Case No. CD0424 PROCESS FOR 'PREPARI NG | NTERVEDI ATES FOR THE SYNTHESIS OF
ANTI FUNGALwé9o£3dE58 BACKGROUND OF THE | NVENTI ON 5 The pr esereCrusssns2ien
¢onprises a.chemcally efficient one step process for the synt hesi s of
i nternedi ates useful in the synthesis of antifungal
| nt ernational Publication No. WO 89/0482971U.S. 10
and PCT International Publication No. WO 93/09114\¢C

nunber of processes for the synthesis of these conpeumds .
particul ar, co-owned PCT Published Application No. WD 94/ 25452 describes a

process for prepari nQEquE§ 5 DRnPRrEP?ﬂRWJGS Iﬁ?EBMEDIﬂTE@e FORPTHE | On
agents

of these antifungal a e rornmula |
[err] wherein Ris [err] alk' ' dinthis
process. An efficient synt he5|s of corrpounds of the forrrula I is 20

therefore a key faBA 3 conpounds via this
process. PCT Pugl i shed Appl [ cat i on No WO 94/ 25452 di scl oses a

The present invention comprises a chemically efficient one
step process for the synthesis of intermediates useful in the synthesis of
antifungal agents.

PCT International Publication No. WO 89/04829, U.S.

10 Patent No. 5,039,676, and PCT International Publication No. WO

' 93/09114 disclose substituted tetrahydrofuran azole compounds having
utility as antifungal agents. A number of processes for the synthesis of
these compounds are known. In particular, co-owned, co-pending U.S.
Serial No. 08/055,268 describes a process for preparing chiral

15 intermediates for use in the preparation of these antifungal agents.
Dialkyl malonate derivatives of the formula I

' F CO.R

COzR
F I
wherein R is C1-Cg alkyl, are important intermediates used in this
process. An efficient synthesis of compounds of the formula I is
20 therefore a key factor in the synthesis of antifungal compounds via this
process.

US Serial No. 08/055,268 discloses a process for
preparing compounds of the formula 1. This process, as shown in
Reaction 1, comprises reacting a dialkyl malonate anion, wherein M+ is

25 a suitable metal counterion and R is C1-Cg alkyl, with a compound of the
formula II; wherein Z is a leaving group selected from Br, -OSO,CH3 or
-0S02CgH4CH3, to form a compound of formula I. However, the

process is inefficient in that a multistep process is necessary to prepare
the starting compounds of formula II.
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process for preparing conpounds of the formula I. This process, as shown in
Reaction 1, conprises reacting a dial kyl nmalonate anion, 25 wherein [err]
i s a sumaas3e63get al counterion and Ris [err] al kyl, w PeI/assso816und of thes

formula I'l, wherein Zis a leaving group selected fromBr, [err] or [err],
to forma compound, of fornmula |I. However, the process is inefficient in
that a nultistep process is necessary to prepare the starting conpounds of
formula 1. -2- [err] The carbopal | adat.pon of allenes is disclosed by

Ahmar, et al in Tetrahedron, 43 (3), 513-526 (1987) and Ahmar, et al in
Tet, Lett., 5 25(40), 4505-4508 (1984). The Ahmar et al publications

di scl ose carbopallggatipn Eeactions igwvol vi ng iodobenz$%§ﬁ al l ene and sodio
di et hyl mal onate t compound of thelfornula IV Ahmar et a

publications also teach such reacti gagUs
1, 2- decadi ene. SUMMARY OF THE INVE

g LD hpe enzene and :
he Present i nvenfPg conprises a
Jhe forniTa 1 = 1

I1

“process for preparing 15 conpoundg

The carbopalladation of allenes is disciosed by Ahmar, et
al in Tetrahedron, 43 (3), 513-526 (1987) and Ahmar, et al in Tet, Lett.,

5 25 (40), 4505-4508 (1984). The Ahmar et a! publications disclose
carbopalladation reactions involving iodobenzene, allene and sodio
diethyl malonate to form a compound of the formula IV ‘
- COC2Hs ' '
CO,CzHs
IV.

The Ahmar et al publications also teach such reactions using
10 bromobenzene and 1,2-decadiene.

