WD 98/ 55438 PCTI US98/ 11195 PROCESS FOR THE PREPARATHON-OF T, 3- DI CARBONYL
COVPOUNDS  BACKGROUND OF THE | NVENTI ON Fi el d of the | nv mmw\mgvent i on
"~ relates to a process for the preparation of .1, 3-dicarbo gﬁ““w 5 The
process involves a condensation reaction of a ketone wt hies an ester
or a carbonate to form respectively, a 1, 3-di ketone or a (3§ ket oester.
Such 1, 3-di carbonyl conpounds may be used as starting materials or
i nt.er medi atyg of/9443d he synthesis of heterocycles, costabiliperssgBangs
chlorinated polymers (e.g. polyvinyl chloride), or waste extractants (U:.S.
Patent No. 4RGEES$Z)OR THE PREPARATION OF 1, HDIBARBON YAy COMPOBNDS i on
reactions between ketones and esters are powerful nethods for the
preparation of 1,3-diket orRACKi ‘ﬁ%mﬁp (s)vnt hetic intermnediates
for a vargahyrife md trial I y i rrportant conpounds such as herbi ci des.
Sever al are isoxazole and derivatives thereof (Casado et
al ., WO 95/ 004rhe ineentiorCGalatesao aatchsslfﬁ they pipBptiondfduiyticabonyd sempenrddsi ve, a

car bgnat be used in ace.of an es 3- ket gest

cond nsaﬁlﬁr&?"&éﬁi‘fw Hes 3o Bg@sﬁtb(’r?dé?fgg? P%ﬁ{émrbﬁe‘ﬁ‘ gfh%&kﬁ%%?r § %ﬁﬁéteon
Condensatfoﬁﬂ%csp%ét?vclﬂ%ll@L(hxl(ctQ@chrQrF’lﬁéioééf!ﬁleSudh&%S—Glcmﬂﬁyltdoﬁx@Sundsma}Eb’w
cases, the reaction’is tacile, and can be effected using an al koxi de base.

However, whéns starting Datsriaks or nteraedlitys & the syaihgtis obhejeronyclsacoptpilizers fRate is
used, the HGRGHl BB G ol Yy IR0 O B BraBah S (6. PR . 20 The

d ai sen con nown réacti on, re are many mnet hods

to affec4115012).condensati on reacti on. (Hauser et al., Organic Reacti.ons
8:59 (1954)).. The _standard conditions under which 1, 3-dicarbonyl conmpounds
can 1Be gelescrptign oftheRelatad Arth | ude the use of an al koxi de base in a

standard or gantndeiai & feadtibnlbétwedl ke B est mg&@émlixﬁetmrfmaé bon, . or
an ether. These conditions are quite sufficient en the electrophile 25 i's

ei t her a preparation,of d3-dikesorasewhich amomp@xmhssgmwc inderoediates den avariechiRfever |
_When the egt %&lly&ﬁ@ﬁ@% chrgéoe@ g‘g{cﬁ i;fc‘,rblcijd%.t.1 §ev’erafl Quch%)éﬂigg&rﬁi’s af isoxazole

i sobut yr af'€4S

and derivatives thereof (Casado et al., WO 95/00476; and Cain et al., EP 470856) Though

15 less reactive, a carbonate may be used in place of an ester to form a P-ketoester by a

| condensation reaction. These condensations, generally known as Claisen condensations, are

uéually performed under basic conditions. In many cases, the reaction is facile, and can be
effected using an alkoxide base. However, when the ester is hindered or a relatively
unreactive carbonate is used, the reaction is much more challenging and offers poor yields. -

20 . | The Claisen condensation is a well-known reaction, and there are many incthods to
affect this condensation reaction. (Hauser et al., Organic Reactions 8:59 ( 1954)). The
standard conditions under which 1,3-dicarbonyl compounds can be generally prepared
include the use of an alkoxide base in a standard organic solvent such as an alcohol, an
aromatic hydrocarbon, or an ether. These conditions are quite sufficient when the electrophile

25 : is either a formate, an acetate or another highly reactive ester. However, when the ester
becomes more hindered, such as, for example, an isobutyrate, or whén a less-reactive

- carbonate is used, these reaction conditions often fail. In these cases, the desired reaction can

sometimes still be affected ﬁsing an alkoxide by conducting the reaction in a high-boiling
solvent such as toluene or xylene at high temperature, often with continuous removal of the

30 generated alcohol. (Hauser et al., Organic Reactions 8:59 (1'954); Reuther et al,, EP

697,390). Claisen condensations can also be very sensitive to the order of addition of the
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carbonate IS used, these reaction conditions often fail. In these cases,
the desired reaction can sonetines still be affected using an al koxi de by
Gonducting the reaction in a high-boiling solvent such as tol uene or

xyl ene at high tenperature, often with continuous renoval of the 30
generated al cohol. (Hauser et al., Organic Reactions 8:59 (1954); Reuther
et al., EP 697,390). C aisen condensations can also be very sensitive to
the order oﬂw@ggqgsgjson of the 1 ~ 1 WO 98/55438 PCT/ US98/ 1¥LFfusos/mags ant s
or may require a precise product isolation protocol in order to obtain the

optimal  RLAEMS br Maf tdduiré KpReike lodadt isdiation\BEdt6&! Aitde)o oBakethe sptihalas

sodi um hydri de, sodi um am de, and sodiumtert-butoxide in an ethereal .

sol vent, mividutt vield.c(Kesbeshpk ot al.oWQ 9H2439d! at e ani on of the ketone, have been

dt t .
it Bon BRI SR R o

ani on of dolmhythxclshfefvaxubdeﬁongmrmmmmn@vsbmwﬁmfp@ete has

aI so. been used taq. performt c.ais densati

0. SChenfomprsionef rpacipB)o s oG PRISRENY, Oyl ChaBALLALS sy
However ﬁaﬁés%hm“ﬁ%zwf TRO aﬁ&ﬁeﬂameamyaadfoqmag@hewdyﬁdnemsomt hem cal ,
as it can vigorously 10 release hydrogen upon reaction wth an

material, sedism hﬂﬂn@t heg also bpmuwééo perfarmthe Elaisen qerdgpsation {Blqamdie ‘gylgen’m ve
base, od a r&, O ¢ sol vent
e o el 2 P B AR % OF QAN (567, Bede <ol v

However, tsbdimhﬁ@dﬁde s tan BlenstvEhmal c&ﬁgeromshyd&aaa»telcbﬂnmainah it camggd:rouq:l}’ epar e
1, 3- dicarbonyl conpounds can suffer from po Ids an&‘ nume ous
e

by- pl%ducﬁeleasahy@ﬁgqewa AEACHRIRYEh AR AIGIE e a‘é%f}“r 64 %{“m
Accor di ngliy, . hARMGa st %%) esﬁa§e @odlﬁ@anétﬂoﬁdke u?ef tnide@e of BMSO ahdi ek war d

and efficient process e preparation of 1,3-dicar boné‘ conmpounds upon
condensat |oogmafsoa'ehehas|aksommmeeqrtbhér(Da¢W®§t oy, 1S P&t@aNboﬁ 4992Fhe reaction

fggﬂl ?ebg plr 2@?@%%% (‘,‘Pe ? gﬁ"a‘lfxﬁgﬁgg%reg PS%S%YOI“%??H télp ‘%q%ohf}lndcg(r)r:)ound
shoul'd be dNaP8HAGEShnigduiidsdan ¥ifedr Grofisboh iy dsard hﬁr)ieroﬁ@bﬁpmmﬁdty, vetficht he
| nventi on '
complicate isolation of the desired product. Accordingly, there still exxsts aneed in'the art for
a straightforward and efficient process for the preparation of 1,3-dicarbonyl compounds upon
_ condens'ation_l ofa ketone with either an ester or a carbonate. The r.eacti'on.should be
ihsensitive 'to addition orde;', provide good yields, and not require a precise product isolation
| 'protocol. The 1;3-dicarbonyl compound should be produced in high yield and high punty
20 . ummary o \4 l | 2 '
| “This invention answers those needs and provides a hlgh yielding, stralghtforward

efﬁc1ent, and cost-effective process for the preparation of 1 3—d1carbonyl compounds by its |

| use of- an mnocuous alkoxide base in DMSO as the sole solvent which affords 1mproved

results compared to other organic solvents alone or mixed with DMSO.
25 . “The mventlon provides a straightforward, efﬁclent and cost-effective process for the

