OPTAHUYECKAA XMMUSA

YK 547.8.83 + 547.291
S.V.Pazenok, M.Ford, Yu.G.Shermolovich

A SIMPLE AND CONVENIENT APPROACH TO BIOLOGICALLY ACTIVE
4-TRIFLUOROMETHYLNICOTINIC ACID DERIVATIVES

A smple and convenient synthesis of biologically active 4-trifluoromethylnicotinic acid derivatives such as

amide, estersand nitril has been developed.

INTRODUCTION. Insecticidesarethe second lar-
gest market segment for crop protection chemicals
with total global sales of morethen 6.5 billion €/pa
in 2004. The search for new insecticides which have
an improved efficacy, low mammalian toxicity, more
favourable environmental profileand lower costisa
truly challenging task for R&D chemists within the
crop protection companies dealing with development
and manufacturing of new pest control products.

Fluorine as a subgtituent in active ingredients
plays a significant and increasingly important role.
Currently, about 15 % of the pegticides listed in the
13" edition of the Pegticide M anual contain at least
onefluorineatom [1]. Thebiggest group of fluorina-
ted pesticides are the compounds containing a tri-
fluoromethyl group (mainly in aromatic rings), fol-
lowed by aromatic compounds containing an isola-
ted fluorine atom (one and more). It was estimated
that thenumber of fluorinated compoundscurrently
under development represent some 35—50 % of the
all activeingredients under development.

4-Trifluoromethylpyridine carboxamides are
an excedlent example of the positive impact of fluo-
rineon the biological profile of an activeingredient.
The insecticidal activity of 4-trifluoromethylnico-
tinicacid amidewasfirst published in 1994 [2]. Sin-
ce that time, a large number of patent applications
have subsequently been published claiming the pes-
ticidal potential of this class of compounds [3—
13]. These 4-trifluoromethylnicotinic acid amides
belong to a new generation of modern systemic
and contact insecticides. They are active against su-
cking pests such as aphids and white fliesand
have a novel mode of action which is diffe-
rent from all currently known products. The
first product of this class Flonicamid® has
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already entered the market:
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4-Trifluoromethylnicotinamide Flonicamid®

EXPERIMENTAL RESULTSAND DISCUSSION.
The firgt synthetic pathway to 4-trifluoromethylni-
cotinic amide, with trifluoromethyl-2-pyridone [14]
(prepared via cyclisation of 4,4,4-trifluoroacetoace-
tate) asthe key intermediate, was published in 1994
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A more practical and efficient way for the
preparation of 4-trifluoromethylnicotinic acid, star-
ting from the more easly available 4-amino-1,1,1-
trifluoro-3-buten-2-on [15], wasreported in 1996 [16]:
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During the cyclisation with sodium methano-
late, saponification of the carbomethoxy group also
occurred, so that the acid rather the ester was the
product of thisreaction. For the synthess of the de-
dred nicotinamides, the nicotinic acid had to be
additionally activated, usually via reaction with thi-
onvl chloride:
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Recently, we developed a smple and conveni-
ent two step procedure for the preparation of 4-tri-
fluoromethylnicotinic acid derivatives, such asnitri-

les and esters, starting from commercially available
4-amino-,1,1,1-trifluoro-3-buten-2-one:
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possible (on any reasonable scale) for safety rea-
sons. TED (thin film distillation) could be success-
fully used to givea product of 95—98 % purity. The
next sep in the synthesis is the base-catalysed con-
densation of thisvinylamino ketone with activated
acrylic acid derivatives to form the desired bis(vi-
nyl)amine (2a,b). We have now found that K OtBu,
NaOtBu or even NaOMein DMF or NMP can be
successfully used for the generation of the highly
reactive anion from vinylaminoketone instead of
the more hazardous sodium hydride which was ori-
ginally used for the activation [2]. 4-Amino-1,1,1-
trifluoro-3-buten-2-one (1) shows only moderate
stability in methanol or other alcohols. The decom-
position is accelerated by the presence of strong
bases e.q.: alcoholates leading to the formation of
tarry polymeric products. The removal (under va-
cuum) of the methanol formed during the genera-
tion of the anion from the vinylaminoketone and
NaOMe, or during the reaction of the generated
anion with acrylic acids derivatives, improves the
yidd of thistransformation significantly. The solid,
stable bigvinyl)amine (2a,b) is formed as a mixture
of cigtransisomers:
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The garting material in the new synthesis 4- or -CH,0H
amino-1,1,1-trifluoro-3-buten-2-one (1) can be easly MeO—CH:CH-R
vacuum

