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ABSTRACT

2-(Trifluoroacetyl)chromones were obtained in gogdlds via the Claisen condensation of 2-
hydroxyacetophenones with methyl 2-methoxytetrafipoopionate, followed by sulfuric acid-
mediated deprotection of the reaction productss@&lmmpounds react with ethylenediamine in the
presence of acetic acid in methanol to produceatget 2-salicyloylmethylene-3-(trifluoromethyl)-
1,2,5,6-tetrahydropyrazines in 48-61% vyields. Insimilar manner, their reactions witb-
phenylenediamine and 2,3-diaminonaphthaline inuréfly acetic acid gave a mixture of
ketoenamine and ketoimine tautomers of the corredipg quinoxaline derivatives in excellent
yields. The regioisomeric and tautomeric compositd the pyrido[2,3]pyrazines prepared from
2-(trifluoroacetyl)chromones and 2,3-diaminopyreliwas also investigated.

Keywords: Methyl 2-methoxytetrafluoropropionate; 2-(Triflw@cetyl)chromones; 1,2-Diamines;

Pyrazines; Quinoxalines.

1. Introduction

Quinoxalines are an important class of heterocyclenpounds mainly because of their
pharmacological properties including antitumoratjlzacterial, antimicrobial, anticancer, anti-HIV,
and other types of biological activitiésrifluoromethyl-substituted quinoxalines have atsawn

considerable attention because they often showuenhjological and physiological activitiés.
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These compounds are primarily prepared by the iorecdf substituted-phenylenediamines with
CFs-containing a-diketones and their derivativdsperfluorinated epoxides, fluorinated a-
halo(nitroso)B-dicarbonyl compoundstrifluoropyruvaldehydé,and ethyl trifluoropyruvaté.The
latter reaction involves the intermolecular condias of a variety of 1,2-diamines with theketo
group of the ester to produce an intermediate imiafech undergoes intramolecular cyclization to
afford the corresponding 3-substituted quinoxalanderivatives. The parent 2-E&uinoxaline has
been synthesized by the condensation of 3-(2,2ttiytleydrazono)-1,1,1-trifluoro-2-propanone
(synthetic equivalent of trifluoropyruvaldehyde)tnd-phenylenediaming.

Apart from these approaches towards the synthésiglooromethylated quinoxalines, a simple
procedure for their preparation from 2-(trifluoreityl)chromones and-phenylenediamine, has
been developed by us recentlJhis reaction is the first example of conversidrthe chromone
system to Ck-containing quinoxalines and deserves further itigasons in order to expand the
scope of its possible applications. Given the bratlity of trifluoromethylated heterocycles in
medicinal chemist{"'* and continuing our research in this fieff, we have extended our
experiments to a number of 2-{FO-chromones as building blocks and such binucldoph
reagents as 1,2-diamines for the preparation oélnimifluoromethylated pyrazine and quinoxaline
derivatives. We discuss here the products of thegetion and in particular the regioisomeric and

tautomeric composition of the pyrido[2tBpyrazines prepared from 2,3-diaminopyridine.

2. Results and discussion

It was found that methyl 2-methoxytetrafluoropromte, easily prepared from
hexafluoropropene epoxide and methdrdf reacted with 2-hydroxyacetophenones under Claisen
reaction conditions (refluxing ethanol and NaOEtatalyst or refluxing THF and LiH as catalyst)
affording, after hydrochloric acid hydrolysis, chronesla—cin 67-87% vyields. Deprotection of
chromones la—c was carried out using 96% 80, and SiQ* to afford 2-

(trifluoroacetyl)chromone8a—cin 76—-88% yields (Scheme 1). In marked contrashéoknown 2-
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acetylchromone¥’ chromone®a—c obtained in this work mainly exist in tlgem-diol form 3, as

was observed in the case of 3-(trifluoroacetyl)awaoes? and 3-(trifluoroacetyl)coumarin§.
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R =H (1a, 67%; 2a, 88%)
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R =Cl (1c, 69%,; 2c, 76%)

Scheme 1Synthesis of chromondsand?2.

It is necessary to mention that an attempt to usk3adioxolane protecting group for the
preparation of 2-(trifluoroacetyl)chromonés was not successful. In this case, chromdne
prepared from methyl 2-(trifluoromethyl)-1,3-diorole-2-carboxylafg and 2-
hydroxyacetophenone in the presence of NaOEt, dum#& to be very stable under various
conditions and was recovered unchanged after tezdtmith such catalysts as hydrochloric acid, a
mixture of HCI and AcOH, 60% 1$0,, and BBg in dichloromethane. While chromodedid not
react with hydroxylamine, methylhydrazine, phengtazine, ana-phenylenediamine in refluxing
ethanol (only starting material was recovered)ratsctions with hydrazine hydrate under the same

conditions gave pyrazokin 77% yields (Scheme 2).
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Scheme 2Reaction of chromoné with hydrazine.

The 'H NMR spectrum of5 in a DMSOds solution showed two sets of signals due to the
possibility of annular prototropy of the pyrazolag. Thus, four signals exhibiting broadening at
higher frequency values were observed, indicathmg pyrazole5 exists in DMSOds as a 7:3
mixture of tautomer#\-5 andB-5, respectively, due to the presence of intramo#chidrogen
bonds in each tautomer (OH---N and NH---O). Thectstial assignments were based on the
signals due to the NH and OH protondgt = 10.3,004 = 13.1 ppm (tautomeh-5) anddoy =
10.5, 8y = 13.7 ppm (tautomeB-5).® TautomerA-5 is the more abundant (70%) since its
intramolecular O—H---N=C hydrogen bond is strong&n the intramolecular N-H---O-C
hydrogen bond in tautom&-5. Unexpectedly lower reactivity of chromodecompared with the
unsubstituted chromort@ appeared to be a result of the steric effect®flt3-dioxolane group.

Published data on the reactions of 2-substitutedncbnes with 1,2-diamines are scarce. Only
one report is known which describes the reactionetbfyl chromone-2-carboxylates withr
phenylenediamine to give the corresponding 2-qualinanes’® To demonstrate the ability of 2-
(trifluoroacetyl)chromone® to undergo regioselective heterocyclization reamstj chromoneg
were reacted with aliphatic, aromatic and heterlicydiamines such as ethylenediamire,
phenylenediamine, 2,3-diaminonaphthalene, and 2/@idopyridine. Our results showed that
these compounds behave as a latent 1,2-diketomgygha masked salicyloyl fragment, and react

with diamines to give various pyrazine and quinmeterivatives in good yields.
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The study of reaction of 2-GEO-chromone2, existing principally as the hydrat&s with

diamines was initiated with ethylenediamine. Selveoanpeting pathways for the reaction in both
the initial step of nucleophilic attack and the sedpent heterocyclization would have been
expected. However, we found that the principaldiom of the reaction in acidic medium is the
formation of 1-aryl-2-(3-trifluoromethyl-5,6-dihydpyrazin-2-ylidene)ethanone$a—c When
chromonefa—cwere treated with ethylenediamine in the pres@f@eetic acid in MeOH at room
temperature for 48 h, pyrazin@a—cwere isolated in 48-61% yields as orange crystdis.driving
force for the process is the stabilization of laenamines by two hydrogen bonds between the

carbonyl oxygen and the hydrogens of the NH andg@idps (Scheme 3).

(0]
/\
R HoN NH,
| >
CF3 AcOH, MeOH
(0]
2a-c © R 6a-c
R 6 Yield (%)
H a 57
Me b 61
Cl C 48

Scheme 3Synthesis of compounds

The structure of the product8a—c was established by the usual spectral analyses. A
characteristic feature of theiH NMR spectra in a DMS@ solution is the appearance of three
singlets atd 6.13-6.22, 10.44-10.54, and 12.03-12.70 ppm fer=6GH, NH, and OH protons,
respectively, in good accordance with the givemcstre. All signals in théH and *C NMR
spectra of compounéc were assigned on the basis of 2B-*C HSQC, HMBC, andH-'H
NOESY experiments; as expected, the latter showed\tOE correlation between =CH and H-6
protons. Interestingly, the Gigroup in the”F NMR spectrum oBc in CDCk manifests itself as a
quartet (doublet of triplets) @95.2 ppm {Jr 4 = 1.5 Hz) due to coupling with the =CH and £5

protons. This fact was established by means of*f{éH} double resonance techniques (Fig. 1).
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Fig. 1. F{*H} double-resonance experiment (470.5 MHz, C)®F compoundsc: (a) normal spectrurtiF, (b) with
=CH decoupled, (c) with Cf5 decoupled.