_ preparatnon of 1,3- dxcarbonyl compounds by reacting a ketone having an ac1d1c proton at the -

o-position with an ester of formula (I):
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Thi§ I nventi on answers those needs and provides a high-yiel ding,
straightforward, efficient, and cost-effective process for the preparation
)i 1, 3-di carbonyl conmpounds by its wuse of an innocuous al koxi de base in.
.-DM5O-as the sole solvent which affords inproved results conpared to other
organi ¢ solvents alone or mxed with DMSO 25 The invention provides a
‘straightforward, efficient and.cost-effective process for the preparation
of 1, 3-di caybepxiasgonpounds by reacting a ketone having anpetiugssz1ipsot on at
the a-position with an ester of formula (I): O 30 R--kOR 2 TH S SHEET

HAS BEES ijn Nt @GRl thefprideh %/ 2R 4&8xiBEPAsSTRE inbdffon dlso goddesnd t he presence
of an al koxi'de base. The invention also praovides a strajghtforward, -

ef fi ci entstaightforrd efficent pndeqst-effestive proress fr the BERFARGH lof-dirarhopylc oy hony|
W th e celbolif ey B §KLARELAR Ao, foldd oy b Gl wiIEodobiahe 81 B

presence fofmala (@): koxi de base. 10 Detailed Description of the Invention One
enbogi ment of the invention is.a process for the preparation of a '

1, 3-di carbonyl conpound by reacti ng a ketone and an ester. The process
reacts a ketone with an ester in a gsingle step C aisen condensation. The

reaction is carried out in the pres&gce of an oxi de base and DMSO as
the sole solvent. This process,R'&@ ongGR"th preferred enbodinents, is 15
‘described in nore detail in the discussion and exanpl es bel ow.

in DMSO and. in the presence of an ;_ﬂkoxidc_ base.
10 Detailed Description of the Inventi

One embodiment of the invention is a process for the preparation of a -1,3_-dic_arbonyl
combourid by reacting a ketone and an ester. Tﬁe process reacts a ketone with an ester in a
single stei) Claisen condensation. The reaction is carried out in the presence of an alkoxide
base and DMSO as the sole s_dlvént. This process, along with preferred embodhneﬁfs, is
15 . described in more detail in ihc_: discussion aﬁ_d examples below. _ '
‘The ketone rﬁay-be any ketone which has an acidic proton at the a-position. |
Examples of suitabfe ketones incl_ude,_ hut_ are not limited to, dialky! ketones, alkyl aryl
" 'ketones; alkyl hete.i'o'aryl'ketones,' alky1 cycloalkyl, and alkyl heterocycloalkyl ketones.
Un]css_indicatea oiherwise, an alkyl group as u;scd throughout refers to a substjtuted or
.20 © . unsubstituted straight éhajh or branched hydrocarbon group. Preferably the alkyl groupisa
o C-Cio alkyl group, more preferably a primary alkyl 'éroupl. A cycloalkyl gl'odp_as use;d |
- throughouf refers to a substituted or unsubstituted cyclic hydrocarbon group. Preferably, the
' ¢ycloa1kyl_group is a C;-Cq cycloalkyl group. Suitable examples of the cycloalky! group
include, Eut are not limited to, cyclop_ropyl, cyclopentyl, and cyclohexyl_. A heterocycloalkyl
25  group as u;sed thrdughout refers to a subst_ituted or urisub’stithted cyélic hydrocarbon group
. containing at least one heteroatom. Preferably, the heterocycloalkyl group is a substituted or
unsubstituted. C;-C, heterocycloalkyl group. Suitable examples of the heterocycloalkyl group
include, but are not limited to, an imida_zolidinyl, pyrazolidinyl, pipéri_dinyl, piperazinyl, or
_ morpholinyi group. An aryl group as used throughout refers to a substituted or unsubétituted
30 _aromatic group while a heteroaryl group as used throughout refers to a substituted or

unsubstituted aromatic group containing at least one heteroatom. Possible heteroatoms for
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The ket one maybe any ketone which has an. acidic proton at the a-position.
Exanpl es of suitable ketones include, but are not limted to, dialkyl
ﬁetones, al kyl aryl ketones, alkyl heteroaryl ketones, alkyl cycloal kyl,
.and al kyl heterocycl oal kyl ketones. Unless indicated otherw se, an al kyl
group as used throughout refers to a substituted or . 20 unsubstituted
strai ght chain or branched hydrocarbon group. Preferably the al kyl group is
a. Cl1-C, o wblgksggoup, nore preferably a primary al kyl greapusssmyss oal kyl
group as used . throughout refers to a substituted or unsubstituted. cyclic
hydr ocar bihe hetediclodik i fof hétbrloyromiatie grodpcinodk yiitrog ey, dkpgensaril sulfuf SPrefeeiedal Kyl
group. Suitable exanples of the cycloal kyl group i.nclude, but are not

i mited t8Yenaemgicesgups aewtafa@wf?ﬂ hetegpigomatiq %rﬁgwp‘?luge, Ee&aé? BetyEnited kyl 25
group as s Egggh f: : ' Qf hju skyclic
hydrocarb%hﬁg?ggp . é taf%@ﬁgrg?%ﬁég%@ﬂ%ﬁ%bﬁgﬁgggg%%ﬁﬁﬁﬁﬁé?gﬂagﬁgﬁgghe

het er ocy céubstitugrts igclude busare neuiirsitéd: taf alklylparyl, hetstobnil,i ether,ghiogiBerchalo, and

het er.ocycl pal kyl. group. ,Sui t.abl ampl es af e het erocycl gal kyl group
T aae R st HR; pRHYFe B &Rl kiGof SR SR SonRelR|

pi peri di nxdetophétion €, 22ehickydthyl ALtrifliroRiyl-BdetorleRdhe; cydlopadpyl methgliketérse, s ed

t hroughout refers to a substituted. or unsubstituted 30 aromatic group

whi | e a hdB«limethyl2-bytaiqneas used throughout refers to a substituted or .
unsubsti tut ed 0 ' WA at | east one heteroatom Possible
het er oat ons fdfmﬂga%hﬁygéﬁﬁgﬁﬁgggu P US98/ 11195 the heterocycl oal kyl or
het er oaromati ¢ groups include nitrogen, oxygen, and sulfur. Preferred aryl
or alroomatic groups and heteroaryl jjor heteroaromatic groups include, but are
not imted to, phenyl, furanyl, rrolyl, i@gppyrrolyl, thienyl, napthyl,
pyridinyl, and pyranyl. Possi bl SUBR't i tuents include, but are not limted
to, alkyl, aryl, heteroaryl, ether, thioether, halo, and 5 other simlar
groups. Preferably, the ketone is a nethyl ketone such as, for exanple,

