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AbstractÐThe synthesis and vasorelaxant activity of 2-¯uoromethylbenzopyran potassium channel openers are
described. These (2-¯uoromethyl) derivatives displayed smooth muscle relaxant activities comparable to or more

potent than the corresponding 2-methyl analogues. # 1998 Elsevier Science Ltd. All rights reserved.

Introduction

Potassium channel openers are recently discovered and

novel class of compounds. Their pharmacological action
involves the relaxation of smooth muscle by the opening
of potassium channels, suggesting a number of ther-

apeutic targets for this class of compounds such as
hypertension, angina pectoris, coronary heart disease,
asthma, urinary incontinence, and alopecia.1 Potassium
channel openers consist of a group of compounds with a

diverse range of chemical structures such as cromakalim
(1), pinacidil (2), and RP49356 (3) (Figure 1), whose
synthetic e�orts have been extensively made.2 Croma-

kalim (1) is the prototype of the benzopyran potassium
channel openers.1 Recently, numerous benzopyran
potassium channel openers have appeared. These

include emakalim (4), bimakalim (5), and Ro 31-6930
(6).1 These benzopyrans have a 2,2-dimethyl group in
common, but little is known about the 2-¯uoromethyl

analogues. Introduction of ¯uorine, the most electro-
negative element known, into bioactive organic com-
pounds can lead to signi®cant and sometimes bene®cial
e�ects on the bioactivity, possibly due to its peculiar

electronic, hydrophobic, and steric e�ects. With this in
mind, we decided to introduce ¯uorine into the 2-methyl
groups of the benzopyrans cromakalim (1), emakalim

(4), bimakalim (5), and Ro 31-6930 (6), and to evaluate
the e�ect of such transformation on their activity.

Compounds selected were the 2,2-bis(¯uoromethyl)
derivatives (9±14, and 17)3 and 2,2-bis(tri¯uoromethyl)
derivatives (22). The nitro, tri¯uoromethyl, and penta-

¯uoroethyl groups at C-6 were also used in place of the
cyano functional group, because such substitutions
seemed to confer greater potency and tissue selectivi-

ty.2e,4,5 Recently, the 2,2-bis(tri¯uoromethyl) derivative
of cromakalim (1) has been prepared by a sophisticated
but laborious process.6 Here we report the synthesis and
biological activity of new potassium channel openers,

the 2-¯uoromethylbenzopyrans.3

Chemistry

The synthesis and physical properties of 2-¯uor-

omethylbenzopyrans are shown in Schemes 1±3, and
Tables 1 and 2, respectively. 6-Cyanobenzopyran (7a)
and 6-nitrobenzopyran (7b) were obtained by a proce-

dure similar to that previously reported.5f 6-Per-
¯uoroalkylbenzopyrans (7c and 7d) were prepared from
the 6-nitro derivative 7b through the 6-iodo derivative
7e by the standard method.7 The benzopyrans 7 were

treated with m-chloroperbenzoic acid (m-CPBA) to
obtain the epoxides 8. The epoxides 8 were converted to
the mixture of trans-4-(cyclic amido)-3,4-dihydro-2H-1-

benzopyran-3-ols (9 and 11) and 4-(cyclic amido)benzo-
pyrans (10 and 12) by treatment with cyclic amide and a
base (NaH or KO-t-Bu) (Method A) (Scheme 1). The

epoxides 8 were also heated with 2-hydroxypyridine in
pyridine to give the trans-4-(1,2-dihydro-2-oxo-1-pyr-
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idyl)-3,4-dihydro-2H-1-benzopyran-3-ols 13 as main
products. Dehydration of the 3,4-dihydrobenzopyran-3-

ol derivatives 9, 11, and 13 produced the corresponding
benzopyrans 10, 12, and 14 by treatment with methane-
sulfonyl chloride and triethylamine, respectively,

followed by treatment with sodium hydride (Method B),
or with sodium hydroxide-carrier in dioxane (Method C).

The synthesis of the 2-(2-¯uoromethylbenzopyran-4-
yl)pyridine N-oxide derivatives 17 and 22 is shown in
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Figure 1.

Scheme 1. (i) (a) SnCl2, EtOH (b) NaNO2, aq. H2SO4 (c) KI, CH2Cl2 (62% from 7b) (ii) CF3COOK or C2F5COOK, CuI, DMF,

toluene (R=CF3 82%, R=C2F5 75%) (iii) m-CPBA, CH2Cl2 (62±84%) (iv) 2-oxopyrrolidine or 2-oxopiperidine, NaH, DMSO

(Method A) or KO-t-Bu, THF (Method B) (v) (a) MsCl, NEt3, THF (b) NaH, THF (Method C) or NaOH-carrier, dioxane (Method D)

(vi) 2-hydroxypyridine, pyridine, EtOH
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Schemes 2 and 3. The known benzopyran-4-one 15b5f

was converted to the tri¯ates by treatment with tri-

¯uoromethanesulfonic anhydride (Tf2O) in the presence
of 4-dimethylaminopyridine (DMAP), and the resulting

tri¯ates were allowed to react with 2-trimethyl-
stannylpyridine in the presence of Pd2(dba)3(CHCl3) as

the catalyst, to produce 6-nitro-4-(2-pyridyl)benzopyran
16b.8 The 6-cyano analogue 16a was prepared from the
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Scheme 3. (i) (CF3)2CO.3H2O, pyrrolidine, benzene (21%) (ii) Tf2O, DMAP, CH2Cl2 (97%) (iii) N ZnCl , Pd(PPh3)4, THF (79%)

(iv) m-CPBA, CH2Cl2 (v) (a) SnCl2, EtOH (b) NaNO2, conc. H2SO4, (c) KI, CH2Cl2 (71%) (vi) CuCN, DMF (86%) (vii) CF3COOK

or C2F5COOK, CuI, toluene, DMF (R=CF3 63%, R=C2F5 73%).
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(iv) CF3COOK or C2F5COOK, CuI, toluene, DMF (R=CF3 82%, R=C2F5 70%).

T. Takahashi et al./Bioorg. Med. Chem. 6 (1998) 323±337 325



4-oxo derivative 15a9 in a similar way. The 6-per-
¯uoroalkyl derivatives 16c and 16d were obtained from

the 6-nitro compound 16b by the same procedure as the
synthesis of 7c and 7d (see Scheme 1). The 4-(2-pyrid-
yl)benzopyrans 16 were then treated with m-CPBA to

produce the N-oxides 17.

For the synthesis of 2,2-bis(tri¯uoromethyl) benzo-

pyran-4-one 19b,10 the cyclization reaction of 20-¯uoro-
50-nitroacetophenone (18) with hexa¯uoroacetone tri-
hydrate in the presence of pyrrolidine was used, because
the established synthesis routes5f,11 that include the

reaction of 20-hydroxyacetophenones with carbonyl
compounds in the presence of a base were problematic.
The benzopyran-4-one 19b was treated with Tf2O in the

presence of DMAP to obtain the tri¯ate 20b. Since the
cross-coupling reaction of the tri¯ate 20b with 2-(tri-
methylstannyl)pyridine under Stille conditions was

unsuccessful,8 organozinc compounds which are more
reactive than stannanes, were used.12 Thus, the palla-

dium-catalyzed coupling of 20b with 2-pyridylzinc
chloride produced the pyridine derivative 21b. The low

reactivity of the tri¯uoromethanesulfonyloxy group in
20b presumably re¯ects an electronic e�ect due to the 2-
tri¯uoromethyl groups.6 The 6-cyanobenzopyran 21a

was prepared from the 6-nitrobenzopyran 21b via 6-
iodobenzopyran 21e. The 6-per¯uoroalkyl derivatives
21c and 21d were also prepared from 6-iodo derivative

21e by a similar method to the above (see Scheme 3).
The pyridines 21a±d were readily converted into N-oxi-
des 22a±d by treatment with m-CPBA, without any
detectable formation of products resulting from oxida-

tion of the 3,4-double bond,3,13 also suggesting the
electronic and steric e�ects of the 2-tri¯uoromethyl
groups.6

Results and Discussion

Vasorelaxant activity of the compounds were evaluated
for the e�ects on 30mM KCl responses by rat isolated

Table 1. Physical properties and vasorelaxant activity of 2,2-bis(¯uoromethyl)-3,4-dihydrobenzopyran-3-ols

9  (n=1)
11 (n=2)

CH2F

CH2F

R

O

OH

N O

CH2F

CH2F

R

O

N

OH

O

13

(CH2)n

Rat aorta

Compound R % yielda mp,�C
pEC50

b IA (%)c nd

9a CN 12 216±218 7.07�0.08 78.0�8.1 3

9b NO2 16 256±258 7.62�0.10 72.7�2.9 3

9c CF3 56 186±187 7.43 59.0 2

9d C2F5 48 196±197 8.20�0.02 77.6�4.2 3

11a CN 59 201±203 8.05�0.03 74.9�4.7 3

11b NO2 3 231±233 8.56�0.01 63.3�2.6 3

11c CF3 22 184±187 7.84 81.6 2

11d C2F5 63 199±200 8.41�0.10 65.6�1.7 3

13a CN 53 213±214 6.83�0.06 78.7�2.9 3

13b NO2 27 226±228 7.54�0.10 74.5�7.3 3

13c CF3 33 210±212 7.31 75.5 2

13d C2F5 56 162±164 7.92�0.14 82.8�3.6 3

Cromakalim (1) 6.77�0.03 74.1�2.1 25

Pinacidil (2) 6.14�0.03 91.9�2.5 5

RP49356 (3) 6.28�0.04 79.7�2.2 6

aSatisfactory microanalysis was obtained for all crystalline compounds.
bNegative logarithm of the molar concentration required to relax rat aorta precontracted with 30mM KCl by 50% of IA, with

�SEM. Details are described in the Experimental section.
cIntrinsic activity �SEM (%).
dNumber of determinations.
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aorta, in comparison with cromakalim (1),2b pinacidil
(2),2a RP49356 (3),14 bimakalim (5),11 and Ro 31-6930

(6)2d,4 (Tables 1 and 2).

The 2-¯uoromethylbenzopyran derivatives possessed the

activities comparable to or more potent than the corre-
sponding 2-methyl analogues. For the 3-hydroxy-2,2-
bis(¯uoromethyl) derivatives, cromakalim analogues 9a,

11a, and 13a showed activity comparable to or more
potent than cromakalim (1). Concerning the 4-sub-
stituents, the most favored one was 2-oxopiperidine

group (11). Changing the 6-cyano group to nitro, tri-
¯uoromethyl, and penta¯uoroethyl groups increased the

activity (Table 1). Compared to the 3-hydroxy deriva-
tives, the dehydrated compounds 10, 12, and 14 exhib-
ited somewhat di�erent structure-activity relationships

(SAR) (Table 2). Dehydration of 9 and 13, to give 10

and 14, respectively, increased their activities, while the
same operation for 11, to yield 12, increased their

activities slightly, except for the 6-tri¯uoromethyl com-
pound 12c. For the dehydrated form, the most attractive
4-substituent varied depending on the 6-substituent.