SUMMARY OF THE INVENTION

The présent invention comprises a process for preparing
15 compounds of the formula I '

COzR

COR

wherein R is C1-Cg alkyl, comprising heating a mixture of a
20 difluorobenzene derivative of the formula (IX)



[err] wherein Ris [err] alkyl, conprising heating a m xture of a 20

dhf | uor obenWOPs3Y38| vati ve of the formula (1X) -3- [ err ] PGHESIOM2IA | s
BR, I, [err] or [err] and wherein [err] is F, [err] alkyl, aryl or
substituted aryl, and [err] is [err] alkyl, with y ' y | onat e
of the formula [err], wherein Ris 5 [err] al kyli| THIRISHEBRSAS BaEN|[pOl ar
organi c solvent in the presence of a pall adi ungcatlpl yst REPLASESeal ed |,
vessel, and the excess pressure within the vessel ﬁ‘m—bﬁ*%to 10
psig), to formthe conpound of fornmula |I. Preferably Ais Br, I, [err] or
[err] wherein 10 [err] is [err] [err] or [err Preferably Ris ethyl or
nmethyl. Preferably the base is [err], wherein err] Is [err] alkyl, or a
phosphate salt, such as Na3PO4 or [err]. P red sol vents include DWVF,
DVBO, THF, acetone and acetonitrile. 1g A Mre preferred is a
process as descri bed above wherein )

wherein A is Br, I, -OS(0)2R2, or -OP(=0)(OR3)2, and wherein R2 is F,
CF3, C1-Cg alkyl, aryl or substituted aryl, and R3 is C1-Cg alkyl, with
allene, a dialkyl malonate of the formula CH2(CO2R)2, wherein R is Cs-
5 Ceg alkyl, and a base, in a polar organic solvent in the presence of a
catalyst to form the compound of formula 1.
Preferably A is Br, |, -OS(0)2R2 or -OP(=0)(OR3),, wherein
R2 is F, CF3, CHs, CgHs, -CeH4CHs, -CgH4CF3 or naphthyl, and R3 is
CHg3 or C2Hs. Preferably R is ethyl or methyl and the catalyst is a
10 Palladium catalyst. Preferably the base is KoCO3, NaaCO3, NaH, KH,
NaOR! or KOR!, wherein R1 is C1-Cs alkyl, or a phosphate salt, such as
Na3PO4 or KsPOg4. Preferred solvents include DMF, DMSO, THF,
acetone and acetonitrile.
More preferred is a process as described above wherein
15 the base is NazPO4 or K3POyg4, and the catalyst is selected from
Pd(dppe), Pd(PPh3)4, PdCl2(PPh3)2. Also more preferred are
palladium catalysts selected from Pda(dba)s and PdX2, wherein X is Cl,
Br or I, which catalysts are used in combination with a triarylphosphine
of the formula P(Ar)3, wherein Ar is an aryl group selected from phenyl
20 orortho-tolyl. Most preferably the catalyst is PdClz(PPh3)2. Most
preferably A is Br. Preferably the mixture is heated to 40° to 120°C, and
most preferably to 60° to 80°C. .

DETAILED DESCRIPTION
25
As used herein, the term:
*aryl" means a carbocyclic aromatic group, such as phenyl
or naphthyt; o
"substituted aryl" means an aryl group having 1, 2 or 3
30 substituents independently selected from F, CI, Br, CF3 or C1-Cg alkyl.
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the base is [err] or [err], and the catalyst is selected from[err].|l Al so
nore preferred are palladiumcatal ysts selected from Pd2(dba)3 and PdX2,
wher ei NWO 9580638 Br or 1, which catalysts are used in cBAEPRSOPYE with a
triaryl phosphi ne 20 of the formula P(Ar)3, wherein Ar is an aryl group

sel ected from phenyl or ortho-tolyl. Mst preferably the catalyst is [err].
Most preferably Ais Br. Preferably the mxture is heated to [err] to