' acet ophengpe - thj,onet hyl - 4-trifl uor.onet hyl - . n r I
methy | kol BE Rk R 3 bén R  sURHARE bR iR et R RERy
formul a (tycloalyl group, a C,-C, heterocycloalkyl group, or an aryl or heteroaryl group. Possible

15 substituents include those as defined above. Preferably, R and R’ are, independently, a C,-C;
alkyl or C;-C, cycloalkyl group. More preferably, R and R/ are, indepéhdently, for example,
a methyl, ethyl, propyl or cyclopropyl group. Examples of suitable esters include, but are not
limited to, methyl cyclopropanecarbdxylafe and methyl acetate. Preferably about 0.8-6
equivalents, more preferably about 2-3 eq’u_ivélents, of ester based on the amount of ketone, is
20 used upon reaction with the ketone.

Thé aJkoxide baée may be any alkoxide base capable of deprotonéting an acidic
proton af ‘_the a-position of the ketone as described above. Preferably, the alkoxidé base is an
alkali metal alkoxide or an ammonium alkoxide. The alkali metal of an alkali metal alkoxide
may be any alkali'metal including, for e)_chmple, sodiurh, potassit'mi, cesium and the like. '

25 Preferably, the alkali metal is sodium or potassium. More preferably, the alkali metal is
sodium. The alkoxide of the aﬂco_xide base fnaY-be derived from a lower alcohol, preferably
from a C,-Cq-alcohol, niorc preferably from a C_,-C,,- élcohol. Examples Qf suitable alkoxides
include, but are not limited io, methoxides, ethoxides, t-butyl oxides and t-pentoxides.
Exajnplgs of preferred alkoxide bases include, but are not limited to, sodium metﬁoxide,

30 sodium ethoxide, sodium t-pentoxide, potassium methoxide, potassium ethoxide, potassium t-

butoxide, and ammonium t-butoxide. Preferably, the alkoxide base is sodium methoxide.

4



10 RLOR (1) . where Rand R are, independently, a substituted or
~unsubstituted Cl-Cl10 al kyl group, a C3-C8 cycloal kyl group, aC3-C,

Ket erocycl oal kyl group, or an aryl or heteroaryl group. Possible 15
“substituents include those as defined above. Preferably, R and R are,
independently, a Cl-C3 alkyl or C3-C6 cycloal kyl group. Mdre preferably, R

and R are, independently, for exanple, a nethyl, ethyl, propyl or

cycl opropyl g6osiEssagExanpl es of suitable esters include, butp@mesoeeios

limted to, nethyl cycl opropanecarboxyl ate and nethyl acetate. Preferably

‘about 0. 8-16 e @i rANoRide BRNeRedqtiiRli & SHtcy thakeudtioris 3pemblly Moant 5.3 of ester

based on the anmount of ketone, is 20 used upon reaction with the ketone.

The al koxiedeivlarts, prefgrably ahayt 2gquivrieats, brssdor s amprntf keteps- oG ieiered an

acidic pr : € 1. [ Qn..0f it %’; kﬁm L bed 3RQus:H
Pr ef er abl ye%}btgalg%%f’&%xﬁugpﬁ%?s%élﬁsr&tlg;rfd lgl al | ngfog@rgtﬁ%ﬁétg% or an ammoni um
- al koxi de. sélutioml kali metal of an al kali netal al koxide may be any

| kal pret al i .ncl udi , fo J ' .pot ' ' [ d,the |ike.
b B St er bl v I AEeEiosEva Ry 220 el g S et e o S Bt <
the al kal ig,[¥5fial (dNsOF Rdists tﬂé‘?ol@édi@g:t.dﬁy?.{iné D&ISO kike chﬂc Bsisentay be

derived froma | ower alcohol, preferably roma' C1-C6 al cohol, nore -
pr ef er abl \impravementSin Yeldaif greatsr thaabon 18% ang reslided spmparad fogthe Bieof otheg| ude,

but are nat lint.ed to, nethoxides,. id '

Y bent oxi dhert i s i iRFS ik PRASO § Alpouteh th o b BB esent
limted tdn tsadidtich aiddeptcidBfor Sbceds Qif tHE redckion i forcconsdikndasikephe st f
pot assi um net hoxi de, pot assi um et hoxi de, pot assi um t- but oxi%()j '

PP U {DHICOFAIE suPt BRche s enTRen af lis RrEBRN0E DS NI B8, 4 0
VD 90/ 55438 FGTLLSRB AT TSI oo Bl K AT R BB 0! | o0

the reaction i's optinmally abou equi val preferably about 2 _
equi val entabputB0S Edpreferdbincatacrperstues rdogingrfeom dboubdfpr Bi°€kred enbodi nent, the
al koxi de base ignuﬁi lized in rﬁ/ .g'o er .form ra{,h%{ t han .as nl'asl cohol
sol ution. - Another embodiment of the invention 1s a process 1or ¢ preparation of a 1,3-

dicarbonyl compound by reacting a ketone and a carbonate. The process reacts a ketone with

15 a carbonate in a single step Claisen 'condens.,ation. The reaction is carried out in the présence
of an alkoxide base and DMSO as the sole solvent. This process, along with preferred
embodiments, is described in more 'détail in the discussion and examples below.

o The ketone is as described above. The carbonate may be any carbonate of formula
an: | ‘

20 ' _ 0

R"O)‘\OR"' an

where R” and R” are, independently, a subétituted or unsubstituted C,-C,o alkyl group, a C;-
25 C; cycloalkyl group, a C;-C, heterocycloalkyl group, or an aromatic or heteroaromatic group.

Suitable substituents include those as defined above. IfR" or R are aromatic or

heteroaromatic groups, the substituent may not be a nitro group. Preferably, R” and R" are, -

indepeﬂdently, a C,-C; alkyl grou_b such as, for example, a methyl, ethyl, or propyl group.

Mbre preferably, R” and R are each a methyl 'group. In a preferred embodiment, an excess
30 amount of carbonate is used upon reaction with the ketone. Preferably, about 1.5-6

equivalents of carbonate is used, more preferably about 2-3 equivalents, based on the amount
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S1ln or der to achi eve high ylelds and high purlty of the condensatlon
products dimethyl sulfoxide (DMSO) is used as the sole solvent. By using
BMSO as the sole solvent, inprovements in yield of greater than about 10%
are realized conpared to the use of other inert organic solvents al one or "
mixed with DMSO. Al though the anpunt of DMSO present in the reaction is
not crucial for success of the reaction, for conveni ence sake, the anmount
of 10 DMSO wasskdsgsssuch that the concentration .of the startHaTEUSe19E i S
bet ween about 1-2 M The reaction nmay be conducted in DMBO at tenperatures
rangi ng fobketededi ent tenperature to about 90C, preferably at t enper at ur es
rangi ng from abo 40 - C Anot he odi nent of the inve