prepared according to the literature procedure, whe-
reby both trifluoroacetic acid anhydrideand thechea-
per trifluoroacetic acid chloride can be used for the
Hojo acylation of alkylvinyl ethersto give 4-alkoxy-
1,1,1-trifluoro-3-buten-3-one. Subssquent reaction with
gaseous ammonia proceeds exothermically to give 4-
amino-1,1,1-trifluoro-3-buten-2-one ina high yield

[15-17): CF,cocl

H,C=CH-OAIk —>
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4-Amino-1,1,1-trifluoro-3-buten-2-one (1), b.p.
54 °C/0.4 mbar [15], isthermally and hydrolytical-
ly labile. The thermal instability (decomposition
onset: 70°C) makes batch distillation virtually im-
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(o]
/U-— —CH-N-HC=CH-F
CF; HC=CH N

R=COOMe 2a
R=CN 2b

Upon heating the bisvinylamines (2a), with a
catalytic amount of Li,CO5o0r K,CO3 (1—-10% mol.)
in methanol, the ring closure proceeds smoothly
yielding a diastereomeric mixture of two dihydro-
pyridines (4a,b). These diasterecisomers, in the case
that R=COOM ¢, can be separated and isolated in
pureform using column chromatography.

The exact structure of these compounds using
X-ray analysisisnot yet defined. Acidification of the
reaction mixture gives the desred 4-trifluorome-
thyl-3-cyano- or 4-trifluoromethyl-3-carbomethoxy-
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pyridine (5a,b) in a high yidd:
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The nitrile (5b) can be eadly transformed into
the acid (6) or the amide (7) by heating with H»,SO4
or by heating with an aqueous solution of Na,COx:
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Surprisingly, we found that the bisvinylamine
(2b) undergoes internal cydisation producing 4-tri-
fluormethylnicotine amide (5) as a single product
upon beingdissolved in concentrated H ,S0,,. Thecom-
plete transformation proceeds in concentrated sul-
phuric acid at room temperature within 6—10 h to
aive 4-trifluoromethvinicotine amide (7) in 8085
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Until now, we were not ableto clarify the me-
chanism of this reaction, but we assume that the
hydrolyss of the nitrile group proceeds smultane-
oudy or beforethe cyclisation step takes place. Sup-
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porting this proposal, is the fact that the hydroly-
gs of the nitrile group in 4-trifluoromethyl-3-cy-
anopyridine requires heating of the compound at
120—140 °C with concentrated H,SO, for 4 h. 4-Tri-
fluoromethylnicotinic acid amide (7) itsdf shows
grong insecticidal activity [2]. Further derivatisati-
on of the amide enhances the insecticide action of
the molecule and improves the spectrum of insecti-
cidal activity [3-13].

For the preparation of 4-trifluoromethylnico-
tinic acid amides the corresponding acid, acid chlo-
ride, ester or primary amide areused. A large group
of biologically active compounds containing a sul-
fimino group are prepared from the N-chloronico-
tinamidewhich was primarily obtained via chlorina-
tion of the nicotinamide with tert-butylhypochlo-
rite [18]. In more recent experimentsit has been fo-
und that this dangerous process can be replaced by
chlorination with Cl, in diluted (5 %) HCI solution
[14, 20]. N-Chloro-4-trifluoronicotin-amide is obtai-
ned and isolated from aqueous solution as a stable
and non-hygroscopic hydrochloric salt. Thisthen
treated with different dialkyl- and diarylsulfides
[18] to give the corresponding biologically active
sulphur imines, for instance containing diphenylsul-
phidemoietV'