[err], and nost preferably to [err] to [er-d}. 25 DETAI LED DESCRI PTI ON As
used herein, the term "aryl" nmeans a carbocyclic aromatic group, such as
phenyl or naphthyl; 30 "substituted aryl" neans an aryI gr oup
haV| ng 1, 2 or 3 substltue'rnoslanorgaplerssbbmﬂtymsaheanmtgamlorsoﬂvammat is-4-

cpol ar organic SQetgiThiscibid BAd 34 aBled Ncutifid Rlc SpKied, Wihrfierig C! D! e and
is able to solubiljize 10onic, s e Til eerre ven I ncl udi ng DVF,
DVBO, THF, acet ofi@vanis '@P\E@Qgp@w& Mb afcetPnp AR &BF’e of
depr otonating a dial kyl *base" means a reagent capable of deprotonatmg a dialkyl
5 malonate to form the corresponding malonate salt. Preferred bases
include K2CO3, Na2CO3, NaH, KH, NaOR? or KOR1, wherein Rt is C¢-
Cs alkyl, or a phosphate salt, such as N33P04 or K3PO4
The catalyst of the present invention is a palladium
reagent, preferably a Pd(0) or Pd(ll) compound capable of catalyzing the
10 carbopalladation of allene to form an intermediate n-allyl Pd complex
' which subsequently reacts with a malonate anion nucleophile to form a ‘
compound of the formula I. Preferred is a catalyst selected from: 1,2-
bis-(diphenylphosphino)ethanepalladium(0), (Pd(dppe));
tetrakis(triphenylphosphine)palladium(0), (Pd(PPha)a);
15 Dbis(triphenylphosphine)palladium(ll) chloride, (PdClz(PPhg)2); or a
combination of a phosphine of the formula P(Ar)3, wherein Ar is an aryl
group selected from phenyl or ortho-tolyl, and either
tris(dibenzylideneacetone)-dipalladium(0), (Pda(dba)s), or PdXz,
wherein X is Cl, Bror I
20 The following solvents, reagents and ligands employed in
the process of the present invention are identified by the abbreviations
indicated: dimethylformamide (DMF); tetrahydrofuran (THF);
dimethylsulfoxide (DMSO); triphenylphosphine (PPhg); 1,2-bis-
(diphenylphosphino)ethane (dppe); dibenzylideneacetone (dba).
25 The present invention comprises a process as shown in
Reaction A for preparing compounds of the formula L

R ion
CH,{CO,R), ¥ 0=
11 - CO.R
CH2=C=CH2
Pd catalyst I
(IX) base, A '

30



5 nmalonate to formthe corresponding nelonate salt. Preferred bases

Ancl ude [ewdqdesaaéasrein [err] is [err] [err] alkyl, or a ph®cpiusssoes3t t,
uch as [err]. The catalyst of the present invention is a palladium
reagent, preferably a Pd(0) or Pd(1l) conpound capabl e of catalbyzrmg—thg 10
carbopal |l adatjon of allene to forman internediate [¢ rr].HQDQHEE)'ﬁ‘ﬁF«eXJE\EﬁH 1
subsequently reacts with a nal onate ani on nuckeophil gl to fmapLaCESpound of
the formula |I. Preferred is a catalyst selected from e

bi s- (di phenyl phosphi no) et hanepal | adi un(0), (Pd(dppe));

tetraki s(triphenyl phosphi ne) pal | adi um(0), (Pd(PPh3)4); 15

bi s(tri phenyl phosphi ne) pal | a [ r.a.conbination of a
phosphi ne of the fornula P( Aﬁgﬂ%ﬁ@‘é&l %ﬁréj?lgyl[a a%ﬁe bﬁdﬂﬁ’%@“@t’l‘@&’aﬁ%m
phenyl or ort ho- to|gneferahtyréa rasrKH, to pre-form the malonate anion sodium or

{ri's(di benzy | deneagaiagsiai SIRAThaWAIBHAb selPeRkRSDsRzon cdhiafve 1! ¢ N X

is d, Br or 1. 0 sol vents, reag ents
| i gands enpl oye %aBWol:Qé%mST @’W%@&eﬂ%mﬂn Qfsaawesq Wi ified by
t he abbrevi at i ons |p|rélfm'ablydl'HE,l thet dathtyst mdmﬁ@e( S hent combihgd antitheuated

(THF) ; di nmet hyl sul f ( ) | |
(di phenyl phosphi no) et ane réf%ﬂagbgﬁz |1 eneagerﬁ?orﬁggr@%f réalgzidg to”
The present inventi®® d"ﬂrﬁrﬁ &eﬁﬁ%é@g@f pressHeaRf iﬁomm@fﬂl’ablb’cﬂt 5-15
preparing conpoundspsig, folferrhahedidikyi-malonate derivative I.