process for thg°"p‘i‘%B%?F%§FP prepanng a1, d‘c&f 2BYYSSRpPI ST e toélﬁf:‘?‘?ﬁg a
ket one angdaBofdd, PRk dkide YaSe Ra9BERAbEPHEYS @cdsﬁtl@@minhemﬂo'é Ra@nbonate in
a single step OU'al sen condensation. The.reaction Is carried out in the
presence bgt[weam a fttemxdnde darhopatg mekybivondustediie DY Q atdginperatures Tangingfrefesss,

al ong. with rrede fo i ol

di sc%sm 0 rs@)bgf’m l]g'h%r © °‘€°§ﬁg‘ 'Q"céigh%egg%bﬁ’gg‘gdg oveﬂmﬁ

car bonatesﬁmmmoaaymﬁwdsqnameopismemueanch(eved) 200 R'~-OR'' (1) where R'
and Rare, independently, a substituted or unsubstituted Cl-C10 al kyl group,
a C3- 25 Cg cy&“@h? WoIK @pseﬁvwaslmbﬁewe?dé%%ef 158 IAFPUQL BE FRseRsitIvE o
aromati c Qfe &ﬂérﬂfggflﬁm%ﬁe FL0URs andi ﬁ(ﬁl?écﬁmﬁ'd Pdcise ?d?fuét isbletidtifolobISE as
defined above are aromatic or tero I’OITB.tI C gr oups, the
subst i t uemntderty/obtaih tl’a:e)pamal pnoducg yieldh . Prefessbly, hw?/ver Rl reaggntRare mixed

i ndependent | roup such as, for example, a nethyl, ethyl,

or ptbpyl ‘(ﬁ%l?b?t T\Bf’%°€ ¥6€F§?ﬂ y, R" and R' are each a nethyl group. In a
preferred. enmbogy ﬁaﬂér,una&smcﬁﬁg Sanife Mbﬁéfe&ﬂﬁmr&hﬁnlsﬁewﬁ@&aﬂmm
reaction with the ketone. Preferably, about 1.5- equi val ents_of carbonate

i s used, nhich a5e providst hereimtforpurposg of glistrationrsmly, mﬂéswtéwt‘%%é t%%hﬂttmgs VO
98/ 55438 my&gg&ljw}sle]sgalﬁg ket one.

EXAMPLES

15 . For the examples below which relate to the reaction between an aromatic ketone,
2-thibrnethyl-4-triﬂuoromcmylacéfophenone, and an ester, methyl cyclopropanecarboxylate
(MCPC): |

20

25
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‘For the process of preparing a 1, 3-dicarbonyl conpound by reacting a ketone
and‘a. carbonate, the al koxi de-base is as descri bed above. According to
fhe.invention, reaction between a ketone and a carbonate may be conducted
i'n DMSO at tenperatures ranging fromb5 anbi ent tenperature to about 90C,
preferably at tenperatures of about 40-55 C. Under such reaction
condi.tions, yields of z69% can be achi eved. Unlike work done previously,

bot h enbodi memdsissads t he i nvention are insensitive to the oOPGRAVSIBANIZBCI ti on
of the reactants and do not require a precise product isolation protocol 'in
order to obtaipg the optimal product yield. Preferably, however, all
reagents are mXd 10 together at the start of the reaction. A further
under st andi ng cal bes@bht ai ned by reference to certain specific exanpl es-
whi ch are provg erein forpNurpose of illustration only and are not

i ntended to be ting +unl e¥0Hse speTTTe0_EXAMPLES 15 . For the
exanpl es below™wf ch relate tld the reacti on between an aromati c ket one,
2-t hi onet hyl - 4-t FifI uor onet hyl acet ophenone, and an ester, nethyl

cycl opropanecarboxylate (MCPC): 20 25 30 6 9 . WD 98/55438

PCT/ US98/ 11195 1O SCH3 + ~ COOCH3 CF3 1 HO OOHo
: : o o0 ' :

SCH;

CF,

SCHy

. CR




SCH3 ~I\\ | ~. F3C SCH3 CF3 2 3 0 0 OCH3 O SCH3 SCH3. I~ I\ CF3 CF3
4 5" CH3S 00 SCH3 CH3S 0 CH3 SCH3 F3C CF3 F3C CF3 7 7 WD 98/55438

- PCT/ US98/ 11195 Exanple 1: Preparation of

1-Cycl opropyl - 3-(2-thionet hyl -4-trifluoronethyl phenyl)- 1, 3-propanedi one
(2): 2-Thionmethyl-4-trifluoromethyl acet ophenone (1; 97.1% 6.03 g; 25.0.
mol ). was ‘dissolved in DMSO (12.5 nL). Methyl cyclopropanecarboxylate (7.5
m.; 75 molwo3sesesv) 5 was added, and the resulting sol upcowsssadisool ed
in an ice-water bath. Sodi um nmethoxide (2.70 g; 50.0 mml; 2.0 equiv) was
-added i n Bxeenpbol:t i milepail'dmenI‘oéd—GyeB)pt‘dpglh3m-mﬁmmahymmthtordmehiylpHEnybe

i ce-water bath for 5 m n angd th bat h was renoved. The reaction m xture was
heated i a 40C oi I1-bBioRGE (ﬁ)to consune all of the ketone 1 according

to GC anal ysi sy Thibh@tH E}ﬁatnm.garas\aémg&ea@mén@mql 1o, w@n@oi %22550 b)) \Woss O) added.
The reaction m xture was cool ed in ice-water and m.; 60

mol ; 2. 4d@qmed)n M%ﬂéeﬁmémn#ewmyctomom@pmmeé? Smalrre?‘SMObéleew?oc
The g] xt uw%ﬁ] ed an Ei\'gsu m r-éol(?xﬁon wt:)x%J I:oo?%d x%%g {E'-\):até%% IAfod Wy
e racte

separi at.ed aq ueous e Was ex an addi |onaf‘{cpor on (12.5
m.) of (2.70 g; 50.0 mmol; 2. Oeqmv) was added in one portion. The red reaction mixture was

. stirred in the ice-water bath for 5 min and the bath was removed. The reaction mixture was
heétcd in 240°C oil bath for 8 h to .consumc all of the ketone 1 according to GC_analysis.
The heating was stopped and toluene (12.5 mL) was added. The reaction mixture was cooled -
10 in ice-water and 3 N HCI (20 mL; 60 mmol; 2.4 equiv) was added such that the temperature
 remained below 20°C. The mixture was dlluted with pH 7 buffer (20 mL) and the layers
were sepaxated. The aqueous phase was extracted with an additional portion (12.5 mL) of
toluene, and the combined extracts were washed with saturated aqueous sodium bicarbonate
(10 mL), dried (Na,SO,) and concentrated to afford 7.63 g of crude 2. GC analysis using an
15 internal stahdard indicated that the crude product was 81.8% 2 by weight, indicating an 83%
yield for the coﬁdensation reaction. |
The only by-products observed that were derived from ketone 1 were diketone 6
(2.7% by GC area percent) and enone 7 (2.6% by GC area percent). No detectable reduction
products were observed. | ' '
20 . 2: '"HNMR (CDCl,) enol & 7.632 (d, 1H, J = 7.68 Hz); 7.468 (s, 1H); 7.411 (dd, 1H, J =
165, 7.97 Hz); 6.100 (s, 1H); 2.507 (s, 3H); 1.755 (m, 1H); 1.23 (m, 2H); 1.0 (m, 2H); keto 6
7.916 (1H, d, J = 8.24 Hz); 7.535 (s, 1H); 4.237 (s, 2H); 2.491 (s, 3H). FDMS (m/e): 302
(M*); GC (30 m DB-17, 100°C, 3 min; 100-280°C, 15°/rf1in; 280°C, 10 min): tz 14.9 min