In contrast to ethylenediamine, reactions of chmes® with o-phenylenediamine afforded a
mixture of two tautomeric formsA-7 and B-7 as was observed previously for 2-
ketomethylquinolineé! Indeed, we found that chromor@s—creacted witho-phenylenediamine in
refluxing acetic acid for 4 h to give produdia—cas a mixture of enamine and imine tautom#rs (
andB as red or orange crystals) in 79-87% vyields (Sehéin The completéH and **C NMR
assignments of enamind) and imine B) forms of quinoxalin&a were made by a combination of
2D 'H-'H COSY,'H-"*C HSQC and HMBC experiments. In tHe NMR spectra ofa—¢ the Ck
group of tautomeA appeared as a doublél{y = 1.6—-1.8 Hz) at 96.1-96.4 ppm and the, Goup
of B appeared as a tripletJ¢y = 1.3-1.4 Hz) at 98.8-98.9 ppm (DMS3IQ- CsFe). It is worth
noting that protected chromorid did not react with ethylenediamine anephenylenediamine

under various acidic conditions and was recoveradhanged.
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Scheme 4Synthesis of compoundsand8.

Under similar conditions, 2,3-diaminonaphthaleneegbenzaofjquinoxaline8a—cin excellent
yields (80-98%). According to théH, *F, and *C NMR spectra, these compounds are
predominantly in the form of enamine tautomer, pidip because of the additional benzene ring
(Scheme 4). All signals in tH&l and**C NMR spectra of compourh were assigned on the basis
of 2D H-'H COSY, NOESY, and'H-*C HSQC, and HMBC experiments. The key NOE
correlations demonstrate the spatial contiguitz6H to H-8 and NH to H-10. In thé°F NMR
spectrum oBa, the CF group appeared as a doubled&3.8 ppm (CDG) with °J- = 1.6 Hz due
to coupling with the =CH proton. Since only oneustural isomer can be produced in reactions
involving the symmetrical diamines such as ethyigam®ine, o-phenylenediamine, and 2,3-
diaminonaphthalene, the structures of the prodéie8require no special discussion. Our attempts

to prepare the corresponding quinoxaline derivafreen chromone2b and 1,2-diamino-4,5-
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difluorobenzene in refluxing acetic acid ofbutanol were fruitless. In all cases, only staytin
material was recovered due to the less nucleopthlicacter of this diamine.

Next, we decided to determine the regiochemistryhefcondensation when run on a diamine
that could lead to structurally isomeric produdfghen 2,3-diaminopyridine was used under the
same conditions (AcOH, reflux, 4 h), the reactiovith chromoneS2a—c proceeded smoothly to
provide high yields of mixtures of two regioisontepairs A-9+B-9 and A-10+B-10); different
ratios of enamine regioisomefs9 andA-10 as well as their imine tautomegs9 andB-10 were
observed (Scheme 5, Table 1, structure assignmseatbelow). The proportions of these tautomers
were determined by integration of the Gfignals in thé’F NMR spectra. Note that in the case of
chromone2c, tautomerB-10 was not found in the crude reaction mixture. Wimleéhe solid state
compound® and10 were rather stable and could be stored at roorpeesture for a long time, in
CDCl; solution they underwent reversible tautomerism exidt as an equilibrium mixture of the
four isomers. As can be seen from Table 1, a coitiposatio of the tautomeric pak-10+B-10
did not change when a solution in CRQ@h the presence of a catalytic amount of AcOH was
allowed to stand at ambient temperature for 25Hhilenthe equilibrium between tautomeXs9 and
B-9 significantly shifted towards imine tautomBrand remained unchanged for 40 h. The reason

for the different behavior of enamine fory® andA-10 should be studied further.

Table 1.Ratio and yield of regioisomegsand10.?

9,10 R Yield (%) 9:10 | A-9B-9° A-10.B-10° A-9:B-9° A-10:B-1(F
a H 88 40:60| 38:2 56:4 9:31 56:4
b Me 91 78:22| 735 20:2 14:64 20:2
c Cl 98 85:15| 69:16 15:0 25:60 15:0

& Obtained in refluxing AcOH for 4 h.
® After 15 min in DMSOd.
¢ At equilibrium after 25 h in DMSQ@.
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Scheme 5Synthesis of compound@sand10.

All signals in the'H and**C NMR spectra of the isomeric mixtuda+10awere assigned on the
basis of 2D COSY, HSQC and HMBC experiments. Temheine the regiochemistry and to verify
the assignment in compounds of typand10, 2D NOESY spectra of mixtureéa,b+10a,bwere
recorded. They exhibit an intensive cross-peak éetwhe NH and H-8 protons for isonde® and
do not show any connectivities between these psofonA-10. These results clearly demonstrate
that structuréd-9 is the derivative of 3-(trifluoromethyl)pyrido[2/dpyrazine (1), while structure
A-10 — 2-(trifluoromethyl)pyrido[2,33]pyrazine (2). It should be noted that in the NOESY spectra
of 9+10, two very weak cross-peaks between the NH and pitbns forA-9 andA-10 were also
observed, probably due to the tautomeric equiliariu

Moreover, the assignment of structér® to the 3-Ck-isomer andA-10 to the 2-Ck-isomer is
based on thé*C NMR chemical shifts for C-2 and C-3 in their imitautomers3-9 andB-10. A
comparison of these chemical shifts with the daported for parent systerid and12® confirms
the validity of the structures (the-substituent effect of the methyl group is 9.3, lehhe (3-

substituent effect is 0.8)(Fig. 2).
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Fig. 2. Diagnostic**C NMR signals § ppm, CDCJ) of 2- and 3-CEpyrido[2,3b]pyrazines.

The significantH NMR chemical shifts of the pyridine protons HH,7, and H-8 compiled in

Table 2 suggest differences in the regiochemisspecially forA-9 andA-10 due to the NH group

in the fused pyrazine ringror the major isomef-9, the pyridine H-8 proton is shifted upfield to

about 7.7 ppm. This is another feature which défiftiates the regioisomers. Thé¢ NMR spectrum

of the equilibrium mixtureé9a+10a recorded in CDGJ is reported in Fig. 3, as a representative

example. It shows that the reaction between 2aCFchromones2 and 2,3-diaminopyridine

proceeds very cleanly without any undesirable pidelucts.

Table 2.Pyridine protons of regioisome®sand10 (*H NMR, &, ppm, CDC}).

A-Q B-9
9,10 H-6 H7 H8 H6 H7 HS8
a 870 759 774 931 787 850
b 869 758 774 931 787 850
c 875 762 779 933 788 850
A-10 B-10
a 860 731 810 932 7.86 8.63
b 859 731 810 0931 7.87 863
c 864 736 815 - - _
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T
9.0 8.5 8.0 75 7.0 6.5 ppm

Fig. 3. 'H NMR spectrum (500 MHz, CDg)l of the equilibrium mixture 0®a and10a

We also found that the reaction conditions werey waportant for the regioselectivity of this
reaction. Thus, when chromor@s—cwere reacted with 2,3-diaminopyridine in acetidat room
temperature within one week, only 3-£iBomersA-9 and B-9 precipitated from the reaction
mixture and a simple filtration provides analytigabure products in all cases. Additional
crystalline material represented by the tautoB¥; along with the minor amounts 8f9 andA-
10, could be obtained from the mother liquor (Tab)e Bs expected, if pure enamirf-9b,
prepared at room temperature, is refluxed in Ac@id,amount of imine forrB-9 increases at the
expense oA-9 (A-9:B-9 = 35:65 after 4 h in boiling AcOH and 18:82 afséanding additional 21 h

at room temperature in CD{h the presence of AcOH). Note that without additof AcCOH as a
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catalyst pure compound-9b underwent tautomeric conversion into the equtlibrimixture A-

9:B-9 = 18:82) during ca. 140 h, i.e. this process meglia much longer reaction time.

