethylformamide is a particularly preferred solvent.

HBr is added to the reaction mixture after addition of the organic base in order to
complete the reaction to form the compound of formula (XV). The resulting product
is thus a hydrobromide salt. Equally, HCI could be used. Other acids such as

sulfonic acids, eg methanesulfonic acid could also be used.

In an embodiment, the reaction is performed at elevated temperature i.e. above room
temperature (25°C). More preferably, the reaction is carried out at a temperature
between 70°C and 130°C, and most preferably at between 80°C and 100°C.



The present invention includes the synthesis of all pharmaceutically

accept abl e i sotopically-1abelled conpounds of fornulae (IX) to (XVII)
wher ei n owe 2010/070318 at ons are replaced by atons havi ng trhe/cEi®/Blan
nunber, but an atom c mass or mass nuisber different fromthe atom c mass or
mass nunber usually found in nature. Exanples of isotopes suitable for

I nclusion in the conpounds of the invention include isotopes of hydrogen,
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Examples of isotopes suitable for inclusion in the compounds of the invention include
isotopes of hydrogen, (*H and ®H), carbon, ("'C, *C and "C), chlorine, (**Cl),
fluorine, (*®F), iodine, ('?I and "I), nitrogen, (*N and N), oxygen, (**0, O and

'®0), phosphorus, (**P), and sulphur, (**S).

Certain isotopically-labelled compounds, for example, those incorporating a
radioactive isotope, are useful in drug and/or substrate tissue distribution studies.
The radioactive isotopes tritium, i.e. *H, and carbon-14, i.e. "C, are particularly useful

for this purpose in view of their ease of incorporation and ready means of detection.

Substitution with heavier isotopes such as deuterium, i.e. ?H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements, and hence may be

preferred in some circumstances.

Substitution with positron emitting isotopes, such as ''C, *F, >0 and ™N, can be
useful in Positron Emission Topography (PET) studies for examining substrate

receptor occupancy.

Isotopically-labelled compounds can generally be prepared by conventional
techniques known to those skilled in the art or by processes analogous to those
described using an appropriate isotopically-labelled reagent in place of the non-

labelled reagent previously employed.



| sot opi cal l y-1 abel | ed conpounds can generally be prepared by conventi onal
techni ques known to those skilled in the art or by processes anal ogous to

t hose deswoi2bsxb7omBng an appropriate isotopically-I|abel lped/gBagaste2in pl ace
of the nonl abel | ed reagent previ ousl yi4enpl oyed. Fi gure 4 shows schematically
how t he pEoces to ana relide ltseh Sur

2, 3-di ohl SR R HRGe RACER 5 Policd AT iRe R it i at 1y at the
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separate romi.ts nd re u ro;6-nitrobenzyl
o bohol < e BBtAen e R o Ba0 PR EEPR T FREB IR o1 ent i al
nitrati onfram itsheorberposrid iedtcanatd 2c3dichlaroy6-hitrobanyl albolm(p@mmiuhdr)@)i n view of
the known dire t|n effects of.the_existin ubst.i t uent s. nzaldehyde i's
cnown o ButiGEnBRLHUEES Baiarsor R it Stee’ AERE gt T n
appr oxi rrabeitsar;?ﬂ%w&ialeémemtldmst|ha|ewrdsfh|®e kisowredirezong eff&its of thakyisthi@fo The
nitrating t | sJdu trcac |nc sul furic acid. This
i trati onsrgeats daraerlsts kil ik PE 5 RShoRionitaR % b oduct
and t he suolageiticoieeasyppaeratalyi7afs ylwldlv(aﬂn tnabrtb@lsamfer earapridiyg onIy
crystalli [ as,_wel | as chr omat ogr aph h ns _ano novel
cohect of "o ThedRutRoiedd i i HRLATL AR ot RS S pOH THEGN "o Ryl - or
aryl -sul f ahmhorhaﬂoiod@rg 'rto/ersadace'Zthaﬂésmdsd BoMebas thistmgjordtn pyddsiot dranae e
derivati ve tgseqlqgrﬂ easy sepgratlon %chﬁ can %e a)chlgaveé Q)y crystallisation as well as by
chromatography, thus forms another novel aspect of the present invention.
Treatment of the alcohol with an alkyl- or aryl-sulfonyl halide gives a 2,3-dichloro-6-

nitrobenzylsulfonate derivative (compound XXI).

Figure 4
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Another useful feature of the process of the invention for the preparation of
anagrelide or anagrelide derivatives is the discovery that the final cyclization reaction
as shown for example in Figure 1 to form 6,7-dichloro-1,5-dihydroimidazo [2,1-b]
quinazoline-2 (3H) one (compound Ill) from 5,6-dichloro-3,4-dihydro-2(1 H)
iminoquinazoline-3-acetate HBR (compound II) can be achieved at room temperature
by addition of an organic base such as triethylamine (TEA), pyridine, or
trimethylamine, preferably TEA, to a suspension of the starting material in water.
Anagrelide base is obtained in about 99.8% purity by HPLC. The preparation of
anagrelide base from ethyl 5,6-dichloro-3,4-dihydro-2 (1H) iminoguinazoline-3-
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avoidance of the need for extensive purification procedures, which are obtained by

using the novel sulfonate intermediate at an earlier stage of the synthesis.