25 E xample 2:  Preparation of 1-Cyclopropy1-3-(2-thiqmethyl-'4-triﬂuoromethylphenyl)-
1,3-propanedione .(2) with Ambient Temperature Addition: .
2-Thiomethyl-4-trifluoromethylacetophenone (1; 97.1%; 6.03 g; 25.0 mmol) was
dissolved in DMSO (12.5 mL). Methyl cyCIOpropanec'arboxylate (MCPC) (7.5mL; 75
mmol; 3 equiv) was added, and the resulting solution was stirred for 5 min at ambient
30 temperature. Sodium methoxide (2.70 g; 50.0 mmol; 2.0 equiv) was added in one portibh,

resulting in a temperature increase of 9°C (froxh 24°C to 33°C). The reaction mixture was



t ol uene,- and the conbi ned extracts were washed with saturated agueous
_sodl‘um bi carbonate (10 nlL), dried (Na2SO»4) and concentrated to afford 7.63
g of crude 2. GC analysis using an 15 internal standard indicated, that the
crude product was 81.8% 2 by weight, indicating an 83% yield for the.
condensation reaction. The only by-products observed that were derived from
.ketone 1 were diketone 6 (2.7%by GC area percent) and enone 7 (2.6% by GC
area per centwye ods4siet ect abl e reduction products were obsermeusof2®1125 ' H
NMR ((CDC13) enol 6'7.632 (d, 1H, J = 7.68 Hz); 7.468 (s, 1H); 7.411 (dd,"
C1H, J = hill6wed th. @3l tdek 1o Amblied térsperdtide;an@ tHefl hieftad in3H0,° Cloiltizth fomiObith ; 1. 23
(m 2H); 1.0 (m .2H).; keto 6 . 916 . , d,,J =824 Hz): 7.5 S 11);
4.237 (s, Czpbuf“e’z%“zfgbi aeg‘zf‘ti@ﬂ}‘? Géméyilngﬂlﬁj? cragpprodygs yvas @)at“‘é@sfﬂ 0 ?}.1000,
3 mn; 10Qs 2803 7.555¢ & dhide2S Wnant @i _Gﬁanﬁl?si}ﬂsi B hte2al 524AMRE hdZoated that
Preparation of 1-Cyclopropyl-3-(2-thiomethyl-4-trifluoronethylphenyl)-

1, 3- pr opartkaérodeprodyct phrtdingdh§. 2% ofizbyweighty insicating an 8376 yield of 2.

2- Thi $mat hyl -4-trifluoronet hyl acet ophenone (1; 97.1% 6.03.g; 25.0 nmol)

was di ssolved in DMSO (12.5 nL). Methyl cycl opropanecarboxylate (MCPC) (7.5
m.; 75  mMBE¥ampk BJUPYepatafion afidEdclopoplyltne-thiveettyl-Adgrifiabroinethylphesylst i r r ed
for 5 mn at anbient 30 tenperature, Sodi um nethoxide (2.70 g; 50.0 nmol ;
2.0 equiv) was added.3rBopagedipes @) Bith Invepse M 4ditigR: i n a t enperat ure i ncrease

of 9'C (from 24 F@E,li ' i r . Rédded -
PCTI U_S98/-11-195[i"ll‘gr)?l(%(%\'/(l’:gccz)lqut0 ggg%o aagi]&{l%pg)ng} %sr#’ Fewn%%g’a%gpg)%ﬁt hen. heat ed
in a 40C dhDMS$®OI6 fdy) addsadiunomethorige (B7Gg;] 50dF mmok @dbequiv)gvas edded. dheal ysi s.

Th d d i ,as | le 1 to afford 7.57 g of d
> Mt ; B Ranen 9oled 108 G B dAsoiBBRRa st andar d | ndi cat ed tha i he
crude produgfo 124-Higdord ety Mcatbplenbie WeO T Ms; 6.08€i R0 bl pin INMIOY6S! d of
2. 5 Exanple 3: Preparation of o . . _

1- Cycl opr oply) was gdged sipwhyetroyisevia pp pdditierofiaesl pverdigin) The figmeh wisdainsed one
(2) wth '\Ui‘ﬁ?bi@o“@grgi% Q4 g{é@éeag%n SUGLR R0 BAPRCR S PO Ahfh A hehtbd n ML

75 mol ; 3 equi I'SS
: a 40°C oil bath for 10 h to consume all of 1 according to GC analysis. The crude product

15 was isolated as in Example 1 to afford 7.53 g of crude 2. Quantitative GC analysis using an
internal standard indicated that the crude product contained 83.18% 2 by weight, indicating
an 83% yield of 2.

_' Qompa:ativg- Example 1: Preparation of Diketone 2 Using Sodium Methoxide in Toluene
20 i * Toluene (70 g) and sodium methoxide (95%; 11.6 g; 0.20'mol; 2'.equjv) were slurried
| together and heated to 65°C. 2-Thiomethyl-4-triﬂuqromethylacetophenone 1; 97.4%, 25 .66
g; 0.10 mol) was dissolved in methyl cyclopropanecarboxylate (98%; 31 g; 0.31 mol; 3.1
_equiv). This solution was added dropwisc-to the toluene/methoxide slurry over the course of
a two hour period while maintaining the reaction temperature at 65°C. After the addition, the
25 reaction mixture was held an additional two hours to consume all of 1 as determined by GC
-analysis. The reaction mixture was cooled to ambient conditions and quenched with conc.
HCI (36%; 24.0 g; 0.24 mol;~2.4 equiv) and water (24 g). The aqueous layer was decanted
and the organic layer was washed with water (30g). The organic phase was concentrated
_ unqer reduced pressure (25 mm Hg) at 50-55°C. This afforded 3 1.8 g of crude product which '
30 was assayed by GC internal standard to be 53.3% 2 by weight. This indicated a yield for this

reaction of 52%. Predominant by-products were alcohol 3 and ester 4.



in DIVBO(6 m.) and SOdI um net hoxi de (2 70 g; 50.0 nmol; 2.0 equiv) was
added The 10 resulting slurry was cooled to 5C and a soI ution of
2-thiomethyl -4-trifluoronethyl acet ophenone (1; 97.1% 6.03 g; 25.0 nmml) in
DVBO (6.5 nL) was added slowy dropwi se via an addition funnel over 30
mn. The funnel was rinsed with DMSO (1 nL), and the reaction m xture was
stirred at 5 Cfor 5 mn and then heated in a 40C oil bath for 10 h to
consune al | vedeglssaascor di ng to GC anal ysis. The crude producRCTIGSIBAHIS
isolated as in Exanple | to afford 7.53 g of crude 2. Quantitative GC -

anal ysi s @ompgrative Exahple 3a [Prepaeatida ofiDiketine atir s Miktate ¢fleolwene ded DM ct

t d 83.18%2 b t 83% ve -
Lo 0o, B3, et r b Ml 148" bt S BshrermcSbRonta 20 B2 HRIL 5o
Tol uene (3 &hivdadd Q-Qﬁibhhe‘lhmiﬁ%ﬁdi'&nétﬂﬁ%etdpkc&rﬁ 1;3920) 26!@ g; 021058l Wereer e

slurried together and heated to 65C

2- Thi omret mikedgtogether|and séwmed wyil & selutiomwavehiained. T termpergtaregras rgamt@mfé ahm)

was ssol t Lho 1 -
'eqw\% Tﬁlbg%sg%@dﬁ%ﬁ?%‘?{ggg@?oﬁwﬁs%’ ?%bﬁ]@ %’%?ﬁéﬁé}aﬁ%{dﬁoxs’m sl urry _
over the catpasturiwasadiusted bwdl°pardithelreadtioneninmrdas stirred fortch.r EaepH ofithe
tenperature gt 65 C. After the addltlon t he 25 r‘sactl n.m xture %gar'él hel d

an addi t | SPRASFIOR TEXIWESYaS adiysted Hudpd-Gayith fgncentrted FGH(er238) apg wager ( ysis.