Table 3.Ratio and yield of regioisomegsand10.2

9,10 R A-9:B-9:A-10:B-10° Yield A-9:B-9:A-10:B-10°  Yield Total yield

a H 24:76:0:0 52 mg (34%) 18:66:15:1 78 mg (51%) tRD(85%)
b Me 98:2:0:0 73 mg (48%) 16:72:12:0 63 mg (41%)  @RH(89%)
c Cl 30:66:4:0 84 mg (56%) 23:51:26:0 59 mg (39%) B (95%)

@ Obtained in AcOH at r.t. for one week from 120 afdhe starting chromonz
® Composition of the initially formed precipitate.
¢ Composition of the precipitate from the motheubq

Thus, the first step of the reaction leading to iatune of regioisomer® and 10 apparently
involves an attack of the more nucleophilic 3-Ndfoup at C-2 oR with concomitant opening of
the pyrone ring (1,4-addition, intermediai®). Subsequent intramolecular attack of the less
nucleophilic 2-NH group at the trifluoroacetyl group leads to py[&{8-b]pyrazinesA-9. The
alternative cyclization o013, involving the amino group and the carbonyl carbtmm connected to
the benzene ring, does not occur, and no formatdnthe corresponding pyrido[2,3-
b][1,4]diazepinesl4 was detected (Scheme 6).

The formation 0o® as the major product can be rationalized if assumed that the equilibrium
between chromong and its hydrate largely favors3, so that the keto function is protected as a
hydrate and the C-2 atom Bfreacts preferentially with the more nucleophilitBl; group of the
starting diamine to give intermediat8, which is in equilibrium with small amounts of tketone
15. The ketone carbonyl df5 would then react with the less nucleophilic 2-Njtoup, yielding the
observed major produ&-9 (Scheme 6). In an attempt to gain evidence reggrthie position of
equilibrium betweer? and 3, the **F NMR spectra of3a,b in CD;CO,D was examined. This
revealed only one singlet at 80.2 ppm, which issegiant with the attachment of the {ffoup to
the sp-hybridized carbon atom. In addition, theé NMR spectra of these solutions did not display
signals of non-hydrated chromone protons. Thesaltsemdicate that the major species actually
present in acetic acid is the unreactive hydi@teAlthough chromone® were not observed

spectroscopically in CEZO.D, their presence is implied by the overall reattio
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Scheme 6Plausible route of the reaction.

These results clearly indicate that C-2 of chronsd)elue to the electron-withdrawing effect of
the CRCO and/or CEC(OH), groups, is very susceptible to nucleophilic attackich makes them
useful for constructing highly functionalized bigloally and medicinally important products. Since
many natural products are based on the quinoxatmeture, this reaction offers the potential as an

entry to the synthesis of trifluoromethylated agalof these compounds.

3. Conclusion

In summary, we have developed a simple and connenieo-step synthesis of 2-
(trifluoroacetyl)chromones starting from commergiabvailable 2-hydroxyacetophenones and
hexafluoropropene epoxide via introduction of @BCO moiety into a ketone methyl group. The
chromones obtained are of interest as precursorthéosynthesis of various trifluoromethylated
pyrazine and quinoxaline derivatives. The lattar egist as a mixture of two tautomeric forms and
result from the initial nucleophilic 1,4-additionf @ 1,2-diamine to the C-2 atom of 2-
(trifluoroacetyl)chromones. Further studies on skethetic application of this methodology and on

the reactivity of the described chromones are aggass.

4. Experimental
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4.1. General

'H, %, and®C NMR spectra were recorded on Bruker DRX-400 (48X%, 100 MHz) and
AVANCE-500 (500, 470.5, 126 MHz) spectrometers M®0-ds or CDCk with TMS and GF¢ as
internal standards. IR spectra were recorded oarkirREImer Spectrum BX-Il as KBr discs and
Nicolet 6700 instruments (FTIR mode). Elementallgses were performed at the Microanalysis
Services of the Institute of Organic Synthesis, | UBeanch, Russian Academy of Sciences. All
solvents used were dried and distilled per standerdedures.

4.2. General procedure for the synthesis of compods la—c

4.2.1. 2-(1,2,2,2-Tetrafluoro-1-methoxyethyl)chromone (1a). Method A. A mixture of methyl 2-
methoxytetrafluoropropionate (25.0 g, 131.5 mmaill 2-hydroxyacetophenone (17.4 g, 127.8
mmol) was added dropwise to an alcoholic solutibiNaOEt obtained by dissolution of sodium
(8.6 g, 374.1 mmol) in anhydrous EtOH (150 mL). Theulting reaction mixture was heated at
reflux with stirring for 5 h. Concentrated HCI (68L) was added to the disodium salt, and the
mixture was heated at reflux with stirring for 1The cooled mixture was quenched by addition of
water (200 mL) and the solvent concentrated undduaed pressure. The organic product thus
obtained was extracted with ether (3 x 100 mL) #tredcombined extracts were washed with 5%
KOH (60 mL) and water (60 mL), dried over anhydradgSQ,, and evaporated to afford a
colourless solid. The solid was recrystallized froexane—ether (10:1) to givi&a in 57% yield
(20.0 g), mp 96-97C.

Method B. A solution of methyl 2-methoxytetrafluoropropidea(6.0 g, 31.6 mmol) and 2-
hydroxyacetophenone (3.9 g, 28.7 mmol) in THF (15 mas added dropwise to a suspension of
LiH (1.0 g, 125.0 mmol) in THF (40 mL). The resaljireaction mixture was heated at reflux with
stirring for 6 h. After that, the mixture was contrated under reduced pressure, the residue was
dissolved in AcOH (40 mL) and concentrategSE, (10 mL), stirred for 30—40 min and poured
onto ice (200 g). The solid obtained was filterdkl dried, and recrystallized from heptane to give
lain 67% yield (5.3 g), mp 96-9TC. IR (ATR) 1660, 1610, 1463, 1386, 1327 ¢mMH NMR (400
MHz, CDCk) §3.60 (d,"Jyr = 0.8 Hz, 3H, MeO), 6.77 ()1 = 1.8 Hz, 1H, H-3), 7.49 (ddd,=
8.0, 7.2, 1.0 Hz, 1H, H-6), 7.56 (ddi= 8.5, 1.0 Hz, 1H, H-8), 7.76 (ddd= 8.5, 7.2, 1.7 Hz, 1H,
H-7), 8.23 (dd,) = 8.0, 1.7 Hz, 1H, H-5)"F NMR (376 MHz, CDGJ) §25.1 (m, F), 79.9 (FJer

= 4.0 Hz, CE); °C NMR (100 MHz, CDGJ) 653.2 (d,J = 3.4 Hz), 113.8 (dJ = 3.9 Hz), 118.4,
119.5 (qdJ =287.1, 35.1 Hz), 124.1, 126.0, 126.4, 134.7,058655.3, 156.2, 177.1; MS (Elyz
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(%) 276 [M]" (100), 207 [M—CFE]" (100). Anal. Calcd for CHgF4O5: C, 52.19; H, 2.92. Found: C,
52.16; H, 3.30.

4.2.2. 6-Methyl-2-(1,2,2,2-tetr afl uor o- 1-methoxyethyl)chromone (1b). This compound was prepared
from methyl 2-methoxytetrafluoropropionate (6.0 ¢1.6 mmol) and 2-hydroxy-5-
methylacetophenone (4.4 g, 29.3 mmol) in the pesaif LiH (1.0 g, 125.0 mmol) according to
methodB. Yield 7.2 g (87%), mp 107-10%€. IR (ATR) 1651, 1615, 1482, 1433, 1371, 1330°cm
'H NMR (400 MHz, CDC}) 52.48 (s, 3H, Me), 3.59 (dJur = 0.8 Hz, 3H, MeO), 6.74 (Q)ur =
1.8 Hz, 1H, H-3), 7.45 (d] = 8.6 Hz, 1H, H-8), 7.56 (dd,= 8.6, 2.2 Hz, 1H, H-7), 8.00 (br d~=
2.0 Hz, 1H, H-5);°F NMR (376 MHz, CDG)) §24.9 (m, F), 79.8 (fJ-r = 4.0 Hz, CE). Anal.
Calcd for GsH10F403: C, 53.80; H, 3.47. Found: C, 53.91; H, 3.49.

4.2.3. 6-Chloro-2-(1,2,2,2-tetrafl uor o- 1-methoxyethyl)chromone (1c). This compound was prepared
from methyl 2-methoxytetrafluoropropionate (6.0 ¢31.6 mmol) and 5-chloro-2-
hydroxyacetophenone (4.9 g, 28.7 mmol) in the presef LiH (1.0 g, 125.0 mmol) according to
methodB. Yield 6.2 g (69%), mp 101-10Z. IR (ATR) 1653, 1605, 1467, 1438, 1371, 1323%tm
'H NMR (400 MHz, CDCJ) 03.60 (d,*Jur = 0.8 Hz, 3H, MeO), 6.77 (4Jur = 1.7 Hz, 1H, H-3),
7.52 (d,J = 9.0 Hz, 1H, H-8), 7.70 (dd,= 9.0, 2.6 Hz, 1H, H-7), 8.18 (d= 2.6 Hz, 1H, H-5)*F
NMR (376 MHz, CDCJ) 024.9 (m, F), 80.0 (fJer = 4.2 Hz, CE). Anal. Calcd for GH;CIFOs;

C, 46.40; H, 2.27. Found: C, 46.70; H, 2.25.

