- A IVETHCD FOR MAKI NG A, B- UNSATURATED- B- TRL FLUCROVETHYL-

CARBOXYLATES AND RELATED COVPOUNDS BACKGROUND OF
THE | NVENTI ON : The present invention is directed to a nethod for
making [err]-unsaturated-[err]- trifluoronethyl carboxylates and rel ated
materi als. Such conpounds are useful q1chemical internediates, particularly
in the synthesis of a variety of wuseful bi ol ogi cal | y "acti ve conpounds
such as i'n t pha

Sochods fo K'pfng ii &%’l?&% ;dﬁi%g%% dﬁ_di"ﬁl %%?‘ROMETHYL

[err] Unforturn ecause o0 € I nfTuence

tifluoronethyl group, these e I e harsh reaction
conditions or utilize exoti c% Hﬁ@gﬁﬁw&“o creat e t he doubl e
322.dregh§r335c0f hafﬁ.b ﬁ@éﬁn@tﬂdﬁﬂﬁb%efdm&e&%éug;&a&f#r% e
difficult ngbg‘y! é%) e§ g‘?ﬁf‘rlm V“géﬁ%

manuf act uri ng }54’- emsdxamtpérméasWMaynthm@fw wgietyt efiused and exoti c
reagents may abidogiesilyl dctivexongonds suchias e Hie dgpicultirl pid pRamashitdl ar e
difficult to hapglsgidr recycle, or have other di sposal probl ens.

Exanpl es of such nethods include treating fluoral, or a correspondi ng
trifluoronethyl ketMne;odsvfm-lprepaﬁhgn.ﬂauWanmﬁamms ob Fesmuldalaredmown( eagent
prepared froman [err]-halo ester (see Sh Yoand Wang, T. J., J. Chem
Res., Synop., 1993, 11, 490; Ding W, 1 J. Chem Soc., Perkin
Trans., 1993, 7,855; Eguchi, - T., et. al|l., Teffraeiron Let.,,

1992, 33,5545). MId reaction conditions used in those rare

cases when an acidic hydrogen is in thegr-poyftiola such as using 1,1, 1-
trifiluoro-3-nitro-2-propyl acetate to prepaje the correspondi ng

1,1,1-tifluoro-3- ni tropropene (see Iwatagz S., et. al, Bull. Chem Soc.
Jpn., 1993, 66, 2432). | have discovered a nethod for prepari ng
[err]-unsaturated esters of Formula I whi ¢l does not require harsh

conditions, exgaRthitatd?de&RESof e inBEndY KL Gk oRethyt group, these methods
. generally require harsh reaction conditions or utilize exotic and expensive reagents

to create the double bond. The use of harsh conditions often results in low yields of
the desired product, complex mixtures of the product and impurities, and difficult
procedures. Exotic and expensive reagents may cause a manufacturing procedure to
be uneconomical. Harsh conditions and exotic reagents may also result in waste .
streams for the process which are difficult to handle or recycle, or have other ...
disposal problems. Examples of such methods include treating fuoral, ora
corresponding triflucromethyl ketone, with either a Wittig or a Horner-Emmons
reagent prepared from an a-halo ester (see Shen, Y. and Wang, T. ., /. Chem. Res.,

' Synap., 1993, 11, 490; Ding, W., et. L., J. Chem. Soc., Perkin Trans., 1993, 7, 855; Eguchi,
T., et. al., Tetrahedron Lett., 1992, 33, 5545). Mild reaction conditions have been used
in those rare cases when an acidic hydrogen is in the a-position, such as using 1,1,1-
triflucro-3-nitro-2-propyl acetate to prepare the corresponding 1,1,1-triflucro-3-
nitropropene (see Iwata, S, et. al., Bull. Chem. Sac. fpn., 1993, 66, 2432).

[ have discovered a method for preparing o,B-unsaturated esters of Formula
which does not require harsh conditions, expensive reagents, or the presence of a
relatively acidic hydrogen in the a-position in the starting material. Because of the
surprisingly mild reaction conditions used, this method has the advantages both of
ease of use and cost compared with known methods. In addition, the mild reaction
conditions used generally result in higher yields of the desired product, higher
purity, and fewer waste stream disposal problems.



rrel ati vely acidic hydrogen in the a-position in the starting material.
Because of the surprisingly mld reaction conditions used, this nethod
has the advant ages both of ease of usg and cost conpared with known

met hods. In addition, the mld reaction conditions used generally result
i n higher yields of the RESAIED RESGRIPTIONGAE THE INVENTIOBhd f ewer waste
stream di sposal ;Piobl ens. . S . DE§_AI LEE‘ DF | PTI ON OF
THE | NVENTI ON  Fhe present jvention is 3,pnethqd fer preparing ®BHmgrrategy i ng -
[ er r] - unsat urifiierbrhethy] carboxylates andeelated matetielsydf Foomulad rel ated naterial s
of Formula I ; [err] wher ei n
Xis selected fromOR err] and NR err] wherein each Rerr], Rerr],
Rlerr], and Rl err] is independently sellected]|from hydrogen and '
unsubstituted or substituted (Clerr]- | kyl, (Clerr]-Clerr])

al kenyl , al kynyl, aryl, cycl oal kyl, d erotycle, wherein the
substituents are independently sel ect& frfomone to three of any base

resi stant functional group; conprising coREacti ng a conpound of Fornula 1]
[err]