Table 2. Physical properties and vasorelaxant activities of benzopyrans

CH2F

CH2F

R1

O

N O

CH2F

CH2F

R1

O

N O

R2

R2

R1

O

N
O

(CH2)n

10 (n=1)
12 (n=2)

14

+
-

17 (R2=CH2F)
22 (R2=CF3)

.

Rat aorta

Compound R1 Method % yielda mp, �C
pEC50

b IA (%)c nd

10a CN A 29 140±141 6.99�0.07 74.4�4.8 3

10b NO2 B 20 147±148 8.11�0.09 74.3�1.1 3

10c CF3 B 17 125±127 7.84 81.6 2

10d C2F5 B 16 104±105 8.82�0.06 68.6�7.8 3

12a CN A 15 174±176 6.79�0.05 68.7�6.9 3

12b NO2 A 8 161±162 7.76�0.05 69.7�3.3 3

12c CF3 D 54 166±168 9.01 75.3 2

12d C2F5 C 87 149±150 8.25�0.08 72.0�5.4 3

14a CN D 54 174±175 7.61�0.07 75.7�1.6 3

14b NO2 D 74 171±173 8.61�0.01 64.9�4.1 3

14c CF3 C 19 139±140 8.18 71.5 2

14d C2F5 C 63 137±138 8.53�0.04 69.2�3.9 11

17a CN 36 204±207 7.78�0.10 71.1�5.1 3

17b NO2 27 183±184 8.76�0.10 66.3�1.1 3

17c CF3 19 169±170 8.29 94.9 2

17d C2F5 49 105±107 8.77�0.16 68.2�4.1 3

22a CN 96 160±161 8.38 80.1 2

22b NO2 67 208±210 8.66�0.02 50.3�10.7 3

22c CF3 70 123±125 8.77 97.4 2

22d C2F5 83 98±99 8.40�0.22 64.4�2.4 3

Cromakalim (1) 6.77�0.03 74.1�2.1 25

Pinacidil (2) 6.14�0.03 91.9�2.5 5

RP49356 (3) 6.28�0.04 79.7�2.2 6

Bimakalim (5) 7.52�0.10 70.2�4.3 4

Ro31-6930 (6) 7.61�0.03 78.2�8.6 3

aSatisfactory microanalysis was obtained for all crystalline compounds.
bNegative logarithm of the molar concentration required to relax rat aorta precontracted with 30mM KCl by 50% of IA, with

�SEM. Details are described in the Experimental section.
cIntrinsic activity � SEM (%).
dNumber of determinations.
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Thus, for 6-CN, NO2, CF3, and C2F5, the pyridone,
pyridine, piperidone, and pyrrolidone, respectively, were

the favored 4-substituents. The 6-nitro, tri¯uoromethyl,
and penta¯uoroethyl groups were superior to the 6-
cyano group. The 2-¯uoromethyl derivatives 17a and

22a had slightly increased activities compared to the
prototype compound 6. Thus, the pyridine N-oxide
potassium channel openers exhibited excellent activities,

especially in compounds containing 6-nitro, tri-
¯uoromethyl, and penta¯uoroethyl groups. However,
introduction of ¯uorine into the 2-methyl group only
slightly increased activity.

In summary, introduction of ¯uorine into the 2-methyl
group of benzopyran potassium channel openers did not

change or slightly increased activity in vitro. On the
other hand, in vivo evaluation revealed that these 2-
¯uoromethyl compounds showed slower onset and

longer duration of antihypertensive activity and less
tachycardia.5f,15 These results suggest that the ¯uorine
introduced into 2-position of the benzopyrans

may lead to bene®cial e�ects on the antihypertensive
activity.

Experimental

Chemistry

Solvents and other reagents were reagent grade and
were used without further puri®cation unless otherwise

noted. Tetrahydrofuran (THF) was dried over sodium
and benzophenone. All melting points were determined
with a Yanaco MP-3 melting point apparatus and are
uncorrected. NMR spectra were obtained using a Hita-

chi R-24B 60 MHz, JEOL FX200 or JEOL FX270
spectrometer, and are expressed in ppm down®eld from
tetramethylsilane as the internal standard. EI mass

spectra were recorded with a Shimadzu GCMS-
QP1000 instrument. HR-FAB mass spectra were recor-
ded with a VG Analytical VG11-250 instrument. Col-

umn chromatography was performed on silica gel C-200
(WAKO).

6-Amino-2,2-bis(¯uoromethyl)-2H-1-benzopyran. To a
solution of 2,2-bis(¯uoromethyl)-6-nitro-2H-1-benzo-
pyran (7b; 4.67 g, 19.4mmol) in 60ml of EtOH, SnCl2
(11.1 g, 58.5mmol) was added at room temperature. The

mixture was re¯uxed for 5 h. The resulting mixture was
evaporated, basi®ed with 2N NaOH and extracted with
CH2Cl2. The organic layer was extracted with 2N HCl.

The aqueous layer was basi®ed with 2N NaOH and
extracted with CH2Cl2. The organic layer was washed
with H2O, dried over anhydrous Na2SO4, and evapo-

rated to obtain 2.76 g of 6-amino-2,2-bis(¯uoromethyl)-
2H-1-benzopyran as an oil in 68% yield.

1H NMR (CDCl3, 60MHz) d: 3.28 (brs, 2H), 3.81±5.04
(m, 4H, CH2F), 5.51 (d, J � 10 Hz, 1H, 3(4)-H),

6.18±6.71 (m, 4H, 3(4)-H, arom. H). MS (EI) m/z: 211
(M+).

2,2-Bis(¯uoromethyl)-6-iodo-2H-1-benzopyran (7e). To a
stirred mixture of 6-amino-2,2-bis(¯uoromethyl)-2H-1-
benzopyran (2.67 g, 12.7mmol) and c.H2SO4 (0.8ml,

15.0mmol) in 60ml of H2O, NaNO2 (0.88 g, 12.8mmol)
dissolved in 10ml of H2O was added at 0 �C. After the
mixture was stirred at 0 �C for 20min, KI (2.54 g,
15.3mmol) dissolved in 10ml of H2O and 80ml of

CH2Cl2 were added, and the mixture was stirred at room
temperature for 2 h. The organic solution was washed
with 2N NaOH, dried over anhydrous Na2SO4, and

evaporated. Chromatography of the resulting residue
was carried out using on silica gel (hexane:ethyl acet-
ate=1:1) to give 3.0 g of 2,2-bis(¯uoromethyl)-6-iodo-

2H-1-benzopyran (7e) as an oil in 74% yield.

1H NMR (CDCl3, 60MHz) d: 4.41 (d, J � 46 Hz, 2H,

CH2F), 4.44 (d, J � 46 Hz, 2H, CH2F), 5.56 (d, J � 10
Hz, 1H, 3(4)-H), 6.48 (d, J � 10 Hz, 1H, 3(4)-H), 6.54
(d, J � 8 Hz, 1H, 8-H), 7.16±7.47 (m, 2H, 5,7-H). MS
(EI) m/z: 322 (M+).

2,2-Bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzopyran

(7c). A stirred solution of 2,2-bis(¯uoromethyl)-6-iodo-

2H-1-benzopyran (7e; 2.45 g, 6.30mmol), CF3COOK
(1.92 g, 12.6mmol) and CuI (2.52 g, 13.2mmol) in 30ml
of DMF and 15ml of toluene was stirred at 160 �C for

7 h under N2, while toluene was distilled o�. The mix-
ture was diluted with ether and ®ltered through celite.
The organic layer was washed with H2O, dried over
anhydrous Na2SO4, and evaporated. Chromatography

of the resulting residue was carried out using silica gel
(hexane:CH2Cl2=5:1) to give 1.34 g of 2,2-bis-
(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzopyran (7c)

as an oil in 67% yield.

1H NMR (CDCl3, 60MHz) d: 4.48 (d, J � 46 Hz, 4H,

CH2F), 5.62 (d, J � 10 Hz, 1H, 3(4)-H), 6.55 (d, J � 10
Hz, 1H, 3(4)-H), 6.85 (d, J � 8 Hz, 1H, 8-H), 7.08±7.40
(m, 2H, 5,7-H). MS (EI) m/z: 264 (M+).

6-Penta¯uoroethyl-2,2-bis(¯uoromethyl)-2H-1-benzopyran

(7d). A stirred solution of 2,2-bis(¯uoromethyl)-6-iodo-
2H-1-benzopyran (7e; 3.0 g, 9.32mmol), C2F5COOK

(3.76 g, 18.6mmol) and CuI (3.78 g, 19.8mol) in 40ml of
DMF and 15ml of toluene was stirred at 160 �C for 3 h
under N2 while toluene was distilled o�. The mixture

was diluted with ether and ®ltered through celite. The
organic layer was washed with H2O, dried over anhy-
drous Na2SO4, and evaporated. Chromatography of the

resulting residue was carried out using silica gel (hex-
ane:CH2Cl2=1:2) to give 2.2 g of 6-penta¯uoroethyl-
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2,2-bis(¯uoromethyl)-2H-1-benzopyran (7d) as an oil
in 75% yield.

1H NMR (CDCl3, 60MHz) d: 4.50 (d, J � 48 Hz, 2H,
CH2F), 4.52 (d, J � 48 Hz, 2H, CH2F), 5.66 (d, J � 10

Hz, 1H, 3(4)-H), 6.59 (d, J � 10 Hz, 1H, 3(4)-H), 6.87
(d, J � 8 Hz, 2H, 8-H), 7.13±7.47 (m, 2H, 5,7-H). MS
(EI) m/z: 314 (M+).

2,2-Bis(¯uoromethyl)-1a,7b-dihydro-2H-oxireno[c][1]ben-

zopyran-6-carbonitrile (8a). To a stirred mixture of
6-cyano-2,2-bis(¯uoromethyl)-2H-1-benzopyran (3.0 g,

13.6mmol) in 50ml of CH2Cl2, m-CPBA (purity 70%,
5.7 g, 23.1mmol) was added at 0 �C. The mixture was
stirred at room temperature for 15 h. The mixture was

diluted with CH2Cl2, washed with H2O, dried over
anhydrous Na2SO4, and evaporated. Chromatography
of the resulting residue was carried out using silica gel

(hexane:CH2Cl2=1:2) to give 2.7 g of 2,2-bis-
(¯uoromethyl)-1a,7b-dihydro-2H-oxireno[c][1]benzopyr-
an-6-carbonitrile (8a) in 84% yield.

Mp 94±95 �C (hexane-ethyl acetate). 1H NMR (CDCl3,
60MHz) d: 3.82 (d, J � 4 Hz, 1H, 3(4)-H), 4.01 (d,
J � 4 Hz, 1H, 3(4)-H), 4.64 (d, J � 46 Hz, 4H, CH2F),

6.83 (d, J � 8 Hz, 1H, 8-H), 7.48 (dd, J � 2, 8 Hz, 1H,
7-H), 7.61 (d, J � 2 Hz, 1H, 5-H). Anal. calcd for
C12H9NO2F2: C, 60.76; H, 3.82; N, 5.91; found: C,

60.85; H, 3.79; N, 5.89. MS (EI) m/z: 237 (M+).

