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Abstract

Ž . Ž .Esters and amides of 2- trifluoromethyl acrylic acid TFMAA have been synthesised by two different routes involving
Ž .CO-chemistry. The alkoxycarbonylation of 2-bromo-3,3,3-trifluoropropene was carried out in the presence of PdCl PPh .2 3 2

High substrate conversions were obtained, but the yield in acrylic esters was generally low because the desired unsaturated
esters reacted further adding a molecule of alcohol to the C–C double bond. The carbonylation of 2-bromo-3,3,3-trifluoro-
propene in the presence of secondary amines produced the corresponding unsaturated amides in high yields; the addition of
the amine to the C–C double bond also occurred, but this side reaction was minimised by using secondary cyclic amines
such as morpholine or piperidine. Alternatively, the acrylic esters can be obtained by hydromethoxycarbonylation of

Ž .3,3,3-trifluoropropyne using the catalytic system Pd OCOCH r2-pyridyldiphenylphosphinerCH SO H. In this process3 2 3 3

the most important side product is the isomeric crotonic ester. The regioselectivity of the reaction can be controlled to a great
extent by a suitable choice of the solvent. q 1999 Elsevier Science B.V. All rights reserved.

Ž . Ž .Keywords: Palladium; Carbonylation; 2- Trifluoromethyl acrylic esters; 2- Trifluoromethyl acrylic amides; Acrylic monomers

1. Introduction

Esters of fluorinated acrylic acids are valu-
able starting materials for homo- and co-poly-
mers having uncommon technological proper-

w xties 1–4 . For example, we have successfully
employed polyacrylates containing fluorine in
their backbone as protective compounds for his-

w xtorical and artistic manufacts 5–7 .

) Corresponding author. Tel.: q39-41-2578572; Fax: q39-41-
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Our interest in preparing polyacrylates con-
taining one or more fluorine atoms in defined
positions of the repeating unit, stimulated us to
set up efficient preparative routes to esters of
Ž . Ž .2- trifluoromethyl acrylic acid TFMAA of type

1 to be used for the preparation of high perfor-
w xmance coatings 1,8 .

In principle, carbonylation reactions cata-
lysed by Pd or Co carbonyl complexes offer a
convenient approach to compounds of type 1.
However, previous studies on the carbonylation
of 2-bromo-3,3,3-trifluoropropene 3 in the pre-

1381-1169r99r$ - see front matter q 1999 Elsevier Science B.V. All rights reserved.
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Scheme 1.

sence of alcohols such as methanol and ethanol
have shown that the chemoselectivity of this
catalytic process is unsatisfactory, since in the
best case the yield in the desired ester reaches

w x60% 1 . The main side product is the al-
Ž .kyl 2- trifluoromethyl -3-alkoxypropanoate 4

Ž .Scheme 1 formed by the addition of the alco-
hol to the olefinic double bond of the acrylic
ester 1.

Here we report the results obtained in the
synthesis of fluorinated acrylic esters of type 1
following two different preparative routes in-
volving CO-chemistry.

Furthermore, we have synthesised some
N, N-dialkylacrylamides of type 2 via carbonyla-
tion of 3 in the presence of secondary amines to
test the corresponding polymeric materials as
stone protectives.

2. Results and discussion

The carbonylation of the unsaturated bromide
3 was accomplished in the presence of PdCl -2
Ž .PPh as the catalytic precursor using reaction3 2

conditions close to those reported by Schoen-
w x Ž .berg and et al. 9,10 Scheme 2 .

We studied the influence of the alcohol struc-
ture in the attempt to minimise the formation of
the side product 4. Inexpensive industrially
available alcohols were employed. The most
representative results are reported in Table 1.
The carbonylation proceeds smoothly and the
substrate conversion is generally good. How-
ever, the yield in the desired ester of type 1 is
generally low because of the formation of sig-
nificant amounts of the by-product of type 4 and
of the formation of unidentified high boiling
side products. The yield in 4 exceeds that in 1
even when the bulky 2,2-dimethyl-1-propanol is

employed. Using tert-butanol, the reactivity
drastically decreases because of its steric hin-
drance and only traces of reaction products are
detected after 160 h at 1208C and 50 atm CO.

It is interesting to note that an experiment
carried out under the same reaction conditions
used for the carbonylations showed that 1 reacts
with methanol to give 4 even in the absence of

Ž .Pd II species. Therefore, it is conceivable that
the electrophilicity of the olefinic double bond
of 1 is enhanced by the strongly electron-
withdrawing trifluoromethyl group which makes
the unsaturation prone to undergo nucleophilic
attack by the alkoxide anion.