The react ippid¥k X iﬂhﬁbwme@h&ﬂthkﬁum»G&tstlﬁ%‘ﬁirts'rﬁﬂs AR s AURB TR ImM, t h
conc. - HCl (36% 24 nol; 2.4 equiv) and water (24 g). The aqueous:

| ayer vvas tldtebmt wwolmwer s dccgawd end ary@ppmgmdawd wit Washed tveifh w320 The

organpi ¢ ph centrate under, reduc res ur e yg t 50 55
<O S PN AR RBR SR o RS kP e R S e T &

i nt er nal ssbassd@rtd rénfoveehdsbivi i &deOWZ&Ogofa'ﬂimézl hférfdiseadad\GEhthlysty this
reaction of 52% Predoni nant b% products were al cohol 3 and ester 4. 9 4 WO

98/ 55438 Metrrmingd thesample tobed P atvant 2Eindisgiing dyieldafddveat i on of Di ket one 2
in a Mxture of Toluene and DVSO Tol uene (27.4 g), DWVSO (27.4 g) met hyl

cycl opropanecar boxyl ate (20.0 g; 0.2 nol; 2.0 equiv) and

2-t hi onet @damﬂgﬁ"l?rbmatmmmf ﬂﬂMmyhéf(@ﬂbomchyB%ﬂmtﬁetgylpbeM mol ) were

15 1,3-propanedione (2):
Methyl 2-thiomethyl-4-trifluoromethylbenzoate (2.06. g; 8.23 mmol) was dissolved in
: DM'SO (12.5 mL). Cyclopropyl methy! ketone (0.85 g; 10.1 mmol; 1.2 equiv) was added,
and the resulting solutidn was cooled to 15°C émd sodium methoxide (0.62 g; 11.5 mmol; 1.4
equiv) was added in one portlon The reaction mlxture was stirred for 5 min and then' heated
20 to 40 C for 10 h. The reaction mixture was diluted thh tolucnc (5 mL), cooled in 1cc—watcr,
and 3_ NHCI(S mL) was added drdpwxse such that the tempe;ature remained below 25°C.
* The layers were separated and the organic solution was washedthh adueous sodium
bicarbonaie‘(lo mL)and water (10'mL), dried with sodium sulfate, and concentrated to afford
1.83 g yield of crude 2. Quantitative GC analysis using an internal standard indicated that the
25 crude product contained 98.4% 2 by weight, indicating a 72% yield of 2. |

10.



nixgd together and stirred until a salution was obtained. The tenperature
was ‘mai ntained at 5 20-30C while sodi um et hoxi de (95% 10.8 g; 0.19 nol ;"'
1.9 equiv) was added. The tenperature was adjusted to 40C and the reaction-
m xture was stirred for 6 h. The pH of the reaction mxture was adjusted
to 5.5-6.0 withconcentrated. HC1 (ca. 23 g) and water (75 g). Heptane (75
) was added and the m xture was stirred for 5 mn. After settling for 5
mn, -the | owehgagueous | ayer was decanted and the upper or geniussdmaysr was
- washed with water (20 10 nl). The resulting organic solution was stripped
-under r eduggsingle s s UPrepdraion v 1FRNenglt 3-cyaloprdiyl1(3-prepmediohb ¢8)sol vent and
afford 28.0 g of crude 2. Internal standard GC anal ysis  determ ned the
sanple to be 78.0 wt% of 2, indicatigg agyield of 72% Exanple 4:
Preparation of 1-Cyclopropyl-3-(2-thijoretfhyl -4-trifluoronethyl phenyl)- 15
1, 3-propanedi one (2): Methyl 2 s 4-trifluoronethyl benzoate (2.06
g; 8.23 mmol ) was dissolved in . Cycl opropyl nethyl ketone
(0.8569 10.1 mmmol ; 1.2 equiv) , aNd the resulting solution was
cool ed to 15C and sodi um met hoxi te (0.62 g; 11.5 mmol; 1.4 equiv) was
added in one portion. -The reaction mxture was stirred for 5 mn and then
~heated 20 to 40C for 10 h. The reaction8m xture was diluted with toluene (5
m.), cooled in ice-water, and 3. NHO (5 nL) was added dropw se such that

the tenperaturey, - YA r Es,ggsdthe '

or gani (r:rpsol uti onEé\}@ch&%&g l% t‘?%‘éﬁu o%;g%gggidgbsz cgsr %ggt%hﬂi m.) and

wat er. g 10f ﬂis)qh(rjdrmmgot(m Bg)iISMu&nl:hfc&tomdez(mdi gc;onﬁ&ntol at(beqm\olvm‘sfaddcﬂ 1.83
ie of crude 2. antitative anal ys ng an internal s

ignéi cll ed ¥ YY" BamEAmIg g‘ﬁrtmmr&?ﬁ{"é‘f irfi"&:u 3@‘ 3%090%91%1.'6&&5 “t“?‘ﬂtﬁa@ t'i ng

2 72% Vi ehglaic fr s n GedhORLE MII R GHALBAAI Bpsuthi 00 Piauls AIACRIERN Of

~1- Phenyl - 3-cycl o ropy r opanedi one (8): Acet ophenone (10.1°

g; 0.084 nﬂ]a} thg q;s(tlz@ £ Fhe rgxxgge wes stlr@dé'qxul Sipingaddhen allowed to settle.

The lower aqueous 1ayer was decanted and discarded. The upper organic layer was washed

with 40 mL of water, and the solvent was stripped to afford 14 g of crude 8, which was 97.2%
15 ‘pure by GC (area %) to afford an-86% yield of 8. |

Example 6: Preparation of 4-(2-1‘hiomethyl-4—uiﬂuor§methylphenyl)—2,4-butanedione 9):

- CH,$ 0 o

.20 ' : _ CH, .

FC

25 2-Thioniethyl-4-niﬂuorométhylac_étophenone (1; 20 g; 0.085 rhol) and methyl acetate
(18.7 g; 0.25 mol; 3.0 equiv) were dissolved in DMSO (46.1 g). Sodium methoxide (9'.1 g;
0. 168. mol; 2. 0 equiv) wds added while maintaining the tcmpcrdture below 30°C. The
- reaction mlxture was then heated to 40°C for 5 h. Heptane (1 00 mL) was added followed by
sufficient 20% aqueous HCl such that the pH was less than'5. The mixture was stirred for 15
30 min and then allowed to settle. "The lower aqueous layer was decanted and discarded. The

upper organic layer was washed with 40 mL of water, and the solvent was stn'pped to afford

11



disgolved in DMSO (46.1 g).. Sodium nethoxide (9.1 g; 0.168 nol; 2.0 equiv)
was added 10 slowy while maintaining the tenperature bel ow 30C. The
reaction mxture was then heated to 40C for 5 h. Heptane (100 nL) was
added fol | owed by sufficient 20% aqueous HCO such "that the pH was |ess
than 5.- The m xture was stirred.for 15 mn and then allowed to settle. The
| ower aqueous | ayer was decanted and di scarded. The upper organic |ayer was
washed w t WOIgB/35380f water, a nd the solvent was strippedPCG/USPFOIY 14 ¢
of crude 8, which was 97.2% 15 pure by GC (area %9 to afford an86%yi el d of
8. ame 6 17p7 2 pberude rwhigh was 97.3% pure by GC (area %) to afford a 73% yield of 9.