S et
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1
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These sulfimines show very high systemicinsec-
ticidal activity against sucking pests causing cessa-
tion of feeding after approx 30 min, and death of
theaphidswithin 2—3 daysafter application [18]. In
summary we have described the newly developed
synthesis of trifluoromethylnicotinic acid derivati-
veswhich issignificantly easer and cheaper than the
previoudy known synthesisoptions. Furthermore, this
nove synthetic pathway to the new generation of
highly potent systemic and contact insecticides ena-

bles consderablederivatisation at various positions
of the molecules.
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Commercially available chemicalswere of ana-
Igtlcal gradeand used without purification. *H and
F NMR spectrawere measured on a Bruker Avan-
ce 400 NMR Spectrometer 540013 MHz, for *H
NMR and 376.47 MHz, for °F NMR) with TMS
and CFCl; asan internal reference. A postive che-
mical shift denotes a resonance occurring downfi-
edd from internal gandars. The reaction products
were analyzed by GC Hewlett-Packard HP 5890
Series2 Chromatograph usinga 10 m x 0.53 column.
GC/M S data were obtained on a Hewlett-Packard
HP 6890 Series Gas Chromatograph equipped with
aHP5973M SD.

Methyl 3-(4,4,4-trifluoro-3-oxo-1-butenyl) -ac-
rylate (2a) (mixture of cisltransisomers).1,1,1-Tri-
fluoro-3-buten-2-one (69.5g, 0.5mol), 3-methoxy-
methylacrylate (58g, 0.5mol) and NaOMe (27 g,
0.5mol) were dissolved in 250 ml of N-methylpyro-
lidone. Vacuum 150 mbar was applied to theflask and
thereaction mixturewas tirred under reduced pres-
sure at 70°C for 2h. Volatile products, mainly me-
thanol, were condensed in the cold trap. Thereacti-
on mixture was cooled, diluted with water and the
formed precipitate was filtered off, washed and dri-
ed.Yidd: 759(838 %), mp.110-114°CM S m/iz 223(M +).

3-[ (4,4,4-Trifluoro-3-oxo-1-butenyl) amino] -2-
propenenitrile (2b). 1,1,1-Trifluoro-3-buten-2-one
(69.5 g, 0.5mal), 3,3-dimethoxypropionitrile (60.3
g, 0.5mol) and NaOM e (0.5 mol) were dissolved in
250 of N-methylpyrolidone. Vacuum 150 mbar was
applied to the flask and the reaction mixture was
gtirred under reduced pressureat 70 °C for 1 h. Vola-
tile products, mainly methanol, were condensed in
thetrap. Thereaction mixturewasthen cooled, dilu-
ted with water and the formed precipitate wasfilte-
red off, washed and dried.

Yidd: 8559 (90%), m.p. 123-127°C. F NMR
(CDCly):d=77.6(9,-77.5(9,—77.3(9,—77.2(9) ppm.
Thesolid (mixture of four isomers) was purified usng
column chromatography on silica gel (duent hexa-
nelethyl acetate). Two fractionswere collected.

Fraktion A. Z/E and E/E isomers:

H, l-li H,
CF
1008
0O H2 H
'H NMR (DM SO dg) d: 5.83 (d, J=13 Hz,
H4), 5.72 (d, J=8 Hz, H1),: 7.88 (d, J=13 Hz, H»>),
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7.48(d, J=8Hz H>), 7.48(d, J=14Hz H3), 7.45(d,
J=14Hz H3),541(d, J= 14Hz Hy),5.12(d, J=14
Hz,Hgy). MS: m/z 190 (M )
Found, %: C 44.58, H 3.01, F 30.1. Anal. calc.
for C7H5F3N 20, %: C 44.22, H 2.65, F 29.98.
Fraktion B. Z/Z and E/Z isomers:

H, T CN
CF
Y
0 H2 H, -

'H NMR (DM SO dg) d: 5.90 (d, J=13 Hz,
H,),5.72(d,J=8HzH,),7.91(d, J=13Hz H,), 7.51
(d,J=8Hz H,), 7.28(d, JI=8Hz, H3), 7.44 (d, J=9
Hz H3), 491 (d, J 8Hz Hy), 4.82(d, J=9Hz H,).
MS: m/z190 (M ™).