Much more appealing results are achieved
when 3 is carbonylated in the presence of sec-

Ž .ondary amines using PdCl PPh as catalyst2 3 2
Ž .Scheme 2 . The experiments reported in Table
2 were carried out under the same conditions
used in the alkoxycarbonylation reaction except
for the temperature, which was increased to
1208C, because secondary amines showed to be
less reactive than alcohols.

Even if prolonged reaction times are neces-
sary to achieve high substrate conversions the
yields in the unsaturated amides 2 are good
because the formation of addition products of
type 5 is reduced. In particular, in the presence
of cyclic amines like morpholine or piperidine

Ž .both the conversion 99% and the chemoselec-
Ž . Žtivity 90–94% are excellent Table 2, entries 5
.and 6 .

The steric hindrance of the amine appears to
be determining in limiting the formation of 5

Scheme 2.
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Table 1
Ž .Alkoxycarbonylation of 2-bromo-3,3,3-trifluoropropene catalyzed by PdCl PPh2 3 2

aŽ . Ž . Ž . Ž .Entry Alcohol Time h Conversion % 1 Yield % 4 Yield %

1 Methanol 15 84 24 49
2 2-Propanol 66 96 36 32
3 1-Butanol 3 98 20 40
4 2-Butanol 6 93 16 38

b5 2,2-Dimethylpropanol 15 71 17 40

Ž . Ž .Substrate: 5.7 mmol; PdCl PPh : 0.1 mmol; alcohol: 7.2 mmol; tributylamine: 6.3 mmol; P CO : 50 atm; T : 1008C.2 3 2
a Formation of high boiling side products was observed.
b Tripropylamine was used.

Žwhich reaches 38% using diethylamine Table
.2, entry 2 and is negligible with diisopropy-

Ž .lamine Table 2, entry 4 .
In the light of the disappointing results ob-

tained in the alkoxycarbonylation of 3 we tested
an alternative synthesis of the esters of TFMAA
based on the hydroalkoxycarbonylation of

Ž .3,3,3-trifluoropropyne 6 Scheme 3 . This sub-
strate is commercially available or can be con-

Ž .veniently prepared by i dehydrohalogenation
with strong bases of 2-bromo-3,3,3-trifluoropro-

w x Ž .pene 11 , ii dehalogenation with Zn dust of
1,1,2-trichloro-3,3,3-trifluoropropene followed

w xby addition of water 12 .
Recently, the carbonylation of alkynes has

been successfully employed in the synthesis of
w x w xcommodities 13,14 and fine chemicals 15 .

Very good results are obtained using a catalytic

Žsystem formed by the combination of Pd OC-
.OCH , 2-pyridyldiphenylphosphine and a3 2

w xstrong organic acid like CH SO H 13,14 . This3 3

system is very active and almost completely
regioselective towards the branched isomer: for
example Drent reported that under mild condi-

Ž Ž . .tions 508C, P CO s30 atm propyne is hy-
dromethoxycarbonylated with turnover numbers

Žgreater than 40.000 mol of productr mol of
.Pd=hour and selectivities to methyl metha-

w xcrylate of ca. 99% 13,14 .
Preliminary investigations on the carbonyla-

tion of 3,3,3-trifluoropropyne in the presence of
Ž .methanol Scheme 4 were carried out using

reaction conditions close to those reported by
Drent. These experiments show that the pres-
ence of the trifluoromethyl group strongly af-
fects the catalysis: in fact, in methanol at 508C

Table 2
Ž .Amidocarbonylation of 2-bromo-3,3,3-trifluoropropene catalyzed by PdCl PPh2 3 2

Ž . Ž . Ž . Ž .Entry Amine Time h Conversion % 2 Yield % 5 Yield %
a1 Diethylamine 22 67 25 15

b,c a2 Diethylamine 22 99 57 38
d a3 Diisopropylamine 90 99 75 20
e a4 Diisopropylamine 90 85 70 -
b,c5 Morfoline 45 99 94 5
b,c6 Piperidine 45 99 90 9

Ž . Ž .Substrate: 5.7 mmol; PdCl PPh : 0.1 mmol; P CO : 50 atm; T : 1208C; amine: 6.3 mmol.2 3 2
a Formation of high boiling side products was observed.
b5.7 mmol of triethylamine were also added as HBr scavenger.
c Ž .Tetrahydrofuran 5 ml was added as solvent.
dAmine: 26.8 mmol.
eAmine: 17.1 mmol.
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Scheme 3.