The formation of the anagrelide hydrochloride salt in refluxing methanol/hydrochloric
acid exerts a powerful purification effect, readily removing the organic and solvent
impurities. However, at reflux conditions, acid hydrolysis is fast and the yield of

hydrochloride salt decreases rapidly over time.

With the larger batch sizes needed for commercial manufacture, the time the reaction
mixture spends at reflux is significant. Thus, formation of the hydrochloride salt is a
less efficient means of purification than preparing anagrelide base (compound Ill) in

high purity using the method of the invention.

Figure 5 shows schematically how the process of the invention may be applied to the
synthesis of 3,3-dimethyl anagrelide. The conditions described in each of the
individual steps may be applied in general terms to other analogous transformations

in the preparation of analogous substituted or unsubstituted anagrelides.
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The skilled person will appreciate that adaptation of the methods herein described
and/or adaptation of methods known in the art could be applied to the processes of

the present invention.

For example, the skilled person will be immediately familiar with standard textbooks
such as "Comprehensive Organic Transformations - A Guide to Functional Group
Transformations”, RC Larock, Wiley-VCH (1999 or later editions), "March's Advanced
Organic Chemistry - Reactions, Mechanisms and Structure”, MB Smith, J. March,
Wiley, (6th edition (2007) or later) “Advanced Organic Chemistry, Part B, Reactions
and Synthesis”, FA Carey, RJ Sundberg, Kluwer Academic/Plenum Publications,
(2001 or later editions), "Organic Synthesis - The Disconnection Approach”, S
Warren (Wiley), (1982 or later editions), "Designing Organic Syntheses" S Warren
(Wiley) (1983 or later editions), "Guidebook To Organic Synthesis" RK Mackie and
DM Smith (Longman) (1982 or later editions), etc., and the references therein as a
guide. Procedures for conducting standard synthetic transformations may also be

found at www.orgsyn.org.



Organic Chem stry - Reactions, Mechanisns and Structure”, MB Smth, J.
March, Wley, (6th edition (2007) or later) "Advanced Organic Chem stry,
Part B, Resecbvioaresiand Synt hesi s", FA Carey, RJ Sundber gpcCilGB2669/051621
Academi c/ Pl enum Publications, (2001 or7 | ater editions), "Organic Synthesis
- The Di sconnection Approach", S Warren (Wley), (1982 or |ater editions),
"Designing Organic Syntheses" S Warren (Wley) (1983 or |ater editions),
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nitration of 2, 3-dichl orobenzal dehyde (conmpound XVIIl) to form2,3
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-10 to 40c6hcepl’r€lfeernabd: gcid®b & eoldbén of compound (XVIII) in sulfuric acid using an ice

bath to maintain a reaction temperature of about -10 to 40°C, preferably 20 to 25°C.

The reaction mixture is generally stirred at this temperature for one hour or more and
then preferably suspended in water and filtered. The filter cake is preferably washed
with water to give a mixture of the compound XIX and its isomer 5-

nitrobenzaldehyde. The isomers may be separated using an organic solvent such as

hexane until the 5-nitro isomer is removed.

To form 2,3-dichloro-6-nitrobenzylalcohol (compound XX) from 2,3-dichloro-6-nitro
benzaldehyde (compound XIX), compound XIX is preferably solubilized in a solvent
or solvent mixture such as toluene and methanol. The solution of compound XIX is
added to a reducing solution such as sodium borohydride in an organic solvent over
a period of time to maintain a reaction temperature below about 40°C, preferably
25°C. The reaction is preferably stirred for 24 hours at room temperature under
nitrogen and then washed with water. After removing the aqueous layer the organic
layer is azeotropically dried and concentrated forming 2,3-dichloro-6-

nitrobenzylalcohol (compound XX).

The sulfonic acid derivative is formed by reacting the alcohol in solution with an
organic base with an alkyl- or aryl-sulfonyl halide or anydride, such as
methanesulfonyl chloride, which is added to the solution maintained at below room

temperature, e.g. preferably in the range 0 to 10 degrees.

The reaction is thus performed by first reacting 2,3-dichloro-6-nitrobenzyl alcohol

(compound XX) and a base such as triethylamine in a suitable solvent under an inert
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One benefit of the present invention is that 1,1-dimethyl-ethyl N-(2,3-dichloro-6-
nitrobenzyl) glycine derivative (compound XXII) and its 1-unsubstituted or substituted
analogues can be formed directly from the corresponding 2,3-dichloro-6-nitrobenzyl
alcohol (compound XX) without the need to form an intermediate halo derivative such
as those described in the prior art. This fact leads to a number of unexpected

advantages both in this particular step and in the overall synthesis.