4.3. Compounds 2a—c, 4 and 5

4.3.1. 2-(Trifluoroacetyl)chromone (2a) and 2-(2,2,2-trifluoro-1,1-dihydroxyethyl)chromone (3a).

To a suspension of S350 mg, 14.2 mmol) in concentrated sulfuric @@ mL) chromonela
(11.7 g, 42.4 mmol) was added in small portionshweitirring. The resulting yellow solution was
heated with stirring at 125-13C for 1 h. The cooled mixture was poured into wés&0 mL) and
extracted with ethyl acetate (4 x 50 mL). The cambiextracts were washed with water (3 x 50
mL) and evaporated under reduced pressure. The¢tbali formed was recrystallized from toluene—
ethyl acetate (5:1) to givea in 88% vyield (9.0 g), mp 158C. IR (KBr) 3288, 1636, 1617, 1584,
1568, 1482 crt; 'H NMR (400 MHz, CDCJ) (2a, 83%) J7.18 (s, 1H, H-3), 7.52 (ddd,= 8.0,
7.2, 1.0 Hz, 1H, H-6), 7.62 (dd,= 8.6, 1.0 Hz, 1H, H-8), 7.81 (ddd= 8.6, 7.2, 1.7 Hz, 1H, H-7),
8.22 (dd,J = 8.0, 1.7 Hz, 1H, H-5);3a, 17%) 6.84 (s, 1H, H-3), 6.87 (s, 2H, 20H), 7.d8d,J =
8.0, 7.2, 1.0 Hz, 1H, H-6), 7.50 (d~ 8.6 Hz, 1H, H-8), 7.71 (ddd,= 8.6, 7.2, 1.7 Hz, 1H, H-7),
8.18 (ddJ = 8.0, 1.6 Hz, 1H, H-5}H NMR (400 MHz, DMSOss) (33, 100%)J6.64 (s, 1H, H-3),
7.54 (dddJ = 8.0, 7.2, 1.0 Hz, 1H, H-6), 7.69 (dbs 8.5, 1.0 Hz, 1H, H-8), 7.86 (dddl= 8.5, 7.2,
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1.7 Hz, 1H, H-7), 8.07 (dd] = 8.0, 1.7 Hz, 1H, H-5), 8.37 (s, 2H, 20HJF NMR (376 MHz,
DMSO-ds) 580.8 (s, CE); *H NMR (500 MHz, CRCO,D) (33, 100%)d7.03 (s, 1H, H-3), 7.53 (t,
J=7.6 Hz, 1H, H-6), 7.67 (d, = 8.5 Hz, 1H, H-8), 7.85 (ddd,= 8.5, 7.3, 1.7 Hz, 1H, H-7), 8.22
(dd,J = 8.1, 1.7 Hz, 1H, H-5), 8.37 (s, 2H, 20HJF NMR (470.5 MHz, CBCO,D) 4 80.2 (s,
CFs); **C NMR (100 MHz, DMSOdg) §90.8 (q,J = 32.5 Hz), 110.3, 118.6, 122.5 (= 290.0
Hz), 123.1, 125.0, 126.0, 134.9, 155.6, 163.1, @:;7MS (El), Mz (%) 242 [M] (100), 173 [M—
CFs]* (36), 145 [M—COCH" (33), 101 (10), 92 (8), 89 (43), 69 [gF (8). Anal. Calcd for
C11HsFs03- H;0: C, 50.78; H, 2.71. Found: C, 50.76; H, 2.35.

4.3.2. 6-Methyl-2-(trifluoroacetyl)chromone (2b). This compound was prepared as a covalent
hydrate3b from chromonéelb according to the procedure described for comp&adrield 3.5 g
(69%), mp 173-174C. IR (KBr) 3317, 1642, 1594, 1488 ti'H NMR (400 MHz, DMSOds)
2.44 (s, 3H, Me), 6.60 (s, 1H, H-3), 7.59 Jc¢t 8.6 Hz, 1H, H-8), 7.67 (dd,= 8.6, 2.2 Hz, 1H, H-

7), 7.85 (dgJ = 2.2, 0.5 Hz, 1H, H-5), 8.35 (s, 2H, 20} NMR (376 MHz, DMSOds) 580.8

(s, CR). *F NMR (470.5 MHz, CBRCO,D) 5 80.2 (s, CE). Anal. Calcd for GH/Fs03-H,0: C,
52.56; H, 3.31. Found: C, 52.67; H, 3.32.

4.3.3. 6-Chloro-2-(trifluoroacetyl)chromone (2c). This compound was prepared as a covalent
hydrate3c from chromonelc according to the procedure described for compdmdrield 4.0 g
(76%), mp 140-141C. IR (KBr) 3340, 1639, 1614, 1597, 1571, 1470 ¢rtH NMR (400 MHz,
DMSO-ds) 96.66 (s, 1H, H-3), 7.77 (d, = 9.0 Hz, 1H, H-8), 7.89 (d] = 9.0, 2.7 Hz, 1H, H-7),
8.00 (d,J = 2.7 Hz, 1H, H-5), 8.42 (s, 2H, 20HJF NMR (376 MHz, DMSOdg) 580.9 (s, CB).
Anal. Calcd for GiH4CIF303- H,O: C, 44.84; H, 2.05. Found: C, 44.84; H, 2.03.

4.3.4. 2-(2-Trifluoromethyl-1,3-dioxolan-2-yl)chromone (4). A mixture of 2-trifluoromethyl-
[1,3]dioxolane-2-carboxylic acid methyl ester (18,3%1.5 mmol) and 2-hydroxyacetophenone (7.6
g, 55.8 mmol) was added dropwise to an alcoholiatiem of NaOEt obtained by dissolution of
sodium (5.2 g, 226.2 mmol) in anhydrous EtOH (100).nThe resulting reaction mixture was
heated at reflux with stirring for 5 h. Concentcht¢Cl (40 mL) was added to the disodium salt, and
the mixture was heated at reflux with stirring #0 min. The cooled mixture was quenched by
addition of water (125 mL) and the solvent concaeti under reduced pressure. The solid was
filtered off, washed with wated, and dried to golgomone4 in 74% yield (13.0 g), mp 103-104
°C. IR (ATR) 1659, 1610, 1574, 1467, 1392, 1315"ciH NMR (400 MHz, CDCY) 4.18-4.26
(m, 2H, CH), 4.30-4.38 (m, 2H, CH, 6.75 (s, 1H, H-3), 7.44 (ddd= 8.0, 7.2, 1.0 Hz, 1H, H-6),
7.54 (dd,J = 8.5, 1.0 Hz, 1H, H-8), 7.72 (dddi= 8.5, 7.2, 1.7 Hz, 1H, H-7), 8.20 (db= 8.0, 1.7
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Hz, 1H, H-5):F NMR (376 MHz, CDCJ) 681.3 (s, CB): MS (EI): m/z (%) 286 [M[ (57), 217
[M-CF3]" (100), 173 (14), 145 [M-GE(OCH,)2]" (27), 89 (25), 69 [CH" (10). Anal. Calcd for
Ci3HoF:04: C, 54.56; H, 3.17. Found: C, 54.74; H, 3.47.

4.3.5. 2-[5-(2-Trifluoromethyl[ 1,3] dioxolan-2-yl)-1H-pyrazol-3-yl] phenol (5). Hydrazine hydrate
(0.10 mL, 1.3 mmol) was added to a solution of olwoe4 (250 mg, 0.87 mmol) in ethanol (10
mL). The solution was heated at reflux for 6 h. Toheled mixture was poured into water (10 mL)
and the product was filtered and dried to give pgla5 as colourless crystals in 0.20 g yield
(77%), mp 136-137C. IR (ATR): 3401, 1596, 1558, 1472 thmH NMR (400 MHz, DMSOds) &
(A-5, 70%) 4.14-4.32 (m, 4H, 2GH 6.81 (br s, 1 H, H, 6.88 (td,J = 7.5, 1.1 Hz, 1H, H-4),
6.97 (br dJ =7.5 Hz, 1H, H-3), 7.18 (ddd,= 8.3, 7.2, 1.6 Hz, 1H, H-5), 7.63 @ = 6.9 Hz, 1H,
H-6), 10.25 (br s, 1H, NH), 13.09 (br s, 1H, OHB:%, 30%) 4.14-4.32 (m, 4H, 2GH 6.88 (td,J

= 7.5, 1.1 Hz, 1H, H-4), 6.90-7.00 (br s, 1H, §-7.04 (br s, 1H, H-3), 7.18 (ddd~ 8.3, 7.2, 1.6
Hz, 1H, H-5), 7.81 (br s, 1H, H-6), 10.49 (br s,,1BH), 13.70 (br s, 1H, NH)}:°F NMR (376
MHz, DMSO-ds;) o (A-5, 70%) 82.8 (s, Cf}, (B-5 30%) 81.3 (s, Cf. Anal. Calcd for
Ci13H11F3N20s: C, 52.01;H, 3.69; N, 9.33. FoundZ, 52.02;H, 3.62; N, 9.35.

