WD 98/ 11046

PCT/ GB97/,02515 PROCESSES FOR THE PREPARATI ON OF ARYL-[err]-D KETONES, ARYL-
PYRI M DI NE KETONES AND CROP PROTECTI ON | NTERMEDI ATES This invention rel ates
to processes for the preparation of aryl-B-diketones and aryl - pyri m di ne
ketones. In ad this invention relates to the preparation -
[err]-triketones %Ml met hyl am nomet hyl ene [err]-di ket ones, ‘Wﬁ"@?ﬁzﬁfb
useful as crop protection internedi ates. BACKGROUND OF THE | NVENTI ON

Certain substituted-heteroaryl herbicides are described in PCT publication
Nos. WO 95/29898 and 95/ 29893 which are incorporated herein by reference.
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nitro, cyano, profeetion infefmédidtesal kyl car banyl t hi o, nmercapto, hydroxy, .
thiocyano, (C(err]-Clerr])-alkoxy-( Cferr]-Clerr])alkyl, -S(Ot-Rerr] or
-N(Rlerr])(Rerr]) wherein k is 0,1 or 2; Rerr] is (Jerr]-Cferr] alkyl or

phenyl ; BACKGROUND OF THE INVENTION
Certain substituted-heteroary! herbicides are described in PCT publication
Nos. WO 95/29898 and 95/29893 which are incorporated herein by reference.

One preferred class of these herbicides are substituted-pyrimidines which havé

the following structure:
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wherein Q is trifluoromethyl, fluoro, chloro, bromo, iodo, methoxy, methyl. or ethyl; q
is0,1,2,3,40r5;and

R is of the formula
0

—C—R6

wherein R® is C;-Cs alkyl or is of the formula N(R”)(R®), wherein R” and R®
are independently hydrogen, C,-Cs haloalkyl, Ci-Cs alkyl, C,-Cg alkenyl or together - |
R and R® form 2 pymolidine ring. |

Y is halogen, C:-Cs alkenyl, Ca-Cg alkynyl, C;-C alkyl, C;-Cg haloalkyl, C,-
Cs alkoxy, C,-Cs haloalkoxy, nitro, cyano, C;-Cs alkylcarbamyithio, mercapto,
hydroxy, thiocyano, (C;-Cé)-alkoxy-( C;-Ce)alkyl, -S(O)-R'® or -N(R')(R'?) wherein
kis0, I or2;

R'is C,-Cs alkyl or phenyl;
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Rlerr] and R err] are independently Clerr]-Cerr] alkyl, C C6alkylthio or
Cerr]-Cerr] alkoxy; n and mare independently O or 1 and pis 0, 1, 2, or
3. As is discussed PCT publication WO 95/29898. conpounds of formula | may
be made usin he foll ow ng general procedure. First, a benzo chloride is
reacted with esium enol ate of an appropriate [err]- R&’Gm"to

forma triketo | ROGRIRH at gutahbanochi, il e dsigydifodtosergsyl @t on to a

[err]-di ketone internedi ate one s t converte he al koxy
net hyl ene o@ndimare independently Otoy |l and plisd,il] 2, mIBketone by standard net hods.

Fi nal | | i shed t th
For ma di e acer A6 & S SRaRET dfhfdafion W0 B5E58R corfipnely WA tmdh of e
resul ting bbenagk ugigg uhmnomxg geﬁerﬁrpldwdﬁrea Firygls BetisbAEIoride s redbtsli ne

conmpound. Usi, nqhthe above ure t he E‘gar box Iatlon reaction to
generat e t h&i§ %ﬁ“ﬁ%"teﬁ‘ﬁg‘el ’B‘F"dg A& Hksdo by - pr oduct ,

namel y an ammmmnmmq. éwsgunaumrmmmma&m edlisscover ed

that if: theagerr ]-keto ester "contains an al group or a su tltuted al |yl
group, the ﬁﬂcsmmsahqmnve@aétq e aﬂtoxsg@ﬁbylal!@rtdtﬂksdmoﬁeﬁhylcat Bne

roceeds w Y one. t that no
gr yl et hyl E(Q o%ie)?lg‘s%ég‘g ed '@%gﬁ @#dé%%gmg@S&?W ucti on.
SUWVARY OF BHﬁeatiﬁyﬁhfglf?maﬁﬁan@?@&?ﬁnfanmmuccsalthpfﬁdﬁﬁ By Rde&RASf T Or
reparing a B-di ket one t he f.or erein err
Iﬁydlroogeng r“%{”ﬂgéﬁe?’ L 8'“&[‘8??‘1"“?{%?"%]"1’%&?% ¥ pypmidi H‘é&l[iﬁm'r']nd-nltro or
Clerr]-Clerr] al Wsiny te aBb@y procetifire Ghe Bscartiok Aatidn rBadkibh to fon a’afdmé?h-e”]

cycl oal kyl or derr err] al koxy; X err] is hydrogen, ogen, .
Cerr]-der fiketong int e!@%lermd}m@[aemwanm byzpreguct, namiyaniacy Ometiyl: N,

conpri si ng: kétoRe: Shfpisigly O HBftoR habd Bsdo9H lifd: # the B-keto ester contains an .
allyl group or a substituted allyl group, the decarboxylafion reaction to generate the
aryl-B-diketone proceeds without the generation of an ary! methyl ketone. The fact

that no aryl methyl ketone is generated greatly reduces the costs of production. -

‘SUMMARY OF THE INVENTION
The present invention provides a process for preparing an aryl-8-diketone of
the formula
L Rl o o
X o | R2
~ ) (II)
2

wherein R' is hydrogen, C;-Cs alkyl, C;-Cs haloalkyl, halogen, nitro or C,-C, alkenyl;
R?is C-Cs alkyl, C3-Ce cycloalkyl or C;-Cs alkoxy; X' is hydrogen, halogen, C;-C
alkyl or C,-C, haloalkyl; and Z is CH or N, comprising:

reacting a compound of the formula
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[err] wherein Rerr] is hydrogen, C(ferr-Clerr] alkyl, C([err]-Clerr]

hal oal kyl , hal ogen, nitro or C2-C4 alkenyl; Rlerr] is C(Jerr]-Cferr] alkyl,
Cerr]-Cerr] cycloalkyl or CJerr]-Cerr] alkoxy; X err] is hydrogen,

hal ogen, Cerr]-Clerr] alkyl or (Jerr]-Cerr] haloalkyl; Re ' yl or
substituted aI*?g;’"Qfgi Zis CHor N with a reducing agent aﬁé}@%

catal yst. In another aspect the presegnt 'nveBtion is directed toward a
conpound of the formula [err] wheyei rr]li s hydrogen, Clerr]-(err]
alkyl, derr]-Cerr] haloal kyl, & ' r CJerr]-Cferr] al kenyl;
Rlerr] is (Jerr]-Cerr] cycl oal kyl -Cerr] (akkpxy; Xerr] is

hydr ogen, " hal ogen, Cerr]-Cerr] a Oé 8uﬂ3-c:[err] hal oal kyl ; and Z is
CH or N In yet another aspect, the %res nt rnvention is directed toward

t he conpound of the formula [err] wherein Rlerr] is hydrogen, Cerr]-Cerr]
alkyl, Cerr]-Cerr] haloal kyl, halo nitro or err].al kenyl;

et} 15 o crimeeR iy, cplod & satoptil, Ealegameyiro oF Coe Hpas o r
;X il el -
el onl ey R s ity AR B 09086 or €164 Mol B o thapéh, Kilfopd, 10" [ €1 |

yet anot her MorCrChhalpaueﬂeﬁtishHWeMubstﬁuﬁedahlylraxdtkiSQIjbod‘l.pviﬁwss for
preparing-an aryl-pyrimdine ketqne of the formula 3 WO 98/ 11046
PCT/ GB97/ 0251‘5"'%/‘3}%?“?"%1’838P}?‘”§f%8ﬁ6“- i s hydrogen, Clerr]-Clerr] alkyl,
Cerr]-derr] hal daliother abiRbriepreseit invention isdireted tdWaed 4 borfpdund wf the

formula
R o o
1
X ’d I R2
~ {II)
Z

wherein R' is hydrogen, C;-Cs alky}, C;-C; haloalkyi, halogen, nitro or C,-C, alkenyl; -
R? is C3-Cs cycloalkyl or C;-Ce alkoxy; X' is hydrogen, halogen, C|-Cs alkyl or C;-C¢
haloalkyl; and Z is CH or N. " :

In yet another aspect, the present invention is directed toward the compound of
the formula

X%

7

| (XII)
X 3
z 0~ TO—FR

wherein R! is hydrogen, C,-Cs alkyl, C;-C¢ haloalkyl, halogen, nitro or C>-C, alkenyl;
R?is C;-Cs alkyl, C;-Cs cycloalkyl or C;-C; alkoxy; X' is hydrogen, halogen, C;-Cs
alkyl or Cy-Cé haloalkyl; R*is allyl or substituted ally}; and Z is CH or N.