The aromatic nitro group on the glycine derivative is then reduced by a conventional
reducing agent such as a mixture of stannous chloride and hydrochloric acid or by
other reducing agents as discussed below. In one procedure according to the
invention, a solution of the glycine (compound XXII) is slowly added to the tin chloride
solution and the resulting reaction mixture heated at an elevated temperature of
about 40-50°C for about two hours. Solids are filtered and the filtered cake dissolved
in water and an organic solvent such as methylene chloride. The pH of the solution is
adjusted to about 12.5 with sodium hydroxide and the organic phase separated and
the aqueous phase extracted with methylene chloride. The combined organic phases
are washed with water and dried azeotropically and the solution is concentrated, an
organic solvent added and the solution cooled to -20 to -30°C. The precipitated solids
are collected by filtration and the crude product is recrystallized from heptane or

another organic solvent.
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elevated te eratLuref of
In"an aprotic solvent.

6,7-dichloro-1,5-dihydroimidazo [2, 1-b] quinazoline-2 (3H) one (compound

[lI) may be prepared from compound (Il) by suspending 5,6-dichloro-3,4-dihydro
2(1H) iminoquinazoline-3-acetate HBr (compound (1)) in water and adding an
organic base such as TEA. After filtering the solution the filtered cake is washed in
water and the solids suspended in alcohol. After filtering, the solids are rinsed in an

alcohol and dried to give compound (ll1).

For the case of 3,3-dimethylanagrelide in particular, the synthetic procedure of the

invention can thus be illustrated schematically as follows in Figure 6:



about 40-50 OC for about two hours. Solids are filtered and the filtered
cake dissolved in water and an organi ¢ sol vent such as nethyl ene chl ori de.
The pH ofwbhelsobasi on is adjusted to about 12.5 with sedirws209disoseirde and
t he organi ¢ phase separated and t he amueous phase extracted w th nethyl ene
chl oride. _The gonbi ned organi ¢ phases are washed with water and dried
azeot ropi E@[S%and the solution is concentrated, an organic sol vent added
and the solution cooled to -20 to -300C. The precipitated solids are
collected by filtration and the crude product is recrystallized from
heptane or anether or ganb@ sol ven NOnossi bl e, the i nveyg,i onMs8@kS t o
avoi d the use nt td ect theN"r‘%'ﬂm i

pr ocedur e gaccor HO tRgyl NV diget h yl
N- (2, 3-di chl or g; 6- nltrobreagéyl) egC| ne 'é% o
catalytically drogenated using aGtetal or netal - | catal yst such as

pl ati num ati num oxi de, rhodium and palladi umon carbon under hydrogen
pressure. The catal ysNO,s the Y& by filtratinm and the filtrate
concentrated, d ed with watermeaivd an orga sol yent and ba®t%ed using
an alkali to a p . ab@sO,Rel0. [RE Brgani c ase ¢ sepesnas egoand

concent rat edCand the crude ma er|8§3I/pur|1G|ed by | ow t erature
recrystallizationcto give 1,1 g%g% {( et hyl - ¢f- am mee 2M8- di chl or obenzyl)
glycine. T preparation of oun 1) fromthe gl ycine derivative of
formula (1) is achieved using cyanogenk@si de in a hot al q_phol sol ution or

by reaction of cyan |tbm1 de in an aprgNic sol ventN
3. HBr
COsMe —QO HBr
o] >( 60 %
Cl Me Me
Examples

2,3-Dichloro-6-nitrobenzaldehyde

NO,

Cl CHO
Cl

To 2,3-dichlorobenzaldehyde (20 g, 114 mmol) in concentrated sulfuric acid (100 mL)
was added cautiously fuming nitric acid (5.4 mL, 8.16 g, 130 mmol). The resulting
solution was stirred for 1 hour, then poured onto an ice/water slurry and the
precipitate collected by filtration. This was dissolved in diethyl ether (400 mL), and
the solution washed with water and saturated sodium carbonate, then dried (MgSQO,)
and concentrated. The residue was re-dissolved in the minimum amount of hot
diethyl ether, then poured quickly into vigorously stirred petrol (1 L). After stirring for a
further 10 minutes, the precipitate was collected by suction filtration and dried under
vacuum to vyield 2,3-dichloro-6-nitrobenzaldehyde, 9.98 g (40 %), essentially free of

isomers.

R: 0.32 (petrol - diethyl ether, 8 : 2 v/v)



6, 7-di chl oro-1 , 5-di hydroi m dazo [2, 1-Db] quinazoline-2 (3H) one (conpound
[11) may be prepared from conpound (I1) by suspendi ng

5, 6- di chlwoeeBykexdshydro 2(1 H) i m noqui nazol i ne- 3- acet ate/diBooyososEpound
(1)) in water and addi ng an organi c lase such as TEA. After filtering the

solution th i e I ed |,n [S) nd th [ syspended in
al cohol . AfﬁMé k‘#ﬁ'@?ﬁoﬁg‘%ﬁ@hg 1@%54!](831 Ié'r S%bn@ﬁ(qqr{t-aﬁ@&cérd@ﬁ”ﬁid dried to
gi ve conpadmedd(J £8)7 HEorHf Al)case of 3, 3-di net hyl anagrelide in particular,
t he synthetic procedure of the invention can thus be illustrated
schematically as follows in Figure 6:Figure 6 Exanpl es