The epoxides (8b, 8c, and 8d) were prepared from the

benzopyranes (7b, 7c, and 7d), respectively, in a similar
manner to 8a.

2,2-Bis(¯uoromethyl)-1a,7b-dihydro-6-nitro-2H-oxireno[c]

[1]benzopyran (8b). Mp 123±125 �C (hexane-ethyl acet-
ate). 1H NMR (CDCl3, 60MHz) d: 3.82 (d, J � 4 Hz,
1H, 3(4)-H), 4.05 (d, J � 4 Hz, 1H, 3(4)-H), 4.60 (d,

J � 46 Hz, 2H, CH2F), 4.65 (d, J � 46 Hz, 2H, CH2F),
6.86 (d, J � 8 Hz, 1H, 8-H), 7.94±8.27 (m, 2H, 5,7-H).
Anal. calcd for C11H9NO4F2: C, 51.37; H, 3.53; N, 5.45;

found: C, 51.60; H, 3.58; N, 5.38. MS (EI)m/z: 257 (M+).

2,2-Bis(¯uoromethyl)-1a,7b-dihydro-6-tri¯uoromethyl-

2H-oxireno[c][1]benzopyran (8c). oil. 1H NMR (CDCl3,
60MHz) d: 3.78 (d, J � 4 Hz, 1H, 3(4)-H), 4.00 (d,
J � 4 Hz, 1H, 3(4)-H), 4.18±5.10 (m, 4H, CH2F), 6.90
(d, J � 8 Hz, 1H, 8-H), 7.33±7.67 (m, 2H, 5,7-H). MS

(EI) m/z: 280 (M+).

2,2-Bis(¯uoromethyl)-1a,7b-dihydro-6-penta¯uoroethyl-

2H-oxireno[c][1]benzopyran (8d). oil. 1H NMR (CDCl3,
60MHz) d: 3.75 (d, J � 5 Hz, 1H, 3(4)-H), 3.96 (d,
J � 5 Hz, 1H, 3(4)-H), 4.29±5.24 (m, 4H, CH2F), 6.81

(d, J � 8 Hz, 1H, 8-H), 7.24±7.43 (m, 2H, 5,7-H). MS
(EI) m/z: 330 (M+).

trans-2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-4-(2-

oxo-1-pyrrolidinyl)-2H-1-benzopyran-6-carbonitrile (9a)

and 2,2-bis(¯uoromethyl)-4-(2-oxo-1-pyrrolidinyl)-2H-1-

benzopyran-6-carbonitrile (10a) (Method A). To a stir-
red solution of 2-pyrrolidinone (0.13 g, 1.88mmol)

and NaH (60% dispersion in mineral oil, 72mg,
1.80mmol) in 6ml of DMSO, 2,2-bis(¯uoromethyl)-
1a,7b-dihydro-2H-oxireno[c][1]benzopyran-6-carbonitrile

(8a; 0.4 g, 1.69mmol) was added at 10 �C. The solution
was stirred for 6 h at 10 �C. The mixture was diluted
with ethyl acetate, washed with H2O, dried over an-
hydrous Na2SO4, and evaporated. Chromatography of

the resulting residue was carried out using silica
gel (CH2Cl2:MeOH=99:1) to give 64mg of trans-2,2-
bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-4-(2-oxo-1-

pyrrolidinyl)-2H-1-benzopyran-6-carbonitrile (9a) which
was the higher polarity component in 12% yield.

Mp 216±218 �C (ethyl acetate). 1H NMR (CDCl3,
200MHz) d: 2.01±2.21 (m, 2H, NCH2CH2), 2.50±2.64
(m, 2H, NCH2CH2), 2.99±3.16 (m, 1H, CH2CO), 3.24±

3.43 (m, 1H, CH2CO), 3.97 (d, J � 7:1 Hz, 1H, 4-H),
4.21 (dd, J � 7:1, 11.4Hz, 1H, 3-H), 4.50±4.99 (m, 4H,
CH2F), 5.40 (d, J � 11:4 Hz, 1H, OH), 7.01 (d, J � 8:6
Hz, 1H, 8-H), 7.21 (d, J � 2:3 Hz, 1H, 5-H), 7.49 (dd,

J � 2:3, 8.6Hz, 1H, 7-H). Anal. calcd for C16H16N2O3F2:
C, 59.62; H, 5.00; N, 8.69; found: C, 59.37; H, 5.14; N,
8.58.

2,2-Bis(¯uoromethyl) -4-(2-oxo-1-pyrrolidinyl) -2H -1-
benzopyran-6-carbonitrile (150 mg) (10a) was then

obtained as the lower polarity component in 18% yield.

Mp 140±141 �C (ethyl acetate). 1H NMR (CDCl3,
60MHz) d: 1.85±2.75 (m, 4H, NCH2CH2), 3.61 (t, J � 6

Hz, 2H, CH2CO), 4.52 (d, J � 46 Hz, 4H, CH2F), 5.60
(s, 1H, 3-H), 6.88 (d, J � 8 Hz, 1H, 8-H), 7.19 (d, J � 2
Hz, 1H, 5-H), 7.38 (dd, J � 2, 8Hz, 1H, 7-H). Anal.

calcd for C16H14N2O2F2: C, 63.15; H, 4.64; N, 9.21;
found: C, 63.17; H, 4.75; N, 9.19. MS (EI) m/z: 304
(M+).

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

nitro-2H-1-benzopyran-4-yl]-2-pyrrolidinone (9b) and

1-[2,2-bis(¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-2-

pyrrolidinone (10b) (Method B). To a stirred solution of
2,2-bis(¯uoromethyl)-1a,7b-dihydro-6-nitro-2H-oxireno-
[c][1]benzopyran (8b; 0.52 g, 2.02mmol) and 2-pyrroli-

dinone (0.18 g, 2.11mmol) in 10ml of THF, KOt-Bu
(0.28 g, 2.50mmol) was added at 0 �C. The solution was
stirred for 23 h at 0 �C. The mixture was diluted with

CH2Cl2, washed with H2O, dried over anhydrous
Na2SO4, and evaporated. Chromatography of the
resulting residue was carried out using silica gel

(CH2Cl2) to give 0.11 g of trans-1-[2,2-bis(¯uoromethyl)-
3,4-dihydro-3-hydroxy-6-nitro-2H-1-benzopyran-4-yl]-2-
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pyrrolidinone (9b) which was the higher polarity com-
ponent in 16% yield.

Mp 256±258 �C (hexane±ethyl acetate). 1H NMR
(CDCl3-DMSO-d6, 60MHz) d: 1.90±2.70 (m, 4H,

NCH2CH2), 2.90±3.70 (m, 2H, CH2CO), 4.00±4.60 (m,
(m, 1H, 3(4)-H), 4.77 (d, J � 46 Hz, 4H, CH2F), 5.00±
5.50 (m, 1H, 3(4)-H), 6.28 (d, J � 8 Hz, 1H, OH), 7.09

(d, J � 8 Hz, 1H, 8-H), 7.77 (d, J � 2 Hz, 1H, 5-H),
8.12 (dd, J � 2, 8Hz, 1H, 7-H). Anal. calcd for
C15H16N2O5F2: C, 52.63; H, 4.71; N, 8.18; found: C,
52.58; H, 4.66; N, 8.18.

0.10 g of 1-[2,2-bis(¯uoromethyl)-6-nitro-2H-1-benzo-
pyran-4-yl]-2-pyrrolidinone (10b) was then obtained as

the lower polarity component in 15% yield.

Mp 147±148 �C (hexane±ethyl acetate). 1H NMR

(CDCl3, 60MHz) d: 2.00±2.90 (m, 4H, NCH2CH2), 3.71
(t, J � 6 Hz, 2H, CH2CO), 4.62 (d, J � 46 Hz, 4H,
CH2F), 5.72 (s, 1H, 3-H), 7.01 (d, J � 8 Hz, 1H, 8-H), 7.88

(d, J � 2 Hz, 1H, 5-H), 8.12 (dd, 1H, 7-H). Anal. calcd
for C15H14N2O4F2: C, 55.56; H, 4.35; N, 8.64; found: C,
55.62; H, 4.53; N, 8.68. MS (EI) m/z: 324 (M+).

The compounds (9c and 10c, 9d and 10d) were prepared
in the manner of Method B.

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

tri¯uoromethyl-2H-1-benzopyran-4-yl]-2-pyrrolidinone

(9c) and 1-[2,2-bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-

benzopyran-4-yl]-2-pyrrolidinone (10c). 9c: Mp 186±
187 �C (hexane±ethyl acetate). 1H NMR (CDCl3,
270MHz) d: 2.12±2.14 (m, 2H, NCH2CH2), 2.56±2.64
(m, 2H, NCH2CH2), 3.06±3.25 (m, 1H, OH), 3.28±3.36

(m, 2H, CH2CO), 4.23±4.29 (m, 1H, 3(4)-H), 4.63-4.91
(m, 4H, CH2F), 5.47 (d, J � 10:6 Hz, 1H, 3(4)-H), 7.07
(d, J � 8:9 Hz, 1H, 8-H), 7.19 (d, J � 2:0 Hz, 1H, 5-H),

7.48 (dd, J � 2:0, 8.9Hz, 1H, 7-H). Anal. calcd for
C16H16NO3F5: C, 52.61; H, 4.42; N, 3.83; found: C,
52.54; H, 4.38; N, 3.81.

10c: mp 125±127 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 2.01±2.78 (m, 4H, NCH2CH2), 3.63

(t, J � 6 Hz, 2H, CH2CO), 4.55 (d, J � 46 Hz, 4H,
CH2F), 5.65 (s, 1H, 3-H), 6.96 (d, J � 8 Hz, 1H, 8-H),
7.20 (d, J � 2 Hz, 1H, 5-H), 7.43 (dd, J � 2, 8Hz, 1H,
7-H). Anal. calcd for C16H14NO2F5: C, 55.34; H, 4.06;

N, 4.03; found: C, 55.56; H, 4.04; N, 4.08. MS (EI) m/z:
347 (M+).

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

penta¯uoroethyl-2H-1-benzopyran-4-yl]-2-pyrrolidinone

(9d) and 1-[2,2-bis(¯uoromethyl)-6-penta¯uoroethyl-2H-1-

benzopyran-4-yl]-2-pyrrolidinone (10d). 9d: mp 196±
197 �C (hexane±ethyl acetate). 1H NMR (CDCl3,

60MHz) d: 1.72±2.80 (m, 4H, NCH2CH2), 2.80±3.54
(m, 2H, CH2CO), 4.00±4.36 (m, 1H, 3-H), 4.76 (d,

J � 48 Hz, 4H, CH2F), 4.77 (d, J � 7 Hz, 1H, OH), 5.47
(d, J � 10 Hz, 1H, 4-H), 7.07 (d, J � 8 Hz, 1H, 8-H),
7.15 (brs, 1H, 5-H), 7.49 (brd, J � 8 Hz, 1H, 7-H). Anal.

calcd for C17H16NO3F7: C, 49.17; H, 3.88; N, 3.37;
found: C, 49.20; H, 3.91; N, 3.38.