In still yet another aspect, the present invention is directed to a process for
preparing an aryl-pyrimidine ketone of the formula



Rlerr] is (Jerr]-Cerr] cycloal kyl or hydroxy; Xerr] is hydrogen, hal ogen,

Cerr]-Clerr] alkyl or (Jerr]-Cferr] haloalkyl; and Zis CH or N,

conprising: reacting a conpound of the forrmula [err] wherein Rerr] is

hydrogen, C[err]-CJerr] alkyl, Cerr]-Cerr] haloal kyl, halogen, nitro or

Cerr]-Cerr] alkenyl; Rerr] is (err]-Cerr] cycloalkyl or CJerr]-(err]

al koxy; X[erho?séuﬂfdrogen, hal ogen, Cerr]-Clerr] al kyl orPCyeRI7TP25Lser 1]

hal oal kyl; and Zis CHor N wth asformam dine salt and a base in an

al coholic solvent. Finally, this inventfon s directed to conpounds of the

formula [err] wherein Rerr] ix 0 rr]-Clerr] al kyl,

Cerr]-Cerr] haloal kyl, hal ogen,}"ni NC4 a ?yl; Rerr] is

Cerr]-Cerr] cycloal kyl or (Jerr rr] @l koxy; err] is hydrogen,

hal ogen, Cerr]-Cerr] alkyl or (J&r]-Cer¥] haloalkyl; and Zis CH or N

Compounds of Fornulae-1l, 111, 1V and V have utility as herbicide

I nt ernmedi ates. Representative herbicidal conpounds generated from said

i nt er nedi at ederinR'Ibhydrogen, €x85aNkye SCACARMbatky], halogen\BitkFor )00 Gilkenyl;

PCT/ GB97/ 02315 DETAI LED DESCRI PTION OF THE | NVENTI ON I n one aspect, this

i nvention r& K cycloalkyl qr bydroxy; X iinkydmeepialogen Cicffe alliy e Ce€s | - di ket ones

as well as v, Lhidkikeg.ones thensel ves. The inventive process

can be reprggg?ll!tafelaﬁgc e%éﬂgl ?ggglﬁé'hom in Schene | below [err] SCHEME I
reacting a compound of the formula

R 0 o
1
X 2 Rz
- | | (V)
2 Nl

wherein R' is hydrogen, C,-C; alkyl, C;-Cs haloalkyl, halogen, nitro or C2-C,
alkenyl; R? is C3-Cs cycloalkyl or C;-Cs alkoxy; X' is hydrogen, halogen, C,-Cg alkyl
or C-C; haloalkyl; and Z is CH or N, with a formamidine salt and abase inan. =
alcoholic solvent.

Finally, this invention is directed to compounds of the formula

E o0 o0
1
X 2
« | | (")
z N~

wherein R' is hydrogen, C,-Cs alkyl, C,-C¢ haloalkyl, halogen, nitro or C»-C, alkenyl;
R?is C3-Cs cycloalkyl or C,-Cs alkoxy; X' is hydrogen, halogen, C,-Cq alkyl or C;-Cs
haloalkyl; and Z is CH or N.

Compounds of Formulae II, III, IV and V have utility as herbicide
intermediates. Representative herbicidal compounds generated from said

intermediates are shown in Examples 8 and 9.



wherein R err] is hydrogen, Clerr]-Clerr] alkyl, Cferr]-Cferr] hal oal kyl,
hal ogen, nitro or C2-C4 alkenyl; R2is (err]-CJerr] alkyl, Cerr]-Cerr]
cycloal kyl or (Jerr]-Cerr] alkoxy; Xerr] is hydrogen, hal ogen,
Clerr]-Cerr] alkyl or (Jerr]-Clerr] haloalkyl; R3 is allyl or substituted
allyl; and Zis CH or N Especially preferred products of thi are
those in which ﬁ[’é’”"f is trifluoronethyl, Rerr] is CJerr] al k‘m&&ifs

cycloal kyl, R3 is al |yl DETAREDDESCRIPRIONOF THEINVENTIONIr ogen and Z i s

CH or N. In anot her aspect, this invention relates to the novel

aryl -B-triket ones P“FG?H?EH‘ﬁ'slll“fe““qfh@é‘\?sd'bﬂﬁﬁlﬁ?ﬁﬁ@rﬁﬁﬁmﬁmqﬁﬂﬁd usi ng
the reaction gReWhes'ad well@s the'nb BS § {Hems@Wse TRE e ni;c%gsrdanSCHENE

11 wherein R err] 1s hydrogen, rr]- err] alkyl, (err]- C[err

hal oal kyl , habergpresentdtschematicaliyens shova] iiSchera¢ kenyl ; Rlerr] is Jerr]-Jerr]
al kyl , C[err] rr] cycloal kyl orClerr]-Cerr] al koxy; X[ err] is hydrogen.
hal ogen, C[er ‘%[err] alkyl or (Jerr]-Cferr] haloalkyl; Rerr] is allyl or
substituted al lyl glang Z '03 CH or N. In yet another his invention
relates to thejprgces reparing an aryl- pyri,m et ofpe according to

schene |11 be¥ 2110 ; 2
I @%&&%?T i s |hydidpbgen, C[%‘l?r]-C[err]
M haI%é‘Pr itro or ]-err] al kenyl;
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al kyl, derr]-

Rlerr] is err]-err] cycloalkyl or (Jerr]-Clerr] "al koxy; Xerr] is
hydr ogen, hal ogen, (err]- C[err] al kySCHEMEQ:[ err]-Cerr] hal oal kyI R err]
is allyl or substituted allyl, Rerr] err] %err] cycl oal k

hydroxy; and Whergin@® iphydsegen, ClF@rraﬂﬁlﬂ.l(érCﬁdfa h mnqu@:&mﬁcenyﬂhe

aryl -B-triketgn a?@l 1AV 1 r n aryl
acid chlori deﬁvvlﬁ"t%hCE rﬁ;@c&&#&lg@ téf)l re’?{eﬁ%:g ée [ FilSgeh, ¢
alkyl or C;-C¢ haloalkyl; R*is allyl or subsumted allyl; and Z js CH or N. Especially
preferred products of this process are those in which R is triflucromethyl, R? is Cy°
alkyl or cycloalkyl, R? is allyl or substituted allyl, X' is hydrogen and Z is CH or N.
- In another aspect, this invention relates to the novel aryl-8-triketones of

 formula IIL. These compounds may be synthesxzed using the reaction shown in the °
followmg schematic rcprcscntanon

Xi ~ I & o B oo o
| e, Co Mg(OEt)2>x1 2 2
* o\ i N ]
R3 . R
SCHEME II
wherein R' is hydrogen, C;-Cs alkyl, C;-C; haloalkyl, halogen, nitro or C;-C, alkenyl;
R?is C;-Cs alkyl, C3-Cs cycioalkyl or C(-Cs alkoxy; X' is hydrogen, halogen, Cy-Cs
alkyl or C;-Cs haloaikyl; R?is allyl or substituted allyl; and Z is CH or N.

In yet another aspect, this invention relates to the process of preparing an aryl-
pyrimidine ketone according to scheme III below:



magnesi um di et hoxi de to generate an aryl-B-tri ketone as shown in Schene ||
and Exanple |I. In general, the preparation of acyl chlorides and

B- di ket ones are described in J. March, Advanced Organic Chem stry, fourth
edition, J. Wley & Sons, New York (1992) pages 437438 and 490- 494
respectively. Typically, a ketoester and Mg(OEt)[err] are conbined in a
sui tabl e sol Woas1eaGch as tetrahydrofuran, toluene, di oxandPCQIVGRITAZRSY |
formami de or the like, th heated for several hours. The soglvent is then
evaporated to renove the e"Pha ol . RThe FQFPaBILin®|rlentoi s R§p| aced, the
acid chl ori de added n maEFE?Eer}@ate tojlconpl ete the
reaction. As discussed . ' nal lyl. The
allyl group nay be subskit it ed oggn, cyano,
Cerr]-err] alkyl, Jerf]-derr} haloal kyl, (e al koxy, and
phenyl groups. The term hal ogen mians chlorine, fluoring, bromne and

I odi ne. The term hal oal kyl neans an al kyl group wherein at |east one of the
hydrogen atons is replaced with a h3CHEMEIIat om B. Formati on of

aryl - B-di ke RVE -B-61 K < hgﬁggﬂ .

decar boxyl a??g‘ﬁﬁo% 1?%%%1 é@?#ﬁ&’&?ﬁ%e@%%ar e |'?1‘h§’$r? rs‘%ﬂyléal ly, in
a suitabl e RéisdirCeryeloslkylior €44n alioxy; X 'ds hylrogent alogeh,AGCs alkyd or C;-Cy

aryl-B-trik I g3 ted.with. a. reduci agent. and, a, pal | adi um cat al yst
to generat eﬁéjﬁgﬁyéf |2 E‘?ﬂ."fi%‘l"a‘# ied ally); aB|‘§&F6éF§§8?‘hQ °5B¥qf?’§y'ﬂfg#lﬁsde hydr ogen
gas, tributgfderN.hydri de and NaBH err]. The preferred 6 WO 98/ 11046

PCT/ (B97/ 02515 reduci ng agents include soluble salts of formc acid such as

the conbi hajl Wermbtiowofargl-patiletonss: Thd 2P0 xeionss dfithis RivEMicRNREP be!M
formate). If the conbi.nation of formc acid and trjethylam ne are used,
pref erabl y 8enefalpdhy, ressting anangharidehlesidevitha Brdiketansia the-presenesdfar excess of

form ¢ ack dpjagndditiffidiethoxide to generate an aryl-8-triketone as shown in Scheme II and
Example 1. In general, the preparation of acyl chlorides and B-diketones are described
~ in J. March, Advanced Organic Chemistry, fourth edition, J. Wiley & Sons, New York
(1992) pages 437-438 and 490-494 respectively. Typically, a ketoester and Mg(OEt);

are combined in a suitable solvent, such as tetrahydrofuran, toluene, dioxane or

dimethyl formamide or the like, then heated for several hours. The solvent is then -
evaporated to remove the ethanol. The suitable solvent is replaced, the acid chloride
added and the reaction mixture heated to complete the reaction.