2, 3- Di chl 2;3ePighiurbseahitrobahzid aycbhol0 2, 3- di chl or obenzal dehyde (20 g, 114
nmol ) in concentrated sulfuric acid (100 nL) was added cautiously fum ng
nitric acid (5.4 m, 8.16 g, 130 mmol ). The resulting solution was stirred
for 1 hour, then powNn®g onto an ice/water slurry and the precipitate

col l ected by ation. This was dissolved in diethyl ether (400 nm.), and
t he sol ution washed mﬁé wat er and saturated sodi um carbonate, then dried
(MgS™4) amg} cong ated. The residue was re-dissolved in the mninmm
anount of hot djethyl ether, then poured quickly into vigorously stirred
petrol ( 1 1L). @kt er stirring for a further 10 mnutes, the precipitate was
coll ected by suction filtration and dried under vacuumto yield

2, 3-di chl oro-6-ni trobenzal dehyde, 9.98 g (40 %, essentially free of
To a solution of 2,3-dichloro-6-nitrobenzaldehyde (7.62 g, 34.9 mmol) in

tetrahydrofuran (75 mL) was added sodium borohydride (1.31 g, 34.9 mmol) followed
by ethanol (1.75 mL), and the mixture was stirred for 1.5 hours. Saturated aqueous
ammonium chloride (75 mL) was added, and the solution was extracted three times
with EtOAc. The combined organic layers were dried (MgSO,) and then concentrated

to give 2,3-dichloro-6-nitrobenzyl alcohol, as an oil which crystallised, 7.62 g (98 %).

R 0.37 (petrol - diethyl ether, 8 : 2 v/v)
'H NMR (CDCls, 300 MHz): 8 7.78 (d, J = 8.9 Hz, 1H, ArH), 7.60 (d, J = 8.9 Hz, 1H,
ArH), 4.96 (s, 2H, benzylic CHy,), 2.77 (broad s, 1H, OH).

Methyl 2-aminoisobutyrate Hydrochloride

O

HN
OMe HCI

Me Me

To a suspension of 2-aminoisobutyric acid (25.0 g, 243 mmol) in methanol (300 mL)
was added thionyl chloride (27.0 mL, 43.0 g, 365 mmol) and the reaction was heated
at reflux for 12 hours. The resulting solution was concentrated and triturated with

diethyl ether - tetrahydrofuran to yield the product as a white powder, 29.8 g (80 %).

"H NMR (DMSO-ds, 300 MHz): & 8.80 (broad s, 3H, NH3"), 3.74 (s, 3H, CHz0), 1.48
(s, 6H, 2 x CHa).



isoners. f 0.32 (petrol - diethyl ether, 8 : 2 v/v)1H NVR (CDCl 3, 300 MHz):
d 10.34 (s, 1 H CHO, 8.01 (d, J =8.7 H, 1 H AH, 7.76 (d, J = 8.7 Hz,
1 H ArH) .w,28t0@763180r 0- 6- ni t robenzyl al cohol To a sol ut ipem/GH2009/051621

2, 3-di chl oro-6-ni trobenzal dehyde (7.62 g, 34.9 mml) in tetrahydrofuran (75

m.) was or ride 1.31 34.9 mmol ) foll owed by ethanol
(1.75 nﬁ’%‘ q&:@j{"ﬁ@'ﬁ? }/’g &P?'PF&'& ptyIatg hours. Saturated aqueous
anmoni um chl oride (75 m.) was added, and the solution was extracted three
times with EtOAc. Thg conbl ned organic layers were dried (MgSO ) and then
concentrated 3- @i chl oro-6-nitrobenzyl alcohol, as an oil which
crystallised, 2 g RQS . f 0.37 (petrol - diethyl ether, 8 : 2v/v) 1H
NMR ( CDCl 3, : : M, J =8.9 H, 1H ArH), 7.60 (d, J = 8.9 Hz,
1H, ArH), A 96lcgs, 2H, zylic CH2) , 2.77 (broad s, 1H, OH). Met hyl

2- am noi sobut yftat e oChil oride To a suspension of 2-am noi sobutyric acid
(25.0 g, 243 mmol ) in nethanol (300 m.) was added thionyl chloride (27.0
m , 43.0 g, 365 mmmol ) and the reaction was heated at reflux for 12 hours.
The resul Torgohtboiof B3-dietsorodntitoberatiedcaot(9t00 ¢, W06 mehonian di et hyl et her -

(o AR 5 Y LBRRFaR A SRR EandRs b BP0 11

under nitrogen at 5 °C was added methanesulfonyl chloride (3.48 mL, 5.15 g, 45.0

mmol) dropwise. The solution was stirred for 1 hour, then transferred to a separating
funnel and washed sequentially with ice-cold 1M hydrochloric acid, saturated
aqueous sodium carbonate and water, dried (MgSQ,) and concentrated to afford the

mesylate as a waxy solid.