10d: mp 104±105 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 1.90±2.80 (m, 4H, NCH2CH2), 3.61
(t, J � 6 Hz, 2H, CH2CO), 4.58 (d, J � 48 Hz, 2H,
CH2F), 4.60 (d, J � 48 Hz, 2H, CH2F), 5.67 (s,

1H, 3-H), 7.01 (d, J � 8 Hz, 1H, 8-H), 7.15 (d, J � 2
Hz, 1H, 5-H), 7.46 (dd, J � 2, 8Hz, 1H, 7-H). Anal. calcd
for C17H14NO2F7: C, 51.39; H, 3.55; N, 3.53; found: C,

51.44; H, 3.58; N, 3.51. MS (EI) m/z: 397 (M+).

trans-2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-4-(2-

oxo-1-piperidinyl)-2H-1-benzopyran-6-carbonitrile (11a).

To a stirred solution of 2,2-bis(¯uoromethyl)-1a,7b-
dihydro-2H-oxireno[c][1]benzopyran-6-carbonitrile (8a;

0.30 g, 1.27mmol) and 2-piperidone (0.14 g, 1.41mmol)
in 10ml of THF, KO-t-Bu (0.22 g, 1.96mmol) was
added at 0 �C. The solution was stirred for 8 h at 0 �C,
and for an additional 16 h at room temperature. The

mixture was diluted with ethyl acetate, washed with
H2O, dried over anhydrous Na2SO4, and evaporated.
Chromatography of the resulting residue was carried

out using silica gel (CH2Cl2:MeOH=99:1) to give 0.25 g
of trans-2,2-bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-4-
(2-oxo-1-piperidinyl)-2H-1-benzopyran-6-carbonitrile

(11a) in 59% yield.

Mp 201±203 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 200MHz) d: 1.66±2.00 (m, 4H, CH2CH2),

2.44±2.75 (m, 2H, NCH2), 2.78±3.28 (m, 2H, CH2CO),
4.12±4.42 (m, 2H, 3-H, OH), 4.49±4.92 (m, 4H, CH2F),
6.01 (d, J � 11:4 Hz, 1H, 4-H), 7.01 (d, J � 8:0 Hz, 1H,

8-H), 7.25 (d, J � 2:3 Hz, 1H, 5-H), 7.45 (dd, J � 2:3,
8.0Hz, 1H, 7-H). Anal. calcd for C17H18N2O3F2: C,
60.71; H, 5.39; N, 8.33; found: C, 60.67; H, 5.71; N, 8.18.

The compounds (11b, 11c, and 11d) were prepared from
the epoxides (8b, 8c, and 8d), respectively, in a similar

manner to 11a.

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

nitro-2H-1-benzopyran-4-yl]-2-piperidinone (11b). Mp

231±233 �C (hexane±ethyl acetate). 1H NMR (CDCl3,
60MHz) d: 1.60±2.10 (m, 4H, CH2CH2), 2.30±2.70 (m,
2H, NCH2), 2.80±3.20 (m, 2H, CH2CO), 4.00±4.80 (m,

2H, 3-H, OH), 4.68 (d, J � 46 Hz, 4H, CH2F), 5.95 (brs,
1H, 4-H), 6.97 (d, J � 8 Hz, 1H, 8-H), 7.78 (d, J � 2
Hz, 1H, 5-H), 8.02 (dd, J � 2, 8Hz, 1H, 7-H). Anal.

calcd for C16H18N2O5F2: C, 53.93; H, 5.09; N, 7.86;
found: C, 53.50; H, 5.20; N, 7.68.
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trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

tri¯uoromethyl-2H-1-benzopyran-4-yl]-2-piperidinone

(11c). Mp 184±187 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 1.58±2.11 (m, 4H, CH2CH2), 2.33±
2.71 (m, 2H, NCH2), 2.85±3.23 (m, 2H, CH2CO), 4.72

(d, J � 46 Hz, 4H, CH2F), 4.76±4.94 (m, 1H, OH),
5.79±6.17 (m, 1H, 4-H), 6.98 (d, J � 8 Hz, 1H, 8-H),
7.12 (d, J � 2 Hz, 1H, 5-H), 7.39 (dd, J � 2, 8Hz, 1H,

7-H). Anal. calcd for C17H18NO3F5: C, 53.83; H, 4.78;
N, 3.69; found: C, 53.84; H, 4.77; N, 3.64.

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

penta¯uoroethyl-2H-1-benzopyran-4-yl]-2-piperidinone

(11d). mp 199±200 �C (hexane-ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 1.60±2.10 (m, 4H, CH2CH2), 2.33±

2.76 (m, 2H, NCH2), 2.76±3.40 (m, 2H, CH2CO), 3.99±
4.34 (m, 1H, 3-H), 4.72 (brd, J � 47 Hz, 4H, CH2F),
4.83 (d, J � 6 Hz, 1H, OH), 5.99 (brd, J � 10 Hz, 1H, 4-

H), 6.99 (d, J � 8 Hz, 1H, 8-H), 7.08 (brs, 1H, 5-H),
7.38 (brd, J � 8 Hz, 1H, 7-H). Anal. calcd for
C18H18NO3F7: C, 50.36; H, 4.23; N, 3.26; found: C,

50.28; H, 4.48; N, 3.32.

2,2-Bis(¯uoromethyl)-4-(2-oxo-1-piperidinyl)-2H-1-benzo-

pyran-6-carbonitrile (12a). To a stirred solution of

2-piperidone (0.14 g, 1.40mmol) and NaH (60% disper-
sion in mineral oil, 63mg, 1.58mmol) in 6ml of DMSO,
2,2-bis-(¯uoromethyl)-1a,7b-dihydro-2H-oxireno[c][1]

benzopyran-6-carbonitrile (8a; 0.35 g, 1.48mmol) was
added at 10 �C. The solution was stirred for 6 h at 10 �C.
The mixture was diluted with ethyl acetate, washed with

H2O, dried over anhydrous Na2SO4, and evaporated.
Chromatography of the resulting residue was carried
out using silica gel (CH2Cl2:MeOH=99:1) to give 70mg
of 2,2-bis(¯uoromethyl)-4-(2-oxo-1-piperidinyl)-2H-1-

benzopyran-6-carbonitrile (12a) in 15% yield.

Mp 174±176 �C (hexane±ethyl acetate). 1H NMR

(CDCl3, 60MHz) d: 1.73±2.23 (m, 4H, CH2CH2), 2.30±
2.76 (m, 2H, NCH2), 3.25±3.74 (m, 2H, CH2CO), 4.76
(d, J � 46 Hz, 4H, CH2F), 5.63 (s, 1H, 3-H), 6.89 (d,

J � 8 Hz, 1H, 8-H), 7.11 (d, J � 2 Hz, 1H, 5-H), 7.41
(dd, J � 2, 8Hz, 1H, 7-H). Anal. calcd for
C17H16N2O2F2: C, 64.15; H, 5.07; N, 8.80; found: C,

64.01; H, 5.27; N, 8.78. MS (EI) m/z: 318 (M+).

The compound 12b was prepared from the epoxide 8b,
respectively, in a similar manner to 12a.

1-[2,2-Bis(¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-

2-piperidinone (12b). mp 161±162 �C (hexane±ethyl acet-

ate). 1H NMR (CDCl3, 60MHz) d: 1.70±2.30 (m, 4H,
CH2CH2), 2.40±2.80 (m, 2H, NCH2), 3.40±3.70 (m, 2H,
CH2CO), 4.64 (d, J � 46 Hz, 4H, CH2F), 5.72 (s,

1H, 3-H), 6.98 (d, J � 8 Hz, 1H, 8-H), 7.77 (d, J � 2
Hz, 1H, 5-H), 8.08 (dd, J � 2, 8Hz, 1H, 7-H). Anal.

calcd for C16H16N2O4F2: C, 56.81; H, 4.77; N, 8.28;
found: C, 56.85; H, 4.74; N, 8.16. MS (EI) m/z: 338

(M+).

1-[2,2-Bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-

pyran-4-yl]-2-piperidinone (12c) (Method D). To a stir-
red solution of trans-1-[2,2-bis(¯uoromethyl)-3,4-di-
hydro-3-hydroxy-6-tri¯uoromethyl-2H-1-benzopyran-4-

yl]-2-piperidinone (11c; 0.12 g, 0.33mmol) in 2ml of
dioxane, sodium hydroxide on support (0.12 g) was added
at room temperature. The solution was re¯uxed for 1 h.
The mixture was diluted with ethyl acetate, washed with

H2O, dried over anhydrous Na2SO4, and evaporated.
Chromatography of the resulting residue was carried
out using silica gel (CH2Cl2:MeOH=99:1) to give 0.06 g

of 1-[2,2-bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-
pyran-4-yl]-2-piperidinone (12c) in 54% yield.

Mp 166±168 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 1.62±2.08 (m, 2H), 2.32±2.72 (m,
2H), 2.81±3.15 (m, 2H, NCH2), 3.30±3.61 (m, 2H,

CH2CO), 4.54 (d, J � 46 Hz, 2H, CH2F), 4.70 (d,
J � 46 Hz, 2H, CH2F), 5.63 (s, 1H, 3-H), 6.81±7.26 (m,
2H, 5,8-H), 7.40 (dd, J � 2, 8 Hz, 1H, 7-H). Anal. calcd
for C17H16NO2F5: C, 56.51; H, 4.46; N, 3.88; found: C,

56.50; H, 4.44; N, 3.84. MS (EI) m/z: 361 (M+).

1-[2,2-Bis(¯uoromethyl)-6-penta¯uoroethyl-2H-1-benzo-

pyran-4-yl]-2-piperidinone (12d) (Method C). To a stir-
red solution of trans-1-[2,2-bis(¯uoromethyl)-3,4-dihy-
dro-3-hydroxy-6-penta¯uoroethyl-2H-1-benzopyran-4-

yl]-2-piperidinone (11d; 0.23 g, 0.54mmol) in 8ml of
THF, methanesulfonyl chloride (0.11 g, 0.96mmol) and
triethylamine (0.07 g, 0.69mmol) were added at room
temperature. The solution was stirred for 22 h. The

mixture was diluted with CH2Cl2, washed with H2O,
dried over anhydrous Na2SO4, and evaporated. The
resulting residue was diluted with 4ml of THF, to a

stirred solution was added NaH (60% dispersion in
mineral oil, 50mg, 1.25mmol) at 0 �C. The solution was
stirred for 65 h at room temperature. The mixture was

diluted with CH2Cl2, washed with H2O, dried over
anhydrous Na2SO4, and evaporated. Chromatography
of the resulting residue was carried out using silica gel

(CH2Cl2:MeOH=99:1) to give 0.12 g of 1-[2,2-bis-
(¯uoromethyl)-6-penta¯uoroethyl-2H-1-benzopyran-4-
yl]-2-piperidinone (12d) in 87% yield.