10 Alternatively, in Reaction A, the dialkyl malonate III is

combined with the difluorobenzene derivative (IX), base, polar organic
solvent, and catalyst. The base is preferably NasCO3, K2CO3, NasPOy4
or KaPOy4, and most preferably NazPOg4. The polar organic solvent is
preferably DMF, DMSO, THF, acetone or CH3CN, and most preferably

15 DMF. The catalyst is preferably Pd(dppe), Pd(PPhs)s, PdClo(PPh3)z, or
a combination of P(Ar)3 and either Pda{dba)z or PdX2, wherein Ar and X
are as defined above, and more preferably PdClx(PPhg)z. The resulting
mixture is heated to 40° to 120°C, preferably to 50° to 90°C, and most
preferably 70° to 80°C, and pressurized with allene to 1-30 psig,

20 preferably 1-15 psig, and most preferably 1-10 psig. Heating is
maintained untit about 1.3 equivalents of allene have been consumed.
The mixture is then cooled to room temperature, quenched with dilute
acid, such as aqueous H2SQOy4, and extracted with a suitable solvent,
such as heptane, to give the compound of formula 1.

25 The starting difluorobenzene derivatives (IX), such as
1-bromo-2,4-difluorobenzene, are known and are commercially
available or can be prepared by established methods. For example,
compounds of the formula (IX) wherein A is -OS(0O)2R2, or
-OP(=0){(OR?3), can be prepared from commercially available 2,4-

30 difluorophenol via established methods.

The following preparations and examples are illustrative of
the process of the present invention.
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Reaction A F 30 ' [err] -5- In Reaction A,d

the dialkyl malonate I1l is treated with base, preferably NaH or to . :
pr e- f or MO9§B0638| onat e ani on sodi um or potassium salt. ’ﬂ%?ﬁ’@??dfe sal t, ¢
di fl uorobenzene derivative (1X), 5 preferabl 2 dor obenzene,

pol ar organic solvent, preferably THF, the ¢ taﬂ-n;sﬁHéfﬁd“%ﬁﬁgﬁ'ﬁ
conbi ned and heat ed to [err] to [err], prefeljably REPE CEB

re then
and nost

preferably [err] to [err], in a seal ed ves6el €xcess pressure of
6.9-207 Pa, preferably 35-104 Pa (1-30 psig, preferably 5-15 psig), to form
the 1 0 dialkyl nalonate derivative |I. Alternatively, in Reaction A the

di al kyl malonate Il is conbined with EXAMRBUE dor obenzene derivative (IX),
base, polar organic solvent, and cat al yst. The base is preferably [err] or
[err] and nost preferably [err]. E pol ar or ﬁ%“%&ém vent is 15
preferably DWMF, DMSO, THF, acetone ? preferably DVWF. The

r CN,
;

catalyst is preferably Pd(dppe) [

~ COCHaCH3

5 Combine 1 g of bis(triphenylphosphine)palladium (i)
chiloride, 300 mL of DMF, 100 g of 1-bromo-2,4-difluorobenzene, 165
mL of diethyl malonate and 210 g of NaaPOyj in a sealed vessel under ‘
nitrogen atmosphere (1 psig). Heat the mixture to 75°C and add slowly
26 g of allene at a rate such that the pressure remains below 10 psig.
10 Continue heating at 70°-75°C for 24 h. Cool to room temperature, then
slowly pour the mixture into 50 mL of concentrated HoSO4 and 500 mL
-of water. Extract with 600 mL of heptane and wash the heptane extract
with water (2 X 100 mL). Distill the extract to concentrate to a volume of
300 mL. Add 5 g of maleic anhydride and heat the mixture at reflux for 4
15 h. Cool to room temperature, add 400 mL of water and 30 g of KoCO3,
then stir for 3 h. Separate the layers, wash the heptane layer with water
(2 X 100 mL), then concentrate the heptane solution to a residue to give.
139 g of the title compound. - -
In the foregoing Example, the maleic anhydride treatment
20 serves to remove a diene impurity of the formula (V)
COxCH2CHs