The mesylate was taken up in anhydrous DMF (200 mL) and treated with
triethylamine (13.9 mL, 10.1 g, 100 mmol) and methyl-2-aminoisobutyrate
hydrochloride (7.68 g, 50 mmol), and the mixture stirred and heated at 90 °C
overnight. After cooling, the mixture was partitioned between water (500 mL) and
diethyl ether (500 mL) and the layers separated. The aqueous layer was re-extracted
with diethyl ether (2 x 200 mL) and the combined organic layers were washed with
water (5 x 200 mL), dried (MgSQ,), filtered through a short pad of silica and

concentrated to an oil which was used without further purification, 10.78 g (83 %).
Rr 0.49 (petrol — diethyl ether, 8 : 2 v/v)
'H NMR (CDCls, 300 MHz): & 7.65 (d, J = 9.0 Hz, 1H, ArH), 7.51 (d, J = 9.0 Hz, 1H,

ArH), 3.98 (s, 2H, benzylic CH,), 3.75 (s, 3H, CHs0), 1.36 (s, 6H, 2 x CH).

Methyl 1-[(6-amino-2,3-dichlorobenzyl)amino]isobutyrate

cl WOMe

Cl Me Me

To a solution of methyl 1-[(2,3-dichloro-6-nitrobenzyl)aminolisobutyrate (10.70 g,
33.3 mmol) in ethanol (350 mL) was added SnCl,.2H,0 (30.1 g, 133 mmol), and the
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3,3-Dimethylanagrelide Hydrobromide

.HBr

To a solution of methyl 1-[(6-amino-2,3-dichlorobenzyl)aminolisobutyrate (8.73 g,
30.0 mmol) in toluene (120 mL) was added dropwise a solution of cyanogen bromide
(3.44 g, 32.0 mmol) in toluene (30 mL). The resulting solution was stirred at room
temperature for 1.5 hours, then at 100 °C for 1 hour and finally at room temperature
overnight. The solvent was evaporated and the residue suspended in methanol (100
mL). Triethylamine (7.0 mL, 5.05 g, 50 mmol) was added and the resulting
suspension was stirred for 1 hour. The mixture was centrifuged in portions to isolate
the fine precipitate, which was washed twice with methanol by decantation and
centrifugation. The resulting thick slurry was transferred to a flask and the solvent
evaporated to afford 3,3-dimethylanagrelide free base. This was then suspended in
fresh methanol (50 mL), treated with 48 wt % hydrobromic acid (2.0 mL, 3.0 g, 18
mmol), and the solution briefly heated to reflux. Charcoal (ca. 1 g) was added and the
solution was filtered through Celite whilst still near to reflux temperature. After
cooling, the methanol was evaporated and the residue was re-crystallised from
refluxing ethanol (50 mL) to afford 3,3-dimethylanagrelide hydrobromide, as a white
crystalline solid which was collected by suction filtration, washed with diethyl ether
and dried under high vacuum at 70 °C overnight. Yield obtained (including further

crops from mother liquors) 60 % overall.

2



ArH, 3.98 (s, 2H, benzylic CH2) , 3.75 (s, 3H, CH3O, 1.36 (s, 6H 2 CH3)

. Methyl 1-[(6-am no-2, 3-di chl orobenzyl)am no]i sobutyrate To a sol ution of
met hyl 1-wO2o8ywdoziBl or o- 6- ni t r obenzyl ) am no] i sobut yr at e PCT&B00IN5123. 3
mol ) in ethanol (350 m.) was added 8nCl 2. 2H20 (30.1 g, 133 mmol ), and

t heresulting solution was heated at 55 OC for 3 hours. After cooling, the
solution was poured into a rapidly-stirred m xture of saturated aqueous
sodi um cafthoiR ONIS0AUNB00 Madall SEt. €A, Y20DHE] 1 H, At 209%d,nd natHes1HCel i t e was

added and ,the resulting sl.ur iLtere der vacuum t hrough anot her
slurry of AEd 8 .(S’#TL q%ﬁ@é'lc?%\r,)@&%{?pé'ﬁaé ég}gﬂd t he aqueous was
re-extracted with further Et OAc. The conbi ned organic | ayers were dried
(MgSO 4) , filtered through a pad of silica, and concentrated to afford an
oil which was used without further purification, quantitative yield. 1H NWR
(DVBO-de, 300 MHz): d 7.18 (d, J = 8.7 Hz, 1H, ArH), 6.63 (d, J = 8.7 Hz,
1H, ArH), 3.69 (s, 2H, benzylic CH2) , 3.66 (s, 3H CH3O, 1.29 (s, 6H, 2
CH3) . 3, 3-Dinethylanagrelide Hydrobrom de To a sol ution of nethyl