I

wherein X is selected from OR3 and NR3R4, wherein each R1, R2, R3, and R4 is
independently selected from hydrogen and unsubstituted or substituted (C1-Cg)
alkyl, (C1-Cé) alkenyl, alkynyl, aryl, cycloalkyl, and heterocycle, wherein the
substituents are ihdependently selected from one to three of any base resistant
functional group; comprising contacting a compound of Formula ITI

wherein R is selected from hydrogen and monovalent or polyvalent, unsubstituted
or substituted (C1-C10) unbranched or branched alkyl, (C1-C1¢) unbranched or
branched alkenyl, aryl, and heterocycle, wherein the substituents are independently

selected from one to three of any base resistant functional group; with a base to
produce the o, 8-unsaturated compound of Formula IT and a compound represented
in the neutral form as Formula IV. .
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\M'rerel nRis selected from hydr ogen and nonoval ent or pol yval ent,
unsubstituted or substituted (derr]-Cerr]) unbranched or branched al kyl ,
(Cerr]-derr]) unbranched or branched al kenyl, aryl, and heterocycle,
wherein the substltuents are i ndependently sel ected from one to three of
.any base resi st aiRl, R&/R? andi R age preferratily selacted from bygdragensmetiy; ethyl;
[er[1 unsat %&h&g& NBuA, ,Jéa 1t hdxyRMhdPHRAFROHPErdgeR S BRBS i N the
neutral form as For

50 Ry divplerred r?’]‘d{%[ Bt is fhg pstrsfemed RSk - preferzed B &rauPs #%6m
hydrogen; neha{C1-Caohglkyls; swone peeferred ared{ll-:CHallyls; propylis mest préfesrptl; and
phenyl . Hydrogen_is the nost preferred err] and Rlerr]. Ethyl is the nost
preferred R3 and IRka prefestedambpdiment the ofrensatiirated compaundsis apyalisyliestes;

nor e pref er reagh is) X is( ORE wHerGhRS ik i/ K ispropyly aivd Rland®?2 aptaidiogad

In a preferred enbodi nent, the [err]-unsaturated conpound is an al kyl
ester, that is, JArcth@Rimbodimeneobthis iRvention issa prokgds foRprepapingayl a.fand
Rierr] and RbRhfdrarAsp-BIMMAEETRE yl carbo faeﬁf&hﬁmo%ﬁsﬁgm%f this
invention is a process for prep rlnga err _
unsat ur at ed- [ ea.r heylatihf d@6 dlof Fafmaly/Vat e of Forrmula |1, conprising:

a. acylating a conpound of Fornula V:- O# err to produce an
acyl at ed conmpound, that is, a conpound Fofjrul a 111 wherein Ris

as defined above; and b. contactin cyl ated conpound with a base
to produce the [err]-unsaturated d and the acid correspondi ng
to the conpound of Fornula IV. CF, X

H2

v

to produce an acylated compound, that is, a compound of Formula I1I
wherein R is as defined above; and

b. contacting the acylated compound with a base to produce the a,B-unsﬁturéted
compound and the acid corresponding to the compound of Formula IV.

The term “base resistant functional group” means a functional group which
does not react with the base under the process conditions used in a manner which -
would adversely affect the production of the o, B-unsaturated compound. Preferred
groups include R1, OH, OR!, NRIR2, NOy, perhaloalkyl, and heterocycle, wherein
R! and R2 are as defined above. The term “heterocycle” means a 5- or 6-membered
heterocycle containing from 1 to 3 heteroatoms selected from oxygen, sulfur, and
nitrogen. The heterocycle may be an aromatic or a non-aromatic heterocycle
including, for example, furyl, thienyl, aziridyl, pyridyl, oxazolyl, triazolyl, pyrazinly,
pyrolyl, imidazolidinlyl, and piperidyl. The terms “monovalent” and “polyvalent”
refer to the number of potential ester linkages that the moiety may form. Examples
of monovalent groups include acetate and butyrate; examples of polyvalent groups

“include succinates and trimellitic esters.

When an acylating agent is used it should be chosen both for its ability to
react with the compound of Formula V and for the chemical/physical properties of
the resulting compound of Formula IV formed when the o, B-unsaturated compound
is produced. Common inexpensive acylating agents such as acetic anhydride, acetyl



The term” base resistant functional group"” means a functional group which
does not react with the base under the process conditions used in a manner
whi ch woul d adversely affect the produgtlon of the [err]-unsaturated
conmpound. Preferred groups include Rerr], OH ORerr], NRerr]Rerr],

NJ err], pechlgridgl hwrlcanhymdemdyp;bplommm&ldqwrp}fefgmedRqut prefee'eds
defi ned abogféac‘ghgahglbmyﬁtegrg{y%wége ‘means a 5- or 6-nenbered heterocycde
containing from1l to 3 hHeteroatons sel ected from oxygen, sulfur, and

ni trogen. The heThe processemaype lvarried cutindhe presence ormbseucmmﬂaisoweat.er ocycl e
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preferred apfocessinithe absknlelbya kélvantydri des. The process may be
carried out in the presence or absence of a solvent. Sol vent conposition is
not critical. Holikewise, thedempleratnte inhehict theteacton is cointlacteldds abberiticad

material, tke b&i&s &Ehdﬂni%h{e 1eRelfdn felifperfificd h&ih&é)@n@'ﬂo mmeoffrﬁé vent

can al so be u i zed en 1t contai.ns basi nct |ona
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i sol ati on pf ?Hﬁf"é“ﬁ%’éﬂ”&ﬁ&dt I“]“B'ﬁ%ﬁ‘h tBﬁFe‘BP%FﬁgFﬁl‘E@l fRactipp
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type of sepﬁbmmmarmmpmwmmheaﬂe}eﬁbmémém{dﬁﬁp@ubesty of the
reactants, products, and solvent. One approach to determne the optinum
tenmperature is t Ehe-hassicar be kitherarcinarganiaorian vigamiaisasd, Thébaseshueld at

preferrably have a pKa greater than that of the a,f-unsaturated compound and the
compound of Formula IV formed when the o,8-double bond is created. Preferred
bases include the carbonates, bicarbonates and hydroxides of sodium, potassium ,
cesium, and lithium; substituted or unsubstituted pyridines; 1,8-
diazabicyclo[5.4.0]undec-7-ene (commonly referred to as DBU); 1,5-
diazabicyclo[4.3.0lnon-5-ene (commonly referred to as DBN); and other amine
containing bases with boiling points greater than the maximum temperature used in
the process. Most preferred are the carbonates and hydroxides because of their low -
cost. In addition to discovering that relatively mild bases can be used in this
process, we have also discovered that they can be used in a catalytic amount, that is,
in an amount fess than a stoichiometric amount. Use of such a catalytic amount of
base not only reduces the cost of running the process but also reduces the number
and quantities of side products and of impurities produced. This, in turn, reduces
waste stream, recycle, and recovery problems.