Mp 149±150 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 1.62±2.28 (m, 4H, CH2CH2), 2.28±
2.85 (m, 2H, NCH2), 3.29±3.75 (m, 2H, CH2CO), 4.63

(brd, J � 46 Hz, 4H, CH2F), 5.69 (s, 1H, 3-H), 7.03 (d,
J � 9 Hz, 1H, 8-H), 7.12 (d, J � 2 Hz, 1H, 5-H), 7.48
(dd, J � 2, 9Hz, 1H, 7-H). Anal. calcd for

C18H14NO2F7: C, 52.56; H, 3.92; N, 3.41; found: C,
52.37; H, 4.05; N, 3.41. MS (EI) m/z: 411 (M+).
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trans-2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-4-(2-

oxo-1(2H)-pyridinyl)-2H-1-benzopyran-6-carbonitrile

(13a). To a stirred solution of 2,2-bis(¯uoromethyl)-
1a,7b-dihydro-2H-oxireno[c][1]benzopyran-6-carbonitrile
(8a ; 0.35 g, 1.48mmol) and 2-hydroxypyridine (0.22 g,

2.31mmol) in 3ml of ethanol, pyridine (0.10ml,
1.24mmol) was added at room temperature. The solu-
tion was re¯uxed for 3 h, and evaporated. Chromato-

graphy of the resulting residue was carried out using
silica gel (CH2Cl2:MeOH=98:2) to give 0.26 g of trans-
2,2-bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-4-(2-oxo-
1(2H)-pyridinyl)-2H-1-benzopyran-6-carbonitrile (13a)

in 37% yield.

Mp 213±214 �C (hexane±ethyl acetate). 1H NMR

(CDCl3, 200MHz) d: 4.21±4.40 (m, 1H, 3-H), 4.53±4.93
(m, 4H, CH2F), 5.63 (d, J � 5:1 Hz, 1H), 6.29 (dd,
J � 5:7, 7.4Hz, 1H), 6.46 (d, J � 9:7 Hz, 1H, 4-H), 6.61

(d, J � 8:6 Hz, 1H), 6.96 (d, J � 5:7 Hz, 1H), 7.02 (1H,
brs, 5-H), 7.09 (d, J � 8:0 Hz, 1H, 8-H), 7.36±7.48 (m,
1H), 7.54 (brd, J � 8:0 Hz, 1H, 7-H). Anal. calcd for

C17H14N2O3F2: C, 61.45; H, 4.25; N, 8.43; found: C,
61.45; H, 4.47; N, 8.39.

The compounds (13b, 13c, and 13d) were prepared from

the epoxides (8b, 8c, and 8d), respectively, in a similar
manner to 13a.

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

nitro-2H-1-benzopyran-4-yl]-2(1H)-pyridinone (13b). Mp
226±228 �C (hexane±ethyl acetate). 1H NMR (CDCl3-

DMSO-d6, 60MHz) d: 3.20±3.80 (m, 1H), 4.10±5.60 (m,
1H), 4.73 (d, J � 46 Hz, 4H, CH2F), 6.10±6.80 (m, 3H),
7.12 (d, J � 8 Hz, 1H, 8-H), 7.30±7.90 (m, 3H, 5-H),
8.05 (dd, J � 2, 8Hz, 1H, 7-H). Anal. calcd for

C16H14N2O5F2: C, 54.55; H, 4.01; N, 7.95; found: C,
54.53; H, 4.03; N, 7.93.

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

tri¯uoromethyl-2H-1-benzopyran-4-yl]-2(1H)-pyridinone

(13c). Mp 210±212 �C (hexane±ethyl acetate). 1H NMR

(CDCl3, 270MHz) d: 4.33 (brd, J � 9:2 Hz, 1H),
4.68±4.89 (m, 5H, CH2F,), 6.30 (t, J � 6:6 Hz, 1H),
6.49 (d, J � 9:6 Hz, 1H), 6.71 (d, J � 9:2 Hz, 1H),

6.95 (d, J � 6:6 Hz, 1H), 7.04 (brs, 1H, 5-H), 7.16 (d,
J � 8:6 Hz, 1H, 5-H), 7.40±7.47 (m, 2H), 7.53 (brd,
J � 8:6 Hz, 1H, 7-H). Anal. calcd for C17H14NO3F5: C,
54.41; H, 3.76; N, 3.73; found: C, 54.41; H, 3.66; N,

3.74.

trans-1-[2,2-Bis(¯uoromethyl)-3,4-dihydro-3-hydroxy-6-

penta¯uoroethyl-2H-1-benzopyran-4-yl]-2(1H)-pyridin-

one (13d). Mp 162±164 �C (hexane±ethyl acetate). 1H
NMR (CDCl3, 60MHz) d: 4.12±4.55 (m, 1H), 4.73 (d,

J � 47 Hz, 2H, CH2F), 4.78 (d, J � 47 Hz, 2H, CH2F),
4.95±5.60 (m, 1H), 6.05±6.70 (m, 3H), 6.70±7.04 (m,

2H), 7.10±7.55 (m, 3H). Anal. calcd for C18H14NO3F7:
C, 50.83; H, 3.32; N, 3.29; found: C, 50.82; H, 3.33;

N, 3.32.

2,2-Bis(¯uoromethyl)-4-(2-oxo-1(2H)-pyridinyl)-2H-1-

benzopyran-6-carbonitrile (14a) (Method D). To a stirred
solution of trans-2,2-bis(¯uoromethyl)-3,4-dihydro-3-
hydroxy-4-(2-oxo-1(2H)-pyridinyl)-2H-1-benzopyran-6-

carbonitrile (13a; 0.13 g, 0.39mmol) in 2ml of dioxane,
sodium hydroxide on support (0.13 g) was added at
room temperature. The solution was re¯uxed for
45min. The mixture was diluted with ethyl acetate,

washed with H2O, dried over anhydrous Na2SO4, and
evaporated. Chromatography of the resulting residue
was carried out using silica gel (CH2Cl2:MeOH=99:1)

to give 0.13 g of 2,2-bis(¯uoromethyl)-4-(2-oxo-1(2H)-
pyridinyl)-2H-1-benzopyran-6-carbonitrile (14a) in
54% yield.

Mp 174±175 �C (ethanol). 1H NMR (CDCl3, 200MHz)
d: 4.66 (m, J � 46 Hz, 4H, CH2F), 5.85 (s, 1H, 3-H),

6.29 (dt, J � 2, 6 Hz, 1H), 6.66 (d, J � 8 Hz, 1H), 6.98±
7.07 (m, 2H), 7.41 (dd, J � 2, 6Hz, 1H), 7.42±7.56 (m,
2H). Anal. calcd for C17H12N2O2F2: C, 64.97; H, 3.85;
N, 8.91; found: C, 64.81; H, 3.85; N, 8.80. MS (EI) m/z:

314 (M+).

Compound 14b was prepared from compound 13b by

Method D.

1-[2,2-Bis(¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-2-

(1H)-pyridinone (14b). Mp 171±173 �C (hexane±ethyl
acetate). 1H NMR (CDCl3, 60MHz) d: 4.68 (d, J � 46
Hz, 4H, CH2F), 5.69 (s, 1H, 3-H), 6.30 (dt, J � 2, 6Hz,
1H), 6.63 (d, J � 8 Hz, 1H), 7.02 (d, J � 8 Hz, 1H, 8-

H), 7.08±7.70 (m, 3H), 8.10 (dd, J � 2, 8Hz, 1H, 7-H).
Anal. calcd for C16H12N2O4F2: C, 57.49; H, 3.62; N,
8.38; found: C, 57.66; H, 3.62; N, 8.33. MS (EI) m/z: 334

(M+).

1-[2,2-Bis(¯uoromethyl)-6-penta¯uoroethyl-2H-1-benzo-

pyran-4-yl]-2(1H)-pyridinone (14d) (Method C). To a
stirred solution of trans-1-[2,2-bis(¯uoromethyl)-3,4-
dihydro-3-hydroxy-6-penta¯uoroethyl-2H-1-benzopyran-

4-yl]-2(1H)-pyridinone (13d; 0.15 g, 0.35mmol) in 10ml
of THF, methanesulfonyl chloride (0.07 g, 0.61mmol)
and triethylamine (0.08 g, 0.79mmol) were added at
room temperature. The solution was stirred for 8 h. The

mixture was diluted with CH2Cl2, washed with H2O,
dried over anhydrous Na2SO4, and evaporated. The
resulting residue was diluted with 4ml of THF, to a

stirred solution was added NaH (60% dispersion in
mineral oil, 60mg, 1.50mmol) at 0 �C. The solution was
stirred for 66 h at room temperature. The mixture was

diluted with CH2Cl2, washed with H2O, dried over
anhydrous Na2SO4, and evaporated. Chromatography
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of the resulting residue was carried out using silica gel
(CH2Cl2:MeOH=99:1) to give 0.09 g of 1-[2,2-bis-

(¯uoromethyl)-6-penta¯uoroethyl-2H-1-benzopyran-4-yl]-
2(1H)-pyridinone (14d) in 63% yield.

Mp 137±138 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 4.69 (d, J � 47 Hz, 4H, CH2F),
5.84 (s, 1H, 3-H), 6.26 (dt, J � 2, 6Hz, 1H), 6.65 (brd,

J � 9 Hz, 1H), 6.82±7.05 (m, 1H), 7.13 (brs, 1H), 7.19±
7.74 (m, 3H). Anal. calcd for C18H12NO2F7: C, 53.08;
H, 2.97; N, 3.44; found: C, 53.17; H, 2.73; N, 3.43. MS
(EI) m/z: 407 (M+).

Compound 14c was prepared from compound 13c by
Method C.

1-[2,2-Bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-

pyran-4-yl]-2(1H)-pyridinone (14c). Mp 139±140 �C
(hexane±ethyl acetate). 1H NMR (CDCl3, 60MHz) d:
4.57 (d, J � 46 Hz, 4H, CH2F), 5.71 (s, 1H), 6.16 (dt,
J � 2, 6Hz, 1H), 6.51 (d, J � 8 Hz, 1H), 6.71±7.02 (m,

2H), 7.06±7.50 (m, 3H). Anal. calcd for C17H12NO2F5:
C, 57.15; H, 3.39; N, 3.92; found: C, 57.19; H, 3.40; N,
3.86. MS (EI) m/z: 357 (M+).

Tri¯uoromethanesulfonic acid 6-cyano-2,2-bis(¯uoro-

methyl)-2H-1-benzopyran-4-yl ester. To a mixture of
2,2-bis(¯uoromethyl)-2,3-dihydro-4-oxo-2H-1-benzo-

pyran-6-carbonitrile (15a; 0.2 g, 0.84mmol) and 4-
dimethylaminopyridine (3.09 g, 25.3mmol) in 12ml of
CH2Cl2, tri¯uoromethanesulfonic anhydride (0.35ml,

2.13mmol) was added dropwise with stirring at 0 �C.
The mixture was stirred at 0 �C for 15min and then
stirred at room temperature for 1 h. The mixture was
diluted with CH2Cl2, washed with H2O, dried over

anhydrous Na2SO4, and evaporated. Chromatography
of the resulting residue was carried out using silica gel
(hexane:CH2Cl2=1:1) to give 0.12 g of tri¯uorometha-

nesulfonic acid 6-cyano-2,2-bis(¯uoromethyl)-2H-1-
benzopyran-4-yl ester in 38% yield.

