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Brief Communications

2-Polyfluoroalkylchromones
7.* Reactions of 6-substituted 2-tetra- and
2-pentafluoroethylchromones with 2-aminoethanol
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The reactions of 2-aminoethanol with 6-methyl-2-tetra- and 6-methyl-2-pentafluoro-
ethylchromones involve the carbonyl group to give imines; the reactions with 6-nitro-2-
tetra- and 6-nitro-2-pentafluoroethylchromones involve the C(2) atom, resulting in the
pyrone ring opening. This also occurs in the reactions of 2-(1,1,2,2-tetrafluoroethyl)chromone

with ammonia and benzylamine.

Key words: 2-tetra- and 2-pentafluoroethylchromones, 2-aminoethanol, ammonia,
benzylamine, 4-[N-(2-hydroxyethyl)imino]-6-methyl-2-tetra- and pentafluoroethyl-4 H-
chromenes, 3-(2-hydroxyethylamino)-1-(2-hydroxy-5-nitrophenyl)-4,4,5,5-tetra- and
4,4,5,5,5-pentafluoropent-2-en-1-ones, 3-amino- and 3-benzylamino-1-(2-hydroxyphe-

nyl)-4,4,5,5-tetrafluoropent-2-en-1-ones.

It is known?2 that chromone easily reacts with 2-ami-
noethanol involving the C(2) atom to give 3-(2-hydroxy-
ethylamino)-1-(2-hydroxyphenyl)prop-2-en-1-one. Re-
cently, we have shown that the reactions of 2-poly-
fluoroalkylchromones with 2-aminoethanol also mainly
occur as the pyrone ring opening.3 However, tetra- and
pentafluoroethylchromones 1a,b behave differently to
yield imines 2a.b.

Results and Discussion
This reaction was examined in more detail for

chromones le—f. It was found that the reaction out-
come depends on the nature of the substituent in posi-

* For Part 6, see Ref. 1.

tion 6. Thus the compounds with the electron-donating
methyl group (1c,d) are converted into imines (2¢,d),
while 6-nitro derivatives (1e,f) undergo ring opening to
give enamino ketones 3e,f (~20 °C, 2 h) (Scheme 1).
Note that the reaction with imine 2¢ is completed in a
week and with imine 2d in a day. Different reaction
rates were also observed for unsubstituted chromones
1a,b.3 5,7-Dimethyl-2-(1,1,2,2-tetrafluoroethyl)chro-
mone does not react with 2-aminoethanol, which
is most probably due to steric hindrances at the
C(4) atom.

The reactions of chromone la with ammonia and
benzylamine involve the C(2) atom, which are accom-
panied by the ring opening to give 3-amino- and
3-benzylamino-1-(2-hydroxyphenyl)-4,4,5,5-tetrafluoro-
pent-2-en-1-ones 4a and 4b, respectively (Scheme 2).
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Compounds 3e.f form hemihydrates; both in the
crystalline state and in a chloroform solution they exist
in the acyclic form with Z-configuration of the C=C
bond and s-cis-conformation stabilized by two intramo-
lecular hydrogen bonds (IMHB).3 When the NO, group
is para relative to the phenolic OH group, the O—H...O
hydrogen bond becomes stronger, as evidenced by a
downfield shift of a distinct singlet for the phenolic
proton in the 'H NMR spectrum (& 13.65 for 3e and
13.45 for 3f) compared to a broadened singlet for
5-unsubstituted analogs (& 12.63—12.85).3 A very nar-
row signal for the phenolic OH group indicates that
intermolecular exchange of the phenolic proton deceler-
ates owing to a strong IMHB involving this group.4

The 'H NMR spectra of imines 2¢,d contain only
one set of signals, suggesting a high reaction stereo-
selectivity and the formation of a sterically less strained
anti-isomer in which the peri-H atom and 2-hydroxyethyl
group are the most distant from each other.3

Thus, we demonstrated, with the reactions of
chromones lc—f with 2-aminoethanol, a subtle influ-
ence of the remote substituent on the reactivities of the
C(2) and C(4) atoms. The change in the reaction path-
way in the case of chromones le,f is probably due to the
fact that the attack on the C(2) atom is accompanied by
the cleavage of the C—O bond, and the electron-
withdrawing nitro group favors stabilization of the leav-
ing phenolate anion, thus facilitating the pyrone ring
opening. By contrast, the electron-donating methyl group
destabilizes the resulting phenolate anion, making the
steric factor of the polyfluoroethyl group dominant in
the case of chromones 1¢,d. This explanation correlates
well with the results of the MNDO,56 AM1,7 and
PM3 8 semiempirical calculations of the energies of
anion formation in the reactions of chromones lc,e
with 2-aminoethanol.