Ž .Table 3, entry 1 the carbonylation of 3,3,3-tri-
fluoropropyne requires long reaction times and
both 1 and 7 are formed in ca. 1.2 molar ratio.
Traces of 4 are also formed.

The influence of the nature of the solvent, the
Ž .temperature, and P CO on the chemoselectiv-

ity of the reaction has been investigated in order
to maximise the yield in acrylic ester. The most
representative results are collected in Table 3.

It appears that the solvent plays the most
important role affecting both the rate and the
regioselectivity of the reaction. In particular, the

Ž . w xuse of N-methylpyrrolidone NMP 14 en-
hances the regioselectivity towards the acrylic
ester albeit the reaction rate is reduced. We
tested solvent mixtures containing little amounts
of NMP in order to reach a good compromise
between the good reaction rate obtained in
methanol and the high regioselectivity obtained
in NMP. Accordingly, the use of a 9r1

Ž .methanolrNMP mixture Table 3, entry 3 pro-
duces a substantial enhancement of the 1r7
ratio even if a modest decrease in the reaction
rate with the respect to the use of neat methanol
is observed. Better results are obtained using
dichloromethanerNMP mixtures: in particular,
using a 9r1 mixture the regioselectivity goes up

Ž .to 3.0 Table 3, entry 4 . Using a 1r1 dichloro-

Scheme 4.

methanerNMP mixture the 1r7 ratio increases
up to ca. 13, but the catalytic activity becomes
exceedingly low.

The results obtained in the carbonylation of 6
are consistent with the reaction mechanism we

w xhave recently proposed 16 . As a matter of fact,
our investigations indicated that the key step of
the catalytic cycle involves the formation of a
Pd–vinyl intermediate by protonation of an

Ž .alkyne-Pd species Scheme 5 .
Accordingly, the low carbonylation rate of 6

is attributable to the presence of the strong
electro-withdrawing trifluoromethyl group,
which makes the adjacent carbon atom less
susceptible of attack by an electrophilic reagent.
This effect can also account for the low regiose-
lectivity obtained in the carbonylation of 6. It is
rather difficult to provide a reasonable explana-
tion for the effect played by NMP, however it
should be noted that this solvent has a basic

w xbehaviour 17 which may influence both the
reactivity of the proton and the coordination
sphere of the palladium.

The use of a fluorinated solvent such as
Ž .1,1,2-trichlorotrifluoroethane Table 3 does not

allow to obtain substantial improvements in the
regioselectivity. As with the other solvents the

Table 3
Hydroalkoxycarbonylation of 3,3,3-trifluoropropyne in the presence of methanol: effect of the solvent

Ž . Ž . Ž . Ž .Entry Solvent Time h Conversion % 1 Yield % 7 Yield % 1r7

1 CH OH 24 85 47 38 1.23

2 NMP 24 3.5 3.1 0.4 7.8
Ž .3 CH OHrNMP 9r1 24 60 39 21 1.93
Ž .4 CH Cl rNMP 9r1 24 52 39 13 3.02 2
Ž .5 CH Cl rNMP 1r1 46 55 51 4 12.82 2

a6 Cl FCCF Cl 20 49 32 17 1.92 2
a Ž .7 Cl FCCF ClrNMP 9r1 20 12 10 2 5.02 2

Ž . Ž .Substrate: 12.0 mmol; CH OH: 42.0 mmol; solvent: 20 ml; Pd OCOCH : 0.025 mmol; PyPPh : 1 mmol; CH SO H: 1 mmol; P CO :3 3 2 2 3 3

40 atm; T : 508C.
a Ž .P CO : 80 atm.
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Scheme 5.

addition of a small amount of NMP provides an
enhancement of the regioselectivity at the ex-
pense of the catalytic activity.

In Table 4 are reported the data obtained
using different reaction temperatures: it appears
that the best results are achieved carrying out
the reaction at 808C, since at higher tempera-
tures both the regioselectivity and the reaction
rate decrease. This fact may probably be at-
tributed to a partial decomposition of the cata-
lyst andror to a decrease of concentration of the
substrate in solution owing to the higher tem-
perature.