1-[ (6-am no- 2, 3-di chl orobenzyl ) am no] i sobutyrate (8.73 g, 30.0 mol) in
toluene (120 nmL.) was added dropw se a sol ution of cyanogen brom de (3.44 g,
32.0 mol ) in toluene (30 nL). The resulting solution was stirred at room
tenperature for 1.5 hours, then at 100 OC for 1 hour and finally at room
tenperature overni ght. The solvent was evaporated and the residue suspended
in methanol (100 nmL). Triethylamne (7.0 nL, 5.05 g, 50 nmol) was added and
the resulting



suspension was stirred for 1 hour. The m xture was centrifuged in portions
to isolate the fine precipitate, which was washed twi ce with nethanol by
decant at iwo 2areb76mBt ri f ugati on. The resul ting thick sl urpcy/emsososasnsferred
to a flask and the solvent evaporatedsto afford 3, 3-di nethyl anagrelide free
base. Thiglmas t hen suspended in fresh nethanol (50 nlL), treated with 48 wt
% hydr obr Sacid (2.0 nL, 3.0 g, 18 nmmol ), and the solution briefly
heated to reflux. Charcoal {ca. g) was added and the sol ution was

filtered through e whilst still r tqg reflux tenperature. After
cool i ng, bhe gLk @F&Wﬁ?wﬁ%ﬁﬁﬁgﬁ%ﬁméﬁgo?wgapg&idue was re-crystallised

fromrefluxing ethanol (50 nm.) to afford 3, 3-di net hyl anagrelide

hydrobrom de, as a white crystall,,ne solid which was collected by suction
filtration, washed with diethyl e her and dﬁied under high vacuumat 70 0OC
overnight. Yield obtained (iwgl ud rth crops fron1nDther | i quors) 60
% overall.1H NVR (DVSGd 6, 300 2 1 H AH, 7.09
(d, J =9 Hz, 1H ArH), 4.64 ( ben i , 143(3 6H, 2 CH3)
.Clains 1. A nmethod for maki Rg a~gonpoy Fprrrula (I'X): wherein: Rl and

) i ndependent|y represent hydrogen or\a bI ci ing group which functions to
directly or indirectly prevent me¥ abBl Re reactl on at the 3- position of
substitution; R3 and R4 are hydrogen; (MW X, and Y, are independently
chosen from t he group conprising: H F, d, |, Br,

wherein:

R" and R? independently represent hydrogen or a blocking group which functions to

directly or indirectly prevent metabolic reaction at the 3- position of substitution;

R®and R* are hydrogen;

V, W, X, and Y, are independently chosen from the group comprising: H, F, CI, |, Br,

CN, C. alkyl, Cy6 haloalkyl, C1.s alkoxy, C1.¢ haloalkoxy and C, alkanoyl; and

R®is H, C.6 alkyl or OH;

comprising the steps: (a) nitrating a compound of formula (X):

\%
w
(X)
X CHO
Y
to form a compound of formula (XI):
\%
w NO,
(X1)
X CHO
Y

(b) reacting the compound of formula (XI) under reducing conditions to form a

compound of formula (XII):



CN, G-6 alkyl, G -6 haloalkyl, G -6 al koxy, G -6 hal oal koxy and C -6
al kanoyl; and R5 is H C -6 alkyl or OH conprising the steps: (a)

nitrati ngwe 2mnpesied of formula (X): to form a conpoundpofi/dBoemalsas2q Xl ) :

(b) reacting the conmpound of formula %Xl ) under reducing conditions to form
a conmpound of forrmula (Xl1):(c) r\gacti ng the conpound of fornula (XI1) with
an al kyl - or aryl-sul fonyl halide of fornula RGSO2T and an organi c base to
forma conmpound of forrmula (WLII)A &Nein: R6 is an optionally substituted
C -6 al kyl group or an optiona tituted gyl group, each of which can
be optionally substituted wher Y possible by 1 to 3 substituents
i ndependently sel ected fromkghe g onprising: C-6alkyl, C-6

hal oal kyl , -SR8, -O0OR9, -NR3R9, , SCF3, halogen, -C(OR38, -CN, and -CF3,
where R8 and RO are independently'H or G-6 alkyl; and T is halo; (d)

O | o . Ve
or 1 vat P vi SRR S onau T of e Auta B bint b Qoo LA RRRIAH, 240 56
al kyl gr ofgsmota RISQ.T@ndap organihbage tefivroha campbndogitoronidd (i)substi t uted by 1

to 3 substituents independently, sel ected fromthe group conprising:
Cl- 6al kyl , G -6hal oal kyl, -SR8,| -OR9, -NR8R9, -NO2, SCF3, hal ogen, -

C(OR8, -CN, and -CF3, wheV NndNRQ are independently H or C -6 alkyl;
oL R oxm
X //S\\
Y O O

wherein:

R® is an optionally substituted C1. alkyl group or an optionally substituted aryl group,
each of which can be optionally substituted where chemically possible by 1 to 3
substituents independently selected from the group comprising: C4salkyl, C1.6
haloalkyl, -SR?, -OR®, -NR®R?, -NO,, SCF3, halogen, -C(O)R?, -CN, and -CF;, where
R® and R® are independently H or Cysalkyl; and T is halo;

(d) reacting the compound of formula (XIII) with an organic base and a glycine

derivative of formula (XIV)

H,N._ _CO,R’

2 1>< 2 (XIV)

R R

wherein R’ is an optionally substituted C1.¢ alkyl group or aryl group, each of which
can be optionally substituted by 1 to 3 substituents independently selected from the
group comprising: Ci.salkyl, Cqshaloalkyl, -SR®, -OR®, -NR®R?, -NO,, SCF3, halogen, -
C(O)R®, -CN, and -CF3, where R® and R? are independently H or Cyalkyl;
to form a compound of formula (XV):
\%
w NO,



to forma conpound of formula (XV):(e) reacting the conpound of fornula
(XV) under reducing conditions to forma conpound of formula (Xvl): (f)
reacti ng wbeomarpzaend of fornul a (XVI) under br onpcyanarCorGB2000dist620ns t o
forma conpound of forrmula (XVI1): (g reactl ng the conpound of fornula