Earlier, we have shown that the reactions of chromone
1a with ethylenediamine and diethylenetriamine afford
5-(2-hydroxyphenyl)-7-(1,1,2,2-tetrafluoroethyl)-2,3-
dihydro-1H-1,4-diazepine® and 5-(2-hydroxyphenyl)-
7-(1,1,2,2-tetrafluoroethyl)-1,4,8-triazabicyclo[5.3.0]dec-
4-ene,10 respectively. Trimethylenediamine brings about
the decomposition of chromone 1la into 2-hydroxy-
acetophenone. Considering these data and the fact that
tert-butylamine and aniline do not react with chromone
1a at all, one can conclude that the formation of imines
2a—d discovered in the present study is unique to
2-aminoethanol and some 5-unsubstituted 2-polyfluoro-
alkylchromones containing no electron-withdrawing sub-
stituents in positions 6 and, probably, 8 of the chromone
system.

Experimental

IR spectra were recorded on an IKS-29 instrument (Vaseline
oil). 'H NMR spectra were recorded on Tesla BS-567A
(100 MHz) and Bruker WM-250 spectrometers (in CDCIly with
Me,Si as the internal standard). Compounds 2a,b were charac-
terized earlier.3

4-[ N-(2-Hydroxyethyl)imino]-6-methyl-2-(1,1,2,2-tetra-
fluoroethyl)-4 H-chromene (2c¢). Chromone 1lc¢ (250 mg,
0.96 mmol) was dissolved in 2-aminoethanol (500 mg,
8.2 mmol), and the reaction mixture was left at ~20 °C for a
week. Trituration with 5 mL of water gave a solid product,
which was filtered off, washed with water, and recrystallized
from hexane. The yield was 200 mg (69%), m.p. 103—104 °C.
Found (%): C, 55.22; H, 4.28; N, 4.58. C14H3F4NO,. Calcu-
lated (%): C, 55.45; H, 4.32; N, 4.62. IR, v/cm™l: 1670
(C=N); 1600 (C=C). 'H NMR, &: 2.42 (s, 3 H, Me); 2.87
(br.s, 1 H, OH); 3.62 (t, 2 H, CH,;N, J=5.2 Hz); 3.97 (t, 2 H,
CH,0, J = 5.2 Hz); 6.11 (tt, 1 H, CF,CF,H, 2JH’F = 53.1 Hz,
3JH,F = 4.2 Hz); 6.73 (s, 1 H, =CH); 7.18 (d, 1 H, H(8),
J, = 8.5 Hz); 7.34 (dd, 1 H, H(7), J, = 8.5 Hz, J,, = 1.6 Hz);
8.13 (br.s, 1 H, H(5)).