4.4. General procedure for the synthesis of compods 6a—c

A solution of the corresponding chromok€1.0 mmol), ethylenediamine (87 mg, 1.45 mmol)
and AcOH (174 mg, 2.90 mmol) in methanol (4 mL) Wwapt for 48 h at room temperature. After
partial evaporation of the solvent and cooling greduct was filtered and recrystallized from

methanol to give compounésas orange crystals.

44.1.  (2)-1-(2-Hydroxyphenyl)-2-(3-trifluoromethyl-5,6-dihydropyrazin-2(1H)-ylidene)ethanone
(6a). Yield 57%, mp 183C. IR (ATR): 3249, 2984, 2856, 1590, 1574, 1542351481 crv; *H

NMR (400 MHz, DMSO¢€g) 03.38 (td,J = 6.6, 3.5 Hz, 2H, CH6), 4.06 (tJ = 6.6 Hz, 2H, CH

5), 6.21 (q°Jur = 1.5 Hz, 1H, =CH), 6.92 (dd,= 8.2, 1.1 Hz, 1H, H“} 6.93 (tdJ = 7.6, 1.1 Hz,
1H, H-5), 7.43 (dddJ = 8.2, 7.3, 1.6 Hz, 1H, H34 7.66 (dd,J = 8.0, 1.6 Hz, 1H, H4, 10.49 (tJ

= 3.5 Hz, 1H, NH), 12.46 (s, 1H, OHY*F NMR (376 MHz, DMSOds) 5 97.2 (br s, C§. Anal.

Calcd for G3H11F3N20,: C, 54.93;H, 3.90; N, 9.86. Found:, 54.82;H, 3.76; N, 9.82.

4.4.2. (2)-1-(2-Hydr oxy-5-methyl phenyl)-2-(3-trifluoromethyl-5,6-dihydropyrazin-2(1H)-
ylidene)ethanone (6b). Yield 61%, mp 163-164C. IR (ATR): 2963, 2855, 2361, 1578, 1541, 1483
cm ™ *H NMR (400 MHz, DMSOds) 02.29 (s, 3H, Me), 3.40 (td, = 6.4, 3.5 Hz, 2H, CH6),
4.04 (t,J = 6.4 Hz, 2H, CH5), 6.13 (s, 1H, =CH), 6.75 (d,= 8.4 Hz, 1H, H-3, 7.18 (dd,J = 8.4,
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1.8 Hz, 1H, H-4, 7.33 (d,J = 1.8 Hz, 1H, H-§, 10.44 (br s, 1H, NH), 12.44 (s, 1H, OFF NMR
(376 MHz, DMSOés) 597.2 (s, CB). Anal. Calcd for GH13FsN;0,:0.2H,0: C, 55.70:H, 4.47; N,
9.28. FoundC, 55.77:H, 4.23; N, 9.01.

4.4.3. (2)-1-(5-Chloro-2-hydroxyphenyl)-2-(3-trifluoromethyl -5,6-dihydr opyrazin-2(1H)-
ylidene)ethanone (6¢). Yield 48%, mp 179-186C. IR (ATR): 3224, 2956, 1594, 1568, 1541, 1518,
1467 cm®; *H NMR (400 MHz, DMSOdg) 03.39 (td,J = 6.4, 3.5 Hz, 2H, CH6), 4.04 (tJ = 6.4
Hz, 2H, CH-5), 6.22 (s, 1H, =CH), 6.92 (d,= 8.8 Hz, 1H, H-3, 7.37 (dd,J = 8.8, 2.7 Hz, 1H, H-
4, 7.54 (d,J = 2.7 Hz, 1H, H-§, 10.54 (s, 1H, NH), 12.03 (br s, 1H, OHJF NMR (376 MHz,
DMSO-ds) 97.3 (s, CB); 'H NMR (500 MHz, CDC{) §3.41 (td,J = 6.3, 3.4 Hz, 2H, CH6),
4.11 (t,J = 6.3 Hz, 2H, Ck#5), 6.16 (9 Jur = 1.2 Hz, 1H, =CH), 6.91 (d} = 8.8 Hz, 1H, H-3,
7.34 (dd,J = 8.8, 2.5 Hz, 1H, H4, 7.55 (d,J = 2.5 Hz, 1H, H-§, 10.53 (br s, 1H, NH), 12.70 (s,
1H, OH); **F NMR (470.5 MHz, CDG) §95.2 (q,°Jrn = 1.5 Hz, CE); *C (126 MHz, CDCJ):
35.3(C-6), 47.9 (C-5), 89.5 (dJcr = 3.8 Hz, =CH), 119.0 (dJcr = 277.6 Hz, CE), 120.0 (C-3,
121.1 (C-1), 123.5 (C-9, 127.3 (C-§, 134.8 (C-9, 153.1 (9 Jcr = 34.9 Hz, C-3), 160.8 (CR
193.7 (C=0). Anal. Calcd for gH1oCIF3N20,: C, 49.00;H, 3.16; N, 8.79. FoundZ, 49.01;H,
3.09; N, 8.75.

4.5. General procedure for the synthesis of compods 7a—c

A solution of the corresponding chromo2€1.2 mmol) and-phenylenediamine (160 mg, 1.5
mmol) in AcOH (5 mL) was heated at reflux for 4 hdaallowed to stand at room temperature
overnight. The solid that formed was filtered anashed with cooled ethanol to give compourds

as red or orange crystals.

4.5.1. (2)-1-(2-Hydroxyphenyl)-2-(3-trifluoromethyl quinoxalin-2(1H)-ylidene)ethanone (A-7a) and
(2)-1-(2-hydroxyphenyl)-2-(3-trifluoromethylquinoxalin-2-yl)ethanone (B-7a). Yield 83%, red
crystals, mp 175C. IR (ATR): 3054, 1601, 1577, 1544, 1499, 1483 critH NMR (500 MHz,
DMSO-ds) 5 (A, 40%) 6.94—7.04 (m, 3H, H;3H-5, =CH), 7.38 (ddd) = 8.4, 7.0, 1.5 Hz, 1H, H-
4", 7.65 (ddd,J = 8.0, 7.2, 1.0 Hz, 1H, H-6), 7.83 (db 7.7, 1.6 Hz, 1H, H-§ 7.88 (ddd,) = 8.3,
7.2, 1.2 Hz, 1H, H-7), 8.00 (m, 1H, H-8), 8.04 (dd& 8.0, 1.5 Hz, 1H, H-5), 11.53 (br s, 1H, OH),
15.16 (br s, 1H, NH);R, 60%) 5.07 (q2J = 1.5 Hz, 2H, Ch)), 6.97-7.04 (m, 2H, H:3H-5), 7.55
(ddd,J = 8.5, 7.0, 1.7 Hz, 1H, H¥% 7.92 (dd,J = 8.0, 1.6 Hz, 1H, H4 8.00 (m, 2H, H-6), 8.07
(ddd,J = 8.4, 7.0, 1.6 Hz, 1H, H-7), 8.18 (dii= 8.4, 1.5 Hz, 1H, H-8), 8.29 (dd,= 8.2, 1.3 Hz,
1H, H-5), 11.19 (br s, 1H, OH}*F NMR (470.5 MHz, DMSGCds) J (A, 40%) 96.1 (d°Jry = 1.9
Hz, CR); (B, 60%) 98.8 (t°J- = 1.5 Hz, CR); "H NMR (400 MHz, CDCY) J (A, 42%) 6.48 (q,
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Jur = 1.7 Hz, 1H, =CH), 6.91 (ddd, 1H, H-3=8.2, 7.0, 1.2 Hz), 6.98 (dd,= 8.2, 1.2 Hz, 1H,
H-3), 7.37—7.44 (m, 3H, H-6, H-7, H-8), 7.66 (ddds 8.5, 7.2, 1.5 Hz, 1H, H)4 7.71 (dd,J =
8.0, 1.5 Hz, 1H, H-§, 7.84-7.94 (m, 1H, H-5), 12.66 (s, 1H, OH), 15(es, 1H, NH); B, 58%)
4.97 (9,°34r = 1.3 Hz, 2H, CH), 6.98 (ddd,J = 8.2, 7.0, 1.2 Hz, 1H, H% 7.03 (dd, 1H, H-3J =
8.4, 1.0 Hz), 7.54 (ddd,= 8.5, 7.2, 1.5 Hz, 1H, H¥ 7.84—7.94 (m, 3H, H!pH-6, H-7), 8.13 (dd,
J=7.8,1.8 Hz, 1H, H-8), 8.25 (dd= 7.8, 1.8 Hz, 1H, H-5), 11.76 (s, 1H, O NMR (CDCE)