anbi ent tenperature and then gradually increase the tenperature until
reaction occurs. In many cases, the [er]runsaturated conpound and/or the
compound of Formula IV will have a boiligg point below the reaction
.tenperature. In such cases, distillation’is a convenient and economni cal

process to separ neachrof th%dmvecmsgsrtbalbesesand the compoundofFonewla I'E typically t he
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sel ection ofVERBOWase, sol vent (|f a solvent is used), the R group, and the
[err] - unsat g %ﬁﬁfforrpound formed, the type of separation used can be
sel ected for acturjing conveni ence. For exanple, when the conmpound of

Formula IV is low boilifjg, the solvent is |ow boiling and water insol uble,
and the base is water Bbl e, then the separation step can include the
steps of water extracti oMe base K605 0wed by distillsation to
N
F:C OEt A F,C OEt

To a 50 mL round bottom flask equipped with a magnetic stir bar, oil bath,
and a vacuum jacketed distilling apparatus with a 15 mim vigreux column, was
added ethyl 3-acetyloxy-4,4 4-trifluorobutanoate (11.50 g, 50.4 mmol), and 0.50 g
anhydrous potassium carbonate (3.6 mmol). The temperature of the oil bath was
gradually raised to 140° C at which time a reaction was noted. The oil bath
temperature was gradually increased to 180° C during whlch time 9.61 g of a clear
distillate was collected. _

Analysis of this material by 1H NMR showed it to be a 60:40 molar mixture of
ethyl (E)-44,4-trifluorobut-2-enoate and acetic acid, 90% yield of the theoretical
amount of ethyl (E)-4,4,4-trifluorobut-2-enoate.



renove the solvent and the conpound of Fornuta IV. If the chosen sol vent
has a boiling point higher than the [err]-unsaturated conpound forned then
the [err]- unsaturated conpound can be distilled fromthe solvent. In other
cases it may _be desirable to chose a solvent which is used in a |later
process step%ﬂ“ﬂ‘??}t it is_not necessar§ to separate the [err]-unsaturated

conpound fromthe sol vent. The foll ow ng exanpl es describe in detail

sonme of the enbodi ne snventign, Exanple 1. [@rr] To a
50 nL round bottom fl ask equ ppe wth_ﬁ_ﬁg&etic stir r, oil bath, and a
vacuum j acketed distillinge o Wt a 15 nms. X aml um, was added

et hyl 3- acetyloxy t 1 and 0.50 g
anhydr ous pot assi i csa‘?ﬁb M‘J ésggml ]l etﬁ ’%(E&g?éog%' e oil bath
was gradual | {Fifugrebytangate 4 [OQrgrfsé N e'ﬁt 'é §t°f BARKINTM ot ed. The

oi | bath tempabatate 8.6vamolr Adihd dil baitin ternpesasuretwasi@aiually rdsed fromdéivhi ch ti ne
9.61 g of a 0P, lglyg; btmm@gb&mt ed. Anal ysi s of this materi al

by [err]H NWMR sh NIR

(E)-4,4,4-trifluoro u?Ie? enoate a dﬁgcetlgéb&?‘ﬁgggmle d’ ?'the
theoretical SifngEPPWR-oppand pf melefe H“"B’FF?‘F °m°“m°f

Exanpl e 2. ethyl (E)-4,4,4-frifupfobut-2-enoate. Thelrﬁslqlmnstbmnotmln@rwafégmd e i n
exanpl e 1, etduglly Bufyticas@but oxy)4, 4, 4- trifluoro-butanoate (15.00 g, 58.5
mol ) was reacted with 0.50 g of potassium carbonate (3.6 nml). As the oil
bath tenperature was gradually raised from160- 200 C, 10.78 g of
distillate wiamBleSact ed. Thi s nateglal was found by [err]H NVR to be .
86 nole% ethyl (E)-4,4,4- trifluorobut-2-gnoate and 14 nol e% butyric acid
(100% of the thgoretd cal amount of /\)E

O o) : (0]
PrCO),0 : K
)\/lL - : M zcos /\)L -
. FC OB HS0, . "RKC OEt 4 F,C OEt
+ /\/lkOH

To a 100 ml 3-neck round bottom flask equipped with a magnetic stir bar,
 thermometer/Therm-O-Watch assembly, and a pressure equalizing addition funnel
was added ethyl 3-hydroxy-4,4,4-triflucrobutanoate (40.00 g, 214.9 mmol), and 1
drop of concentrated sulfuric acid. Via the addition funnel butyric anhydride (35.70
g, 225.7 mmol) was added dropwise over a 15 minute period. A peak reaction
temperature of 66° C was observed.

After approximately 30 minutes, the addition funnel was replaced with a
vacuum jacketed distilling apparatus with a 15 mm vigreux column. Anhydrous
potassium carbonate (3.00 g, 21.7 mmol) was added and the resulting mixture was
gendy heated. Atapproximately 145° C (pot temperature) a distillate began to form.
Over a 1 h period, the pot temperature was raised from 145-160° C during which
time 33.77 g of clear distillate was collected.