The hydroalkoxycarbonylation of fluoro-
alkynes can be conveniently used to synthesise
esters of TFMAA having fluorine atoms in the
ester moiety. For example the carbonylation of
6 in the presence of 2,2,2-trifluoroethanol
Ž .Scheme 6 affords the corresponding acrylic

Ž .ester in good yield Table 5 .
When the reaction is carried out in neat

trifluoroethanol, the acrylic 8 and crotonic 9
Ž .esters are formed in almost 1r1 ratio entry 1 .

Using 1,1,2-trichlorotrifluoroethane as solvent
the reaction rate is enhanced but the 8r9 ratio

Ž .becomes 0.3 entry 2 . Also in this case, the
formation of the branched isomer is favoured by
the use of NMP in mixture with other solvents:
in fact, as found with methanol, the presence of
NMP strongly enhances the formation of the

Scheme 6.

acrylic ester even if the reaction rate decreases
Ž .entries 3 and 4 .

3. Concluding remarks

The obtained results indicate that for the
synthesis of TMFAA esters the hydroalkoxycar-
bonylation of 3,3,3-trifluoropropyne is more
suitable than the alkoxycarbonylation of 2-
bromo-3,3,3-trifluoropropene. As a matter of
fact the alkyne based route offers a greater
chemoselectivity likely owing to the acidic
character of the reaction medium. At variance
of that found in the case of non-fluorinated
aliphatic alkynes the regioselectivity of the reac-
tion is not complete. However, our investiga-
tions demonstrate that the regioselectivity may
be controlled to a great extent by a careful
optimisation of the reaction parameters. From a
synthetic point of view the possibility to obtain
the crotonic or the methacrylic ester by a suit-
able tuning of the reaction conditions seems
very useful.

Moreover, the alkyne-based route allows to
obtain a straightforward synthesis of methacrylic
monomers containing fluorine atoms both on
the methyl group and on the ester moiety. Inter-
esting results have also been obtained in the

Table 4
Hydroalkoxycarbonylation of 3,3,3-trifluoropropyne in the presence of methanol: effect of the temperature

Ž . Ž . Ž . Ž .T 8C Solvent Conversion % 1 Yield % 7 Yield % 1r7

Ž .50 CH Cl rNMP 9r1 52 39 13 3.02 2
Ž .80 CH Cl rNMP 9r1 100 73 27 2.72 2
Ž .120 CH Cl rNMP 9r1 93 51 42 1.22 2

Ž . Ž .Substrate: 12.0 mmol; CH OH: 42.0 mmol; solvent: 20 ml; Pd OCOCH : 0.025 mmol; PyPPh : 1 mmol; CH SO H: 1 mmol; P CO :3 3 2 2 3 3

40 atm; reaction time: 24 h.
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Table 5
Hydroalkoxycarbonylation of 3,3,3-trifluoropropyne in the presence of 2,2,2-trifluoroethanol

Ž . Ž . Ž . Ž .Entry Solvent Time h Conversion % 8 Yield % 9 Yield % 8r9

1 CF CH OH 24 26 13 13 1.03 2

2 Cl FCCF Cl 24 50 11 39 0.32 2
Ž .3 Cl FCCF ClrNMP 39r1 94 83 34 49 0.72 2
Ž .4 Cl FCCF ClrNMP 9r1 90 23 20 3 6.72 2

Ž .Substrate: 12.0 mmol; CF CH OH: 42.0 mmol; solvent: 20 ml; Pd OCOCH : 0.025 mmol; PyPPh : 1 mmol; CH SO H: 1 mmol;3 2 3 2 2 3 3
Ž .P CO : 80 atm; T : 508C.

synthesis of N, N-dialkylmethacrylamides via
alkoxycarbonylation of 2-bromo-3,3,3-trifluoro-
propene. In particular, good results have been
obtained using bulky secondary amines or cyclic
amines such as piperidine.

Further studies are in progress to synthesise
fluorinated methacrylamides by the alkyne based
route.

4. Experimental

All the operations were carried out under
argon in Schlenk-type glassware. Alcohols,
amines,2-pyridyldiphenylphosphine and me-
thanesulfonic acid were commercial products
Ž . Ž .Aldrich . Solvents C. Erba were purified fol-

w xlowing methods described in literature 18 .
Ž .Pd OCOCH was purchased from Engelhard.3 2

Ž .PdCl PPh was prepared as described in lit-2 3 2
w xerature 19 . 3,3,3-Trifluoropropyne and 2-

bromo-3,3,3-trifluoropropene were commercial
Ž .products Fluorochem .