= CO,CH,CHs
W)

The diene (V) reacts with the maleic anhydride to form an anhydride,
“which in turn is hydrolyzed by the s;jbsequent treatment with aqueous
- base to form the dianion (VI) as shown in Reaction 2. Compound (VI)
25 remains in aqueous solution. Compound VIII (see Exampie 2 below)
undergoes the same reaction and, to the extent that it may be present, is
also removed via maleic anhydride/aqueous base treatment. '
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a conbl nation of P(Ar)3 and ei t her [err] or [err], wherein Ar and X are as
dgfl ned abd¥@95#e8 nore preferably [err]. The resul ti ng m xXGHESIESNeat ed

[err] to [err], preferably to [err] to [ “noSt—=20-5¢ preferably
[err] to [err], and pressurized with allen Saﬁ“excess JHEesdure of
6.9-207 Pa, preferably 6.9-104 Pa, and nos ferably 6.9-69ifPa (1-30
psig, preferably 1-15 psig, and nost preferabb® 1-10 psig). ting is

mai nt ai ned until about 1.3 equivalents of allene have been consuned. The
m xture is then cooled to roomtenperature, 25 quenched with dilute acid,
such as aqueous [ er Beagtion@tracted with a suitable solvent, such as

hept ane, to give the conpound of fornula I. 1Ttp,qaa|§;cart| ng d|f| uor obenzene
derivatives (I1X), such as 1 -brono-2, 4- dlfluorogng are_known and azre
comercially avail able or can be preégred by 8o eshed met Qe g
exanpl e, 30 conpounds of A1 X) wheréddn Ais [err] drr] can

be prepared from co rci ail abl e 2,4, %?@}rophenol Rl i shed
met hods. The fol | owi nON i mzemétnga I e illustfati V€ of €Re
nvention. 35 water

process of the present
V) CHyCH,0,C COxCHzCH;

The title compound of Example 1 was also prepared using
5 the base, catalyst and solvent shown in Table 1 by following
substantially the same procedure as described in Example 1.

Jable 1
Example Catalyst Base Solvent
1A Pdy(dba)s + dppe KoCO3 | acetone
1B Pda(dba)s + dppe K2CO3 DMF
1C Pdz(dba)s + PPhs K2CO3 DMF
1D PClo(PPha)o” KoCO3 DMF
10 * Initial reaction pressure after charging allene was 43 psi at
70°C.
_\\ —
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6EXANPLE1[err] 5 Conmbine 1 g of

bi s(t r| X’%L;hosphi ne)pal |l adium (11) chloride, 300 nL of 100 of
1- brom) 1 uor obenzene, 165 L of diethyl mal onat el’%’ﬂfflﬁ of Na3PO4¢
in a sealed vessel under nitrogen atnosphere at an excess pressure _of 6.9
Pa (1 psig). Heat the mxture to [err] and add § -"‘"'"_"m_“_”_—:i at a

‘rate such that the 10 excess pressure renains eWHWS}%ETaH/gQQEBEN g) .
Continue heating at [err] for 24 h. Cool t& roo teanlE&i-A _t_nen..slovvl y.

>

pour the m xture into 50 nL of concentrated [err 00 rTf_' of water.

Extract wwth 600 nL of heptane and wash the hegtane extract with water (2 X
100 m.). Distill the extract to conce a volunme of 300 nL. Add 5 15
g of maleic anhydride and heat the m xture at reflux for 4 h. Cool to room

tenperature, add 400 nL of water and 30 g of then stir for 3 h.
‘Separate the | ayers, wash the heptﬁge | ayer é@ﬁﬁégy%r (2 X 100 nL), then
0 give 139 g of the title