. Asdiscussed above, R? is allyl or substituted allyl. The allyl group may be
substituted with mono-, di- and poly-halogen, cyano, C,-C; alkyl, C;-Cs haloalkyl, C,-
C; alkoxy, and phenyl groups.

The term halogen means chlorine, fluorine, bromine and iodine. The term
haloalkyl means an alkyl group wherein at least one of the hydrogen atoms is replaced
with a halogen atom.

B. Formation of aryl-8-diketones: The aryl-8-diketones may be generated by the
decarboxylation of the aryl-B-triketones prepared in part A. Typically, in a suitable
reaction vessel such as a round bottom flask, the aryl-B-triketone is reacted with a
reducing agent and a pailadium catalyst to generate the aryl-B-diketones. Suitable
reducing agents include hydrogen gas, tributyltin hydride and NaBH,. The preferred



three fold nolar excess of formc acid is especially preferred. The
preferred pall adium catalyst is palladiumacetate. A 20 fold nolar excess
of aryl-B-triketone is used conpared to the palladium acetate. Palladi um
zero catalysts are also quite effective allow ng | ower anpbunts of catal yst
provi ded that _the reducing agent is readily abundant and av L%@&%f t he
reduci ng agent WO BB | cadi | y soluble, and therefore not reaﬁ% B abl e,

al 'yl transf gédueimgagentsfciude oM ialts of Parhic abid sbél & thécomisindtion PAfdmmico t he
insolubility of anmmoniumformate in tetrahydrafuran A suitable solvent is

added, such’ #&idaad trigthydangine, (teiethylammoniye foaBatek on ni xture, if necessary, is
heat ed to reflux yAEPESMS ﬁnoﬁ&awr%&;gwﬂmﬂmwme& a}ef&m%s dependent

upon which solvent 1s use when tetra rofuran i s used, its boiling point
i s about 66[@mlqtnpmemmnofmmmhmmdnmlﬁgxcmofbﬂogmmﬂdsmldvént ot her

sui t'abl e sol ude t ol yene oxan thyl for mam de. The
t enperat ure :‘E“ﬁg‘}l‘h 1355’8“? %%c(’: 5*"‘{"28%? tion is refluxed for one
to three hour s Tmhe bﬁ&@feﬁ@ﬁllﬁﬁiﬂ&ﬁﬂyﬂt% ﬁahﬁiluﬁ'fa&tktﬁtﬁeﬁ Mmrmoimxuess

Subsequent |y, reactlon m xture is extraét ed with th r and then
washed with \)95?@’ W°‘Gﬁ§%§?ﬁ€°@%‘°l‘§°2ﬂ‘ YmAGepate I\&%&‘ ted to

dryness to geRed duide Qﬁ‘e&fd hn&wﬂg Kﬁ&e? Qﬁmlhdis MI%t ﬁjodndetﬂhaﬁﬁé pbtigg O

aryl -pyrimdine ketone: The ary rimdi ne ketones may be prepared by

first reacti mgentnﬁsreedxsylabmdanmd@m bler ¥ therredncing agemtiis 1t seadily salpble,

di et hyl for t ene :
B- di ket one corrpouncqu’S oé&%"@i#ﬂﬁzﬂ%@%&nﬁsﬁ'?f%ﬁﬁl@@r@ﬂg o’iri}xn%te may
behused IE :lwduaiﬁgdr(tmhhykﬁlomn@mfdmmmfwhmemehahﬂmjﬁam ate ag

et oxynretyeneB-l t o u osure to the I‘ImII’IEIS
acconpl i shed by & ?‘ﬁlée aﬁ%%e JG‘P@@ r"FFe'BT"ﬁ{‘)’

formam di ne spadcessiid @h&&&ﬁo'xﬁﬂﬁﬂeﬁﬁ&ﬂb@' 'Aﬁthéﬁ%ﬂkﬁé‘?eﬂukibxﬂpe?dd&r&@' € react i on
vessel, an arél -[err] di ketone prepared in part B above is reacted with

di net _hyI f or melepengentivpen which selvent is ysed pvben Fﬁ“‘ébﬂé"c’?fﬂ’@“ﬁ# wisdvitsihodling poing

15 boncra s SHAEREr BRI et L RORUR, bukfeghy 10 Mo
: ; solvents mclude toluene, dloxane and dimethylformamide. The temperature is )
maintained and if necessary the reaction is refluxed for one to three hours. The
reaction solvent is then stripped under vacuum. Subsequently, the reaction mixture is
extracted with diethyl ether and then washed with water. The organic layer is-dried
over MgSO, and evaporated to dryness to generate the aryl-8-diketone in good yield. -

C. Formation of aryl-pyrimidine ketone: The aryl-pyrimidine ketones may be
prepared by first reacting the aryl-B-diketones prepared in part B above with
dimethylformamide dimethylacetal to generate the dialkylaminomethylene B-diketone
compounds of formula V. Analogously, triethy;l orthoformate may be used in lieu of
dimethylformamide dimethylacetal to generate an ethoxymethylene B-diketone.
Subsequent ring closure to the pyrimidine is accomplished by heating the methylene
B-diketone intermediate with a formamidine salt and a base in an alcoholic solvent.

In a suitable reaction vessel, an aryl-8-diketone prepared in part B above is
reacted with dimethylformamide dimethylacetal in stoichiometric proportions. The
solution is stirred and allowed to proceed from about 5 to about 10 hours to generate
an dialkylaminomethylene B-diketone intermediate.
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The di al kyl am nonet hyl ene B-di ketone internediate is added to

stoi chionetric amounts of a formam dine salt, such as formam dine acetate
and a base, such as sodiumnethoxide, in a (ferr]-Cferr] alcohol. The

m xture is stirred and heated for about 1 hour. Suitable alcoholic solvents
i ncl ude, but WO/MM6 | inited to. nethanol and ethanol. SubsRERIGPRT0SISt he
react i on m Xt ur eThesyigk AR o TRl G Rl i d8ed WhiibRiBmtgiEned W {1
water. The organic layer 1s drred over My err| and evapor at etg to dryness
t 0o gener at eampentsiefd foppamidingisalt stehtas flermamidifeatetate and adbse, sughas y| - pyri ni di ne

ketone: A c . for I [ red. in.part C reduced with a

suitable re uc%%gg%éﬁ{e’@%?%sﬂ%ggaﬁﬁﬁ\%ﬁ‘o Fyﬁ?ﬁxr&:&m?ﬁXﬁ?«ﬁtgﬁg@u T

h%/d r Oé ybe nE yburﬁsmg‘iabigdlmmmmgem ﬁldhfdej‘bulﬂ arfpnlimihéd ﬁ%/inetﬂyﬁdl Mmﬁgﬁo ][rpou nd.

| f sodi um bgr.o ri,de.is used,, a 2-4 nol ar .exce 0 compound o

formila IV ubsgauently, she reaction mixpeds S’H@ﬁ?ﬁ\“ﬂ&‘ﬁ?ﬂ@é?‘}%@}mﬁ%mn@mal

deri vat i ves wakhell DAmhAvdRrd TRE éydyemaﬁéaabemgsmw&@w&wwwx&és L
procedures which

pyri m di ne conmpounds are produced”according to the general

fol | ow. Thetagenemtedhs yyhpyrimiding/ketoreoduct. in a suitable solvent (such as

t et rahydrof uran, nethylene chloride, or the like) nay typically be added to
bet ween about 1 and about 4 equival ents of an appropriate base (such as
sodi um hydr DddReduction of thy heylipyfimidine kbtonié: Acomipbind didormt T\oprepdred. and

AUyl hal i ot Bes S iy B oure it siable BB 9571 UGl o SO poraRveaRRy | or ary
aci d hal i degw Hsmtme & hydrolkytehiyl Yy ritikdeEBmpbind d? BarLitchiaNbytiftfdige Xt ur e

agitated unti he reaction i s conplete. The reaction nay be quenched by
t he additi ofompouad. Hsodismdboraliydrideds usednai2-dimolgriesenss oEthe eoropaund of by

convent i onaky t-SEv iR %“ Lonfiltration and the Iike. The

product so roecovere'dh%rug?&tnﬁég& etﬂ%ﬂrl |g§£w conventional techni gues such

as fl ash chr onat Bepbivida) derivatives of thiese. hydroxybenzyl pyrimidine or hydroxynicotinyl : g
o pyrimidine compounds are p’rdduc'ed according to the general procedures which

=

follow. The reduced formula (IV) product, in a suitable solvent (such as
tetrahydrofuran, methylene chloride, or the like) may typically be added to between -
about 1 and about 4 equivalents of an appropriate base (such as sodium hydride or
triethylamine) at about 0°C. Between about 1 and about 3 equivalents of derivatizing
agent (such as a carbamoy] halide, an alky! halide, a sulfony] halide or a phosphoryl
halide, or an alky! or ary] acid halide, or a trialkylsilyl halide) is then added and the
mixture agitated until the reaction is complete. The reaction may be quenched by the
addition of an aqueous solution, and the products recovered by conventional tech-
niques, such as extraction, filtration and the like. The product so recovered may then
be purified by conventional techniques such as flash chromatography or the like.
Alternatively, the reduced product of formula IV in suitable solvent (such as
tetrahydrofuran, methylene chloride or the like) may be added to between about 2 and
about 3 equivalents of an appropriate isocyanate, such as an alkyl or aryl isocyanate.
Between about 1 and about 100 mole percent of one or more appropriate catalysts,
e.g., triethyl amine or dibutyl tin dilaurate, may be added and the reaction mixture
agitated at between about 0° and 100°C for an appropriate period (e.g., 2 to 24 hours).