O (A, 42%) 94.3 (s, Cf; (B, 58%) 98.0 (s, CfF; 1°C NMR (126 MHz, DMSOdg) J (A) 90.9 (q,
*Jcr=3.4 Hz, =CH), 117.3 (C%8 119.2 (C-5, 120.6 (q;Jc r=275.8 Hz, CF), 121.0 (C-1), 121.3
(C-8), 127.4 (C-6), 128.3 (CY6129.6 (C-5), 133.0 (C¥ 134.0 (C-7), 134.4 (C-4a), 134.6 (C-8a),
141.0 (q,2Jc.r = 34.4 Hz, C-3), 145.2 (C-2), 158.3 (Q;2178.2 (C=0), B) 48.2 (q,*Jcr = 2.0 Hz,
CHy), 117.6 (C-3, 119.4 (C-9, 121.3 (q.Jcr = 276.0 Hz, CR), 121.5 (C-1), 128.5 (C-8), 129.3
(C-5), 130.5 (C-§, 131.6 (C-6), 133.2 (C-7), 135.9 (0)4138.5 (C-4a), 141.0 (4Jcr = 33.7 Hz,
C-3), 142.2 (C-8a), 148.7 (C-2), 159.6 (§-2199.0 (C=0). Anal. Calcd for ;¢H11FaN,O2: C,
61.45;H, 3.34; N, 8.43. Found:, 61.27;H, 3.37; N, 8.41.

45.2. (2)-1-(2-Hydroxy-5-methyl phenyl)-2-(3-trifluoromethyl quinoxalin-2(1H)-ylidene)ethanone
(A-7b) and 1-(2-hydroxy-5-methylphenyl)-2-(3-trifluoromethyl quinoxalin-2-yl)ethanone (B-7b).
Yield 79%, red crystals, mp 211-21@. IR (ATR): 1615, 1601, 1582, 1541, 1481 ¢mH NMR
(400 MHz, DMSOdg) J (A, 42%) 2.32 (s, 3H, Me), 6.76 Glur = 1.7 Hz, 1H, =CH), 6.80 (d,=
8.4 Hz, 1H, H-3, 7.14 (ddJ = 8.4, 1.8 Hz, 1H, H%}, 7.50 (d,J = 1.8 Hz, 1H, H-§, 7.55 (ddd,]) =
7.9, 7.0, 1.3 Hz, 1H, H-6/7), 7.79 (= 7.6, 1.0 Hz, 1H, H-7/6), 7.92 (d,= 7.9 Hz, 1H, H-8),
8.00 (d,J = 7.9 Hz, 1H, H-5), 11.49 (s, 1H, OH), 15.09 (8|, NH); (B, 58%) 2.34 (s, 3H, Me),
5.01 (q,°Jur = 1.4 Hz, 2H, CH), 6.87 (dJ = 8.3 Hz, 1H, H-3, 7.31 (dd,J = 8.4, 1.9 Hz, 1H, H-
4, 7.76 (d,J = 1.8 Hz, 1H, H-§, 7.83 (td,J = 7.5, 1.0 Hz, 1H, H-6/7), 7.96 (td,= 7.5, 1.2 Hz,
1H, H-7/6), 8.13 (ddJ = 8.0, 1.5 Hz, 1H, H-8), 8.23 (dd,= 8.0, 1.5 Hz, 1H, H-5), 11.06 (s, 1H,
OH); *F NMR (376 MHz, DMSOdg) J (A, 42%) 96.1 (d°Je = 1.7 Hz, CE); (B, 58%) 98.9 (t,
5JF,H = 1.4 Hz, CE). Anal. Calcd for GgH13F3N20.: C, 62.43;H, 3.78; N, 8.09. FoundZ, 62.40;H,
3.79; N, 8.07.

453. (2)-1-(5-Chloro-2-hydroxyphenyl)-2-(3-trifluoromethyl quinoxalin-2(1H)-ylidene)ethanone
(A-7c) and 1-(5-chloro-2-hydroxyphenyl)-2-(3-trifluoromethyl quinoxalin-2-yl)ethanone (B-7c).
Yield 87%, orange crystals, mp 187-1&8 IR (ATR): 3056, 1613, 1603, 1569, 1548, 1481/0L4
cm ™’ *H NMR (400 MHz, DMSO¢g) (A, 58%) 6.95 (dJ = 8.7 Hz, 1H, H-3, 7.05 (d,°J4r= 1.6
Hz, 1H, =CH), 7.28 (dd) = 8.7, 2.7 Hz, 1H, H 7.66 (ddd,J = 8.2, 7.0, 1.1 Hz, 1H, H-7), 7.73
(d, J = 2.7 Hz, 1H, H-, 7.84 (d,J = 2.7 Hz, 1H, H-6), 7.94 (dl = 8.4 Hz, 1H, H-8), 7.95-8.05
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(m, 1H, H-5), 11.30 (br s, 1H, OH), 15.28 (br s,, NH); (B, 42%) 4.99 (q>J.r = 1.4 Hz, 2H,
CH,), 7.02 (dJ = 8.8 Hz, 1H, H-3, 7.45 (dd,J = 8.9, 2.7 Hz, 1H, H- 7.86 (ddd,) = 8.1, 7.2, 1.0
Hz, 1H, H-7), 7.95-8.05 (m, 2H, H;H-6), 8.12 (dd,) = 8.0, 1.4 Hz, 1H, H-8), 8.23 (dd= 7.8,

1.5 Hz, 1H, H-5), 11.30 (br s, 1H, OHJF NMR (376 MHz, DMSQdg) J (A, 58%) 96.4 (d°Jg =

1.6 Hz, CR); (B, 42%) 98.8 (t°Jz = 1.4 Hz, CR). Anal. Calcd for GH1oCIFsN,Oy: C, 55.68;H,

2.75; N, 7.64. Found:, 55.31;H, 2.68; N, 7.60.

4.6. General procedure for the synthesis of compods 8a—c

A solution of the corresponding chromo2€1.0 mmol) and 2,3-diaminonaphthaline (190 mg,
1.2 mmol) in AcOH (5 mL) was heated at reflux foh4nd allowed to stand at room temperature
overnight. The solid that formed was filtered anastved with cooled ethanol to give compou8ds

as maroon crystals.

4.6.1. (2)-1-(2-Hydroxyphenyl)-2-(3-trifluoromethyl benzo[ g] quinoxalin-2(1H)-ylidene)ethanone
(8a). Yield 88%, mp 262—263C. IR (KBr): 1609, 1579, 1551, 1485 cim'H NMR (500 MHz,
CDCls) 06.56 (q,°Jur = 1.6 Hz, 1H, =CH), 6.93 (ddd,= 8.1, 7.1, 1.0 Hz, 1H, H% 7.00 (ddJ =
8.4, 1.0 Hz, 1H, H-3, 7.44 (dddJ = 8.4, 7.1, 1.5 Hz, 1H, H% 7.50 (dddJ = 8.3, 6.9, 1.2 Hz, 1H,
H-7), 7.62 (ddd) = 8.2, 6.9, 1.3 Hz, 1H, H-8), 7.70 (s, 1H, H-1D)4 (ddJ = 8.1, 1.5 Hz, 1H, H-
6'), 7.88 (d,J = 8.2 Hz, 1H, H-9), 7.97 (dl = 8.3 Hz, 1H, H-6), 8.41 (s, 1H, H-5), 12.77 (8,1
OH), 14.46 (br s, 1H, NH)*F NMR (470.5 MHz, CDG)) 693.8 (d,Jr 4 = 1.6 Hz, CE); **C NMR
(126 MHz, CDC}): 089.2 (q,*Jc.r = 3.7 Hz, =CH), 112.1 (C-10), 118.6 (0;3.19.0 (C-H, 120.1
(9, Ycr = 276.1 Hz, CR), 121.5 (C-1), 125.9 (C-7), 126.9 (C-9), 127.3 (C-10a), 128226)),
129.2 (C-6), 129.5 (C-8), 130.6 (C-5),130.9 (C-533,0 (C-4a), 135.1 (C34 136.0 (C-9a), 140.2
(C-2), 144.9 (q%Jcr = 35.3 Hz, C-3), 162.3 (C32 193.3 (C=0). Anal. Calcd fordH:5F3N,0y: C,
65.97;H, 3.43; N, 7.33. FoundC, 65.77;H, 3.42; N, 7.24.