concentrate the heptane solution tgha rgk
conmpound. 20 In.the @ nPIG8.CHiGHaal ei ¢ anhydri de _
treatnent serves to renove a die pur i ty of the fornmula (V) The diene
(V) reacts with the maleic anky Ao form an anhydride, which in turnis
hydr ol yzed by the subsequent treatnent wth aqueous
A series of experiments were performed by combining 2,4-
5 difluorobromobenzene, 1-2 equivalents of diethyl malonate and a base,
with a solution of palladium catalyst in a suitable vessel. The catalyst
was PdCla(Pha)2 (1-3% by weight), with the exception of experiment 2A, ‘
where PdCly/dppe was used as the catalyst. In most experiments, the
vessel was sealed, purged with nitrogen' gas, and then evacuated. _
10  Allene was then charged to the evacuated vessel, the mixture heated to
about 72°C, and the initial pressure recorded. Alternatively, in
experiments 2P, 2Q, 2S and 2T, allene was charged to an evacuated
chilled gas sample tube equipped with a regulator. The allene was then
charged to the heated reaction vessel (about 72°C) at a pressure of 3
15 psig. In either circumstance, heating was then maintained for 16-24 h,
and the reaction mixture analyzed by HPLC (Zorbax® RX-C-8 column,
75:25 MeOH/water, 1 mL/min). .
The specific reaction conditions and results of these
experiments are summarized in Tabie 2. These results include the
20 percentage of each of the following eight compounds as determined by

HPLC:

title compound, i.e., compound I wherein R is ethyl, havnng a
retention time of 7. 8 min.;

25 unreacted starting material (S.M.), having a retention time of 5.3
min.;

the diene impurity, e.g. compound V having a retention time of
: 6.8 min.;
30
an impurity identified as compound VII, having the structural
formula

| This Sheet Has Been Replaced




25 base to formthe dianion (VI) as shown in Reaction 2. Conpound (VI)
remai ns i nNWAASSHI8 sol uti on. Conmpound VI (see Exanpl e 2 BEFERISE&er goes
the sanme reaction and, to the extent that it may be present, is also
renmoved via mal ei ¢ anhydri de/ aqueous base treatnent. -7- [err] Reaction
2: 5 The title conmpound of Exanple 1 was al so prepared using

t he base, catalyst and sol vent shown in Table941 by follow ng substantially
t he sane procedure as described in Exanple 1. Table 1 10

[err] * Initial .-reaction pressure after charging allene was 297 Pa (43 psi)
at [err]. EXAMPLE 2 [err] CO.R

., COzR

(Vi)

and having a retention time of 19.6 min.;

an impurity identified as compound VIII, having the structural
5 formula

CO2CH,CH,
= CO,CH,CHs

2 (VIII)
and having a retention time of 18.3 min.; and

three unidentified impurities, denoted A, B and C, having
10 retention times of 7.2 min., 12.3 min. and 22.8 min., respectively.



A series of experiments were performed by combining 5
2,4-di fluorobromobenzene, 1-2 equivalents of diethyl nalonate and-a base,
with a sUPIHPAE of pall adiumcatalyst in a suitable vess?éIl"US?ﬁ@ztﬁat al yst
was [err] (1-3% by weight), with the excepti.o XL s rwher e _
[err] was used as the catalyst. In nost exper as seal ed,
purged with nitrogen gas, and then 10 evacua _ char ged
;to the evacuated vessel, the m xture heat ed0t ¢=beut—ferF—and the initial
pressure recorded. Alternatlvely, i n experinents 2P, 2Q 2S and 2T, allene
oc

was charged to an eva s—sample tuhe eqili nped
regul ator. The all ene] wgdg, t.hen chagyed &P &Hhey|heat ed re,g‘tloa a4l (about
[err]) at 15 an excesﬁr‘@ssureo-f-’ﬁ 4 €BalsPg). |11 8| eS| Sk ehnst ance,
heating was then nain} aifpedtfor Ja.palh H_tlhe reactli ob i xfurle dnal yzed
by HPLC [err] RX-C- 8 polfym, 75: 35,M(HMaier| 1 mi/ min) W S iffic
reaction conditions ahd [fesul ts dfail bfse | BpRIliRents dne ghrq(%ipi]i in
Table 2. These resul tbegloclude tHe PO cerdt age of leath lof [t He flol | owi ng
ei ght conpounds as def @jni ned by [HPLC e Jompound | ile. ,m,@podmdl :
wherein Ris ethyl, hp® aretqrPle| Elesl o] @.8 nmingl e 2| <] o5
unreacted starting gial (S M _1havi fetentionm tlng o "5.?m'n.;
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the diene irrpuri%é, e.g. conpound V, having a retention tine of 6.8 mn.:
30 an i npuPPey3%ntified as conpound Vi1, having the struREHPSSOSH6NUI a
d and havi ng a retention time of 19.6 min.; an inpurity identified as