The product may be recovered by conventional techniques (such as extraction,



Al ternatively, the reduced product of fornmula IV in suitable solvent (such
as tetrahydrofuran, methylene chloride or the |ike) may be added to between
about 2 and about 3 equival ents of an appropriate isocyanate, such as an

al kyl or aryl isocyanate. Between about | and about 100 nol e percent of one
or nore approp catal ysts. e.g., triethyl amne or dibutyl tin

di | aur at e, {‘B’Z’F@Md and the reaction mxture agitated at)"ﬁ?

0 and 100[err lilii'aﬁm orahe linp anpmaypbepyiified 69 covetionalietihiqéds St a6 flashThe

product may bei1 recover.ed !Y q(enventional techni ques (such as extraction,
WO 98/ 11046 matography or the | PCT/ GB97/ 02515

filtration or the Tuelfeuovﬁagln&ﬁnmhﬁageﬂimﬁléﬁﬁuh%@:ﬁamﬁm ifivedtioh:cChNi ques such

as flash chromatography or the Iike. The followi ng non-lTimting exanples
illustrate the instant invention: EXAMPLE 1 Preparation of aryl B-triketone
(A) Preparation of the B-ketoester. d bottom fl ask equi pped wth
an addition funnel and cold vvatI;a ) added 21.3 grans (0.15
nol.) of diallyl carbonate and gﬁmﬁf"’(ﬁ'fo f"éYH‘ d?(ffuran and the m xture was
stirred. Next, soctiAl)Wr&ppdmadefzi@ﬁ&e@wﬁs%e:&hdtmhmh uippeé ith an
portion-w se. t}e rg mxtu e was added ) - of
cycl opropyl ﬁﬂﬂn L AP WWZS“ w&‘%ﬁ%ﬂ}&ﬁ@?ﬂ@@)ﬂb’la t he

addi tion funmnziaanmwams yd?SitAGhnd the'Rikitte FRCuReAt Rekt! QanA

addi tional 1 hour. Subsequently, the m xture was al lowed to coof and the
sol vent was s‘!ﬁdﬂﬂbéésmfo"lcmﬂd maﬂdeqmlmywsandomdmry:dommmmelvmsam d: (50

m.) were add g?ﬁngst f y funnel
and di et hyl ?tar?e&rrhg/g a diggg %gagégaﬁ%@*é% k%{onggd sgae% &a‘ﬁﬁgg[ err] and
stri pped undeetrahydrofuran)viathe hdtiitionefuthel.c Theciaixanre wasihdaedib yehoxatidetichud .
cycl opropy! klg;‘ grpaeddit{o%rl] hour. Subsequently, the mixture was allowed to cool and the
solvent was stripped. Next, cold water (50 mL) and 1N hydrochloric acid (50 mL)

were added. The reaction mixturc was tranSferrcd to a separatory funnel and diethyl

ether was added. The organic layer was dned over MgSO,; and stripped under vacuum
to y:eld the B-ketoester, carboallyloxymethyl cyclopropyl ketone. '

G Lo — @ﬁi

(B) Preparation of aryl S-triketone. To a round bottom flask was added 23.6
grams ( 0.14 mol.) of the B-_ketoestcr. 16 grams ( 0.14 mol.) of magnesium ethoxide
and 100 mL of tetrahydrofuran. The reaction mixture was then refluxed for 2 hours
and the solvent stripped to insure complete removal of the ethanol by-product. The
flask was then recharged with 100 mL of tetrahydrofuran and 29.3 grams (0.14 mol.)

y of the aryl acid chloride. The solution was refluxed for several hours, after which the
mixture was stripped under vacuum, extracted with diethy] ether and washed with
water. The 46.4 grams of B-triketone product, trifluoromethylbenzoylcarboallyloxy-
methyl cyclopropy! ketone were confirmed by infrared (IR) and nuclear magnetic
resonance (NMR) spectroscopy and mass spectrometry (MS).

9



(B) Preparation of aryl B-triketone. To a round bottom flask was added 23.6
grams (0.14 nol.) of the B-ketoester, 16 grans ( 0.14 nol.) of magnesium
et hoxi de and 100 niL of tetrahydrofuran The reaction m xture was then
refluxed for 2 hours and the solvent stripped to insure conplete renoval of
t he et hanol by-product. The flask was then recharged with 100 nL of

t et r ahydr of uMM98MIM620. 3 grans (0.14 nol.) of the aryl aci CPCHEBATOS The
solution was refluxed for several hours after which the m xture was

stri pped under vacuum extracted E/ et her and washed with water.
The 46.4 grans of pgg% yl carboal | yl oxy-
nmet hyl cycl opro ylpf(eg%}oa%ghvgﬁgpcon ! eihg[&g}rzg?ﬁ% gnd nucl ear
magneti c reson . I\{lyR) Bpectroscopy and mass Eg Frgmatr (M5). 9 WO
CT/ GB97/ 02515

98/ 11046
EXAVMPLE 2 Prepapginoa 8 (LLuoronet hyl benzoyl royI ket one.
[err] To a rountomflasvvas added, 120 gr ¢ .
nol . ) (generat edN{r Eé s|.e™\)#~ 450 nL of tetra 23.3 granms of
formc acid (0.62 nol.”), 39.2 nL triethylamne (0.28 nol.) and 3 grans of
pal I adi um acet at Po & tounld BoKdih flask Wikdd«ia €20 gramsbiKe-tiketon8 $0.37 moLed and
refluxed two hours, Next, an additional &g mL of formc aci.d was added and
yd @msga

the ni xt ur e eaemied inExample ). 4Y0mkof tetrh B 8rmsyel farmic agid ot pal | adi um
acetate and(d&z ﬁdﬂi 89,2 triethy BinirdeQ058 tmol§ kit ViEramhs 8fpaRdiu dcBlmean addi ti onal

hour of reflux, the m xture Was stripped under vacuum extracted with

di et hyl et h& Olairmol«Iaa‘hwaqmnnnmwas stived end) zefluxed exoclousia Nextiagd over
MySALerr] apalufNaP 0 Al of férfhicHold \62Sadith MaGhe mBRurd rHuR 8P fo? hin bilindy- A ket one,
hour. Subsequently, 1 gram of palladium acetate and 10 additional mL of formic acid:
were added. |

Aftcr an addmonal hour of reflux, the rmxture was stripped under vacuum,
extracted wnth diethyl ether and washed wzth water. The organic layer was dried -
~ over MgSO4 and evaporated to dryness to yield 68.1 grams of the B-diketone, -
tnﬂuoromethylbenzoylmethyl cyclopropyl ketone. The product was confirmed by -
infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy and mass
spectrometry (MS).

EXAMPLE 3
Preparation of trifluoromethyinicotinoylmethyl ethyl ketone

v

(A) Preparation of aryl S-triketone. To around bottom flask was added 14.9
grams ( 0.105 mol.) of the 8-ketoester (prepared by ester exchange from ethyl
propionoy] acetate), 11.3 grams ( 0.1 mol.) of magnesium ethoxide and 150 mL of
tetrahydrofuran. The solution was then refluxed for 2 hours and the solvent stripped to
ensure complete removal of the ethanol by-product. The flask was then recharged with
100 mL of tetrahydrofuran and 0.095 moles of the acid chloride ( prepared from 20

grams of 4-trifluoromethylnicotinic acid and oxalyl chloride). The solution was

10



trifluoronethyl benzoyl net hyl cycl opropyl ketone. The product was confirmed
by infrared (IR) and nucl ear magnetic resonance (NWVR) spectroscopy and nass
spectronetry (MS). EXAMPLE 3 Preparation of trifluoromnethyl nicotinoyl net hyl
ethyl ketone [err] (A) Preparation of aryl [err]-triketone. To a round
bottom fl ask was added 14.9 grans ( 0.105 nol.) of the B-ke

(prepared by gg’t’?!?‘“&(change fromethyl propionoyl acetat e),f"eﬁ'?’.&'?’%’?%s (
0. 1 nol.) of retmﬁetgmﬂwémverﬂémﬁmnf%whwg time ‘K@%W@rﬂnm anghe

sol ution was fﬂ? ol ensure -
conpl ete rerm\sllg %Pﬁﬁtgﬁg?ﬁgﬁgﬁé}?%{gh uc !é'%gé’ﬂfg@e&%s@h?ﬁ@ﬁ&rhggharged
with 100 nli ohicotaoylzarpdailyloxymethypieihy) ketobe (22| 7cgrams) was eonfumed b IRy NMR (
prepared from ngﬂgrams of 4-trifluoronethylnicotinic acid and oxalyl
chloride). Th#%¥Pution was 10 WO 98/ 11046

PCT/ GB97/ 02515 r et @) Pespabddion of irifliofoMetiyBuEsbylineihyEathd kittke. IO £fdud e t he
reacti on was strlpgaesd and worked up with dilute acid and ether. The aryl

B-triketone pbesiomHaskwas added Z)mlgmaips of the Bitiketons PQh a8 MInet hyl et hyl

ket one (22.7 ' [, { on of
trifluoromet hy| nlicotﬁlﬁﬁg'yi met E{/| et P’yﬁﬂ@g&(}'@@%%ﬁ%&ﬁﬁe@?%&nﬁ? ask was
added, 21.1 gamhisgrem of pallagivg idetated(BO0¢OMOBY Thelredction tixtwie wasistiméd/ahdof ur an,

10 nL formc aﬁdﬁéo'?‘g nol.), 9.2 nL triethylamne (0.066 nol.) and | gram
of pal | adi um FCE¥R®EAM0046 nol .). The reaction nixture was stirred and

refl uxed one hour . Subséyaentlye the mixtute VeasBtrigpet GndbR Sachtiin EXMGtet DAMBIdidtRyg UUM
extracted with_ diethyl . ] .
ether and washed with water. The organic layer was dried over MgSO, and
evaporated to dryness to yield 14.7 grams of the B-diketone, trifluoromethylnicotinoyl-
methyl ethy! ketone. The product was confirmed by infrared (IR) and nuclear

magnetic resonance (NMR) spectroscopy and mass spectrometry (MS).