Carbonylation experiments were carried out
in a magnetically stirred stainless steel auto-

Ž .clave total volume ca. 150 ml . Conversions
and yields of the carbonylation reactions were
determined by GLC on a Hewlett-Packard 5890
II series gaschromatograph using p-xylene as
internal standard. The products were charac-
terised by GLC-MS using a HP 5890 II series
gaschromatograph interfaced to a Hewlett-
Packard 5971 mass detector. Some of the prod-
ucts were also characterised by 1H-NMR spec-
troscopy using a Bruker AC 200 spectrometer
operating at 200.13 MHz.

4.1. Carbonylation of 2-bromo-3,3,3-trifluoro-
propene

Ž .In a typical experiment run 2 of Table 2 the
Ž .autoclave was charged with 1 g 5.7 mmol of

Ž2-bromo-3,3,3-trifluoropropene, 460 mg 6.3
. Ž .mmol of diethylamine, 575 mg 5.7 mmol of

Ž .triethylamine, 70 mg 0.1 mmol of PdCl -2
Ž .PPh and 5 ml of tetrahydrofurane. The reac-3 2

tor was then pressurised with carbon monoxide
Ž .50 atm . The vessel was heated at 1208C
Ž ."18C by circulating a thermostatic fluid. Af-
ter 22 h the residual gas was vented off, the raw
reaction mixture was purified by flash chro-

Ž .matography silica gel, hexanerdiethylether
and the products identified by 1H-NMR spec-
troscopy and GC-MS.

4.2. Carbonylation of 3,3,3-trifluoropropyne

The experimental details for run 1 of Table 3
are reported. Under inert atmosphere a Schlenk
flask containing a small magnetic bar is charged

Ž .with 263 mg 1.0 mmol of 2-pyridyl-
Ž .diphenylphosphine, 5.6 mg 0.025 mmol of

Ž .Pd OCOCH , 20 ml of methanol and 96 mg3 2
Ž .1.0 mmol of CH SO H. The resulting solu-3 3

tion is transferred via cannula into the auto-
Žclave. The reactor is charged with 1.0 g 12

.mmol of 3,3,3-trifluoropropyne, then pres-
Ž .surised with CO 40 atm . The reactor was

Ž .heated at 508C "18C by circulating a thermo-
static fluid. After 24 h the residual gas was
vented off and the composition of the raw reac-
tion mixture determined by GLC.
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4.3. Characterisation of products

( )4.3.1. n-Butyl 2- trifluoromethyl acrylate
Ž . Ž q . Ž qMS mre : 195 M y 1 ; 167 M –
. Ž q.CH CH ; 123 CH 5CCF CO ; 1012 3 2 3

Ž Ž . q. Ž q.COO CH CH ; 95 CH 5CCF ; 752 3 3 2 3
Ž q . Ž q .C F 5 C 5 C H ; 6 9 C F ; 4 12 3
Ž q.CH 5CHCH .2 2

( ) ( )4.3.2. n-Butyl 2- trifluoromethyl -3- n-butoxy -
propanoate

Ž . Ž q. Ž qMS mre : 270 M ; 227 M –
. Ž q Ž .CH CH CH ; 171 M – CH CH5CH –2 2 3 3 2

Ž .. Ž q Ž Ž . . Ž ..C H ; 141 M – O CH CH – C H ;4 9 2 3 3 4 8
Ž Ž . q. Ž Ž . q.87 CH CH OCH ; 73 O CH CH ; 573 2 3 2 2 3 3

Ž Ž .q. Ž q.CH CH ; 41 CH 5CHCH ; 293 2 3 2 2
Ž q.CH CH .3 2

( )4.3.3. s-Butyl 2- trifluoromethyl acrylate
Ž . Ž q . Ž q .MS mre : 195 M y1 ; 181 M –CH ;3

Ž q . Ž q.167 M –CH CH ; 123 CH 5CCF CO ;2 3 2 3
Ž Ž .q. Ž q.101 COOCH CH CH ; 95 CH 5CCF ;2 3 2 2 3
Ž q . Ž q .75 C F 5 C5 CH ; 69 CF ; 412 3

Ž q.CH 5CHCH .2 2

( ) ( )4.3.4. s-Butyl 2- trifluoromethyl -3- s-butoxy -
propanoate

Ž . Ž q . Ž qMS mre : 255 M –CH ; 241 M –3
. Ž q Ž . .CH CH ; 213 M –CH CH CH ; 1972 3 2 3 2

