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DOMINO REACTIONSWITH 5-AZIDO- AND 5-AMINO-4-
TRIFLUOROMETHYL-1,3-AZOLES.
Klaus Burger, Eva H6R, Lothar Hennig and Lothar Beyer”
RESUMEN
Reacciones domind con 5-azido- y 5-amino-4-trifluorometil-1,3 azoles.

Los compuestos con sus sub-estructuras como CF_-C=C-NH-R, son considerablemente
reactivos frente a aminas primarias. Ellos se comportan “ortho-fluoruros” y son faciimente
susceptibles respecto a la eliminacion / adicion de restos. Estos pueden ser enlazados
uno con otro dando asi reacciones tipo dominé.

Palabras clave: 5-Fluoro-4-trifluormetil-1,3-azoles; 5-azido-4-trifluormetil-1,3-azoles;
5-amino-4-trifluor-metil-1,3-azoles, reacciones tipo doming; [1.4] eliminacion HF; adicion
Michael.

ABSTRACT

Compounds with substructures like CF,-C=C-NH-R are remarkable reactive towards
primary amines. They behave like ‘drtho-fluorides” and are readily susceptible to
elimination / addition sequences which can be linked together and performed as domino
reactions.

Keywords: 5-Fluoro-4-trifluoromethyl-1,3-azoles, 5-azido-4-trifluoromethyl-1,3-azoles,
5-amino-4-trifluoromethyl-1,3-azoles, domino reaction, [1.4] HF-elimination, Michael
addition

INTRODUCTION
Domino reactions offer preparatively smple and eegant solutions of complex
synthetic problems.* The efficiency of this concept rdlies on linking together Sngle
reaction steps, thus avoiding separation and purification procedures after each step.
When certain structural requirementsare met, perfluoroakyl substituted compounds
readily undergo domino reactions?

RESULTS AND DISCUSSION
Although thetrifluoromethyl groupis often consdered to be chemicdly inert, 34

it is known to undergo a variety of reactions. The hydrolytic behavior of a
trifluoromethyl group is very much dependent on its position in a molecule.

Trifluoromethyl groups attached to carbon atoms possessing acidic hydrogen atoms
are susceptible to hydrolysisin basic media® For thisreason 3,3,3-trifluorodanine
and its derivatives are ungtable above pH 8.5 even a room temperature. The
trifluoromethyl group undergoes hydrolysisto give acarboxylate moiety. 6 Likewise,

trifluoromethyl groups attached to certain positions of heterocyclic sysemsundergo

facile base-induced hydrolyss, eg. 2-trifluoromethylimidazole.”
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5-Amino-4-trifluoromethyl-1,3-azoles (6)¢ are reedily avalable from 5
fluoro-4-trifluoro-methyl-1,3-azoles (1)° via 5-azido-4-trifluoromethyl-1,3-azoles
(2).*> While compounds 2a decompose aready at room temperature within 1-2
hours to give 4-cyano-4-trifluoromethyl-1-oxa-3-aza-1,3-butadienes @) with
eimination of nitrogen,** the corresponding 5-azido-4-trifluoromethyl-1,3-thiazoles
(5) arecongderablemore stable. Therefore, 5-amino-4-trifluoromethyl-1,3-oxazoles
(5a), 5-azido- (2b) and 5-amino-4-trifluoromethyl-1,3-thiazoles (5b) represent ussful
model compounds to study new types of domino reactions.
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Scheme 1

Under surprisingly mild conditionsacomplete F/H-exchange of atrifluoromethyl
group can be achieved when compounds 2b and 5b are treated with LIAIH,, in
diethyl ether a room temperature. Starting from 5b, three cycles, each consisting of
two seps, namely [ 1.4]-dimination followed by addition of ahydrideion, arelinked
together to givea sx—step domino reaction (5«6« 78910 11).
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Thisreaction sequence can be gpplied for aconcise decoration of heterocyclic
systems bearing subunitslike CF,CH=CHNH- with interesting substituent patterns.
For example, 5-fluoro-4-trifluoromethyl-1,3-oxazole (1a) was heated with an excess
of freshly didtilled aniline (bath temperature: 40 °C) until *°F NMR spectroscopy
indicates compl ete consumption of the organi c fluorine compound. Elementd andysis
and mass spectrometry indicate that the compound obtained after work-up and
recrystdlization from chloroform/hexanes (3:1) has a molecular weight of 430.51
which isin agreement with the formula C ;H,,N ,O. Consequently, four equivalents

of HF have been diminated from the sarting meterial 1a, whilethree equivadents of
aniline have been added during the reaction sequence.

F

/ F
Ni _*CesNHa /d\ 7‘ +CgHs-NH,
T
/4 NH-CgHs O N-CgHs
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Scheme 3

Thefirg step of the domino reaction isanucleophilic displacement reaction of
the single fluorine bound to C-(5) (1 ?  12). The subunit CF,C=C-NH-C.H, is
cgpable for a 1.4-HF-dimination to give a highly reective Micheel sysem (f3)
snce the consecutive addition is driven by rearométizetion (13 ?  14). The newly
formed subunit H.C. NH-CF,C=C-NH-C_H, again undergoesa1.4-HF-dimination
(14715) followed by aMichadl addition (15 ? 16). Thefind step of the sequence
is a HF-elimination (16 ? 17) to form an amidine moiety. When the core unit
CF,C=C-NH-R is present twice in a moleculg, it should be possible to run two
domino reactions —with six steps each — parale in a one-pot procedure.*?