4.6.2. (2)-1-(2-Hydroxy-5-methyl phenyl)-2-(3-trifluor omethyl benzo[ g] quinoxalin-2(1H)-
ylidene)ethanone (8b). Yield 80%, mp 283C. IR (KBr): 1611, 1585, 1551, 1491, 1470 ¢miH
NMR (400 MHz, CDCY) §2.36 (s, 3H, Me), 6.54 (QJur = 1.3 Hz, 1H, =CH), 6.91 (d,= 8.5 Hz,
1H, H-3), 7.25 (d,J = 8.5 Hz, 1H, H-9, 7.48 (s, 1H, H-§, 7.50 (ddd, = 8.2, 7.0, 1.0 Hz, 1H, H-
7), 7.62 (ddd)) = 8.2, 7.0, 1.0 Hz, 1H, H-8), 7.70 (s, 1H, H-1DB8 (d,J = 8.2 Hz, 1H, H-9), 7.97
(d, J = 8.2 Hz, 1H, H-6), 8.41 (s, 1H, H-5), 12.59 (8, DH), 14.50 (s, 1H, NH)'**F NMR (376
MHz, CDCk) 095.0 (s, Ck). Anal. Calcd for GH15F3N205: C, 66.67;H, 3.81; N, 7.07. FoundZ,
66.34;H, 3.71; N, 7.06.
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4.6.3. (2)-1-(5-Chloro-2-hydroxypheny!)-2-(3-trifluoromethyl benzo[ g] quinoxalin-2(1H)-
ylidene)ethanone (8c). Yield 98%, mp 269-270C. IR (KBr): 1610, 1577, 1550, 1467 ch'H
NMR (400 MHz, CDC}) 06.46 (q,°Jur = 1.5 Hz, 1H, =CH), 6.96 (d, = 8.8 Hz, 1H, H-3, 7.38
(dd,J = 8.8, 2.5 Hz, 1H, H, 7.52 (ddd,) = 8.2, 6.9, 1.1 Hz, 1H, H-7), 7.64 (ddbs 8.2, 6.9, 1.1
Hz, 1H, H-8), 7.65 (dJ = 2.5 Hz, 1H, H-9, 7.75 (s, 1H, H-10), 7.90 (d,= 8.2 Hz, 1H, H-9), 8.00
(d,J = 8.2 Hz, 1H, H-6), 8.46 (s, 1H, H-5), 12.72 (&, DH), 14.60 (s, 1H, NH)}*F NMR (376
MHz, CDCk) 695.2 (s, Ck). Anal. Calcd for GH1.CIF3N20,: C, 60.52;H, 2.90; N, 6.72. Found:
C, 60.24;H, 2.78; N, 6.69.

4.7. General procedures for the synthesis of compods 9a—c and 10a—c

Method A. A solution of the corresponding chromo2€1.0 mmol) and 2,3-diaminopyridine
(131 mg, 1.2 mmol) in AcOH (5 mL) was heated atueffor 4 h and allowed to stand at room
temperature overnight. The solid that formed wheréd and washed with cooled ethanol to give a
mixture of compound8 and10 as orange or red crystals.

Method B. A solution of the corresponding chromo2€0.5 mmol) and 2,3-diaminopyridine
(66 mg, 0.6 mmol) in AcOH (3 mL) was allowed torstaat room temperature during one week.
The solid that formed was filtered and washed witanol to give a mixture of enamiAe9 and
imine B-9. From the mother liquor additional amounts of feri9, B-9, andA-10 were isolated

and washed with ethanol (Table 3).

4.7.1. (2)-1-(2-Hydroxyphenyl)-2-(3-trifluoromethyl pyrido[ 2,3-b] pyrazin-2(1H)-ylidene)ethanone
(9a) and (2)-1-(2-hydroxyphenyl)-2-(2-trifluoromethyl pyrido[ 2,3-b] pyrazin-3(4H)-
ylidene)ethanone (10a). Yield 88%, light red crystals, mp 209-210 (methodA); yield 85%, mp
210-213°C (methodB). IR (KBr): 1617, 1583, 1556, 1491, 1438 ¢m'H NMR (500 MHz,
CDCly) J(A-9a, 9%) 6.58 (q°J4r = 1.7 Hz, 1H, =CH), 6.92 (m, 1H, H)56.99 (dd,J = 8.3, 1.2
Hz, 1H, H-3), 7.44 (dddJ = 8.3, 7.0, 1.6 Hz, 1H, H% 7.59 (ddJ = 8.3, 4.4 Hz, 1H, H-7), 7.71
(m, 1H, H-6), 7.74 (ddJ = 8.3, 1.6 Hz, 1H, H-8), 8.70 (dd= 4.4, 1.6 Hz, 1H, H-6), 12.37 (s, 1H,
OH), 14.96 (s, 1H, NH);R-9a, 31%) 5.02 (qJ4r = 1.2 Hz, 2H, CH), 6.99 (ddd,) = 8.1, 7.1, 1.1
Hz, 1H, H-8), 7.04 (ddJ = 8.5, 1.1 Hz, 1H, H‘} 7.55 (dddJ = 8.3, 7.2, 1.5 Hz, 1H, H}% 7.85
(dd,J=7.9, 1.5 Hz, 1H, H-§ 7.87 (ddJ= 8.4, 4.1 Hz, 1H, H-7), 8.50 (dd= 8.4, 1.9 Hz, 1H, H-
8), 9.31 (dd,) = 4.1, 1.9 Hz, 1H, H-6), 11.69 (s, 1H, OH)-10a, 56%) 6.53 (q°J4r = 1.7 Hz, 1H,
=CH), 6.92 (m, 1H, H-9, 6.99 (ddJ = 8.3, 1.2 Hz, 1H, HZ} 7.31 (ddJ = 8.0, 4.7 Hz, 1H, H-7),
7.44 (dddJ=8.3, 7.0, 1.6 Hz, 1H, H¥ 7.71 (ddJ = 8.1, 1.6 Hz, 1H, H-§ 8.10 (ddJ = 8.0, 1.7
Hz, 1H, H-8), 8.60 (ddJ) = 4.7, 1.7 Hz, 1H, H-6), 12.66 (s, 1H, OH), 14(361H, NH); B-10a,
4%) 5.08 (q°Jur = 1.4 Hz, 2H, Ch), 6.99 (ddJ = 8.3, 1.2 Hz, 1H, H-} 7.02 (m, 1H, H-5, 7.55
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(ddd,J=8.3, 7.2, 1.6 Hz, 1H, H% 7.86 (ddJ = 8.6, 4.0 Hz, 1H, H-7), 7.88 (dd,= 9.2, 1.3 Hz,
1H, H-6), 8.63 (dd,J = 8.6, 1.9 Hz, 1H, H-8), 9.32 (dd,= 4.0, 1.9 Hz, 1H, H-6), 11.65 (s, 1H,
OH); *F NMR (470.5 MHz, CDG)) J (A-9a, 9%) 92.8 (d’Je = 1.7 Hz, CE); (B-9a, 31%) 96.5
(t, °Jen = 1.2 Hz, CR); (A-10a, 56%) 92.9 (d°Jg 1 = 1.7 Hz, CE); (B-10a 4%) 97.0 (t°Jr = 1.4
Hz, CR); **C NMR (126 MHz, CDGJ) J(A-9a) 89.1 (g,2Jcr = 3.4 Hz, =CH), 118.7 (C'B 118.9
(C-5), 120.0 (C-1), 125.1 (C-8), 127.7 (C-8a), 128.16 (C-7/(:-628.19 (C-68C-7), 135.4 (C-3,
141.0 (C-2), 143.9 (C-4a), 147.9 (C-6), 162.1 (5-92.3 (C=0), Ckand C-3 were not foundB¢
9a) 45.0 (q,"Jcr = 2.3 Hz, CH), 118.9 (C-3, 119.4 (C-5, 120.0 (C-1), 120.9 (q,Jcr = 276.7
Hz, CR), 127.5 (C-7), 129.8 (C% 137.1 (C-4, 138.0 (C-8), 138.7 (GJcr = 0.9 Hz, C-8a), 144.6
(q, 2 = 35.4 Hz, C-3), 148.0 (dJcr = 1.0 Hz, C-4a), 149.3 (C-2), 155.8 (C-6), 16272,
200.6 (C=0); A-10a) 89.2 (q,"Jcr = 3.5 Hz, =CH), 118.8 (CB 119.0 (C-9, 119.8 (q,"Jcr =
276.6 Hz, CE), 120.3 (C-3, 121.1 (C-7), 128.1 (dJcr = 0.9 Hz, C-8a), 128.2 (C)6 135.4 (C-
4", 137.9 (C-8), 141.2 (C-3), 142.4 (C-4a), 145.4%0g = 35.6 Hz, C-2), 154.1 (C-6), 162.6 (C-
2'), 193.6 (C=0); B-10a) 45.6 (q,"Jcr = 2.0 Hz, CH), 118.9 (C-3, 119.2 (C-5, 120.0 (C-1),
126.6 (C-7), 129.8 (C% 137.1 (C-4, 138.9 (C-8), 151.4 (C-3), 156.9 (C-6), 162.62%;-200.5
(C=0), CHK, C-8a, C-4a and C-2 were not found. Anal. CaladdeH10FsN30.: C, 57.66;H, 3.02;
N, 12.61. Found€, 57.54:H, 3.01; N, 12.57.