Mp 61±62 �C (hexane±ethyl acetate). 1H NMR (CDCl3,
60MHz) d: 4.56 (d, J � 46 Hz, 2H, CH2F), 4.59 (d,
J � 46 Hz, 2H, CH2F), 5.80 (1H, s, 3-H), 6.99 (d, J � 8

Hz, 1H, 8-H), 7.39±7.72 (m, 2H, 5,7-H). Anal. calcd for
C13H8NO4SF5: C, 42.29; H, 2.18; N, 3.79; found: C,
42.35; H, 2.15; N, 3.73. MS (EI) m/z: 369 (M+).

2,2-Bis(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-

carbonitrile (16a). A mixture of tri¯uoromethanesulfonic
acid 6-cyano-2,2-bis(¯uoromethyl)-2H-1-benzopyran-

4-yl ester (120mg, 0.33mmol), 2-trimethylstannyl-
pyridine (87mg, 0.36mmol), Pd2(dba)3(CHCl3) (25.4mg,
0.02mmol), Ph3P (12.8mg, 0.05mmol) and LiCl

(110mg, 2.60mmol) in 6ml of THF was re¯uxed for
6.5 h. The mixture was diluted with ether and ®ltered

through celite. The organic layer was washed with H2O,
dried over anhydrous Na2SO4, and evaporated. Chroma-

tography of the resulting residue was carried out using
silica gel (CH2Cl2) to give 80mg of 2,2-bis(¯uoro-
methyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-carbonitrile

(16a) in 83% yield.

Mp 94±95 �C (hexane±ethyl acetate). 1H NMR (CDCl3,

60MHz) d: 4.51 (d, J � 46 Hz, 2H, CH2F), 4.58 (d,
J � 46 Hz, 2H, CH2F), 5.93 (s, 1H, 3-H), 6.97 (d, J � 8
Hz, 1H, arom. H), 7.18±7.99 (m, 5H, arom. H), 8.52±
8.83 (m, 1H, arom. H). Anal. calcd for C17H12N2OF2:

C, 68.45; H, 4.06; N, 9.39; found: C, 68.51; H, 4.04; N,
9.47. MS (EI) m/z: 298 (M+).

Compound 16b was prepared from 15b in a similar
manner to 16a.

Tri¯uoromethanesulfonic acid 2,2-bis(¯uoromethyl)-6-

nitro-2H-1-benzopyran-4-yl ester. oil. 1H NMR (CDCl3,
60MHz) d: 4.54 (d, J � 46 Hz, 4H, CH2F), 5.74 (s, 1H,

3-H), 6.93 (d, J � 9 Hz, 1H, 8-H), 7.88±8.21 (m, 2H, 5,7-
H). MS (EI) m/z: 389 (M+).

2-[2,2-Bis(¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-

pyridine (16b). Mp 105±106 �C (hexane±ethyl acetate).
1H NMR (CDCl3, 60MHz) d: 4.60 (d, J � 46 Hz,
2H, CH2F), 4.62 (d, J � 46 Hz, 2H, CH2F), 5.98 (s, 1H,

3-H), 7.00 (d, J � 8 Hz, 1H, arom. H), 7.18±7.57
(m, 2H, arom. H), 7.75 (dd, J � 2, 8Hz, 1H, arom. H),
8.07 (dd, J � 2, 8 Hz, 1H, arom. H), 8.27 (d,

J � 2Hz, 1H, arom. H), 8.60±8.83 (m, 1H, arom. H).
Anal. calcd for C16H12N2O3F2: C, 68.38; H, 3.80; N,
8.80; found: C, 60.44; H, 3.89; N, 8.66. MS (EI) m/z: 318
(M+).

2,2-Bis(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-

amine. To a solution of 2-[2,2-bis(¯uoromethyl)-6-nitro-

2H-1-benzopyran-4-yl]-pyridine (16b; 0.8 g, 2.52mmol)
in 10ml of EtOH, SnCl2 (1.7 g, 8.06mmol) was added at
room temperature. The mixture was re¯uxed for 3 h.

The resulting mixture was evaporated, basi®ed with 2N
NaOH and extracted with CH2Cl2. The organic layer
was extracted with 2N HCl. To the aqueous layer was

basi®ed with 2N NaOH and extracted with CH2Cl2. The
organic layer was washed with H2O, dried over anhy-
drous Na2SO4, and evaporated to obtain 0.64 g of 2,2-
bis(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-

amine as an oil in 88% yield.

1H NMR (CDCl3, 60MHz) d: 3.44 (brs, 2H, NH2),

3.95±5.20 (m, 4H, CH2F), 5.88 (s, 1H, 3-H), 6.48±6.89
(m, 3H, arom. H), 7.09±7.88 (m, 3H, arom. H), 8.56±
8.75 (m, 1H, arom. H). MS (EI) m/z: 288 (M+). HRMS

(FAB) calcd for C16H15N2OF2: 289.1152 (M++1);
found: 289.1192 (M++1).
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2-[2,2-Bis(¯uoromethyl)-6-iodo-2H-1-benzopyran-4-yl]-

pyridine (16e). To a stirred mixture of 2,2-bis-

(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-amine
(0.64 g, 2.22mmol) and c.H2SO4 (0.14ml, 2.62mmol)
in 10ml of H2O, NaNO2 (0.16 g, 2.32mmol) dissolved

in 1.5ml of H2O was added at 0 �C. After the mixture
was stirred at 0 �C for 30min, KI (0.44 g, 2.65mmol)
dissolved in 1.5ml of H2O and 15ml of CH2Cl2
were added and the mixture was stirred at room temp-
erature for 1.5 h. The organic solution was washed
with 2N NaOH, dried over anhydrous Na2SO4, and
evaporated. Chromatography of the resulting residue

was carried out using silica gel (hexane:ethyl acet-
ate=5:1) to give 0.45 g of 2-[2,2-bis(¯uoromethyl)-6-
iodo-2H-1-benzopyran-4-yl]-pyridine (16e) as an oil in

51% yield.

1H NMR (CDCl3, 60MHz) d: 4.56 (m, 4H, CH2F), 5.86

(s, 1H, 3-H), 6.68 (d, J � 8 Hz, 1H, arom. H), 7.09±7.88
(m, 5H, arom. H), 8.55±8.72 (m, 1H, arom. H). MS (EI)
m/z: 399 (M+). HRMS (FAB) calcd for C16H13NOF2I:

400.0010 (M++1); found: 400.0090 (M++1).

2-[2,2-Bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-

pyran-4-yl]-pyridine (16c). A stirred solution of 2-[2,2-bis-

(¯uoromethyl)-6-iodo-2H-1-benzopyran-4-yl]-pyridine
(16e; 1.40 g, 3.51 mmol), CF3COOK (1.07 g, 7.02mmol)
and CuI (1.40 g, 7.35mmol) in 20ml of DMF and 10ml

of toluene was stirred at 160 �C for 6.5 h under N2 while
toluene was distilled o�. The mixture was diluted with
ether and ®ltered through celite. The organic layer was

washed with H2O, dried over anhydrous Na2SO4, and
evaporated. Chromatography of the resulting residue
was carried out using silica gel (hexane:ethyl acet-
ate=5:1) to give 0.98 g of 2-[2,2-bis(¯uoromethyl)-6-tri-

¯uoromethyl-2H-1-benzopyran-4-yl]-pyridine (16c) in
82% yield.

Mp 89±90 �C (hexane±ethyl acetate). 1H NMR (CDCl3,
60MHz) d: 4.63 (d, J � 46 Hz, 4H, CH2F), 5.96 (s, 1H,
3-H), 7.03 (d, J � 8 Hz, 1H, arom. H), 7.23±7.68 (m,

5H, arom. H), 8.60±8.83 (m, 1H, arom. H). Anal. calcd
for C17H12NOF5: C, 59.83; H, 3.54; N, 4.10; found: C,
59.78; H, 3.57; N, 4.04. MS (EI) m/z: 341 (M+).

2-[6-Penta¯uoroethyl-2,2-bis(¯uoromethyl)-2H-1-benzo-

pyran-4-yl]-pyridine (16d). A stirred solution of 2-[2,2-
bis(¯uoromethyl)-6-iodo-2H-1-benzopyran-4-yl]-pyridine

(16e; 0.45 g, 1.13 mmol), C2F5COOK (0.46 g,
2.26mmol) and CuI (0.45 g, 2.26mmol) in 7ml of DMF
and 5ml of toluene was stirred at 160 �C for 4 h under

N2 while toluene was distilled o�. The mixture was
diluted with ether and ®ltered through celite. The
organic layer was washed with H2O, dried over anhy-

drous Na2SO4, and evaporated. Chromatography of the
resulting residue was carried out using silica gel

(CH2Cl2:MeOH=99:1) to give 0.31 g of 2-[6-penta-
¯uoroethyl-2,2-bis(¯uoromethyl)-2H-1-benzopyran-4-

yl]-pyridine (16d) as an oil in 70% yield.

1H NMR (CDCl3, 60MHz) d: 4.59 (d, J � 46 Hz, 4H,

CH2F), 5.90 (s, 1H, 3-H), 6.98 (d, J � 8 Hz, 1H, arom.
H), 7.08±7.82 (m, 5H, arom. H), 8.51±8.68 (m, 1H,
arom. H). MS (EI) m/z: 391 (M+). HRMS (FAB) calcd

for C18H13NOF7: 392.0885 (M++1); found: 392.0956
(M++1).

2,2-Bis(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-

carbonitrile N4-oxide (17a). To a stirred solution of 2,2-
bis(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-
carbonitrile (16a; 80mg, 0.27mmol) in 3ml of CH2Cl2,

m-CPBA (purity 70%, 104mg , 0.42mmol) was added
at 0 �C. The mixture was stirred at room temperature
for 15 h. The mixture was diluted with 5% sodium

bicarbonate solution and extracted with CH2Cl2. The
organic layer was washed with H2O, dried over anhy-
drous Na2SO4, and evaporated. Chromatography of the

resulting residue was carried out using silica gel
(CH2Cl2:MeOH=95:5) to give 30mg of 2,2-bis-
(¯uoromethyl)-4-(2-pyridinyl)-2H-1-benzopyran-6-car-
bonitrile N4-oxide (17a) in 36% yield.