Ž q Ž . . ŽM – O CH C H CH ; 123 CH 52 3 2 2
q. ŽŽ . q.CCF CO ; 87 CH CHCH OCH ; 733 3 2 2 2

Ž Ž .q . Ž q .O C H C H C H ; 69 C F ; 432 3 2 3
Ž q. Ž q.CH CH CH ; 29 CH CH .3 2 2 3 2

( )4.3.5. t-Butyl 2- trifluoromethyl acrylate
Ž . Ž q .M S mre : 181 M – CH ; 1233

Ž q. Ž q.CH 5CCF CO ; 95 CH 5CCF ; 752 3 2 3
Ž q. Ž q. ŽŽ . q.CF 5C5CH ; 69 CF ; 57 CH C ; 152 3 3 3
Ž q.CH .3

( )4.3.6. Isopropyl 2- trifluoromethyl acrylate
Ž . Ž q . Ž q .MS mre : 181 M y1 ; 167 M –CH ;3

Ž q. Ž q.123 CH 5CCF CO ; 95 CH 5CCF ; 752 3 2 3
Ž q . Ž q .C F 5 C 5 C H ; 6 9 C F ; 5 72 3
Ž q. ŽŽ . q.CH 5CCH O ; 43 CH CH .2 3 3 2

( ) (4.3.7. Isopropyl 2- trifluoromethyl -3- isopro-
)poxy propanoate

Ž . Ž q . Ž qMS mre : 241 M y 1 ; 213 M –
. Ž q Ž . .CH CH ; 199 M – CH CH ; 952 3 3 2

Ž q. Ž Ž .q.CH 5CCF ; 87 COOCH CH ; 732 3 3 2
Ž Ž .q . Ž q .C H O C H C H ; 69 C F ; 592 3 2 3
Ž Ž .q. Ž q.OCH CH ; 57 CH 5CCH O ; 433 2 2 3
ŽŽ . q.CH CH .3 2

( )4.3.8. 2,2-Dimethylpropyl 2- trifluoromethyl -
acrylate

Ž . Ž q .M S mre : 195 M – CH ; 1233
Ž q. Ž Ž .q.CH 5CCF CO ; 115 COOCH C CH ;2 3 2 3 3

Ž q. Ž q.95 CH 5CCF ; 75 CF 5C5CH ; 692 3 2
Ž q. ŽŽ . q. Ž q.CF ; 57 CH C ; 41 CH 5CCH .3 3 3 2 3

( )4.3.9. 2,2-Dimethylpropyl 2- trifluoromethyl -3-
( )2,2-dimethylpropoxy propanoate

Ž . Ž q . Ž qMS mre : 283 M –CH ; 241 M –3
Ž . . Ž q Ž . .C CH ; 227 M –CH C CH ; 1233 3 2 3 3

Ž q. Ž q.CH 5CCF CO ; 95 CH 5CCF ; 872 3 2 3
Ž Ž .q. Ž Ž .q.OCH C CH ; 71 CH C CH ; 692 3 3 2 3 3
Ž q. ŽŽ . q. Ž q.CF ; 57 CH C ; 41 CH 5CCH .3 3 3 2 3

( )4.3.10. Methyl 2- trifluoromethyl acrylate
1 Ž . Ž .H-NMR CDCl , ppm : 3.75 s, 3H , 6.333

Ž . Ž . Ž . Ž q.m, 1H , 6.59 m, 1H . MS mre : 154 M ;
Ž q .135 C H 5 C 5 C F C O O C H ; 1232 2 3

Ž q. Ž q.CH 5CCF CO ; 95 CH 5CCF ; 752 3 2 3
Ž q. Ž q. Ž q.CF 5C5CH ; 69 CF ; 59 COOCH ; 312 3 3
Ž q. Ž q.OCH ; 15 CH .3 3

( )4.3.11. Methyl 2- trifluoromethyl -3 methoxy-
propanoate

Ž . Ž q. Ž q .MS mre : 186 M ; 171 M –CH ; 1553
Ž q . Ž q . Ž qM –OCH ; 127 M –COOCH ; 117 M –3 3