. Analysis of this material by 1H NMR showed it to be 93 wt% ethyl (E)-4,4,4-
trifluorobut-2-enoate (87% yield) and 7 wt% butync acid.



ethyl- (E)-4,4,4-trifluorobut-2-enoate. The residue in the pot (431 g) was
found to be nostly butyric acid. Exanple 3. [err] To a 100
m 3-neck round bottom flask equipped with a magnetic stir bar,

t her nonet er/ Therm O- WAt ch assenbly, and a pressure equalizing addition
funnel wasg éa4et hyl 3-hydroxy-4,4,4-@rifluorobutanoate (40.00 g, 214.9
mml ), and 1 drop of concemtrated sulfuric acid. Via the addition funnel

butyric anhydride (35.70 g! 225.7 mol) was added dropw se over a 15 m nute

period. A peak rea ratgre of was observed. Af ter
approxi mately 30 m nutes, h adffi tion s repl aced ith a vacuum
jacketed distilling appargd 15 nm vi g(rjeux ) ¢dr ous t
potassmmcarb at :8 S a t eresutln m xture
was gently heat g%{‘&a BF%&T g’[a\éﬁreﬁE‘R W’c AIBREReHGSr D ag

distillat ehéxmnetem/Tbem-CEV\éatchaﬂsemhiyxamﬂa vahmquacldeaad)élsamr{ was rai sed
f 145- “Ehf \Q,h?% R e was
C(r)FImect ed%ﬁgkﬁmﬂ 15 Bin ¥ P’s‘tcgater%gﬁggad% iﬁ)ﬁgl\/hﬁ;#jlmed it to be 93

wt % et hyl (FFS‘*‘KOH‘G&Y%*L 1%#% e £29:008+99 B‘?%l%aéil otassiumm carbenateyr i c
aci d. (1.10 gF8.amuinel)4 The stirred reaction mmjtj.tre was gr aduakll y'heated. a\s the ot

: [ ou sk .e

magnet ¢ SEPeiRgne s giadiany sAEed oRo e CIb0ia of Scub oS! A
j acket ed @esiod; 16. %g (89%) of ethyl (E}44 4-tn-ﬂuorobut-2-enoate was collected.

Example 5.
0

\/\)Lo o NayCO, o
M /\/u\
- FC OEt 4 F,C OEt

. To a 50 mL 3-neck round bottom flask equipped as described in example 4 |
was added 2-ethoxycarbonyl-1-(trifluoromethyl)ethyl pentanoate (28.21 g, 104.4
mmol), and sodium carbonate (1.00 g, 9.4 mmol). The stirred mixture was heated to
140 °C at which point the sodium carbonate began to react and a distillate began to
form. With continued heating, a distillate was collected as the pot temperature was
slowly raised to 175 °C over approximately a 1 h period. This afforded 15.90 g (91%)

of ethyl (E)4,4 ,4-tri-fluorobut-2-enoate.

Example 6.
: o)

\/\/u\o o 00, o
J\/u\ /\/“\
FC - TOEt A F,C OEt

Toa 50 mL 3-neck round bottom flask equipped as described in example 4
was added 2-ethoxycarbonyl-1-(triflucromethyl)ethyl pentanoate (24.87 g, 92.0
* mmol), and cesium carbonate (2.00 g, 9.4 mmol). The stirred mixture was heated to
80 °C at which point the cesium carbonate began to react. With continued heating, a
distillate was collected as the pot temperature was slowly raised to 170 °C over

approximately a 1 h period. This afforded 13.47g (87%) of ethyl (E)-4,4,4-tri-
fluorobut-2-enoate.



apparatus with a 15 mmvigreux colum, was added 2-ethoxycarbonyl -1-
(trifluoromethyl)ethyl pentanoate (29.00 g, 99.9 mmol), and potassium
carbonate (1.10 g, 8.0 mmol ). The stirred reaction m xture was gradual |y
heated. As the pot tenperature was gradually raised from 140[err] C (onset
of reacti gENamile}05[err]C over a 1 h pesgiod, 16.07 g (89% of ethyl
(BE)-4,4,4-tri-Tluorobut-2genoate was col | ected. Exanple 5.

[err] To a 50 3-neck round bottom fl ask equi pped as descri bed
in exanple 4 was XyGgrbonyl - 1-(trifl uor orret hylbet hyl pentanoate
(28.21 g, 104.4 mmol), and odi car bdr (1. 00 g, I) The stirred

m xture was heated to 140 e" 1 f' phi ch p0|hnt t[}gﬁ o t lgpnate began
d th, contifhue 'ng, a
st ate was ToA PORIcHnedk findbetere ek eiinpeitas mﬁsfmmw 175
[err]C ova&asamdwzmyoh@ssmwﬂfem-(%t o&iré&bdﬁyll)-'lﬁ 90 g (91% of
Fte?ﬂ 5 (%&#étﬁ;@%ﬁﬁpgétﬁégﬁgggund %ﬁ?ﬁé k‘%‘&\hﬁ"ﬁ%‘é‘a“%’e&‘&’écu bed
i'n exanpl @mmt%aécﬂ@ﬂep essjemcathnate.- The stitred minburayrasdieatdd peldSanoat e
(24.87 g, °€2at®v1tmnl pointahe c@ﬁﬁwfar?eﬁitelbe Olé&éaet gwégzscﬁnmggé he%-gxﬁ sti 5 ; ﬁd
| .
Torenct . Wiroe ebehfin@dririiitefisd'as i B0t Rrbieralits vomestbiomisnd oo 36
t enper at uroyenad hspening. The souletproduot wes redistillest ataldfrid2i*Catpaifford 11':.3ﬂ g
period. Thyg o5i5 pixare éﬁséﬁfbgﬂ (%4 @E—tﬁtm&oﬁa-zlkn%afb drld sthyl (E)-4,4, 4

]E lelrj(r)]r obut ngxﬂggzg %ut-z-enoate

Example 8.

o 0O  K,COy . o
RC OEt A "F,C “OEt

To a 100 ml 3-neck round bottom flask equipped as described in example 4

~ was added 2-ethoxycarbonyl-1-(triflucromethyl)ethyl 2-ethylhexanoate (37.50 g,
120.0 mmol), and 1.50 g of anhydrous potassium carbonate (10.9 mmol). The stirred
mixture was heated to 140° C at which time the potassium carbonate reacted, and a
distillate began to form. The pot temperature was slowly raised to 175° Covera1h
period during which time 17.20 g (85%) of ethyl (E)-4 4,4-trifluorobut-2-enoate was
collected.
Example 9.