(XVI1) un r c al kyl at i ondj t mthe nd of fornmula
(10 2 O retton HeesormarAg Erodmsetninas ToiRA SoeRoRE B9 act i ng.t he
corrpound edmpeurLdfdoroXid (Ywaj:t h an or gani ¢ base and a gl yci ne derivative of
formula (XIV) to formthe conpound of fornula (XV), wherein: V,W X and Y,
are independently chosen fromthe group conprising: H F, d, I, Br, CN,
C-6 alkyl, G -6 haloalkyl, GV -6 al koxy, C -6 hal oal koxy and G -6

al kanoyl ; RL and R2 are HWepe dent h¥| sel ected fromthe group conpri sing:

H, cyano; G -6 al kyl, 6-aN €2-6 al kenyl, C2-6 al kynyl, C3-8

cycl oal kyl wherein said aI kyl enyIH al kynyl or cycloal kyl groups may be
optionally substituted by 1 (N : $BR (fMependently fromthe group
conpri sing: hal o, hydroxylX cy N\ C -4 al kyl sul fonyl and COOH, C
-6 hydroxyal kyl; C -6 car boxyafl kyl; amd il phide; or Rl and R2 toget her
with the carbon to which they are attached forma C -S carbocyclic ring

whi ch may (fheeaotitg tha@bimposubstt fotnutla KWy udddr drénoryaoationcdrogiéinng todependent | y

fromthe gr 8%089&78{%%&&(%}/\3' o, hydroxyl, cyano, nitro, C - hal oal kyl,

H
W NYNH
N CO.R" (XVII)
x o<
R1 R2
Y

(g) reacting the compound of formula (XVII) under cycloalkylation conditions to form

the compound of formula (IX):

V
H
w N
\\rN
N72: °
X
1 R®
Y R
2. A method for making a compound of formula (XV):

V
w NO,
N_ _COR’ (XV)
2
X
b
Y R R

by reacting the compound of formula (XIII)



C -4 al kylsulfonyl and COOH;, or R1 and R2 together with the carbon atomto
whi ch they are attached represent a C2-6 al kenyl or C2-6 al kynyl group
bound t hrwoghioz7oxasbl e bond to the ring to which it is atrasree/@ntiwhich
may be optionally substituted by one 280 three groups i ndependently sel ected
fromthe group conprising: halov hydroxyl, cyano, G -4 hal oal kyl and COCH,
R7 is an optionally substituted|C -6 aIkyI group or aryl group, each of

whi ch can be optionally substitéted oy, 1 to 3 substituents independently
sel ected fromthe group conpry ): Cl-6al kyl, G -6hal oal kyl, -SR8, -OR9,
-NR8R9, -NO2, SCF3, hal ogen, D) R, 5-CN, and CF3, where R8 and R9 are
|ndependently Hor G -6 al I'SSgh opﬂ%@ﬁally substituted G -6

al kyl group or an optionally substi t ut egt/a yl group, each of which can be
optionally substituted where chémcally>-possible by 1 to 3 substituents

i ndependept fr [ 6al kyl, G -6

hal oal kylQ’théﬁ@%a‘?‘?ﬁ@%%mp&”%%%@%ﬁ LY 'V9 (O R8 -CN, and - CF3,
where R8 and R9 are independenfly H Qjoﬁj' 6 al kyI 3. The method of claim

2, wherein R7 is an optionally s E%(]tuted(K“QG al kyl group. 4. The net hod

of claim3, wherein R7 is methyR'or Rthyl. 5. The nmethod of any preceding

claim wherein RL is Hor an optionally substituted C -4 al kyl or C3-8
cycl oal kyFO fQF’BLﬁ? compound of formula (XV), wherein:

V, W, X, and Y, are independently chosen from the group comprising: H, F, CI, |, Br,
CN, C. alkyl, Cy6 haloalkyl, C4.¢ alkoxy, C4.6 haloalkoxy and C alkanoyl;

R" and R?are independently selected from the group comprising: H; cyano; Cq. alkyl,
SCi.6 alkyl, C,6 alkenyl, C,6 alkynyl, Cs.5 cycloalkyl wherein said alkyl, alkenyl,
alkynyl or cycloalkyl groups may be optionally substituted by 1 to 5 groups chosen
independently from the group comprising: halo, hydroxyl, cyano, nitro, Cq.4

alkylsulfonyl and COOH; C,¢ hydroxyalkyl; C,¢ carboxyalkyl; and sulphide;

or R" and R? together with the carbon to which they are attached form a Cs¢
carbocyclic ring which may be optionally substituted by 1 to 5 groups chosen
independently from the group comprising: halo, hydroxyl, cyano, nitro, C44 haloalkyl,
C1.4 alkylsulfonyl and COOH;

or R" and R? together with the carbon atom to which they are attached represent a
C..s alkenyl or C,.6 alkynyl group bound through a double bond to the ring to which it
is attached and which may be optionally substituted by one to three groups
independently selected from the group comprising: halo, hydroxyl, cyano, Cq.4
haloalkyl and COOH;