EXAMPLE 4
Preparation of triftuoromethyinicotinolymethyl cyclopropyl ketone

v

The pyridyl B-triketone in Example 4 was generated using identical reaction
conditions as stated in Example 3 starting from trifluoromethylnicotinoyl chioride and
the corresponding 8-ketoester. '

To a round bottom flask was added, 34.8 grams of the B-triketone (0.10 mol.),
175 mL tetrahydrofuran, 8.7 mL of formic acid (0.23 mol.), 14.6 mL triethylamine -
(0.10 mol.) and 1.1 grams palladium acetate (0.005 mol.). The reaction was stirred
and refluxed for 1 hour. One equivalent of formic acid was added and the mixture
refluxed an additional hour.

The mixture was stripped under vacuum, extracted with diethyl ether and
washed with water. The organic tayer was dried over MgSO, and evaporated to



et her and washed with water. The organic | ayer was dried over MgSOH and
evaporated to dryness to yield 14.7 grans of the B-diketone,
trifluoronethylnnicotinoyl- nmethyl ethyl ketone. The product was confirned
by infrared (IR and nucl ear magnetic resonance (NVR) spectroscopy and nmass
spectrometry (M5). EXAMPLE 4 Preparation of trifluoromethyl nicotinol ynet hyl
cycl opropyl Reo9sigedéerr] The pyri dyl B-triketone in Exanpl erer/gasogsiser at ed

usi ng identi ctg.‘img ' t st.a ng from
trifluoroneth m%gﬁd#gﬁ'? &‘Bﬁg g%él% ﬁe or rdé%‘gg %hﬁ %@E To a
round bott om(iR)mﬂnud&rmm;c r&bnﬂ\cg(mmmpecmw ilfdlkﬁk@mﬁlrérﬁetﬂ;o rml ).
175 mL tetrag%ofuran 8.7 nmL of formc acid (0.23 nol.), 14.6 nL
triethylamn 10 nol.) and 1.1 grans palladium acetate (0.005 nol.). The
reaction was stirred and refluxed for 1 hour. One equivalent of formc acid
was added and the m xture refluxed an additional hour. The m xture was
stripped under vacuum extracted w EXAMBLE,/§ et her and washed with water.
The organic | ayer waBART AcREBYEINGHSENT SQL BN S@LYENE USED WD 98/ 11046
PCT/ GB97/ 12515 Paepprasion of trifipocametivibegroximetiyi ethpicke®ne uking o peliadiior zevpoduct was
confirmed by infrared (I R) and nucl earcaméysneti c resonance (NWVR)
spectroscopy and nmass spectronetry (MS). EXAVMPLE 5 PART A REDUCI NG AGENT
SOLUBLE | N SOLVENT USED Preparation of trifluoromnethyl benzoyl nmet hyl et hyl

ket one using a pgll A um zero cat al yst r. Fp
0 8]

0 0

v

o o/\/

- To a round bottom flask was added, 44 grams B-triketone (0.134 mol.), 200
mL tetrahydrofuran, 15.2 mL formic acid (0.402 mol.), 19.1 grams tricthylamine
- {0.137 mol.), and 0.77 grams tetrakis (triphenylphosphine) palladium (0.00067 mol.). -~
The reaction mixture was stirred at ambient temperature for about 72 hours.
The mixture was stripped under vacuum, extracted with diethy! ether and
washed with water. The organic layer was dried over MgSO, and evaporated to
dryness to yield 32.2 grams of the B-diketone. The product was confirmed by infrared

(IR) and nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry
(MS).

PART B. REDUCING AGENT INSOLUBLE IN SOLVENT USED
Preparation of trifluoromethylbenzoylbutylene cyclopropyl ketone

To a round bottom flask was added 5.0 grams (0.0147 mol.) of the aryl 8-
triketone, combined with 50 mL tetrahydrofuran, 1.85 g (0.029 mol.) of ammonium

12



[err] To a round bottom flask was added. 44 grans B-tri ketone (0.134 nol.),
200 nL tetrahydrofuran, 15.2 nmL formc acid (0.402 nol.). 19.1 grans
triethylamne (0.137 nol.), and 0.77 grans tetrakis (tri phenyl phosphi ne)

pal I'adi um (0. 00067 nmol.). The reaction m xture was stirred at anbient
tenperature for t 72 hours. The m xture was stripped und

extracted w tﬁwﬂi%g? et her and washed with water. The orgaﬁh’%ﬁlswas
dried over Mfofadatamnd G900 4T) tereakib(ytiphemylhosphire) galBidivin gudthe readtionhe

B- di ket one. The product s confirmed by _infrared (IR and .nucl ear magnetic
resonance ( NVRuEHheatedde \é%?? %%‘?(9‘ H&g E““_é‘p@\itst‘B’f?B : Y'ﬂgi ‘ﬁéi“.““ BREHS WREDUCI NG
AGENTI NSOL UBleGolehR AN 1ddSiichioRe GRRétfitel OVerthgtit! The dinaewialiédanaoy | butyl ene |

cycl opropyl ketone F Flerr] To a round

bot t om f | ask refux ancdditiopal hous theraext dayoand Fopled to)angrient prmperajyre.Fheimixives one,
conbt ned 1 1, BRS bl o5 el el b watls Al 12

WO 98/ 11046 97/ 02515
Iﬁrmate ?_nd mbfm{c.l?ﬁ?ﬁzdﬁwgw§mwhmm%®hﬂﬁmgiqghlsgdin:slm an;jh
e reaction mixtur ed to.re ope ur. Subsequently, e
‘reaction ni xt°g1m§ %S?B@d%“ﬁﬁﬁ?‘gﬁ’e‘f&'ﬁwm aaﬁiau%?ﬂmaw ver night.
The m xture %gﬁagnm)%%w?ym@gggﬁm,m)_the next day and cool ed .
e mx

to anbi ent tenperature. ure was then stripped under vacuum

extracted with diethyl ether and washed with water. The organic | ayer was
dried over MgS err] and evapor at ed EXAMPLEe&s to yield 3.8 grams of the
product. The pr od&eepavasion offtyciapeepyby-[{ 2driflaoxethethybenzoyi]-pyrirhidime magneti c

CF, 0 0

(A) 68.1 grams (0.266 mol.)of trifluoromethylbenzoylmethyl cyclopropyl

PART A

ketone were combined neat with 39.5 grams (0.297 mole) of N,N-dimethylformamide
dimethy] acetal. The solution was stirred for 45 minutes and stripped to yield 82.9
grams of trifluoromethylbenzoyl-methyl[(dimethylamino)methylene] cycloprdpyl
ketone, The product was confirmed by infrared (IR) and nuclear magnetic resonance

(NMR) spectroscopy and mass spectrometry (MS).

CF, O

! — = ;N PART B
N/ \N/'

(B) To a refluxing solution of 56.9 grams (0.547 mol.) formamidine acetate,

* 700 mL of ethanol and 125 mL (0.547 mol.) of a 25% sodium methoxide in methanol
solution was added dropwise, 82.9 grams (0.267 mol.) of the product in step A. Next,
the reaction mixture was refluxed 4 hours and allowed to stir over the weekend. The
reaction mixture was subsequently evaporated under reduced pressure and extracted
with 20 mL of dichloromethane. The evaporated product was chromatographed on a
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resonance (NVR) spectroscopy and mass spectronetry (MS). EXAMPLE 6
Preparation of 4-cyclopropyl-5-[(2-trifluoronethyl)benzoyl]-pyrimdine
[err] (A 68.1 grans (0.266 nol.) of trifluoronethyl benzoyl net hyl

cycl opropyl ketone were conbined neat with 39.5 grans (0.297 nole) of

N, N- di et hyl f or mam de di met hyl acetal. The solution was stirred for 45
mnutes and SYPPHHYMP to yield 82.9 grans of PCT/GB97/02515
trifluor onetommBaiAchss mvi inchls'TR il &Fbmmegehwﬁ%]mﬁm&mspy' ket one.
The product was confi rrre by i nfrared IR and "'nucl ear nmagnetic resonance
(NVR) spect etybasstatemigedwith ﬂ'mb’rty'o(fmons[oﬁﬂeﬁbe(m acktataweref | uxi ng

sol ution of of et hanol
and 125 ni f@%%q%%ﬁé&fééa%f g’ W{’)g? chﬁ%c%ﬁ‘gtﬁé%&'sr%ol ution was
added dr opwilreyghd3. vergcalletted @ yiéld 405Igramsf theroducndusytiopfopgl-&f2A. Next, the
reaction mxtf[hre waévl{kgfl uxed 4 hours and allowed to stir over the weekend.
The reacti off! ¥ihpyd | y evaporated under reduced pressure and
extracted with 20 nL of dichl oronet haasaMPhg ¢vapor ated product was

chr omat ogr aphed onp,

PCT/ GB97/ 02515 col u%np‘;%mlmncrij\?sﬁ%g ﬂ§l23d'cﬁlcomeb§ | r“l'l]cf)ygr?e“ti'gf of silica gel,
wth 75 nL fractions of ethyl acetate m xed th hexanes. Twenty-two
fractions of 20% ethyl acetate were Cbl | ecte, t hen si xteen fractions of
50% et hyl acetate were collected. Fractifns through 13 were collected to
yield 40.5 granms of the product, Y1 NG- [ ( 2-
trifluoronethyl)benzoyl]-pyrimding