. Ž q. Ž q.CF ; 85 CH 5CCOOCH ; 69 CF ; 593 2 3 3
Ž q. Ž q. Ž q.COOCH ; 45 CH OCH ; 31 OCH ; 153 3 2 3
Ž q.CH .3

4.3.12. Methyl 4,4,4-trifluorocrotonate
1 Ž . Ž .H-NMR CDCl , ppm : 3.65 s, 3H ,3

Ž . Ž . Ž )6.37 m, 1H , 6.69 m, 1H . MS mre :
Ž q. Ž135 CF CH5CHCOOCH ; 123 CH2 3 2

q . Ž q .5 CCF CO ; 95 CH 5 CCF ; 853 2 3
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Ž q. Ž q.CH5CHCOOCH ; 75 CF 5C5CH ; 693 2
Ž q.CF .3

( )4.3.13. N,N-Diethyl 2- trifluoromethyl -
acrylamide

1 Ž . Ž .H-NMR CDCl , ppm : 1.08–1.25 m, 6H ,3
Ž . Ž . Ž .3.25–3.60 m, 4H , 5.63 s, 1H , 5.95 s, 1H .

Ž ) Ž q. Ž q .MS mre : 195 M ; 180 M –CH ; 1663
Ž q . Ž q.M –CH CH ; 123 CH 5CCF CO ; 952 3 2 3
Ž q. Ž q. Ž q.CH 5CCF ; 69 CF ; 29 CH CH ; 152 3 3 2 3
Ž q.CH .3

( )4.3.14. N,N-Diisopropyl 2- trifluoromethyl -
acrylamide

1 Ž . Ž .H-NMR CDCl , ppm : 1.00–1.32 m, 6H ,3
Ž . Ž .1.32–1.70 m, 6H , 3.25–3.65 m, 1H , 3.85–

Ž . Ž . Ž .4.25 m, 1H , 5.55 s, 1H , 5.90 s, 1H . MS
Ž ) Ž q. Ž q . Ž qmre : 223 M ; 208 M –CH ; 180 M –3

Ž . . Ž q Ž .CH CH ; 166 M – CH 5CHCH –3 2 2 3
Ž .. Ž q .CH ; 123 CH 5CCF CO ; 1003 2 3
Ž Ž Ž . .q. Ž q. Ž q.N CH CH ; 95 CH 5CCF ; 69 CF ;3 2 2 2 3 3

Ž q.15 CH .3

[( ) ]4.3.15. N 2-Trifluoromethyl -acryloyl piperi-
dine

1 Ž . Ž .H-NMR CDCl , ppm : 1.30–1.80 m, 6H ,3
Ž . Ž . Ž .3.30–3.80 m, 4H , 5.65 s, 1H , 6.02 s, 1H .

Ž ) Ž q. Ž q .MS mre : 207 M ; 206 M y1 ; 186
Ž q . Ž q . Ž q206 –HF ; 178 M –C H ; 164 M –2 5

. Ž q . Ž q .C H ; 150 M –C H ; 138 M –CF ; 1233 7 4 9 3
Ž q. Ž q.CH 5CCF CO ; 95 CH 5CCF ; 842 3 2 3
Ž Ž .q. Ž q. Ž q. Ž q.N CH ; 69 CF ; 56 C H ; 55 C H ;2 5 3 4 8 4 7

Ž q. Ž q. Ž q.42 C H ; 41 C H ; 29 C H .3 6 3 5 2 5

[( ) ]4.3.16. N 2-Trifluorom ethyl acryloyl -
morpholine

1 Ž . Ž .H-NMR CDCl , ppm : 3.40–3.90 m, 8H ,3
Ž . Ž . Ž )5.70 s, 1H , 6.10 s, 1H . MS mre : 209

Ž q. Ž q . Ž q .M ; 208 M y1 ; 194 M –CH ; 1903
Ž q . Ž q . Ž q .M –F ; 188 208 –HF ; 180 M –C H ; 1782 5
Ž q . Ž q . Ž qM –OCH ; 164 M –OC H ; 159 190 –3 2 5

. Ž q . Ž q .OCH ; 150 M –OC H ; 140 M –CF ; 1363 3 7 3
Ž q . Ž q.M –OC H ; 123 CH 5CCF CO ; 1144 9 2 3
Ž Ž . Ž .q. Ž q.CON CH O CH ; 95 CH 5CCF ; 862 2 2 2 2 3
Ž Ž . Ž .q. Ž q. Ž q.N CH O CH ; 69 CF ; 56 C H N ;2 2 2 2 3 3 6

Ž q. Ž q.42 C H N ; 29 C H .2 4 2 5

( ) (4.3.17. N,N-Diethyl 2- trifluoromethyl -3- N,
)N-diethylamino propanamide

1 Ž . Ž .H-NMR CDCl , ppm : 0.90-1.05 t, 6H ,3
Ž . Ž .1.05–1.18 t, 3H , 1.18–1.32 t, 3H , 2.32-2.62