R’ is an optionally substituted Cy. alkyl group or aryl group, each of which can be
optionally substituted by 1 to 3 substituents independently selected from the group
comprising: Ci.salkyl, Cqshaloalkyl, -SR®, -OR®, -NR®R?, -NO,, SCF3, halogen, -
C(O)R?, -CN, and -CF3, where R® and R® are independently H or Cyalkyl; and



6. The nethod of any preceding claim wherein R2 is Hor an optionally
substituted G -4 al kyl group or C3-8 cycloalkyl. 7. The nethod of any
pr ecedi ngwol2aiom7o3Berein RL and R2 are both nethyl or tegetdBoodsiena
cycl opropyl group. 8. A nethod for nmedi ng a conpound of forrmula (XII11): by

ti [ f f Xl | ith . al | - | - | |
o e o RO A0 ToRAR sttty cheiorbud Bt Syghel pibstlyl dnd Sl Y ar e
i lngelpeng_eeéé?/lofomael I kdj‘e;rf tﬁe)mttohalllwliglmsﬁlufgdmgfér:é Fh@ril?ﬁly @ssigleé)y 1 toBlsk CN, I O'RéG_
a , - oal, - a X - al oa (0),4 - a ano ; IS
an ot i onars Rieiftitderendens Retaem iunth R R et Ctba i Lt 6d
aryl groupalogiagih-SH®, vVIRT INRIRY, D0 BCFgMaldgen SGIRY LT chnsh€EFg vateeen cal | y

possi bl e 1,t9 3 sybstituents i.nd ndently selected fromthe group
conpri si nE?’aef- Ipepgyde ﬁ%‘él"é?ﬂ-&%f‘)ﬁ- SR8, -OR9, -NRSR9, -NC2, SCF3,
hal ogen, -C(O R8, -CN, and -CF3, where R8 and RO are independently H or

C -6 alkyl; and, T is hal.o. .9., The nmethod of .any precedi claim wherein Y
s hato. 0. TS MR ergia e G g ap oy R EEE L SR, Terhod o
any precediong. claim wherein X is halo. 12. The nethod of claim11l, wherein
X is chloro. 13. The nethod of any preceding claim wherein Vis H 14. The
net hod of any preceding claim wherein Wis H.

4. The method of claim 3, wherein R’ is methyl or ethyl.

5. The method of any preceding claim, wherein R" is H or an optionally

substituted C4.4 alkyl or Csg cycloalkyl group.

6. The method of any preceding claim, wherein R? is H or an optionally

substituted C4.4 alkyl group or Cs 5 cycloalkyl.

7. The method of any preceding claim, wherein R' and R? are both methyl or

together form a cyclopropyl group.

8. A method for making a compound of formula (XIII):
V
w NO,
o _R®  (xm)
X ~s”
/7 \\
Y O O
by reacting the compound of formula (XII)
V
w NO,
(XIN)
OH
X
Y

with an alkyl- or aryl-sulfonyl halide of formula R®SO,T and an organic base, wherein:

V, W, X, and Y, are independently chosen from the group comprising: H, F, CI, |, Br,
CN, C4. alkyl, C46 haloalkyl, C4.6 alkoxy, C4.s haloalkoxy and C. alkanoyl;



15. The nmethod of any of clains 2 to 14, wherein R6 is an optionally
substituted G -6 al kyl group or an optionally substituted aryl group. 16.
The net howoebioed7edsr 15, wherein R6 is nmethyl or tolyl. ?¢r/GBr8098B1d20d Of
claim 16, wherein R6 is nethyl. 18. AMoconpound of formula (XI11): wherein
V,W X, Y, and R6 are as previously defined above in relation to claim 1.

R® is an optionally substituted Cy. alkyl group or an optionally substituted aryl group,
each of which can be optionally substituted where chemically possible by 1 to 3
substituents independently selected from the group comprising: Csalkyl, C1.6
haloalkyl, -SR?, -OR®, -NR®R?, -NO,, SCF3, halogen, -C(O)R?, -CN, and -CF;, where
R® and R’ are independently H or Cisalkyl; and T is halo.

9. The method of any preceding claim, wherein Y is halo.

10. The method of claim 9, wherein Y is chloro.

11. The method of any preceding claim, wherein X is halo.

12. The method of claim 11, wherein X is chloro.

13. The method of any preceding claim, wherein V is H.

14. The method of any preceding claim, wherein W is H.

15. The method of any of claims 2 to 14, wherein R® is an optionally substituted

C1.6 alkyl group or an optionally substituted aryl group.

16. The method of claim 15, wherein R® is methyl or tolyl.

17. The method of claim 16, wherein R® is methyl.

18. A compound of formula (XIII):

\%
W NO,
o _R®  (xm)
X ~s”
/7 \\
Y O O

wherein V, W, X, Y, and R® are as previously defined above in relation to claim 1.