(A) Preparation of the f-ketoester. To a round bottom flask equipped with an -
addition funnel and cold water condenser was added, 21.3 grams (0.15 mol.) of diallyl
carbonate and 50 mL of tetrahydrofuran and the mixture was stirred. Next, sodium
hydride, 8.4 grams (0.21 mol.), was added portion-wise. To the reaction mixture was
added, 12.6 grams (0.15.mol.) of cyclopropyl methyl ketone (dissolved in 25 mL of
tetrahydrofuran) via the addition funnel. The mixture was heated to relux and heated -
for an additional 1 hour. Subsequently, the mixture was allowed to cool_and the
solvent was stripped. Next, cold water (50 mL) and IN hydrochloric acid (50 mL)

~were added. The reaction mixture was transferred to a separatory funnel and diethyl
ether was added. The organic layer was dried over MgSO, and stripped under vacuum:
to yield the B-ketoester, carboallyloxymethyl cyclopropyl ketone.

(B) Preparation of aryl B-triketone. To a round bottom flask was added 16.8 -
grams ( 0.1 mol.) of the B-ketoester, 11.4 grams of magnesium ethoxide and 100 mL
of telrahydrofuran. The reaction mixture was then refluxed for 2 hours and the solvent
stripped to insure complete removal of the ethanol by-product. The flask was then
recharged with 100 mL of tetrahydrofuran and 20.85 grams (0.1 mol.) of the 2,3
dichlorobenzoyl chloride. The solution was refluxed for two hours, after which the
mixture was stripped under vacuum, extracted with diethyl ether and dried with
magnesium sulfate. The 30 grams of product, 2,3 dichlorobenzoylcarboallyloxy-
methyl cyclopropyl ketone were confirmed by infrared (IR) and nuclear magnetic
resonance (NMR) spectroscopy and mass spectrometry (MS).
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Preparation of 4-cycl opropyl-5-[2,3 dichlorobenzoyl)-pyrimdine [err] (A

Preparation of the [err]-ketoester. To a round bottom flask equi pped wth

an addi tion funnel and cold water condenser was added. 21.3 granms (0.15
nol .) of diallyl carbonate and 50 nL of tetrahydrofuran and the m xture was

stirred. Next, _}%8%@6hydri de, 8.4 grans (0.21 nol.), was added

portion-wi se. eaction nixture was added, 12.6 grans (PCHEBIHMSIS of

cycl opropyl net hyl(Gw*rématidilofselwa%mm%vma:@icﬁ@praawfdaéur@mouﬂaa the
addi tion funnﬁ‘a THe m xt was heated to relux and heated for an
addi ti onal fom tlagkiyvas added; 34,1 grams ofhe Bririketopedpart BY((ebimeb). 430mLeafd t he

sojvent vas SteirhifjaRturahletd.ss grithélof Bt adie f0.39-hof))21 bl iVl Bimileqlns actd (50

m.) were added. The reaction m xture was trans erred to a separatory funnel

and di et hyl emﬁb}anﬁé)sSﬁmafpﬂin@umragm&oO%mle&emwmmqerr] and
stripped U”"%udéﬁ%&'?%i’;h&ﬁx&ﬁ'hgu DRkt &mfo&.ﬁ RO ronhiid
e err one

cycl opropyl keton reparation Of ary round
bottoem fl ask Wmd&h&@vﬂa@dmﬂ(ﬂhﬂxmm&mﬂuﬁdfbﬁﬁuﬂ%ﬁbﬁﬂﬁnﬁ ,Thel. 4 grans

of magnesi um et hoxi de an nL of tetrahydrof.u actlon m xture
was then ref | TRRNHS 85 SBP Pﬁﬂﬁﬁ"gﬂd’ﬁﬁ"i’%@x ﬁ%ﬁh‘i‘?‘i‘%ﬁﬂgﬂaﬁ% ¥dipehlerip| et e
renoval of tmuﬁthmﬂixuﬂ/wmﬂmam&bﬁh%ﬁ?km@&gh%ﬁhg@s g?dr%ﬁ g th 100

of tetrahydrofuran and 20.85 granms (0.1 : I chl or obenzoyl
chl or i de.  TheM8SOuvapprated ixdrypessionisid thed- jlesone, Tht produchiaseonfinmedri xt ur e

was stripped pyidfiared ARY 4N micldaf AG #xﬁproa&tépgé@l\gﬂ spebthisbopy Ml Habsd W LN

magnesi um sul ffate. The 30 grans
di chl or obenzospeeteamrteyl(M8).oxy- net hyl cycl opropyl ket one were confirmed by

e L e
PCT/ GB97/ 025 léyclopropyt ketone. 29 grams (0.113 mol.) of 2.3-dxchlorobenzoylmethyl cyclopropyl
ketone were combined neat with 20.2 grams (0.169 mole) of N,N-dimethylformamide
dimethy] acetal. Thg solution was stirred for 48 hours and stripped to yield 42 grams
of 2.3-dichloxobenzqyl;net_hyl_{(dimcthylamino)mcthyle_ne] cyclopropyl ketone.
(E) Preparation of 4-&yclopropyl-5—[ 2,3 dichlorobenzoyl]-pyrimidine. To a
. refluxing solution of 20.2 grams (0.169 mol.) formamidine acetate, 200 mL of
ethanol and 55.2 grams (0.207 mol.) of a 25% sodium methoxide in methanol solution -
was added dropwise, 42.3 grams (0.137 mol.) of the dimethylamino-methylene 8-
diketone. Next, the reaction mixture was refluxed 1.5 hours and allowed to stir over
night. The reaction mixture was subsequently evaporated under reduced pressure and
extracted with 20 mL of dichloromethane. The evaporated product was
chromatographed using ethyl acetate mixed with hexanes. Fractions were collected to

yield 39.7 grams of the product, 4-cyclopropyl-5-[2,3 dichlorobenzoyl}-pyrimidine.

EXAMPLE 8
Preparation of 4-cyclopropyl-5-(1-benzyloxy-2 -trifluoromethylbenzyl)-pyrimidine
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(C Preparation of 2.3 dichlorol benzoyl net hyl cycl opropyl ketone. To a
round bottom fl ask was added, 34.1 grans of the B-triketone (part B) (0.1
nol.), 450 nL of tetrahydrofuran, 14.55 grams of formc acid (0.39 nol.),
21 nl triethylamine (0.15 nol.) and 0.5 granms of palladi um acetate (0.002
mol .). The reaction mxture was stirred and refluxed six hours. Next, an
addi tional S50YPA¥HE46f formic acid and pal | adi um acet at e waBCHEBOW2M5d t he

i xt fl d Y X1 i d
Vacuum extr act et Wgﬁﬁf"é’% 8+ et oot bhstSy Bbinehil |1
th $44c6igrams.0. 153tmol.) (Hxum; PartB)|disgaivedin 250 mlcof ethanbl dvh SO4 d
\é\e:por:?e\é\a g[nyg ss 10 &;i el pM@;B- di iy rg h r oduct isvgconf iapmed by
i nfrared (Il%ﬁbancf ﬁﬁ%rf“é'éer ?ﬁfdﬂféﬁ]@ $rg@5ﬁ§¢@2w%ws‘§imﬁvrgg%- and mass

spect r onet r Chtdvikatogrdphy shvasdahedenstion @ be’complete 15 minutes after the addition.

di chl or oben§ | - met hyl-[ (di met hyl am no) met hyl ene] cycl opropyl ket one. 29
grans (0.11 R%rﬂ!“‘.‘?“’é‘fas svapogtediindergpdused prespiren gxtrasted withdighjoromethanee wer e

conbi ned neyashbliWithaPatex aieam%er(.ﬁagms‘iumb@? @i‘d %yﬁgwmm hédggéaﬁm' de

di met hyl acetal. The sol ution was stirre r ours an ripped to
yi el d 42 gr aressuss toyicdd 42.2 prams off the poodunte dHeydldprapyles(1yhysiraxy<2-mifhuoyd- ene)

cycl opropyl , (B). Pr.eparation of 4-cyclopropyl-5-[2.3

di chl orobeng{ggbl - p>yrl)| ﬁ"&lﬁé@g To a refluxing solution of 20.2 granms (0.169
nol .) formam di ne acetate, 200 nL of ethanol and 55.2 grams (0.207 nol.) of
a 25% sodi um et f/X| | o4tR | UL Se_pydl rQpw se, 42.3 grans
(0.137 nol.) of ei'%?rr%ﬂtgﬁgpam %Al%éfr%h&gﬁéb&s%ﬁkgﬁgw&fNext , the reaction
m xt ur e was trifbforamethyltensyl hpyrimidine dvezd ¢ombirdivwiths0.59 mh\(@.0058 @bL) ofhe reacti on
m xt ure was ntly, e ated under reduced ure and extracted
with 20 nL g?ﬁgfcg'ﬁq%% 6‘#& Wﬁﬁ@&ﬂﬁ%‘ﬂw &’%t(gg‘ Wﬂhmmﬁém gr aphed
usi ng et hyl potioawise: Thie ¥eathion, Whicheves 86mplek it ¢ hb@vay\bdufed’dVet ReL €d tO yiel d,
39.7 grans of ths roduct, 4-cyclopropyl-5-12.3

di chl or oben A ﬂ@ﬁ*‘i dichiprivoe thengesipindrover MedQa filiered and g vaporated to dryness '<
 4-cycl opr ophde? reciedaPesitrO16/ield; d-Eycidpripy RERT-BUlRRF Y diehrdaduane Lerr]

: : benzyl)-pyrimidine. The product was chromatographed on a | inch diameter by 4 inch " - '
silica gel column with 50% ethy! acétate/hexanes of which 20 mL fractions were

collected. Fractions 4 and 8 were combined and evaporated to yield 0.75 g of the

product.