Ž . Ž . Žm, 4H , 2.68–2.80 dd, 1H , 3.12–3.30 dd,
. Ž . Ž . Ž q.1H , 3.30–3.60 m, 5H . MS mre : 268 M ;

Ž q . Ž q .253 M –CH ; 239 M –CH CH ; 1963 2 3
Ž q Ž . . Ž qM – N C H C H ; 1 6 8 M -2 3 2

Ž . . Ž q .CON CH CH ; 148 168 –HF ; 1232 3 2
Ž q. Ž Ž .q.CH 5CCF CO ; 100 CON CH CH ; 862 3 2 3 2
Ž Ž .q. Ž Ž .q.CH N CH CH ; 72 N CH CH ; 692 2 3 2 2 3 2
Ž q. Ž q. Ž q.CF ; 56 C H NO ; 42 C H N ; 293 2 2 2 4
Ž q. Ž q.C H ; 15 CH .2 5 3

( )4.3.18. N,N-Diisopropyl 2- trifluoromethyl -3-
( )N,N-diisopropylamino propanamide

1 Ž . Ž .H-NMR CDCl , ppm : 0.97 d, 12H ,3
Ž . Ž .1.18–1.25 dd, 6H , 1.35–1.44 dd, 6H , 2.73–

Ž . Ž .2.83 dd, 1H , 2.84–3.10 m, 2H , 3.19–3.33
Ž . Ž . Ždd, 1H , 3.38–3.59 m, 2H , 4.00–4.23 m,

. Ž . Ž q . Ž q1H . MS mre : 309 M –CH ; 281 M –3
Ž . . Ž q Ž Ž . . .CH CH ; 224 M –N CH CH ; 1663 2 3 2 2

Ž q Ž Ž Ž . . . Ž Ž . ..309 – N CH CH – CH CH ; 1543 2 2 3 2
Ž q Ž Ž Ž . . . Ž ..M – CON CH CH – CH CH5CH ;3 2 2 3 2

Ž q Ž . Ž .. Ž q.140 224 – CF – CH ; 128 CO ; 1143 3
Ž Ž Ž . .q . Ž ŽC H N C H C H ; 98 C H C 52 3 2 2 3

. Ž Ž . .q. Ž q .CH N CH CH ; 86 114 –C H ; 692 3 2 2 2 4
Ž q. Ž q. Ž . Ž q.CF ; 56 C H N ; 43 C H ; 15 CH .3 3 6 3 7 3

[ ( )4.3.19. 2-Trifluoromethyl-3- 1-piperidino -
]propanoyl piperidine

1 Ž . Ž .H-NMR CDCl , ppm : 1.45–1.80 m, 12H ,3
Ž . Ž .2.25–2.52 m, 1H , 2.58–2.72 dd, 1H , 3.08–

Ž . Ž . Ž )3.21 dd, 1H , 3.38–3.85 m, 8H . MS mre :
Ž q. Ž q . Ž q .292 M ; 263 M –C H ; 223 M –CF ;2 5 3
Ž q Ž . . Ž q Ž . .208 M –N CH ; 180 M –CON CH ;2 5 2 5
Ž q . Ž q .166 180 –CH ; 152 180 –C H ; 1382 2 4

Ž q . Ž q.180 –C H ; 123 CH 5CCF CO ; 983 6 2 3
Ž Ž .q. Ž Ž .q. Ž q.CH N CH ; 84 N CH ; 69 CF ; 552 2 5 2 5 3
Ž q. Ž q.C H ; 41 C H .4 7 3 5

[ ( )4.3.20. 2-Trifluoromethyl-3- 1-morpholino -
]propanoyl morpholine

1 Ž . Ž .H-NMR CDCl , ppm : 2.40–2.60 m, 1H ,3
Ž . Ž .2.62–2.78 dd, 1H , 3.12–3.30 dd, 1H , 3.35–

Ž . Ž . Ž q.3.90 m, 16H . MS mre : 296 M ; 227
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Ž q . Ž q Ž . Ž . .M –CF ; 210 M –N CH O CH ; 1963 2 2 2 2
Ž q Ž . Ž . .M – C H N C H O C H ; 8 62 2 2 2 2
Ž Ž . Ž .q. Ž q.N CH O CH ; 69 CF .2 2 2 2 3
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