4.7.2. (2)-1-(2-Hydroxy-5-methyl phenyl)-2-(3-trifluoromethyl pyrido[ 2,3-b] pyrazin-2(1H)-
ylidene)ethanone (9b) and (2)-1-(2-hydroxy-5-methyl phenyl)-2-(2-trifluoromethyl pyrido[ 2,3-
b] pyrazin-3(4H)-ylidene)ethanone (10b). Yield 91%, orange crystals, mp 202—-2@3 (methodA);
yield 89%, mp 206—209C (methodB). IR (KBr): 1615, 1577, 1551, 1541, 1491 ¢ntH NMR
(500 MHz, CDC}) J(A-9b, 14%) 2.35 (s, 3H, Me), 6.56 {lur = 1.7 Hz, 1H, =CH), 6.89 (d, =
8.4 Hz, 1H, H-3, 7.25 (ddJ = 8.4, 2.0 Hz, 1H, H/, 7.45 (dJ = 2.0 Hz, 1H, H-§, 7.58 (ddJ =
8.2, 4.4 Hz, 1H, H-7), 7.74 (dd,= 8.2, 1.6 Hz, 1H, H-8), 8.69 (dd= 4.4, 1.6 Hz, 1H, H-6), 12.18
(s, 1H, OH), 15.01 (s, 1H, NH)B9b, 64%) 2.37 (s, 3H, Me), 5.01 (§lr = 1.3 Hz, 2H, CHh),
6.95 (d,J = 8.5 Hz, 1H, H-3, 7.37 (ddJ = 8.5, 2.0 Hz, 1H, H%, 7.62 (d,J = 2.0 Hz, 1H, H-§,
7.87 (dd,J = 8.4, 4.1 Hz, 1H, H-7), 8.50 (dd,= 8.4, 1.9 Hz, 1H, H-8), 9.31 (dd,= 4.1, 1.9 Hz,
1H, H-6), 11.52 (s, 1H, OH)AC10b, 20%) 2.35 (s, 3H, Me), 6.51 (= 1.7 Hz, 1H, =CH),
6.90 (d,J = 8.4 Hz, 1H, H-3, 7.25 (dd,J = 8.4, 2.0 Hz, 1H, H, 7.31 (ddJ = 8.0, 4.7 Hz, 1H, H-
7), 7.45 (dJ = 2.0 Hz, 1H, H-§, 8.10 (ddJ = 8.0, 1.8 Hz, 1H, H-8), 8.59 (dd= 4.7, 1.8 Hz, 1H,
H-6), 12.48 (s, 1H, OH), 14.39 (s, 1H, NHR-L0b, 2%) 2.38 (s, 3H, Me), 5.06 (B r = 1.3 Hz,
2H, CH,), 6.94 (d,J = 8.6 Hz, 1H, H-3, 7.25 (ddJ = 8.4, 2.0 Hz, 1H, H, 7.45 (dJ = 2.0 Hz,
1H, H-6), 7.87 (ddJ = 8.4, 4.2 Hz, 1H, H-7), 8.63 (dd= 8.4, 1.9 Hz, 1H, H-8), 9.31 (dd= 4.2,
1.9 Hz, 1H, H-6), 11.48 (s, 1H, OHF NMR (470.5 MHz, CDG)) J(A-9b, 14%) 92.8 (d°Jr =
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1.7 Hz, CR); (B-9b, 64%) 96.6 (t>Jr 4 = 1.3 Hz, CK); (A-10b, 20%) 93.0 (d°J; 4 = 1.7 Hz, CE);
(B-lOb, 2%) 97.0 (t,S‘JFYH = 1.3 Hz, CE) Anal. Calcd for @7H12F3N302: C, 58.79;H, 3.48; N,
12.10. Foundc, 58.69:H, 3.59; N, 11.99.

4.7.3. (2)-1-(5-Chloro-2-hydroxyphenyl)-2-(3-trifluoromethyl pyrido[ 2,3-b] pyrazin-2(1H)-
ylidene)ethanone (9c) and (2)-1-(5-chloro-2-hydroxyphenyl)-2-(2-trifluoromethyl pyrido[ 2,3-
b] pyrazin-3(4H)-ylidene)ethanone (10c). Yield 98%, red crystals, mp 256-28C (methodA);
yield 95%, mp 250—-253C (methodB). IR (KBr): 1618, 1580, 1551, 1479, 1462 ¢mH NMR
(500 MHz, CDC}) J(A-9c, 25%) 6.50 (q°Jnr = 1.6 Hz, 1H, =CH), 6.96 (d,= 8.8 Hz, 1H, H-3,
7.39 (ddJ=8.8, 2.5 Hz, 1H, H¥, 7.62 (ddJ = 8.2, 4.4 Hz, 1H, H-7), 7.63 (d,= 2.5 Hz, 1H, H-
6), 7.79 (dd,J = 8.2, 1.6 Hz, 1H, H-8), 8.75 (dd,= 4.4, 1.6 Hz, 1H, H-6), 12.32 (s, 1H, OH),
15.11 (s, 1H, NH); B-9c, 60%) 4.98 (q°Jr = 1.3 Hz, 2H, Ch), 7.02 (d,J = 9.0 Hz, 1H, H-3,
7.51 (dd,J = 9.0, 2.6 Hz, 1H, H% 7.82 (dJ = 2.6 Hz, 1H, H-§, 7.88 (ddJ = 8.5, 4.1 Hz, 1H, H-
7), 8.50 (ddJ = 8.5, 1.9 Hz, 1H, H-8), 9.33 (dd,= 4.1, 1.9 Hz, 1H, H-6), 11.60 (s, 1H, OHX-(
106 15%) 6.43 (q°Jur = 1.7 Hz, 1H, =CH), 6.96 (dl = 8.8 Hz, 1H, H-3, 7.36 (ddJ = 8.0, 4.7
Hz, 1H, H-7), 7.39 (dd) = 8.8, 2.5 Hz, 1H, H, 7.64 (d,J = 2.5 Hz, 1H, H-6, 8.15 (dd,J = 8.0,
1.7 Hz, 1H, H-8), 8.64 (dd] = 4.7, 1.7 Hz, 1H, H-6), 12.62 (s, 1H, OH), 14(47 1H, NH):*°F
NMR (470.5 MHz, CDGJ) J(A-9c¢, 25%) 93.0 (d°Je 4 = 1.7 Hz, CE); (B-9c, 60%) 96.6 (t°Jrp =
1.3 Hz, CR); (A-10c, 15%) 93.1 (d>Jz 4 = 1.7 Hz, CR). Anal. Calcd for GgHoCIFsN3O,: C, 52.26;
H, 2.47; N, 11.43. Found:, 52.11;H, 2.43; N, 11.43.
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