4-(2-Thi onmet hyl -4-trifl uoronet hyl phenyl) -2, 4- but anedi one (9): CH3S 0 0 CH3
20 F3C 9 25 2-Thionethyl-4-trifl uoromnet hyI acet ophenone (1; 20 g; 0.085

‘ol ) and  ntample Ac ePadparatibd 8f I3-Micytiapvopyd-l ;3-propanediohe/J10er e di ssol ved in
DMSO (46.1 g). Sodi um net hoxide (9.1 g; 0.168 nol; 2.0 equiv) was added
whil e maintaining the tenperature bel ow 30C. The reaction m xture was then
heateg to 40C for 5 h. Heptane (100 § dhas added foll owed by sufficient
20% aqueous HC such that the pH waslll esk than 5. The mi xture was stirred
for 15 30 mn and then all owed ' ower aqueous | ayer was
decanted and di.scarded. The wu ayer was washed with 40 nL of
wat er, and the solvent was stripped to affor¥d 11 4 . WD 98/55438

PCT/ U898/ 11195 17.7 g of crude 9, which was 97. 3% pure by GC (area % to
afford a 73%yield of 9. ExMe 7: Pregaratlon of :
1, 3-Di cycl opropyl -1, 3-propanedi one (10): 5 0 0 10 10 Cycl opropyl met hyl

ketong (10.8 Q;Cﬁlércpp?'i )net%?fjkm %6§%, &bmo‘i’) a‘f’nd%éPC%@ﬂM, 5.)4 mol; 2 equiv)
were dissolved in DMSO (100 mL) and sodium methoxide (21.6 g; 0.4 mol; 2 equiv) was
added. The resulting mixture was heated to 50-55°C for 4-6 h and then cooled overnight to

room temperature. The reaction mixture was quenched into 100 mL of 18% HCL Water (50
mL) and toluene (50 mL) were added. The layers were thoroughly mixed and allowed to

- 15 . settle. The lower aqueous layer was removed and extracted with a second portion of foluené
(25 mL). The combined toluene solution was washed with water (50 mL), dried with sodium
sulfate, and concentrated. The residue was vacuum distilled to afford two fractions which

~ were 92 and 99.5% pure 10, respectively.

20 Exarrj > 8:  Preparation of 1,3-Dicyclopropyl-1,3-propanedione (10):.

25
10
Cyclopropyl methyl ketone (2.5 mL; 25 mmol) was dissolved in DMSO (12.5mL)
and methyl cyclopropanecarboxylate (5.0 mL; 50 mmol; 2 equiv) was added." The reaction
30 mixture was cooled in ice-water and sodium methoxide (2.70 g; 50 mmol; 2 equiv) was

added. The reaction mixture was stirred for 5 min in the ice-water bath, the bath was

12



wer e di ssol ved in DVBO (100 mL) and sodi um net hoxi de (21.6 g; 0.4 not; 2
equiv) was ~added. The resulting mixture was heated to 50-55 C for 4-6 h
-~ and then cool ed overnight to roomtenperature. The reaction m xture was
“quenched into 100 nL of 18% HCI. Water (50 ni) and toluene (50 nmL) were
added. The layers were thoroughly m xed and allowed to 15 settle. The | ower
aqueous | ayer was renoved and extracted with a second portion of tol uene
(25 nlL). Thavoogrsassed tol uene sol uti on was washed w th wat efcry@dsmiaps dri ed
- Wi th sodium sulfate, and concentrated. The residue was vacuumdistilled-to
af ford t worefrosred, iand thewhixtine wastieate 20 50+d5 IO foy Bohp (The rdBtion mﬁmatetwaselhlytedzo

Exanpl e 8: Preparat cycl opropy anedi one (1Q 0 0 25
10 Cycl opWB{Wﬁ tdé? tﬁ?ﬁ@d(‘%’%%f’ M‘ﬁ(ﬁﬁgmaﬁféﬂoﬂaé&mﬂ THED (12. 5
n)  and nihivke tempfetRiRE FRARRGITRAXYS 7L, en{eﬁa)%rsr%re 3o tHidd and A EAHMENs VS

added. The reaction 30 m xture was cooled i'n i ce-water and sodi um net hoxi de

(2.70 g; 5wlwmwaszxm¢dmwltlmb@wenerﬂ@ mlg)a dihe combingd organigsolution wasgd f or

5 bath. the.bath 8155438 PCT/ 1)S98/ 11195
emovid, anireh Siaite fodlun kg (AL A Bl B e on et ur e

was di | ut ecobncentiaied!to Iar:fmes :(01@(95 Al'ﬂy)eld 60003-ditytioplof - WBpfipandivhed N HO (9
m.) was added dro (gl\#m se e _reneai ned bel ow 25C The

| ayers ver é1 SR EPEl) %mégéﬂé%h&&@sl-z%méﬂbﬁ SRE s, SEDy betl ey 1) 1

addi tional T- r tion was 5 wa hed th
aquleolus so%?gir‘ﬁubl céc%%%nj;ty‘él ((s 5}9 qubj ?ﬁgéﬂwg?hwsggg?u !sul fatz and > "
concentrated to afford 3.50 g (92% yi el d of

1, 3-dicycl gpronyh- 1,3- propanedj ane. 'k CDC13) enol..S-5.720 (s, 1H);
2 1. 3% (: €25 5 ?‘pa(' ,°“é13$},‘°%?’?éz“i‘ﬁ%‘%‘s'ﬂ%m@%‘ﬂe k)“g (m 1H):; keto 8
3.781 (s, 2H); 1.6-1.5(m 2H); 1.2-0.8 (m 1H). 10 Exanple 9: Preparation
of Met hyl 4, 4-di net hyl - 3- oxopent anoabe (1d): 0 O ' :

(CHy);C OCH;,
15 11
| ~3,3-Dimethyl-2-butanone (10 g; 0.10 mol) was dissolved in DMSO (50 mL) and .
dimethyl carbonate (27 g; 0.30 mol; 3.0 equiv) was added. Sodium methoxide (10.8 g; O.'2.0
mol; 2.0 equiv) was added, resulting in a temperature rise to 30°C. The reaction mixture was
| heated to 40-50°C for 4 h and then cooled to room temperature ovemight. The reaction was
20  quenchedinto a rmxture of water (25 mL) and concentrated HCl (25 mL). Toluene (25 mL)
was added and an additional 25 mL of water was added to dissolve salts. The layers were
allowed to settle and the lower aqueous layer was removed and discarded. The orgamc layer
was Washed with water (25 mL), dried (Na,SO,), and filtered to afford 60 g ofa tolﬁene

solution of 11. Analysis of this solution indicated 18.2 wt% of 11 to indicate a 69% yield.
25

13



OC113 15 11 3, 3-Di met hyl - 2- but anone (10 g; O. 10_rm|) was di ssol ved i n DVMSO
(50°nL) and dinethyl. carbonate (27 g; 0.30 nol; 3.0 equiv) was added.