Mp 204±207 �C (hexane±ethyl acetate). 1H NMR
(CDCl3, 60MHz) d: 4.63 (d, J � 46 Hz, 4H, CH2F),

5.89 (s, 1H, 3-H), 6.82±7.62 (m, 6H, arom. H), 8.13±8.47
(m, 1H, arom H). Anal. calcd for C17H12N2O2F2: C,
64.97; H, 3.85; N, 8.91; found: C, 64.76; H, 4.02; N,

8.69. MS (EI) m/z: 314 (M+).

The N-oxides (17b, 17c, and 17d) were prepared from
the pyridines (16b, 16c, and 16d), respectively, in a

similar manner to 17a.

2-[2,2-Bis(¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-

pyridine 1-oxide (17b). Mp 183±184 �C (hexane±ethyl
acetate). 1H NMR (CDCl3, 60MHz) d: 4.65 (d, J � 46
Hz, 4H, CH2F), 5.95 (s, 1H, 3-H), 7.00 (d, J � 8 Hz,

1H, arom. H), 7.35±7.88 (m, 4H, arom. H), 8.07 (dd,
1H, arom. H), 8.20±8.50 (m, 1H, arom. H). Anal. calcd
for C16H12N2O4F2: C, 57.49; H, 3.62; N, 8.38; found: C,

57.27; H, 3.66; N, 8.27. MS (EI) m/z: 334 (M+).

2-[2,2-Bis(¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-

pyran-4-yl]-pyridine 1-oxide (17c). Mp 169±170 �C
(hexane±ethyl acetate). 1H NMR (CDCl3, 270MHz) d:
4.51±4.84 (m, 4H, CH2F), 5.91 (s, 1H, 3-H), 6.95
(d, J � 1:7 Hz, 1H, arom. H), 7.03 (d, J � 8:3 Hz, 1H,

arom. H), 7.34±7.42 (m, 3H, arom. H), 7.46 (dd,
J � 1:7, 8.3Hz, 1H, arom. H), 8.32±8.35 (m, 1H, arom.
H). Anal. calcd for C17H12NO2F5: C, 57.15; H, 3.39; N,

3.92; found: C, 57.28; H, 3.51; N, 3.89. MS (EI) m/z: 357
(M+).
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2-[6-Penta¯uoroethyl-2,2-bis(¯uoromethyl)-2H-1-benzo-

pyran-4-yl]-pyridine 1-oxide (17d). Mp 105±107 �C
(hexane±ethyl acetate). 1H NMR (CDCl3, 60MHz)
d: 4.63 (d, J � 46 Hz, 4H, CH2F), 5.88 (s, 1H, 3-H), 6.87
(d, J � 2 Hz, 1H, arom. H), 6.99 (d, J � 8 Hz, 1H,

arom. H), 7.12±7.56 (m, 4H, arom. H), 8.06±8.41
(m, 1H, arom. H). Anal. calcd for C18H12NO2F7: C,
53.08; H, 2.97; N, 3.44; found: C, 53.29; H, 3.26; N,

3.37. MS (EI) m/z: 407 (M+).

2,3-Dihydro-6-nitro-2,2-bis(tri¯uoromethyl)-4H-1-benzo-

pyran-4-one (19b). To stirred solution of 20-¯uoro-50-
nitroacetophenone (18; 15.6 g, 85.2mmol) and hexa-
¯uoroacetone trihydrate (22.5 g, 102mmol) in 170ml of
benzene, pyrrolidine (8.5ml, 102mmol) was added at

room temperature. The mixture was re¯uxed for 6 h
while water was distilled o�. The resulting mixture was
diluted with CH2Cl2, washed with 2N HCl, dried over

anhydrous Na2SO4, and evaporated. Chromatography
of the resulting residue was carried out using silica gel
(hexane:CH2Cl2=1:1) to give 6.0 g of 2,3-dihydro-6-

nitro-2,2-bis(tri¯uoromethyl)-4H-1-benzopyran-4-one
(19b) in 21% yield.

Mp 109±110 �C (ethanol). 1H NMR (CDCl3, 60MHz)

d: 3.27 (s, 2H, 3-H), 7.23 (d, J � 9 Hz, 1H, 8-H), 8.34
(dd, J � 2, 9Hz, 1H, 7-H), 8.65 (d, J � 2 Hz, 1H, 5-H).
Anal. calcd for C11H5NO4F6: C, 40.14; H, 1.53; N, 4.26;

found: C, 39.86; H, 1.52; N, 4.38. MS (EI)m/z: 329 (M+).

Compound 20b was prepared from 19b in a similar

manner to tri¯uoromethanesulfonic acid 6-cyano-2,2-
bis(¯uoromethyl)-2H-1-benzopyran-4-yl ester.

Tri¯uoromethanesulfonic acid 2,2-bis(tri¯uoromethyl)-6-

nitro-2H-1-benzopyran-4-yl ester (20b). Mp 60±61 �C
(hexane). 1H NMR (CDCl3, 60MHz) d: 5.87 (s, 1H, 3-H),
7.13 (d, J � 10 Hz, 1H, 8-H), 8.14±8.39 (m, 2H, 5,7-H).

Anal. calcd for C12H4NO6F9S: C, 31.25; H, 0.87; N, 3.04;
found: C, 31.15; H, 0.85; N, 3.00. MS (EI) m/z: 461
(M+).

2-[2,2-Bis(tri¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-

pyridine (21b). To a solution of 2-bromopyridine (1.70 g,

10.8mmol) in 40ml of THF at ÿ78 �C, n-BuLi
(1.61M hexane solution, 6.6ml, 10.6mmol) was added
dropwise. After 30min of stirring, a solution of ZnCl2
(0.5M THF solution, 21.3ml, 10.7mmol) was added to

the mixture, then the reaction was stirred for 15min,
and the reaction was allowed to warm to 0 �C. To the
mixture, Pd(Ph3P)4 (330mg, 0.29mmol) in 3ml of THF

and tri¯uoromethanesulfonic acid 2,2-bis(tri¯uoro-
methyl)-6-nitro-2H-1-benzopyran-4-yl ester (20b; 2.0 g,
4.3mmol) in 10ml of THF were added. After 2 h stir-

ring at room temperature, the resulting mixture was
shaken with H2O, extracted with ethyl acetate. The

organic layer was washed with brine, dried over anhy-
drous Na2SO4, and evaporated. Chromatography of the

resulting residue was carried out using silica gel (hex-
ane:ethyl acetate=9:1) to obtain 1.25 g of 2-[2,2-bis(tri-
¯uoromethyl)-6-nitro-2H-1-benzopyran-4-yl]-pyridine

(21b) in 74% yield.

Mp 108±109 �C (hexane±ethyl acetate). 1H NMR

(CDCl3, 60MHz) d: 5.91 (s, 1H, 3-H), 7.06 (d, J � 9 Hz,
1H, arom. H), 7.04±8.03 (m, 3H, arom. H), 8.18 (dd,
J � 2, 9Hz, 1H, arom. H), 8.39 (d, J � 2 Hz, 1H, arom.
H), 8.58±8.77 (m, 1H, arom. H). Anal. calcd for

C16H8N2O3F6: C, 49.25; H, 2.07 N, 7.18; found: C,
49.27; H, 2.06; N, 7.16. MS (EI) m/z: 390 (M+).

Compound 21e was prepared from 21b in a similar
manner to 16e.

2,2 - Bis(tri¯uoromethyl) - 4 - (2 - pyridinyl) - 2H - 1 - benzo-

pyran-6-amine. oil. 1H NMR (CDCl3, 60MHz) d: 3.45
(brs, 2H, NH2), 5.72 (s, 1H, 3-H), 6.34±6.88 (m, 3H,

arom. H), 7.10±7.86 (m, 3H, arom. H), 8.52±8.61 (m,
1H, arom. H). MS (EI) m/z: 360 (M+). HRMS (FAB)
calcd for C16H11N2OF6: 361.0776 (M++1); found:
361.0742 (M++1).

2-[2,2-Bis(tri¯uoromethyl)-6-iodo-2H-1-benzopyran-4-yl]-

pyridine (21e). Mp 93±94 �C (hexane±ether). 1H NMR

(CDCl3, 60MHz) d: 5.74 (s, 1H, 3-H), 6.66 (d, J � 8 Hz,
1H, arom. H), 7.06±7.80 (m, 5H, arom. H), 8.45±8.68
(m, 1H, arom. H). Anal. calcd for C16H8NOF6I: C,

49.79; H, 1.71 N, 2.97; found: C, 41.02; H, 1.68; N, 2.90.
MS (EI) m/z: 471 (M+).

2-[6-Cyano-2,2-bis(tri¯uoromethyl)-2H-1-benzopyran-4-

yl]-pyridine (21a). A stirred solution of 2-[2,2-bis(tri-
¯uoromethyl)-6-iodo-2H-1-benzopyran-4-yl]-pyridine
(21e; 0.20 g, 0.43mmol) and CuCN (0.05 g, 0.56mmol)

in 2ml of DMF was stirred at 150 �C for 3 h. The mix-
ture was diluted with H2O and extracted with ethyl
acetate. The organic layer was dried over anhydrous

Na2SO4, and evaporated. Chromatography of the
resulting residue was carried out using silica gel (hex-
ane:ethyl acetate=10:1) to give 0.14 g of 2-[6-cyano-2,2-

bis(tri¯uoromethyl)-2H-1-benzopyran-4-yl]-pyridine
(21a) in 86% yield.

Mp 108±109 �C (hexane-ether). 1H NMR (CDCl3,

60MHz) d: 5.91 (s, 1H, 3-H), 7.09 (d, J � 8 Hz, 1H,
arom. H), 7.15±8.03 (m, 5H, arom. H), 8.63±8.84 (m,
1H, arom. H). Anal. calcd for C17H8N2OF6: C, 55.15;

H, 2.18 N, 7.57; found: C, 55.24; H, 2.32; N, 7.52. MS
(EI) m/z: 370 (M+).

Compound 21c was prepared from 21e in a similar
manner to 16c.
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2-[2,2-Bis(tri¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-

pyran-4-yl]-pyridine (21c). Mp 80±81 �C (hexane). 1H

NMR (CDCl3, 60MHz) d: 5.81 (s, 1H, 3-H), 7.00 (d,
J � 8 Hz, 1H, arom. H), 7.01±7.09 (m, 5H, arom. H),
8.52±8.73 (m, 1H, arom. H). Anal. calcd for

C17H8NOF9: C, 49.41; H, 1.95 N, 3.38; found: C, 49.51;
H, 2.00; N, 3.23. MS (EI) m/z: 413 (M+).

Compound 21d was prepared from 21e in a similar
manner to 16d.

2-[6-Penta¯uoroethyl-2,2-bis(tri¯uoromethyl)-2H-1-benzo-

pyran-4-yl]-pyridine (21d). Mp 94±95 �C (hexane±ethyl
acetate). 1H NMR (CDCl3, 60MHz) d: 5.95 (s, 1H, 3-
H), 7.16 (d, J � 8 Hz, 1H, arom. H), 7.19±8.01 (m, 5H,

arom. H), 8.61±8.87 (m, 1H, arom. H). Anal. calcd for
C18H8NOF11: C, 46.67; H, 1.74; N, 3.02; found: C,
46.86; H, 1.79; N, 3.09. MS (EI) m/z: 463 (M+).