Methyl  4-hydroxy-6-methoxy-4-( trifluorome-
thyl) -1,4,5,6-tetrahydro-3-pyridincarboxylate (4a).19
g (0.2 mol) of methyl 3-(4,4,4-trifluoro-3-oxo-1-bu-
tenyl)-acrylate 2a and 1g of Li,CO5; were heated in
200 ml methanol for 68 h at 70°C. The mixture
was cooled to 20°C and the solvent was removed
in vacuum. The mixture of both diastereoisomers
was separated by column chromatography on
SiO, usng ethyl acetate/heptane as euent:

CF, OH O
H,
H2 OMe

MeO N
H |
H

| somer A. Yield 48%, m.p. 148—149°C. "H NMR
(CDCl3) d:1.98 (dm,J = 17Hz, 1H); 2.68 (dm, J=17
Hz, 1H), 3.39(s 3H), 3.73(s, 3H), 4.57(m, 1H ), 560
(b.s, 1H), 6.33 (s, 1H), 7.60 (d, J=7Hz, 1H)
NMR (CDCl3) d: -81.0(s). M S: m/2255(M .

Found, %: C 42.63, H 5.11. Calc. for CgH 15F 3
NO,, %: C 42.36, H 4.74.

| somer B. Yield 46 %,0il. ‘H NMR (CDCl,) d:
1.96 (ddg, J=16 Hz, 2Hz, 1H,); 2.53 ( ddd, J=16 Hz,
5Hz 1.5Hz1H ), 3.42 (s 3H), 3.71(s, 3H), 457 (m,
1H) 5.60 (b.s, 1H), 6.63 (s, 1H), 7.60(d, J=7Hz, 1H)

PENMR (CDCl3) d: —81.0(5). MS: m/z 255 (M ).

4-Hydroxy-6-methoxy-4-( trifluoromethyl) -1,
4,5,6-tetrahydro-3-pyridinecarbonitrile (4b) .To the
solution of (1.99,0.01mol) of 3-(4,4,4-trifluoro-3-
oxo-1-butenyl)-2-propenenitrile in 20ml methanol
0.2g NaOM ewas added. A mixture was stirred for
10-14h at RT and a solvent was removed in va-
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cuum. The solid was purified by crystallisation
from ethyl acetate to give 1.7 g (90 %) of 4b asa
mixture of two isomers. M .p. 118124 °C.

Isomer A. 'H NMR (CD;0OD) d: 1.72 (m, 1H),

191(m 1H), 3.22 (s, 3H), 4.52 (m ,1H), 688(3 1H).
BENMR (CDCIy) d: —80.76. MS: m/z 222 (M ™).

Isomer B. H NMR: (CD30D) d: 1.76 (m,1H),
194(m 1H), 3.23 (s, 3H), 4.56 (m, 1H), 6.89 (s 1H).

¥ENMR (CDCl3) d: =80.79. MS: mVz 222 (M ).

M ethyl-4-trifluoromethyl-3-pyridincarboxyla-
te(5a). Methyl 3-(4,4,4-Trifluoro-3-oxo-1-butenyl)-
acrylate (199, 0.1 mol) of and of Li,CO3 (1) were
heated in 200 ml of methanol at 60 °C for 6—8 h.
The mixture was cooled to 20°C and 10 ml of HCI
(37 %) was added. The solvent wasremoved in va-
cuum 200 mbar and theresiduewas extracted with
diethyl ether and washed with water. The solvent
was evaporated and the product purified via va-
cuum distillation.Yield 149, 81%b.p. 78—82°C/
15 mbar

H NMR (CDCl) d: 9.07 (s, 1H), 8.89 (d, J-
4Hz 1H,), 7.62 (d, J=4 Hz,1H), 3.10 (s, 3H) o=
NMR (CDCl3) d: 62.4(5). MS: m/z205 (M ).

4-Ttrifluoromethyl-3-pyridinecarbonitril (50) . Me-
thyl 3-(4,4,4-trifluoro-3-oxo-1-butenyl)-acrylate (19
g, 0.1 mol) of and Li,CO3 (1 g) wereheated in 200 ml
of methanol at 60°C for 6-8h. The mixture was
cooled to 20°C and 10ml of HCI (37 %) was ad-
ded. The solvent wasthen removed in vacuum and
the residue was extracted with diethyl ether and
washed with water. The solvent was evaporated and
the product purified via vacuum digtillation. Yield
149, 81 %, b.p. 80—82°C/ 18 mbar.