- Sodi um net hoxide (10.8 g; 0.20 nol; 2.0 equivV) vas added, resulting in a

- tenperature rise to 30C. The reaction mxture was heated to 40-50C for 4 h.
~and then cooled to roomtenperature overnight. The reaction was 20 quenched
into a mxture of water (25 nL) and concentrated HO (25 nL). Tol uene (25
m) was adW@P8gsid8an additional 25 nL of water was added PETHSEKBAFe
salts. The layers were allowed to settle and the | ower aqueous |ayer was

- renoved ar?ﬂl‘%i%@%?@éﬁ‘“@ﬂ% organi'c layer was washed with water (25 ni),

dried (Na3so4), f "ﬁﬁ‘ﬁ f 11.
Anal ysi s éf thlAsﬁrgg‘i %l![fdlrg) ?ﬂ‘(}%%é? %&igonf @c’%d%’lm] ?gg?gkggagﬁ%é;l el d.
25 13 WO %81ohE A38ngPuTadEti8 prvtdrod theTdrposition withi an esterroff thergeneral formllai)ocess f or
preparing a 1, 3-di carbonyl" conpound conprising the stép of reacting a

ket one having an acidic proton at the a-position with an ester of the
~genersl fornmula (1): 50 ROR. ) where R and R are, independently, a
substituted or unsubstituted Cl1-CJQ al kyl, C3- cycl oal kyl, :

het erocycl oal ky, aryl or heter yl “group in the presence of an al koxi de
base in 10 DMSO. 2. A process of claim1, wherein the nolar ratio of said
ester to said ketone is about 0.8 - 6.0:1.0. 15 3. A process of claiml,
wherein said alker Riend)RSﬁcj independenilg) 4 subEtitated 8t kaxbslituted CAC,, aliopITO-OM

al koxi de. rocess claim 3, wherein said al koxi de base | s an,_al kal i
metal al kmlaék? I, bejergeye "H%é'é(égf Rstergany] grPup infpepretceeef 4 aliaxia b %M

al koxg de iggedi um net hoxi de. -

2. Anprocess of claim 1, wherein the molar ratio of said ester to said ketone is all_ao_ut- 0.8 -
6.0:10. | |
15 3. A process of claim 1, wherein said alkoxide base is an alkali metal alkoxide or an

ammonium alkoxide.

4. A process of claim 3, wherein said alkoxide base is an alkali metal alkoxide.
20 5. A pfocess of claim 4, wherein said alkali metal alkoxide is sodium methoxide.
6. - Aprocess of claim 3, wherein the molar ratio of said alkali metal alkoxide to said

 ketone is about 1.5-3.0:1.0.

25 7.° A process of claim 6, wherein said molar ratio is 2.0:1.0.
8. A process of claim 1, wherein said ketone is a methyl ketone.
9. ' A process of claim 8, wherein said methyl ketone is selected from the group

30 consisting of acetdphenonc, 2-thiomcthyl-4—t1_'iﬂuoromethyl-acétophenone, cyclopropyl
~ methyl ketone, and 3,3-dimethyl-2-butanone.

14
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6. A process of claim 3, wherein the nolar ratio of said alkali netal

al kéxide to said ketone is about 1.5-3.0:1.0. 25 7. A process of claim 6,
wherein said nolar ratio is 2.0:1.0. 8. A process of claim1, wherein said
ketone is a nethyl ketone. 9. A process of claim8, wherein said nethyl
ketone is selected fromthe group 30 consisting of acetophenone,

2-thi omet hyl -4-trifl uoronet hyl - acet ophenone, cycl opropyl nethyl ket one,
and 3, 3- di meologrks4® but anone. 14 THI' S SHEET HAS BEl =ti WD 9BCHEIB81195

PCT/ US98/ 11195 10. A process for preparing a 1, 3-di carbonyl conpound _
“conpri si n0t heAgreessofor preparirnigragl, &dichéapoyi@ohmvﬁndgcmpr'ahigdh@stm oﬁr@apti@g at he .

a-positio vmthacarb nat e, of eral. for

whore R Rt Phviheas spiiciseinn ah e fPBHERRen L e s o Hamer PR a0
al kyl, C3- C8 cycloalkyl het er ocycl oal kyl , aromatic or heteroaronatlc
group in the presence of an al kqyi de base in DMSO. 10 11. - A process of
claim 10, wherein the nolar ratiojof said carbonate to said ketone is

abouts 1.5-6.0:1.0. 12. A proce;%;j!)k |.ai m 10, Wnerel n sai d al koxi de base is
an alkali netal al koxi de or ah n|un1a koxi de. 13. A process of
claim12, wherein said al koxi de base is an al kali nmetal al koxide. 14. A

- process. of cl ai £in said a tal alkox
Pethox de. 20w Ry pR:Ear, iferendimifsBRaee primiest i d £ A s i o
al kal i ”et%lcyc%dﬂ%ﬁ'ﬂi?er&&cﬁﬁll&l i8R er h@terl)m%ﬁﬁh@grjeup in the pre@erﬁ:'é‘b@ﬁs of

claim 15, wherein said nolar ratio is
alkoxide base in DMSO
10 .
- 11.- A process of claim 10, wherein the molar ratio of said carbonate to said ketone is

~ about 1.5-6.0:1.0.

12. A process of claim 10, wherein said alkoxide base is an alkali metal alkoxide or an

15 ammonium alkoxide.
13. A process of claim 12, wherein said alkoxide base is an alkali metal alkoxide.

14. A process of claim 13, wherein said alkali metal alkoxide is sodium methoxide.

20 ,
1-5. A process of claim 13, wherein the molar ratio of said alkali metal alkoxide to said .
ketone is 1.5-3.0:1.0.

- '16.  Aprocess of claim 15, wherein said 'molar ratio is 2.0:1.0.
25 '

17. A process of claim 10, wherein said ketone is a methy] ketone.
18. _ A procesé of claim 17, wherein said méthyl-ketone is selected from the group

cbnsisting of acetophenone, '2-thiométhyl-4-triﬂuoromethyl_-aéetophenone, cyclopropyl
30 methyl ketone, and 3,3-dimethyl-2-butanone.
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25 17. A process of claim 10, wherein said ketone is a nethyl ketone. 18. A
‘proéess of claim1l7, wherein said nethyl ketone is selected fromthe group
- consisting of acetophenone, 2-thiomethyl-4-trifluoronethyl-acetophenone,
cycl opropyl 30 nethyl ketone, and 3, 3-di net hyl -2-butanone. 15 TH S SHEET
HAS BEEN RE PI_A000 O WO 98/55438 PCTI US98/ 11195 19. A process of claim
11, wherein said R" and R of said carbonate are, independently, a Cl-C5
al kyl group.wdQ®g/sy39r ocess of claim 19, wherei.n said R' andedusybisasd
carbonate are each a nethyl 5 group. 10 16 THI' S SHEET PLACED BEEN

19.. A process of claim 11, wherein said R” and R" of said carbonate are, independently, .

a C,-C; alkyl group.

20. A process of claim 19, wherein said R” and R" of said carbonate are each a methyl

5 group.

10
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