= /\/ﬁ\
e —————
a FC X OEt

To a 100 mL 3-neck round bottom flask equipped as described in example 4
was added 2-ethoxycarbonyl-1-(trifluoromethyl)ethyl 4-ethylbenzoate (37.25 g, 117.0
mmol), and 1.50 g of anhydrous potassium carbonate (10.9 mmol). The stirred
mixture was heated to 150 °C at which time the potassium carbonate reacted, and a
distillate began to form. The pot temperature was slowly raised to 175 °C overa 1 h

period during which time 14.67 g (75%) of ethyl (E)-4,4,4-trifluorobut-2-enoate was
collected.



To a-50 nL 3-neck round bottom fl ask equi pped as described in exanple 4 was
added 2930 g of a 95:5 mixture of 2-(2-propoxycar bonyl) -1 -
(trifluoronethyl)ethyl pentanoate and

2- et hoxycar bonyl -1-(trifluoronethyl)ethyl pentanoate, and 3.00 g of cesium
car bonat e %"ng gi%rred m xture was heat@d to 105 [err] C at which point the
cesi um caFB %e egan tg react. Wth continued heating, 17..23 g of

distillate was coIIected as the pot tenperature was slowy raised to 180
[err]C over a 1 h U‘L de pr was redi Stl||6d at 110-112

[err]C to afford 1& 3 soprop

(BE)-4,4,4-tri-fluor d ethml (E)-4, 4,

trifluorobut-2-enoate. . lerr] 0 a 100 nF 3- neck round
bott om f 1 ask . e§a IapﬁﬂenL&n%sr@mmcmm éliaﬁsq‘@ppemdem in example 4

2- et hOXyCWaQQHHEd]Z'—édxbk dadbé ttﬁhhewmb iyl 2 anemé G2 g 5049,  120. 0

it Ui o ARl Pg B d”’” rb%‘ P T

and a di sheétbdttelﬁ@&mmduﬂbnme ma@omlmmmmmamd, andaidjstillateed to
1731 et ] CoQuf offolm!) TR ptteld marmtaow aibéd 29180 {G3%r #1 hepdhidd

(E-4,4,4 &3 ?G%ngf&l‘t%q?ﬂ%ﬁ%ﬂ’aﬁs described

enoat C
[err] during whigh £ime)38.09 845 o ?tgﬁ
i n exanpl eolectdrts added 2-et hoxycarbonyl-1-(trifluoromethyl)ethyl
4- et hyl beg &’Sﬁ 7 25 g, 117.0 mmol ), and 150 g of anhydrous potassium
car bonat e %%8 The stirred m xture was heated to 150 [err]C at
which time the potas I um car bon

e reacted, and a distillate began to form
ised to 175 [egybﬁpover alh perigd

during which ime @4.60% g (7599 ofQeth@@ (E-4,4, i fluor obut - 2- enfjat e was
col | ect ed. j\i )\i Fac/\/B\OEt

EtO CF, F,C

_ To a 500 mL 3-neck round bottom flask equipped with an air driven overhead
stir motor, thermometer, and pressure equalizing addition funnel was added ethyl
3-hydroxy-4,4,4-trifluorobutanoate (25.00 g, 134.3 mmol), 4-
(dimethylamino)pyridine (0.50 g, 4.1 mmol), triethylamine (21.0 mL, 150.7 mmol),
and 200 mL of anhydrous diethyl ether. The addition funnel was charged with
suberoyl chloride (14.18 g, 67.17 mmol), and 10 mL of anhydrous diethyl ether. With .
the aid of an ice/salt cooling bath, the suberoyl chloride was added dropwise over a
15 minute period while maintaining a reaction temperature at, or below, 10 °C. At
the end of the addition the ice bath was removed and the resulting slurry was
allowed to stir for 1 h. To the stirring mixture was added 100 mL each of water and
hexanes. After a few minutes, stirring was stopped and the mixture transferred to a
separatory funnel. The lower aqueous phase was discarded. The organic phase was
washed twice with 2 N hydrochloric acid, once with water, twice with saturated
NaHCO3 solution, and once with brine. The solution was dried (MgSO4) and
concentrated using a rotory evaporator to yield a yellow liquid. Residual solvent
was removed under vacuum to afford 33.15 g (97%) of di(2-ethoxycarbonyl-1-
(trifluoromethyl)ethyl) octane-1,8-dioate as a yellow liquid.

To a 50 mL 3-neck round bottom flask equipped as described in example 4
was added 32.12 g (62.9 mmol) of the tetra ester described above, and 1.20 g (8.7
mmol) of anhydrous potassium carbonate. The stirred mixture was heated to 125 °C



Exampl e 10. 9 [err] To a
50 mL" 3-neck round bottom fl ask equi pped as described in exanple 4 was
added 2-et hoxycarbonyl -1-(trifl uoromnet hyI1 et hyl "2-furanoate (32.15 g, 114.7
mmol ), and 1.20 g of potassium carbonate (8.7 mml). The stirred m xture
was heat ed abwt-@gl time thepatassilvinadarbanate teactedo (With icomtimeadolerding, distilated, and

a distillat g3R8R8cté@ad MHe'Pot &R aﬁtu&%&egﬁaua WS A i 1851180 9€bvieP 2 180

[err] C over,a e ur, 299 . of et hyl

(E)-4, 4, 4-t Puﬂ‘ﬂ?@f g‘ﬁ‘bﬁ a‘g" &? %2%@8%6? f ety é&':)“‘é(‘g FFE&%°{QEPPLZ‘€“°X&-