4-[ N-(2-Hydroxyethyl)imino]-6-methyl-2-perfluoroethyl-
4 H-chromene (2d) was obtained analogously from chromone
1d (100 mg, 0.36 mmol) and 2-aminoethanol (200 mg,
3.3 mmol), with the exception that the reaction was completed
in a day. The yield was 70 mg (61%), m.p. 91—92 °C.
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Found (%): C, 52.38; H, 3.81; N, 4.28. C;4,H,FsNO,. Calcu-
lated (%): C, 52.34; H, 3.77; N, 4.36. IR, v/cm~!: 1665
(C=N), 1605 (C=C). '"H NMR, &: 2.42 (s, 3 H, Me); 2.63
(br.s, 1 H, OH); 3.61 (t, 2 H, CH,N, J= 5.3 Hz), 3.96 (t, 2 H,
CH,0, J = 5.3 Hz); 6.74 (s, 1 H, =CH); 7.19 (d, 1 H, H(8),
J, = 8.5 Hz); 7.33 (dd, 1 H, H(7), J, = 8.5 Hz, J,, = 1.9 Hz);
8.07 (br.s, 1 H, H(5)).
1-(2-Hydroxy-5-nitrophenyl)-3-(2-hydroxyethylamino)-
4,4,5,5-tetrafluoropent-2-en-1-one (3e). A mixture of chromone
le (100 mg, 0.34 mmol) and 2-aminoethanol (100 mg,
1.6 mmol) was left at ~20 °C for 2 h. The resulting homoge-
neous solution was diluted with 5 mL of water and acidified
with 0.3 mL of AcOH. The precipitate that formed was filtered
off, washed with water, and recrystallized from hexane—tolu-
ene (1 : 1). The yield was 90 mg (73%), m.p. 121—122 °C.
Found (%): C, 43.45; H, 3.77; N, 7.65. C{3H,F4N,05 - 0.5H,0.
Calculated (%): C, 43.22; H, 3.63; N, 7.75. IR, v/ecm™l
3270—3670 (NH, OH, H,0); 1615 (C=0); 1590 (C=C); 1565,
1350 (NO,). '"H NMR, &: 2.06 (br.s, 1 H, OH); 3.71 (q, 2 H,
CH)N, J—52Hz) 3.92 (t, 2 H, CH,0, J = 5.1 Hz); 6.07 (tt,
CF,CF,H, JHF = 53.2 Hz, JHF— 3.3 Hz); 6.10 (s, 1 H,
=CH); 7.00 (d, 1 H, H(3), J, = 9.1 Hz); 8.25 (dd, 1 H, H(4),
J,=9.1 Hz, J, —26Hz) 855(d 1 H, H(6), J,, —26Hz),
11.18 (br.s, 1 H, NH); 13.65 (s, 1 H, OH).
1-(2-Hydroxy-5-nitrophenyl)-3-(2-hydroxyethylamino)-
4,4,5,5,5-pentafluoropent-2-en-1-one (3f) was obtained
analogously from chromone 1f (100 mg, 0.32 mmol) and
2-aminoethanol (100 mg, 1.6 mmol). The yield was 90 mg
(73%), m.p. 150—151 °C. Found (%): C, 41.27; H, 3.15;
N, 7.30. C13H11F5N205'0.5H20. Calculated (%) C, 4117,
H, 3.19; N, 7.39. IR, v/cm™!: 3270—3690 (NH, OH, H,0);
1620 (C=0); 1590 (C=C); 1565, 1355 (NO,). 'H NMR,
& 1.75 (brs, 2 H, OH, 0.5 H,0); 3.68 (q, 2 H, CH;,N,
J = 5.4 Hz); 391 (t, 2 H, CH,0, J = 4.9 Hz); 6.17 (s, 1 H,
=CH); 7.02 (d, 1 H, H(3), J, = 9.1 Hz); 8.26 (dd, 1 H, H(4),
J, =9.1 Hz, J,, = 2.5 Hz); 8.57 (d, 1 H, H(6), J,, = 2.5 Hz);
11.13 (br.s, 1 H, NH); 13.45 (s, 1 H, OH).
3-Amino-1-(2-hydroxyphenyl)-4,4,5,5-tetrafluoropent-2-en-
1-one (4a). A concentrated aqueous solution of NHj (0.5 mL)
was added to a solution of chromone 1a (100 mg, 0.41 mmol)
in 1.0 mL of ethanol. The reaction mixture was kept at ~20 °C
for 2 h and diluted with 5 mL of water. After the resulting oil
crystallized, the crystals were filtered off and recrystallized from
hexane. The yield was 90 mg (84%), m.p. 51—52 °C. Found (%):
C, 50.32; H, 3.54; N, 5.25. C;;HgF4NO,. Calculated (%):
C, 50.20; H, 3.45; N, 5.32. IR, v/cm™!: 3530, 3430, 3320
(NH,); 1635 (C=0); 1590, 1535 (C=C, arom) 'H NMR
(100 MHz), & 5.92 (tt, CF,CF,H, JH F = 53.5 Hz,
3JHF = 3.2 Hz); 6.12 (s, 1 H, =CH); 6.75—7.00 (m, 2 H,

H(5), H(3)); 7.30—7.73 (m, 4 H, H(4), H(6), NH,); 12.77
(s, 1 H, OH).

3-Benzylamino-1-(2-hydroxyphenyl)-4,4,5,5-tetrafluoro-
pent-2-en-1-one (4b) was obtained analogously from chromone
1a (250 mg, 1.0 mmol) and benzylamine (210 mg, 2.0 mmol),
with the exception that the reaction was carried out without
a solvent for two days. The yield was 130 mg (37%),
m.p. 80—81 °C. Found (%): C, 61.10; H, 4.38; N, 4.05.
CgH5F4NO,. Calculated (%): C, 61.19; H, 4.28; N, 3.96. IR,
v/em™l: 1605 (C=0); 1580, 1520 (C=C, arom.). 'H NMR,
8: 464 (d, 2 H, CH,, J = 6.3 Hz); 594 (tt, CF,CF,H,
2JHF—533HZ JHF—37 Hz); 6.15 (s, 1 H, =CH); 6.85
(td, 1 H, H(5), J,= 7.7 Hz, J,, = 1.1 Hz); 6.94 (dd, 1 H, H(3),
J,=83Hz, J, =1.1 Hz); 730 7.44 (m, 6 H, H(4), Ph); 7.65
(dd, 1 H, H(6), J, = 8.3 Hz, J,, = 1.5 Hz); 10.95 (brs, 1 H,
NH); 12.60 (s, 1 H, OH).
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