I6



WD 98/ 11046 PCT/ GB97/ 02515
(A) To a solution of

4-cycl opropyl -5-[(2-trifluoronethyl)-benzoyl]-pyrimdine (44.6 grans, 0.153
mol ©) (Exanple 6, Part B) dissolved in 250 nL of ethanol at anbient
tenperature wa ded 2.37 grans (0.0622 nol.) of sodium bor |

Chr onat ographﬁg% the reaction to be conplete 15 m nut esp@('gwié
addition. The m xture was evapor at ed EXMMPLEdJ®iced pressure, extracted with
di chl or onet thaMﬂ&iW—iﬁkbbfdﬁ?ﬁﬁ(]—béﬁéﬁ@tl}-pﬁﬁ uoFOREMSniDliN)-pydinsidine d

evapor at ed under reduced pressure to yield 2!.12 grans of the product,

1
1.2 grans (0.004

4-cycl opropyl - 5- 5
3 .
trifluoronethyl

bhydboxy- 2'-trifluoro- mwthyd berxyl)-pyrimdine. (B)
| .) gof 4-cycl opropyl -5-( 1-hydrjpxy-2' -

i di ne were corg v mp 9- 051 nol .)
of benzyl chlofdidelfin 12 ni : /ams “(0.70047 nol .)
was added porti se. The reaction, which \Wis conp¥te in 1 hour, was
pour-ed over ice, extracted wi th dichloronethane, driled over MySg err],
filtered and evaporated to dryness under reduced pressure to yield,

4-cycl opropyl - 5- -isgﬁ@gl : | rﬂ&@ng p l.Jj di ne. The
proéuct pvvagychroggg)ogr p eée'gﬁﬁl?hfg@ﬁlu%%%er ?ﬁﬁl@ﬁ%ﬁcyﬁ}’g’a gel
col um wi t h B&oseciBxginpls ¢ watceombinad ot withuASohi. 20109 mpled of Ndhs wer e

collected. F ' . 8 e i . leld 0.75 g
ol ected. P bfilyi0Andy P iR Ehul O RSioR Ws SHRARYEAIS HirhiRs Y
- PCT/ GB97/ 025 dirippedAdyiyield 27.9 grams of trifluoromethylnicotinoylmethyl[(dimethylamino)-
methylenelcyclopropyl ketone. The product was confirmed by infrared (IR) and

nuclear magnetic resonance (NMR) and mass spectrometry (MS).

CF, 0 0
T 7
~ _ PART B

(B) To a refluxing solution of 19.1 grams (0.184 mol.) formamidine acetate,

230 mL of ethano} and 42mL (0.184 mol.) of a 25% sodium methoxide in methanol
solution was added dropwise, 27.9 grams (0.089 mol.) of the product in step A. Next,
the reaction mixture was refluxed 4 hours and allowed to stir over the weekend. The
reaction mixture was subsequently evaporated under reduced pressure and extracted
with 20 mL of dichloromethane. The evaporated product was chromatographed on a
column 2 inches high and 4 inches in diameter of silica gel, with 50 mL fractions of
ethyl acetate mixed with hexanes. The fractions containing product were collected, to
yield 8.4grams of the product, 4-cyclopropyl-5-[(2-trifluoromethyl)nicotinoyl]-
pyrimidine. The product was confirmed by infrared (IR) and nuclear magnetic

. resonance (NMR) and mass spectrometry (MS).
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Preparation of 4-cycl opropyl-5-(1-benzyl oxy-2
"-trifluoronethylnicotinyl)-pyrimdine [err] (A 25granms (0.097nol.) of
trifluoromethyl nicotinoylmethyl cyclopropyl ketone (Exanple 4) were

conbi ned neat with 14.5 nL (0.109 nole) of NN dinethylforman de di et hyl
acetal. The solution was stirred for 45 mnutes and stripped to yield 27.9
grans of tri Wassatet hyl ni coti noyl net hyl (di net hyl ami no)-  PCT/GB97/02515

nmet hyl enel cycl opropyl ket The product was confi d by infrared (IR
and nucl ear nmagnetd«£ rgso metry (Ms). [err] (B)
To a refluxing solutd of 19 1 grams (0.18 rmam di ne acetate, 230

nmL of ethanol a .~ hoxi de i n net hanol
sol ution was added dfop Ser’l 27 9 gr ams z .\ t hBARF dduct in step
A. Next, the rea ' e was refl uxed

N allowed to stir over
t he weekend The reaction mxture was subsequently evaporated under reduced
pressure and extCxTo adolmmﬂbmyltflopﬂipyldi-{)ﬂil-mﬂmmhﬂmhmcmlfk}-v apor at ed

product was chr, raph um 2 inches hi ngd .4 inches in

di amet er of P% 5@‘3‘8& %M%;ﬁ;&g lfﬁog%ﬁ!b@mgﬂ%g{}lﬁ%q ag%'gtf'%‘fte m xed with
hexanes. Thgm xaﬁd@ﬁs%daém@ugwﬂg(omdm wasbamﬁnbdracyuﬁde to yield 8.4grams
of the product, 4-cyclopropyl-5-[(2- trlfluoromethyl ni cotinoyl]-

pyri m di ne. Cramatogesghy showed theseactiomtocheispmplete: L misiutes piterthey Mear magnetic

s

4- cycl opr opwhshéd witR water fdried overatagnésjum sulfatewngleyapouated yrider reduced. 4gr ans,
0.0285 mol . ]gressured ure 10 lykéﬁﬂ?é gra%?s oﬂhe %];'odeugtt] Q-Qgélogr%png-)f 1 ﬁ]@%roxy—l-w-

triflucromethylpyridin-3-yl)Jmethyl-pyrimidine. The product was confirmed by

infrared (IR) and nuclear magnetic rcsonance (NMR) and mass spectrometry (MS).

CF, O
. 7 ’ 7 "N .
" PART D
N s J

N N

(D)1.5 grams (0.0051 mol.) of 4-cyclopropyl-5-[1-hydroxy-1-(4"-
trifluoromethylpyridin-3-yI)Jmethy! pyrimidine were combined with .73 mL (0.00635
mol.) of benzyl chloride in 15 mL DMF. Sodium hydride 0.14 grams (0.00577 mol.)
was added portionwise. The reaction, which was complete in 1 hour, was poured over
ice, extracted with dichloromethane, dried over MgSO,, filtered and evaporated to
dryness under reduced pressure to yield, 4-cyclopropyl-5-(1-benzyloxy-1-(4'-
trifluoromethylipyridin-3-yl)methyl pyrimidine. The product was chromatographed on
a 2 inch diameter by 4 inch silica gel column with 50% ethy] acetate/hexanes of which
50 mL fractions were collected. The fractions containing product were combined and
evaporated to yield 0.3 grams of the product. The product was confirmed by infrared
(IR) and nuclear magnetic resonance (NMR) and mass spectrometry (MS).
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tenperature was added 0. 44grans (0.0119 nol.) of sodi um borohydri de.