The N-oxides (22a, 22b, 22c, and 22d) were prepared
from the pyridines (21a, 21b, 21c, and 21d), respectively,

in a similar manner to 17a.

2-[6-Cyano-2,2-bis(tri¯uoromethyl)-2H-1-benzopyran-4-

yl]-pyridine 1-oxide (22a). Mp 160±161 �C (hexane±ethyl

acetate). 1H NMR (CDCl3, 270MHz) d: 5.93 (s, 1H, 3-
H), 7.08 (d, J � 1:4 Hz, 1H, arom. H), 7.15 (d, J � 6:4
Hz, 1H, arom. H), 7.38± 7.50 (m, 3H, arom. H), 7.58 (dd,

J � 1:4, 6.4Hz, 1H, arom. H), 8.35 (d, J � 4:6 Hz, 1H,
arom. H). Anal. calcd for C17H8N2O2F6: C, 52.86; H,
2.09; N, 7.25; found: C, 52.78; H, 1.86; N, 7.34. MS (EI)

m/z: 386 (M+).

2-[2,2-Bis(tri¯uoromethyl)-6-nitro-2H-1-benzopyran-4-

yl]-pyridine 1-oxide (22b). Mp 208±210 �C (hexane±ethyl

acetate). 1H NMR (CDCl3, 60MHz) d: 5.96 (s, 1H, 3-H),
7.15 (d, J � 10 Hz, 1H, arom. H), 7.33±7.60 (m, 3H,
arom. H), 8.16 (dd, J � 3, 10Hz, 1H, arom.H), 8.25±8.46

(m, 1H, arom. H). Anal. calcd for C16H8N2O4F6: C,
47.31; H, 1.98; N, 6.90; found: C, 47.24; H, 2.04; N, 6.92.
MS (EI)m/z: 406 (M+).

2-[2,2-Bis(tri¯uoromethyl)-6-tri¯uoromethyl-2H-1-benzo-

pyran-4-yl]-pyridine 1-oxide (22c). Mp 123±125 �C (hex-

ane). 1H NMR (CDCl3, 60MHz) d: 5.87 (s, 1H, 3-H),
6.93±7.65 (m, 6H, arom. H), 8.22±8.40 (m, 1H, arom. H).
Anal. calcd for C17H8NO2F9: C, 47.57; H, 1.88; N, 3.26;
found: C, 47.66; H, 1.88; N, 3.22. MS (EI)m/z: 429 (M+).

2-[6-Penta¯uoroethyl-2,2-bis(tri¯uoromethyl)-2H-1-benzo-

pyran-4-yl]-pyridine 1-oxide (22d). Mp 98±99 �C (hex-

ane). 1H NMR (CDCl3, 60MHz) d: 5.83 (s, 1H, 3-H),
6.81±7.52 (m, 6H, arom. H), 8.04±8.29 (m, 1H, arom.
H). Anal. calcd for C18H8NO2F11: C, 45.11; H, 1.68; N,

2.92; found: C, 45.26; H, 1.77; N, 2.82. MS (EI) m/z: 479
(M+).

Pharmacology. Vasorelaxant potency

Rats (Sprague±Dawley, male, 400±700 g) were killed by
decapitation. The thoracic aorta was dissected out,
immersed in cold Krebs-Henseleit (K-H) solution, and

cleaned of surrounding connective tissues. The artery
was cut into 2±3mm long ring segments. Each ring was
mounted under a resting tension of 2 g, in 10ml organ

bath containing a modi®ed K-H solution of the follow-
ing composition (mM): NaCl, 119; KCl, 4.8; CaCl2,
2.53; KH2PO4, 1.2; MgSO4, 1.2; NaHCO3, 24.8; glu-
cose, 10. The solution was equilibrated with a gas mix-

ture containing 95% O2 and 5% CO2. One side of the
ring preparation was ®xed to the bottom of the bath and
the other end was connected by a hook to the level of a

force-displacement transducer (Nihon Kohden,
TB611T). Before experiments, all preparations were
allowed to equilibrate for at least 1.5 hr at 37 �C. The
artery rings were contracted by displacement of normal
K-H solution to the K-H solution containing 30mM
KCl (high K+KÿH solution). After the increased force

of contraction had reached a plateau, test compounds
were added cumulatively to obtain concentration-
relaxation curves. Relaxation responses were calculated
as percentages of reductions of the 30mM KCl con-

traction. The intrinsic activity (IA) for each compound
was calculated as the percentage of the maximum
reduction. One concentration-relaxation curve was

obtained for each preparation.

References and Notes

1. (a) Potassium Channels: Structure, Classi®cation, Function,

and Therapeutic Potential; Cook, N.S.; ed. Chicheter:Ellis

Horwood Limited, 1990. (b) Robertson, D. W.; Steinberg, M.

I. J. Med. Chem. 1990, 33, 1529. (c) Edward, G.; Weston, A. H.

Trends Pharmacol. Sci. 1990, 11, 417. (d) Evans, J. M.; Long-

man, S. D. Ann. Rep. Med. Chem. 1991, 26, 73. (e) Bray, K. M.;

Quast, U. J. Biol. Chem. 1992, 267, 11689.

2. For selected papers, see: (a) Peterson, H. J.; Nielsen, C. K.;

Arrigoni-Martelli, E. J. Med. Chem. 1978, 21, 773. (b) Ash-

wood, V. A.; Buckingham, R. E.; Cassidy, F.; Evans, J. M.;

Faruk, E. A.; Hamilton, T. C.; Nash, D. J.; Stemp, G.; Will-

cocks, K. J. Med. Chem. 1986, 29, 2194. (c) Jacobsen, E. N.;

Zhang, W.; Muci, A. R.; Ecker, J. R.; Deng, L. J. Am. Chem.

Soc. 1991, 113, 7063. (d) Attwood, M. R.; Churcher, I.; Dun-

doson, R. M.; Hurst, D. N.; Jones, P. N. Tetrahedron Lett.

1991, 32, 811. (e) Buckle, D. R.; Eggleston, D. S.; Pinto, I. L.;

Smith, D. G.; Tedder, J. M. Bioorg. Med. Chem. Lett. 1992, 2,

1161. (f) Brown, T. J.; Chapman, R. F.; Cook, D. C.; Hart, T.

W.; McLag, I. M.; Jordan, R.; Mason, J. S.; Palfreyman, M.

N.; Walsh, R. J. A.; Withnall, M. T.; Aloup, J-C.; Cavero, I.;

Farge, D.; James, C.; Mondot, S. J. Med. Chem. 1992, 35,

3613. (g) Hart, T. W.; Guillochon, D.; Perrier, G.; Sharp, B.

W.; Vacher, B. Tetrahedron Lett 1992, 33, 5117. (h) Hart, T.

W.; Guillochon, D.; Perrier, G.; Sharp, B. W.; Toft, M. P.;

Vacher, B.; Walsh, R. J. A. ibid 1992, 33, 7211. (i) Hart, T. W.;

Smith, D. G. ibid 1992, 33, 7215. (j) Pint, I. L.; Buckle, D. R.;

336 T. Takahashi et al./Bioorg. Med. Chem. 6 (1998) 323±337



Rami, H. K.; Smith, D. G.; ibid 1992, 33, 7597. (k) Gogfrey, J.

D.; Mueller, R. H.; Sedergran, T. C.; Soundararajan, N.;

Colandrea, V. J. ibid. 1994, 35, 6405.

3. For preliminary reports, see; (a) Taka, N.; Koga, H.; Sato,

H.; Ishizawa, T.; Takahashi, T.; Imagawa, I. Bioorg. Med.

Chem. Lett. 1994, 4, 2893. (b) Taka, N.; Koga, H.; Sato, H.;

Ishizawa, T.; Takahashi, T.; Imagawa, I. ibid. 1995, 5, 529.

4. Attwood, M. R.; Jones, P. S.; Kay, P. B.; Paciorek, P. M.;

Redshaw, S. Life Sci. 1991, 48, 803.

5. (a) Koga, H.; Ohta, M.; Sato, H.; Ishizawa, T.; Nabata, H.

Bioorg. Med. Chem. Lett. 1993, 3, 625. (b) Koga, H.; Sato, H.;

Ishizawa, T.; Kuromaru, K.; Nabata, H.; Imagawa, J.; Yosh-

ida, S.; Sugo, I. ibid. 1993, 3, 1111. (c) Koga, H.; Sato, H.;

Kuromaru, K.; Ishizawa, T.; Makino, T.; Taka, N.; Takahashi,

T.; Sato, T.; Nabata, H. ibid. 1993, 3, 1115. (d) Ishizawa, T.;

Koga, H.; Ohta, M.; Sato, H.; Makino, T.; Kuromaru, K.;

Taka, N.; Takahashi, T.; Sato, T.; Nabata, H. ibid. 1993, 3,

1659. (e) Sato, H.; Koga, H.; Ishizawa, T.; Makino, T.; Kur-

omaru, K.; Taka, N.; Takahashi, T.; Sato, T.; Nabata, H. ibid

1993, 3, 2627. (f) Koga, H.; Sato, H.; Imagawa, J.; Ishizawa, T.;

Yoshida, S.; Sugo, I.; Taka, N.; Takahashi, T.; Nabata, H. ibid

1993, 3, 2005. (g) Ishizawa, T.; Koga, H.; Sato, H.; Makino, T.;

Taka, N.; Takahashi, T.; Sato, T.; Nabata, H. ibid 1994, 4,

1995. (h) Ohta, M.; Koga, H.; Sato, H.; Ishizawa, T. ibid.

19944: 2903.

6. Fenwick, A.E. Tetrahedron Lett. 1993, 34, 1815.

7. Freskos, J. N. Synth. Commun. 1988, 18, 965.

8. Yoo, S.; Suh, J. H.; Lee, S. J.; Jeong, N. Bioorg. Med. Chem.

Lett. 1992, 2, 381.

9. The benzopyran-4-one 15a was prepared by a procedure

similar to that previously reported5f.

10. (a) Sato, H.; Koga, H.; Ishizawa, T.; Makino, T.; Taka, N.;

Takahashi, T.; Nabata, H. Bioorg. Med. Chem. Lett. 1995, 5,

233. (b) Koga, H.; Sato, H.; Ishizawa, T.; Taka, N.; Takahashi,

T. Tetrahedron Lett. 1995, 36, 87.

11. Bergmann, R.; Gericke, R. J. Med. Chem. 1990, 33, 492.

12. For recent reviews, see: (a) Ritter, K. Synthesis 1993, 735.

(b) Kalinin, V. N. ibid. 1992, 413.

13. Takahashi, T.; Koga, H.; Sato, H.; Ishizawa, T.; Taka, N.

Heterocycles 1995, 41, 2405.

14. Aloup, J. C.; Farge, D.; James, C.; Mondot, S.; Cavero, I.

Drugs Fut. 1990, 15, 1097.

15. Nabata, H.; Imagawa, J. unpublished results.

T. Takahashi et al./Bioorg. Med. Chem. 6 (1998) 323±337 337