[err] Example 12 a 500 nL 3-neck round bottom flask equi pped with an
air driven overhead stir tor, thernoneter, and pressure equali zi ng

addi ti on funnelyyas addedllet hyl 3-hydroxy-4,4,4-trifl uorobut anoate (25.00
g, 134.3 mmol), 4N hYoam nE) pyri di ne (X 80;9, 4.1 mmol),

triethylamne (21. m_ 150.}7 and 200—m;-o'f—%nhydrou i glhyl ether.
The addition funne M\ subero_yl chl ori de (M 18 17
mmol ), and 10 ni_ of anh drous di et ether. Wth the aid of an icelsalt

cool i ng bath, th&® §é9@ﬂ&y¥°tm '?RfFQ!’é eqiipped wiphmagnetjestirbarpand reflux
peri od whi | eondnsemivas agded éthym-hydrdx@m;e&&hﬂﬁenﬂﬁuaﬁat@%mﬂ igaBerr]C. At

th d of [ % anc e.le t gLy
was al| owed EEE AR Brldk 1085 B VD R o iin G Rmdine G0 e
of water an#l H’é‘)’(‘ﬁneﬁ'l'emm (%Wmﬁ,rlﬁ%snmw; and%@mé@féﬂé'bp‘ad maetliyt he
m xture trasheer Terésaltthgyapann widhdatdD 2hd allbwed QVRIMXFSL 23 5. ATaRSTE Was

once wi th wtr® Saniel B peiR IR A 58 BuloleBrd K SRR ARG | he.
The sol uti ofPehashed Buice Mg@e‘f N hydroghlgris efise Fhearganio phase was wiashed with
evapor at or waterj satarated/tih@sollition, dhed?Mgsm@)l aﬁd)bmhu’éwi oA abroRaer

v on bRt o il i G e v e, <,
mL 3-neck r@&malliggatanof suesinie acidpredpitated feam |tl!ﬂsliqmd Shenpude prodixt acded
52.12 g ( 62dfutedhith @bulallerhélnirdf eSlubhe 46 ltRAto2BMETe tRI¥LckindOadal 8. 7
o) (o1 2nPaleRy SraB 3o (hE AN prebire To Weid B 1b £ ot aTighth T e
125 [err]C § ot a ught brown o
To a 50 mL 3-neck round bottom flask equipped as described in example 4

was added 28.45 g of the product described above, and 1.00 g (7.2 mmol) of

potassium carbonate. The stirred mixture was heated to 80 °C at which time the

potassium carbonate reacted. With continued heating, a distillate was collected as

the pot temperature was slowly raised to 185 °C over a 1 h period. The distillate was

found to contain a few drops of water which was removed by pipet from the

product. This afforded 14.00 g of ethyl (E)-4,4,4-trifluorobut-2-enoate.

Example 13. |

,_

DBU O

To a 50 mL 3-neck round bottom flask equipped as described in example 4
was added ethyl 3-acetyloxy-4;4,4-trifluorobutanoate (23.11 g, 101.3 mmol), and 2.00
g of 1,8-diaza-bicyclo[5.4.0lundec-7-ene (13.1 mmol). The stirred mixture was
heated to 120 °C at which time a distillate began to collect. After most of the
distillate had Been collected, about 1 h, the pot temperature was briefly raised to 140
°C at which point the distillation was stopped. This afforded 17.81 g of a clear



10- at- which tine the potassium carbonate reacted. Wth continued heati ng,
distillate was col'lected as the pot tenperature was gradually raised from
135-180 [err]C over a 1 h period. This afforded 17.52 g (83% of ethyl
(E)-4,4,4-trifluorobut-2-enoate. Exanple 12. [err]
To a 500 ni pumgent bauiddenuid i kordaini 70pudlefi (B)-44, 4afa'gﬂmmbus-21enouarandmd

reflux condersies a@ﬁcag@(mgﬁhggﬁspydroxy 4,4,4-trifluorobutanoate (25.00

, 134.3 I ni ¢ anhydri (14.80 g, 148.0 mol),
4-(d|nethgngﬁ%ﬁﬁﬁﬁggldlne 0.50 g, 4.1 mml), tri-ethylamne (21.0 ni,
150.7 mmol ), and 200 nL of ggert-butyl methyl ether. The resulting m xture

was heated and al |l owe 4ux or 23 h. After cooling te anbi ent

tenpérature, the m xture was f err ed Na@Ha separatory f gnnel and washed
twice with 2 Nhydrochlori:gr orga,guc Wﬂ!@%wth wat er ,
saturated brine solution | ed , and conce ated to cl ear brown

liquid using a ra'p@riﬂmlaﬁpm(‘&tronnd uomﬂas equipped asdescribad incexample 4vacuum
and a smal | yaEoidded BhflB-ALElobusK ﬁéﬁ}t &imwrabeﬂnamrmét@ 110240 Smolf)ang" ude.

product was d | u of t ne ere to renove
Phe succi i Q48 ofs @m@w@wﬁ?em 2 il @ﬁ%@?ﬂﬁ%@g o440 e o
29.12 g of apprmatalp\l\m&htwhlch nmemwcﬁﬁmhydiendeﬂ:eguutu#ebdtmflask
equi pped as %84 A é}jﬁp

descri bed aboveEiEéagr:ltgﬁleali)oEai Wltﬁ f:g) é@atﬁ?sﬁ m ca?% e stthl rred
i xt ure wasPHEEﬁ“éEF’?B'ISOV thevgAa h ﬂeﬁﬁfic &‘r%ﬁl@‘ﬂé’éﬁt ed.

W th conti nieuhdeatantain aafem &bpbbﬂvmtetmhlch)hk eathevedilsy p Eet .ODhistaéfopdedat ur e .
was sl owy ) Iql 4 foun
to contain Iigl (Eq) oc}é%ff Lﬁﬁ/aé‘éér:bg\/\z cpﬁé‘]’é‘br emé/rggu%gggopet rlﬁwbﬁﬂ)é?“;r oduct
Thi s affordéEFdl Y%? ethyl (E)-4,4,4-trifluorobut-2-enoate. Exanple 13.