Domino reactions with 5-azido-and 5-amino-4-trifluoromethyl-1,3-azoles 15

EXPERIMENTAL

General

Solventswere purified and dried prior to use. Reagentswere used as purchased.
Flash chromatography wasperformed usng slicagd (32-63im) with solvent sysems
given in the text. Mdting points (uncorrected) were determined with a Tottoli
apparatus (Fa. Buchi). *H (200 MHz, 360 MHz), *3C (50 MHz, 75 MHZz) and*°F
(188 MHz, 282 MHz) NMR spectra were recorded on Bruker WP 200, Bruker
AM 360, Jeol C 60 HL and Jeol FX 90 Q spectrometers. TMS was used as
reference for *H and *C NMR spectra (internal), and CF,COOH for **F NMR
gpectra (externd). IR spectra were obtained on Perkin Elmer 157 G and 257
spectrometers. Mass spectrawere recorded on aVarian MAT CH 5 spectrometer
a7ev.

S-Amino-4-methyl-2-(4-methylphenyl)thiazole (11)

Method A: To a suspenson of LiAIH, (0.76 g, 20 mmol) in dry ether (25
mL) at -50 °C a solution of 5-azido-2- (4mahyl phenyl)-4-trifluoromethylthiazole
(2b)* (2.84 g, 20 mmol) indry ether (25 mL) was added with stirring. Thereaction
mixture was dowly warmed up to room temperature and tirred for 16 h. Unreacted
LiAIH, was destroyed on addition ice/water (20 mL). After filtration the organic
phasewast\Nlceextra:ted withwater (20 mL) and dried with MgSO, . After removal
of the solvent in vacuo the resduewas purified by column chromatography (Huent:
chloroform).

Method B: To a sugpenson of LiAIH, (0.76 g, 20 mmol) in dry ether (10
mL.) asolution of 5-amino-2-(4-methyl phenyl) 4-trifluoromethylthiazole (Sb)® (2.58
g, 10 mmoal) indry ether (10 mL) was added at -50°C with stirring. After stirring a
-50 °Cfor 2 hthereaction mixture was dowly warmed up to room temperature and
dirred for further 16 h. After careful treetment with ice/water (20 mL), the mixture
wasfiltrated and the organic phase extracted twice withwater (20 mL). Theorganic
phase was dried with MgSO,, evaporated to dryness and the residue purified by
column chromatography (el uent: chl oroform).

Yidd: 0.62 g, 30% (method A); 0.80 g 39% (method B); mp 113 °C; IR
(KBr). ? = 3440, 3260, 3170, 2940, 1620, 1565, 1535, 1465 cm?; *H NMR
(acetone-d,): ? = 2.32 (s, 3H), 2.38 (s, 3H), 7.25 (m, 2H), 7.82 (m, 2H); °C
NMR (acetone-d,): ? = 14.9, 21.3, 126.4, 130.4, 132.4, 140.3, 140.5, 144.7,
161.5;MS(70eV) m/z= 204[M] 171[M —HSJ*, 135 [C H. g, 118[C H.N]*
and. cald for C_H, NS (204.27): C 64.68, H 5.92, N 13.71; found: C 64.47, H
5.40, N 13.80.

5-[(N-Phenylamino)-2-phenyloxazol-4-yl]-N,N"-diphenyl-formamidine (17):
5-Fuoro-4-trifluoromethyl-1,3-oxazole (1a)° (1.15 g, 5 mmol) was added to freshly
digtilled aniline (15 mL.), then the stirred mixture was heated (bath temperature: 40
°C) for ca. 6 d. The progress of the reaction was monitored by °F NMR
spectroscopy. When the converson of the sarting materid was complete, thereaction
mixture was partitioned between chloroform (25 mL) and water (25
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mL.). The organic phase was separated and twice treated with water (25 mL),
dried withMgSO, and evaporated to drynessin vacuo. Theremaning resduewas
recrystallized from chloroform/hexanes (3:1).

Yid d: 1.05 g (49%); mp 154 — 156 °C; IR (KBr): ? = 1700, 1590, 1490,
1430 cnv*; *H NMR (CDCIL,): ? = 6.80—7.43 (m, 20H), 8.30 (s, br., 1H), 10.45
(s, 1H); 3CNMR (CDCI,): ?=107.2,121.6, 122.0, 124.2, 124.4, 127 .4, 127.6,
127.9, 128.2, 128.4, 128.5, 129.1, 130.5, 135.6, 137.3, 137.5, 142.6, 149.9,
165.4;, MS (70 eV) m/z = 430 [M]*, 337 [M — C.H,NH,]*, 105 [C_H.CO]", 93
[C,HNH,]*, 77 [CH,]*; and. cdlcd for C,,H,,N,O (430.51): C 78.11, H 5.15,

28" 22

N 13.00; found: C 77.64, H 5.75, N 13.41.
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