conpound VIII, having the structural 5 formula [err] g
retention time of 18.3 nmin.; and three unidentified inpuriti®siHESHEEEHAS BEEN
B and C, having 10 retention tines of=-1-2 mn., 12.3 i n. MEPLATED
mn., respectively. -10- [err] : . =
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-11- [err] -12- [err] 5 Wash 2.9 g (2 equiv.) of NaH (60%

di spersion in oil) with heptane (2 X 80 nL). Conbine the washed NaH with 60
m. of DRMO9IS38E8 sl owly add 11.0 g (68.8 mmol) of di et hyPCHEPSHARE whitle — ¢
keeping the reaction tenperature below [err]. Stir the resulting m xture

for 30 mn to forma solution of diethyl sodi onplLgonat s

Conmbine 0.39 g of [err], 0.34 g of dppe and 10 ] abl e
vessel and purge with nitrogen gas. Add 6-8-g o B! benzene -
and the sodi omal onate sol uti on prepared above atg=¢ e m xture to about
[err]. Charge the vessel with allene, then pressurize with nitrogen to 52
Pa (7.5 psi). Agitate the 15 mxture at [err] for 10 h. Cool to [err], add

o

nore allene, then agitate at [err] for%&;ﬂ to roomtenperature, add
allene and heat at [err] for 4 h. Pour™the reaction m xture into ice-cold
wat er '
F CO2CH,CH3
CO,CH,CH;
5 ‘Wash 2.9 g (2 equiv.) of NaH (60% dispersion in oil) with

heptane (2 X 80 mL). Combine the washed NaH with 60 mL of DMF,
then slowly add 11.0 g (68.8 mmol) of diethy! malonate while keeping
the reaction temperature below 30°C. Stir the resulting mixture for 30
min to form a solution of diethyl sodiomalonate. :

10 Combine 0.39 g of Pdy(dba)s, 0.34 g of dppe and 10 mi of
DMF, in a suitable vessel and purge with nitrogen gas. Add 6.6 g of 2,4-
difluorobromo-benzene and the sodiomalonate solution prepared
above and cool the mixture to about -45°C. Charge the vessel with
allene, then pressurize with nitrogen to 7.5 psi. Agitate the mixture at

15 55°-65°C for 10 h. Cool to -45°C, add more allene, then agitate at
75°-80°C for 24 h. Cool to room temperature, add allene and heat at
75°-80°C for 4 h. Pour the reaction mixture into ice-cold water and
extract with 300 mL of heptane. Filter, then dilute the heptane extract
with 500 mL of EtOH. HPLC analysis of the resulting solution shows the

20 presence of 7 g (86% yield) of the title compound. [HPLC analysis was
carried out using a Zorbax® RX-C-8 column, 75:25 MeOH/water, 1
mU/min.] The title compound is isolated by concentration in vacuo.

This Sheet Has Been

LT



and extract with 300 nL of heptane. Filter, then dilute the heptane extract
with 500 nWQ¥s3p§38H. HPLC anal ysis of the resulting sol uti SRTAESSEWws t he
presence of 7 g (86%yield) of the title conmpound. [HPLC anal ysis was
carried out using a [err] RX-C-8 colum, 75:25 MeOH/ water, 1 nmi/mn.] The
title conpound is' isolated by concentration in vacuo. -13- EXAMPLE 4 For
purposes of conparison, 1-bronp-2,4- 5 di f bi®r obenzene, sodi o di et hyl

mal onat e and all ene were reacted according to Procedure B as taught by
Ahmar, et al, Tetrahedron, 4 (3), 513-526 (1987). The product was isol ated
and identified as the title conpound cont EXAMPIEI4by a 50% yield of the
diene (V) [err] -14- W Caim

F CO2CH,CH,

CO,CH,CH;

For purposes of comparison, 1-bromo-2,4-
5 difluorobenzene, sodio diethyl malonate and allene were reacted
according to Procedure B as taught by Ahmar, et al, Tetrahedron, 43
(3), 513-526 (1987). The product was isolated and identified as the titie
compound contaminated by a 50% yiéld of the diene (V)
COC2Hs