[err] Exampl'e)la 50 niL 3-neck round bottom fl ask equi pped as descri bed
i n exanpl e

. o
D ——
CFCTN OE!
CH,

To a 50 mL round botton flask equipped with a magnetic stir bar, oil bath,
and a vacuum jacketed distilling apparatus with a 15 cm Vigreuex column was
added ethyl 2-methyl-3-p-toluoyloxy-4,4,4-trifluorobutanoate (28.00 g, 88 mmol),
and 1.75 g of bicyclo[5.4.0lun-dec-7-ene (DBU). The stirred mixture was heated by
raising the oil bath temperature gradually to 170 °C. A distillate was collected
boiling between 125-133 °C. The temperature of the bath was raised to 180 °C briefly
before being allowed to cool to room temperature. A total of 12.23 g (76%) of
distillate was collected. This material was analyzed by gas chromatography, 1H and
13C NMR spectroscopy, and was found to be identical to an authentic sample of
ethyl 2-methyl-4,4 4-trifluorobutanoate.



wds added et hyl 3-acetyl oxy-4,4,4-trifluorobutanoate (—%&i—g—fceﬁ“"r
and 2.00 g of 1, 8-diaza-bicyclo[5.4.0]undec-7-ene (13. ‘ ummt nl‘r ed
m xture was heated to 120 [err]C at which tine a disti lmn

collect. After nost of the distillate had been collected, &bout ™ H, the :
pot tenpenaidipe Was briefly raised to 1492 C at which paint the distillation
was stopped. This afforded 17.81 g of a clear pungent liquid found

to contain. mnmhe&/dé@reﬁaﬁngahm,bJumaﬁthedZB-&iMﬁbnﬁlﬂfﬁ&rmﬁ%e&ﬁQhé c

acid (NWR anﬁ:{(rﬁﬁﬁ-)' Exanpl e 14 err] To
a 50 mL 3-neck round bottom fl ask equi pped as described in exanple 4 was

added et hyl 3-(1-oxobutoxy)-4,4,4-triR!uoroputanoate (26.13 g, 102.0 mmol ),
and 0.49 g of sodium hydroxide pellefs (12}J2 mmol). The m xture was heated
to. approximately 140 [err]C at which)]tinme §he sodi.um hydroxi de began to
react and a distillate started to yth continued heating, a
distillate was collected as the pGEte erature was slowy raised to 160
[err]C over a 1 h period. The distillatejwas found to contain a few drops
of water which as renoved by pipet. Thisgafforded 13.90 g of product found
to be 99%E)-4,4,4-trifluorobut-2-en ate ang i%butyrlc aC|dl%§C

anal ysis).  ExXhsreinp%is selected from OR and NRR? and wyherein each R R}and 50

ﬁcﬂﬁ%”datéﬁte{ gg fR‘hrslind epéridentlyWelddted B drog &ﬁhﬁd%&ubéﬁﬂgt&%ﬂ”‘ and a
added ethyl 2. o ik %&?% Qg\ﬁ%ﬁ‘#ﬁ&%&%&k&%ﬁ@ %"? g, 88
mol ), and 1.75 l};tetfocm:leywhet[ e(i]uhsﬁumtﬂmnnd@:a@enﬂ?rselestedﬁrem oriext ur e

was heated by rapb%hig dfafy®ake haidtatEReGAFoGp2dual | Y to 170 [err]C. A
distillate was coll ected ’ o

comprising contacting a compound of the formula:

cFy |, X

: R?
wherein R is selected from hydrogen and monovalent or polyvalent,
unsubstituted or substituted (C1-C10) unbranched or branched alkyl, (C1-
C10) unbranched or branched alkenyl, aryl, and heterocycle, wherein the
substituents are independently selected from one to three of any base
resistant functional group;

with a base to produce the o, f-unsaturated compound and a compoﬁnd
represented in the neutral form as a carboxylic acid of the formula:

o)

A

R OH



boi | i ng bet ween 125-133 [err]C. .The tenperature of t”ﬂmmm’ dto
180 [err]C briefly before being allowed to cool to r"ﬂﬂm’f’m

total of 12.23 g (7699 of distillate was ﬁ IIected Thi% rrat &r1 al

anal yzed by gas chromat ography, 1H and [er ?C NVR spectroscopy, and vvas.
found to be2l d%ﬁ'teiﬂm'd foir préparing &ﬁalﬂ-ﬁnﬁ&m&éﬂ-?fu‘ﬂﬁbwmeﬂ\yl carboxylate of the

2- et hyl 4, 4, 4d‘!0? orobut anoat e aim

12 1. A nmetho or preparing an [err]-unsaturated-[err]-trifl uoronethyl

car boxyl ate of the formula: [err] R! 0 wherein X is selected from
ORferr] and NR[err]R err] and wherein , R2, R3, and R4 is

I ndependently sel ected from hydrogen a unsjlbstituted or -

substituted (Clerr]-Cerr]) al kyl, ( r]) al kenyl, alkynyl, aryl,
cycl oal kyl , het erocycl e, whé&fgin e substituents are independently
sel ected from one to three of any|lbase resistant functional group;
conprising contacting a conpound of the fgenula:

[err] .Wherein Ris selected from hydrogen and nonoval ent or
pol yval ent,  OMPIsiRgs hstituted or substituted (err]-Clerr]) unbranched
or branched al y unbranched or branched al kenyl ,
aryl, and het eér(ol?: c{gfévﬁ g?‘rl\ng ftl“eqo?ﬁ“'dgsubstltuents are independently
selected fromone to three of any baseOH (o)

cFy |, X

R2
wherein X is selected from OR3 and NR3R4 and wherein each R1, R2, R3, and
R4 is independently selected from hydrogen and unsubstituted or
substituted (C1-Cg) alkyl, (C1-Cg) alkenyl, alkynyl, aryl, cycloalkyl,
heterocycle, wherein the substituents are independently selected from one
to three of any base resistant functional group;

to produce an acylated compound of the formula:

wherein R is selected from hydrogen and monovalent or polyvalent,
unsubstituted or substituted, unbranched or branched (C1-Cg) alkyl,
unbranched or branched (C1-Cg) alkenyl, aryl, and heterocycle, wherein
the substituents are independently selected from one to three of any base
resistant functional group;



resistant functional group; with a base to produce tl'mmﬂmﬂﬂnﬂm\%fed _
conmpound and a conpound represented in the neutral 5 b

carboxylic acid of the forrmula: [err] J
13 2. A nmethod for preparing an [err]- unsatuf‘ated [err]- trlfluororrethyt

car boxyl at e ofb.t kentacting thd stylatédesthpound withcobgseits Ipn@:luce the og-uhsdturgted

conpound of the f & erein X is selected from
OR[err] and NR[errigi g??]Md S‘J de‘r)fetlhﬁf%rell% \Qg[err], Rlerr], Rerr, and

R4 is independently selected from hydrogeg and unsubstituted or
substituted (Clerr]-Cerr]) alkyl, ((err]j}-Cerr]) alkenyl, alkynyl, aryl,

cycl oal kyl het erocycl e, wherein e substituents are independently
sel ected from one to three of b 13 resi stant functional group;
a _

to produce an acyl ated conpound of the fornu
[err] .

3. The method of Claim 1 further comprisihg the step of separating the a,f-
unsaturated compound from the base and the acid.

4. The method of Claim 2 further comprising the step of separatmg the a.,B-
' unsaturated compound from the base and the acid.

5. The method of Claim 1 wherein each R1,R2,R3, and R¢is independently
selected from hydrogen; methyl; ethyl; isomers of propyl, butyl, pentyl, and
hexyl; and phenyl. '

6. The method o} Claim 2 wherein each R}, RZ, R3, aﬁd Réis independently
selected from hydrogen; methyl; ethyl; isomers of propyl, butyl, pentyl, and
hexyl; and phenyl.

7. The method of Claim 1 wherein R is a branched or unbranched (C1-C10) alkyl.

8.  The method of Claim 1 wherein the base is selected from the carbonates,
bicarbonates and hydroxides of sodium, potassium , cesium, and lithium;
substituted or unsubstituted pyridine; 1 8-d1azab1cyclo [5.4. 0]undec-7-ene, and
1,5-diazabicyclo[4.3.0]lnon-5-ene.

9. The method of Claim 1 wherein the base is potassium carbonate.
10. The method of Claim 1 wherein the base is used in a catalytic amount.

11. The method of Claim 2 wherein the acylating agent is selected from acetic
anhydride, acetyl chloride, butyric anhydride, and propionic anhydride.

12. The method of Claim 1 wherein R and R2 are hydrogen.
13. The method of Claim 2 wherein R1 énd R2 are hydrogen.
14. The method of Claim 1 wherein R3 and R4 are ethyl.

15. The method of Claim 2 wherein R3 and R4 are ethyl.

16. The method of Claim 1 wherein R is propyl.

17.  The method of Claim 2 wherein R is propyl.



wher ein Ris selected from hydrogen and nonoval ent er—potyval-ent;
unsubstituted or substituted, unbranched or branchedmﬂmmm H IkyI
unbranched or branched (C[.err]-C[err]) al kenyl , aryl I mul “F
wherein the substituents are independently eI ecfede r'omone to

t hree of any base resistant funkdional grou T

14 b. contacting the acylated conpound with a base to produce the
[err]-unsaturated conmpound and an acid of the formula

[err] 3. 18he rehotdpoforCradtiirds U§¢1088d GRAPIM 8F Ny mbIALRR o
separating the [err]- unsaturated conpound fromthe base and the acid.
4. The nethod tHeré&i m 2 further conprising the step of separating the
[err]- unsaturated conpound fromthe base and the acid. 5. The nethod
of Claim1l wherein each Rerr], Rerr], Rerr], and Rerr] is independently
sel ected from hydrogen; nethyl; ethyl; isomers of propyl, butyl, pentyl,
and hexyl ; and phenyl 6. The nethod of Claim2 wherein each Rerr],
Rlerr], Rerr], and R err] is independently sel ected from hydrogen;

met hyl ; ethyl; isonmers of propyl, butyl, pentyl, and hexyl ; and :
phenyl. 7. The nethod of Claim2l1 wherein Ris a branched or unbranched
(Cerr]-Cerr]) alkyl. 8. The nethod of Claim1 wherein the base is

sel ected fromthe carbonates, bi car bonat es and hydroxi des of sodi um
pot assium cesium and lithium :



subst_l t ut ed or unsubstituted pyridine; 1,8-diazabicyclo[5.4.0]undec-7-ene;
and ~ 1, 5- di azabi cycl o[4.3.0] non-5-ene. 9. The nethod of Claim1l
wherein the base is potassium carbonate. 10. The nmethod of Claim 1l wherein
the base is used in a catalytic amount 11. The nmethod of Caim2 wherein
the acylating agent 'is selected fromacetic anhydri de, acetyl
chloride, butyric anhydride, and propionic anhydride. 12. The net hod of
Claim1 wherein R err] and R err] are hydrogen. 13. The nethod of Caim 2
wherein R err] and R err] are hydrogen. 14. The nethod of Claim1 wherein
Rlerr] and Rlerr] are ethyl. 15. The nmethod of Caim2 wherein R err] and
Rlerr] are ethyl. 16. The nethod of Claim1 wherein Ris propyl. 17. The
met hod of C aim2 wherein Rlsp The steps: or

| .
features di sch MEEHRE EOR HAK R B ANSAFURAREPBf TRIFL UOROMETHYL-
AR YLATES AND RELATED COMPQUNDS

ABSTRACT OF THE DISCLOSURE

Disclosed are one and two step methods for preparing o,B-unsaturated-f-
trifluoromethyl carboxylates and related matena]s under mild reacuon conditions.