H NMR(CDCI3)d 887(3 1H),881(d, J= 5Hz
1H), 751(d, J=5Hz 1H).* FNMR(CDCIa)d 645 (3P

4-Trifluoromethylnicotinamide (7). Method A.
3-[(4,4,4-Trifluoro-3-oxo-1-butenyl)amino]-2-propen-
nitrile (19 g, 0.1 mol) was added dowly to the 50 ml
of sulphuric acid while maintaining a temperature
beow 35°C. The reaction mixture was stirred for
10 h at ambient temperature and poured on 200 g
of ice. The pH was adjusted to 8 by adding of
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NH,OH solution, the formed precipitate was fil-
tered off and washed with water to give 16.1g (85
%) of the amide with , m.p. 167—168 °C and pu-
rltyww % (HPLC) 98%

'H NMR (DM SO-dy): d: 8.85 (s,1H), 8.78 (d,
J=4 Hz, 1H), 816 (b.s, 1H), 7.83 (b.s, 1H), 7.79 (d,
J=4Hz, 1H). ®F NMR (CDCl3) d: —60.2.

M ethod B. 4-Ttrifluoromethyl-3-pyridine-car-
bonitrile (17 g, 0.1 mol) was heated in 100 ml water
containing 2g of NayCO3 at 100 °C for 6h. The
mixture was cooled to 20 °C and white solid wasfil-
tered off to give 18.6 g (98 %) of 4-trifluoromethyl-
nicotinamide.

N-Chloro-4-trifluoromethylnicotinamide hydro-
chloride(8).1na0.51 four-necked flask 150 g of 5%
HCI and 50 g of 4-trifluoronicotinamide were char-
ged, the mixturewasstirred at room temperaturefor
15 min and 20 g of Cl, were then introduced such
that the chlorine was taken up completdy. After
addition of about 10 g of chlorine, thegtarting mate-
rial dissolved and the product precipitated asawhite
solid. Crydtalline product was filtered off and wa-
shed once with 30—40 ml of ice-cold water and dried
at RT. Thisgave58 gof 8 (92 %yidd), m.p. 150—152
°C (dec)), activechorine 13.7 %. The product wastre-
ated with NaHCO;3 at 10 °C to give N-chloro-4-tri-
fluoromethylnicotinamidewith m.p. 140141 °C [19].

Found, %: C 37.01, Cl 15.98 Calc. for C;H,ClI-
FaN,0, %: C 37.44, CI 15.79.

N-( Diphenyl-1 —sulfanyhdene) -4-(trifluorome-
thyl) nicotinamide (9) . A solution of of diphenylsul-
phide (1.86 g, 0.01mol) and triethylamine (2.02g,
0.02 mol) in 10 ml chlorbenzene was added dropwi-
s to a solution of N-Chloro-4-trifluoromethyl-ni-
cotinamide hydrochloride (2.6 g, 0.01 mal). The re-
action mixturewas tirred at 20° C for 4 h, the pre-
cipitate (triethylamine hydrochloride) was filtered
off and the filtrate was concentrated under redu-
ced pressure. The solid was collected and washed
with hexane. Yield 3.3 g (90 %), m.p. 94—95° C[18].

PE3IOME. Po3po06meH0 mpocrTi i 3pydHi MeTou CHH-
Te3y TaKUX OI0JIOTIYHO aKTHBHUX MOXITHUX 4-TpUQITyOpO-
METHITHIKOTHHOBOI KUCIOTH SK aMi/ld, €CTepH 1 HITPHII.

PE3IOME. Pa3paboTtaHbl npocThie U yI0OHBIE Me-
TOJbI CHHTE3a TAKUX OMOJIOTHUECKH aKTUBHBIX IPOM3BO-
JHBIX 4-TpU(TOPMETHIHUKOTHHOBON KUCIOTHI, KAK aMH-
Iibl, 3QUPBI ¥ HUTPUII.
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