N CO.CHs

V).
10



1. A process f ds of the formula 5 wherein Ris

[err] alkyl. conprising heati amx of a difluor rivative .
of the Y’QPF@?‘&’[err] 10““]“‘5‘“ r| I, [err] or Terr %agg whérein
[err] is F, [err] alkyl ted aryl, and [err] is [err]

al kyl , wi th al l ene, a diaf kyfl mal onate of the fq mJIa lLerr] . . wherej
[err] alkyl, and a base, in a polar organic sol e ncH of a
pal | adi um catal yst, in a seal ed vessel arrd4t he ax?‘eﬂsgsi%;%gg&é%%%h‘t in 15
the vessel is 6.9 to 69 Pa (1 to 10 psig). 2. f claim
1 wherein Ais I%ére&nd Ris ethyl or nethyl. 20 3. The process of
clains 1 or 2 whePe¥R®he catalyst is bis-

(di phenyl phosphl no) et hanepal | adi un(0), tetraki s(t ri phenyl phosphi ne) -

Carbi natfon of FRAT) 3. wndt Bogesy KrPBRanfy pUBpblag Bl B il ™ eyt ang

ortho-tolyl, and either tris(di benzylideneacetone)di pall adium0) or 25
PdX2, wherein X is cl, Br or 1. CO.R

n Ris

CO.R
5 F
wherein R is C1-Cg alkyl, corriprising heating a mixture of a ‘

difluorobenzene derivative of the formula
' F

A

10  wherein A is Br, I, -OS(0)2R2, or -OP(=0)(OR3)z, and wherein R2 is F,
CF3, C1-Cg alkyl, aryl or substituted aryl, and R3 is C1-Cg alkyl, with
allene, a dialkyl malonate of the formula CH2(CO2R)2, wherein R is
C1-Cs alkyl, and a base, in a polar organic solvent in the presence of a
catalyst, in a sealed vessel and the pressure within the vessel is 1 to 10

15 psig.

2. The process of claim 1 wherein A is Br, R is ethyl or methyl,
and the catalyst is a Palladium catalyst.

20 3. The process of claims 1 or 2 wherein the catalyst is bis-
(diphenylphosphino)ethanepalladium(0), tetrakts(tnphenylphosphme)-
palladium(0), bis(triphenylphosphine)palladium(ll) chloride, or a
combination of P(Ar)a, wherein Ar is an aryl group selected from phenyl,
and either tris(dibenzylideneacetone)dipalladium(0) or PdX2, wherein X

25 isClLBrorl.
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“15- a4, The process of claims 1, 2 or 3 wherein the base is [err],

5 b WO 95/30B58 proc ains 1, 2, 3 or 4 wherei n ROTAOWHER1I¢ s [err]
br [err]. 6. The m ﬂﬁ H,m 1, 2, 3, 4 or 5 wherein the
solvent is DVF, DVSO, T onltrlle 10 7. The
process of. clains 1, 2, 3 4, 50r 6v\here|nthe m xture is heated to [err]
to [err]. 8. The process of clainms 1352, 3, 4, 5, 6 or 7 wherein
the 15 m xture is heated to [err] to [err]. 9. The process of
claims 1, 2, 3,. 4, 5 6, 7 or 8 wherein the mxture is heated to [err] to
[err]. 4, The process of claims 1, 2 or 3 wherein the base is K2COg,

NazCOs, NaH, KH, NagPOg, K3POy4, or NaOR? or KOR?, wherein R1 is

C1-Ce alkyl.

5 &. The process of claims 1, 2, 3 or 4 wherein the base is
NagPO4 or K3PO4.
6. The process of claims 1, 2, 3, 4 or 5 wherein the solvent is

DMF, DMSO, THF, acetone or acetonitrile.

10
7. The process of claims 1, 2, 3, 4, 5 or 6 wherein the mixture
is heated to 40° to 120°C.

8. The process of claims 1, 2, 3, 4, 5, 6 or 7 wherein the
15 mixture is heated to 50° to 90°C.

9. The process of claims 1, 2, 3, 4, 5, 6, 7 or 8 wherein the
mixture is heated to 70° to 80°C.