Chr omat ogr aphy showed the reaction to be conplete 15 mnutes after the
addi tion. The m xture was evaporated under reduced pressure, extracted with
di chl oronet hane. washed with water, dried over nagnesium sul fate and
evapor at ed under reduced pressure to yield 7.3 grans of the produc

4- cycl opr opyl -‘%Qfsim-'ﬁydr oxy- 1 -(4- /GBS7/0251S
trifluoromnethyl pyridin-3-yl)]nmethyl-pyrimdine. The product was confirned
by infrared (IR) and nucl ear magnetic resonancg NI,\/E) and nmass spectronetry
(MB). [err] (D) 16@%&&'?«%%@5@%@;%%%9&4% &rfsencs 1o theny dr oxy -
1-(4' - trifl hbbdiMiehd! : erdbf! thd3cobbeet) is with
73 ni (o.ooE%gé}%F.) o#ﬁ‘gﬁ%ﬁ‘”ﬁﬂ%“ Tk e mm@nfﬁ'.eg%gg'i"gﬁmmﬁﬁf‘igde 0.1
grans (0. 005imitedpnly tahe desgribes embotiimentsi s willihe appasent tpersons skillediins '

conplete in UL, 1 AaS: i r LB di t hane,
dried over Né‘gaﬁ élﬁlp?lﬁ@ﬁoﬁgﬁd:%a%tg&n&%%&a géveeéﬂ %‘%ﬁg‘% %%a@?qﬁﬁgée?&%%uced

pr efslsur eto yﬁtllabﬂdeﬂarﬁagﬁ'md I thersplﬁ-it |5nd scbpé)ﬁfrthg/d inuwiﬁn,lwlﬁéfa is defined and -
trifluoronet ridi.n-3- mef hyl . pyrim dine. The product was

chr omat ogr ap ﬁ“‘%_’rdi’yi'?éf‘)l’ﬁﬂdgﬂﬁms-by 4 inch silica gel colum with 50%
et hyl acet ate/ hexanes of which 50 nL fractions were collected. The
fractions containing product were conbi ned and evaporated to yield 0.3
grans of the product. The product was confirmed by infrared (IR) and

nucl ear magnetic resonance (NVR) and nmass spectronetry (MS). 18 WO

98/ 11046 PCT/ GB97/ 02515

Al t hough the instant invention has been described with reference to the
preferred enbodi nents and exanpl es thereof, the scope of the present
invention is not limted only to.the described enbodi nents. As wll be
apparent to persons skilled in the art, nodifications and adaptat.ions t.o
t he above described invention can be nade
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wi t hout departing fraomthe spirit and scope of the invention, which is
def i Eiﬂlﬂ ﬂll umﬂﬂ bed by the appended clains. 1 9 WO 98/ 11046

PCT/ ML (8 CLAIMED | S: 1. A process for preparing an
aryl - B-di ketone of  the forrmula [err] wherein R err] is hydrogen,
Cerr]-Cerr] alkyl, (err]-Cerr] haloal kyl, halogen, nitro or
Cerr]-Cerrwossaeesgl ; Rlerr] is (err]-Cerr] al kyl, ( er rBCIGRI7NISIS
cycloal kyl or Cerr]-Cerr] al koxy; X err] is hydrogen, hal ogen,
Cerr]-Cerr] alkyl or (Jerr]-Cferr] haloalkyl; and Zis CH or N,

conpri si ng: WIERATIS gLAAMEDRESuUNd of the formula [err] wherein Rerr] is
hydrogen, ([err]-Cerr] alkyl, (err]-Cerr] hal oal kyl, halogen, nitro or
Cerr]-Cerr] alkenylAPreess W%@WW‘C&'@L?‘?“%‘P%"#"@‘E?H-C[err]
cycloal kyl or (Jerr]-Cerr] alkoxy; X err] is hydrogen, hal ogen,
Cerr]-Cerr] alkyl or (JQerr]-Clerr] haloalkyl; Rerr] is allyl or
substituted allyl; and Zis CHor B wigxh & reducing agent and a net al
catal yst. 2. A process accoki;li n iJln 1, wherein the reduci ng agent
is selected fromthe group consi og@®? gas, tributyltin hydride,
sodi um bor ohydri de and sol ubl e sgltslof formc ac{®r) 3. A process
according to claiml, wherein Rlergl is (err]-CJerr] haloalkyl; R2 is
met hyl , isopropyl or cyclopropyl; Rerr] is allyl or substituted allyl; and
Zis CH 4. A process according to claim1, wherein the netal catalyst

I's a pal | adiHiefn3t'3L ¥ytfrogefdC,-C, aliyl, C,-Cs haloalkyl, halogen, nitro or C>-C, alkenyl;
R? is C;-Cs alkyl, C3-Cs cycloalkyl or C,-Cs alkoxy; X' is hydrogen, halogen, C,-Cs
alkyl or C,-C, haloalkyl; and Z is CH or N, comprising:

reacting a compound of the formula

R o0 0

- | (II1)
z7 0% “o-’

wherein R' is hydrogen, C,-Cs alkyl, C,-Cé haloalkyl, halogen, nitro or C2-C, alkenyl; -
RZis C,-Cs alkyl, C3-C, cycloalkyl or C;-Cs alkoxy; X!'is hydrogen, halogcn.'CpCs
alkyl or C,-Cs haloalkyl; R is allyl or substituted allyl; and Z is CH or N, witha -
reducing agent and a xﬁetal catalyst. '

2. A process according to claim 1, wherein the reducing agent is selected from
the group consisting hydrogen gas, tributyltin hydride, sodium borohydride and

soluble salts of formic acid.

3. A process according to claim 1, wherein R! is C;-Cs haloalkyl; R? is methyl,
isopropy] or cyclopropyl; R’ is ally! or substituted allyl; and Z is CH.

4 A process according to claim 1, wherein the metal catalyst is a palladium

catalyst.

20



\5/“D - \muulmj“lgm!“e formula [err] wherein Rerr] is hydrggg],GBg?/ 02515

Cerr]- C[?err'] al kyl, (err]-Cerr] haloal kyl, halogen, nitro or
Cerr]-Cerr] al kenyl Rlerr] is C[err]-C[err] cycloal kyl or CJerr]-Cerr]
al koxy; Xlerr] is h drogen hal ogen, Clerr]-Clerr] alkyl or

hal oal kyl ; andW® 94 Y or N. 6. A conpound according to c%ﬁ l’é‘mg%ﬁ('areln
Rierr] is ( &rr] - &lcohipbuihéfand foythulaand Rlerr] is cycl opropyl. 7.

conpound of the formula [err] wherein R[err] is hydrogen, Cerr]- C[err]

al kyl, Cerr]-Cerr] hal oal kyl, Rhal n|tro or 04 alkenyl; Rerr] is
C[err] Cerr] alkyl, C[err]x%[ I or Cerr]-Cerr] alkoxy;

X[ err] is hydrogen, hal ogen, errR aIk or (ferr]-Cferr]

hal oal kyl; Rlerr] is allyl ori{gulgstituted all II)and Zis CHor N 8. A
conpound according to claim?7, erein Rlerr] is (Jerr]-Cerr] hal oal kyl;
Rlerr] is nmethyl, isopropyl or cyclopropyl; Rerr] is allyl or substituted

allyl; and Z in CH 9. A process for preparing an aryl-pyrimdi ne ketone
of the for Milwhefcdi R isk V\6,-€3 4k 10 E.C, haloalky), halogen, nitro or C-C, alkenyl;
PCT/GB97/0251 wher ei n;gfg?r l-l%g zorggfé k}{arr};g Cerr] %(C‘ o
Clerr]-CerrR hsﬂ:nﬁmgﬂ lqyborc@e%al Xy @rhygpm zﬂ@@rF—'} Cafilmgncncra[err] is

Cerr]-Cerr aﬁ?ﬂ& pdroxy; Xerr] is hydrogen hal ogen,
Cerr]-Cerr] a HOEM(Z %?r -Cerr] haloalkyl; and Zis CH or N,
conprising: reacting a conpound of the formula

6. A compound according to claim 5 wherein R is C;-Cs haloalkyl; and R? is

cyclopropyl.

7. A compound of the formula

(III)

wherein R' is hydrogen, C,-Cs alkyl, C;-Cs haloalkyl, halogen, nitro or C»-Cy
alkenyl; R? is C;-Cg alkyl, C3-Cs cycloalkyl or C,-Cs alkoxy; X' is hydrogen, halogen,
C)-Cs alkyl or Cy-Cg haloalkyl; R*is allyl or substituted allyl; and Z is CH or N.

8. Acompound according to claim 7, wherein R' is C,-C, haloalkyl; R* is
. methyl, isopropyl or cyclopropyl; R®is allyl or substituted ally}; and Z in CH.

9. A process for preparing an aryl-pyrimidine ketone of the formula

R o g
1
N X > [ 7l N
] (IV)
N S
2 N/'
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rein err] is hydrogen Cerr]-Cerr] alkyl, Cerr]-Cerr]
hal oalk ," ﬂl’@ﬁ”"{”ﬂm}o or Cerr]-Clerr] alkenyl; Rerr] is Jerr]-Cerr]
cycl oal rr] al koxy; X err] is hydrogen, hal ogen,
Cerr]-Cerr] tal kyI or*Cferr]-Clerr] haloalkyl; and Zis CHorN, with a
formam di ne salt and a base in an al coholic solvent. 10. A co ound of

the fornul a Wo%filtdherein Rlerr] is hydrogen, Clerr]- d er r P
I
G o] or Phert R % Mthoeet X Alln G Cbaldhirlp niiGadhy ey Cﬁ?‘%%‘?”é‘gin
hal ogen, CR ts]C—g(qoeyclbalhjlloyhydnoxycp(é isHydOigen, hhlopen. ExiCeplkyl en(ii-&% i s CH or N.

22 haloalkyl; and Z is CH or N, comprising:

reacting a compound of the formula

R o0 O
%L
el
| | R2 (V)
SN
Z N~

wherein R' is hydrogen, C-Cg alkyl, Ci-Cs haloalkyl, halogen, nitro or C,-C,
alkenyl; R? is C3-Cs cycloalkyl or C;-Cs alkoxy; X' is hydrogen, halogen, C,-Cs alkyl
or C-C; haloalkyl; and Z is CH or N, with a formamidine salt and a base in an

'alcoholic solvent.

10. A compound of the formula

R o o
1
X 2
| | V)
N
z N~

wherein R is hydrogen, C;-Cg alkyl, C;-Cs haloalkyl, halogen, nitro or C-Cs
alkenyl; R? is C3-Cq cycloalkyl or C;-Cs alkoxy; X! is hydrogen, halogen, C;-Cs alkyl
or C;-C¢ haloalkyl; and Zis CH or N.
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