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Abstract — The reaction of N-propargyl-6,8-bis(trifluoroacetyl)quinolin-5-amine
(1) with various active methylene compounds gave the novel fluorine-containing
1,7-phenanthroline  derivatives  (3). Furthermore,  changing  the
electron-withdrawing groups on active methylene compounds induced interesting
alternation of the reaction site wherein the enolate anions attack first and led to
construction of the different nitrogen-containing heterocyclic systems,

1,7-phenanthrolinone (4) and 1,4-dihydro-1,7-phenanthroline (5).

INTRODUCTION
1,7-Phenanthroline and the related derivatives have been extensively studied because of their promising

biological activities, such as topoisomerase I inhibitors with cytotoxic properties towards L.1210 murine

This paper is dedicated to Prof. Dr. Albert Eschenmoser on the occasion of his 85th birthday.
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leukemia cells,' antimalarials,” and telomerase inhibitors.” Besides, their application in host-guest
chemistry has also been found.” Synthetic methodology for 1,7-phenanthroline is usually similar to that
of quinoline synthesis, for instance Skraup and Friedldnder syntheses. General methods for the
construction of 1,7-phenanthroline system are classified mainly into three types. One of the routes uses
1,3-phenylenediamine as the starting material and enables to construct two pyridine-rings at the same

1,2a,6 and

time.>  The other routes contain a pyridine-ring formation from 5-aminoquinoline
7-aminoquinoline.’

In recent years, the development of new methods for the synthesis of many kinds of fluorine-containing
heterocycles has been an attractive area of research, since these compounds are now widely recognized as
important organic materials showing interesting biological activities for their potential use in medicinal
and agricultural scientific fields.® So far, the report of fluorinated 1,7-phenanthroline derivatives is
scarce, and therefore it is of synthetic value to develop convenient and mild approaches for the syntheses
of fluorine-containing 1,7-phenanthrolines, which would be expected to exhibit new activities or
functionalities.

Very recently, we have reported that N-propargyl-6,8-bis(trifluoroacetyl)quinolin-5-amine (1), prepared
by our SxAr methodology,” undergoes novel pyridine-ring formation reaction with various N-, S- and
O-nucleophiles, which attack selectively the terminal acetylenic carbon of 1, to give the corresponding
4-trifluoromethyl-1,7-phenanthrolines (2), which are not easily obtained by other methods, in good yields
(Scheme 1)."

HNT
_ COCF, NuH
SN Nu = RR'N, RS, RO g
COCF; C(OH)CF3
1 2

Scheme 1

In continuation of our work, we wish to report our successive studies on this type of ring formation
reaction using the remarkable reactivity of 1 toward various C-nucleophiles, dialkyl malonates,
B-diketones, B-ketoesters, methyl cyanoacetate, and malononitrile. This reaction showed an interesting
chemoselectivity with changing the electron-withdrawing groups on active methylene compounds and

gave an easy and efficient way to introduce additional substitution diversity.

RESULTS AND DISCUSSION

The requisite starting material 1 was readily prepared in two steps by bis(trifluoroacetylation) of
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11,12

N,N-dimethylquinolin-5-amine, and subsequent dimethylamino-propargylamino exchange reaction of

HNT
CHy(CO2R"), (aeq)
= COCF3 R'ONa (a eq)
SN 30 °C or reflux in R'OH
COCF4 C(OH)2CF3
1 3a-d

R'COCH,COR? (a eq)
EtONa (aeq)

reflux, 15 min in EtOH

\i

C(OH),CF4
3e.f

Scheme 2

Table 1. Reaction of N-Propargyl-6,8-bis(trifluoroacetyl)quinolin-5-amine 1 with Dialkyl Malonates
and B-Diketones

Entry R R’ a Solvent Time Temp. Product Yield”
(eq) (min) (°C) (%)

1» Me — 1 MeOH 96 h 30 3a 45

2 Et — 3 EtOH 15 reflux 3b 48

3® i-Pr — 3 i-PrOH 15 reflux 3¢ 39

4 -Bu — 1 BuOH 24 h 30 3d 50

5 Me Me 3 EtOH 15 reflux 3e 67

69 Ph Ph 3 EtOH 15 reflux 3f 61

79 Me Ph 3 EtOH 15 reflux 3e/3f 21/359

a) Isolated yields.

b) Reactions with dialkyl malonates.

c) Reactions with B-diketones.

d) Not isolated. Determined by 'H NMR.

thus obtained N,N-dimethyl-6,8-bis(trifluoroacetyl)quinolin-5-amine with propargylamine.

The reaction of 1 with dialkyl malonates proceeded smoothly to give the corresponding
fluorine-containing 1,7-phenanthrolines as shown in Scheme 2 and the results are summarized in Table 1
(Entries 1-4). In the presence of sodium methoxide (1 equiv), the reaction of 1 with dimethyl malonate
(1 equiv) at 30 °C completed within 96 h to afford the corresponding 1,7-phenanthroline (3a) having a
di(methoxycarbonyl)ethyl group at the 3-position in 45% yield (Entry 1). Interestingly, the reaction of 1
with bulky di-#-butyl malonate proceeded more easily (at 30 °C for 24 h) to give 3d in 50% yield (Entry
4). In contrast to this, in the cases of diethyl malonate and diisopropyl malonate, the short time (15 min)

reaction under reflux conditions gave better results than the long time reaction at 30 °C and the
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corresponding 1,7-phenanthrolines (3b and 3c¢) were obtained in 48% and 39% yields, respectively, with

less formation of by-products (Entries 2 and 3).

OM
MeCOCH,COsMe (3 eq) )
MeONa (3 eq) CFs
reflux, 2 h in MeOH
C(OH),CF4 C(OH),CF3 C(OH)CF3
3 3h 2 (Nu = OMe)
22% 42% 10%
Scheme 3

We also tried to conduct the present cyclization using B-diketones (Scheme 2), and the results are shown
in Table 1 (Entries 5-7). In the presence of sodium ethoxide (3 equiv), the pyridine-ring formation
reaction of 1 with acetylacetone (3 equiv) accompanied by deacetylation took place promptly in refluxing
ethanol to afford selectively the novel fluorine-containing 3-acetylethyl-1,7-phenanthroline (3e) in 67%
yield (Entry 5). Interestingly, the 1,3-diones which are expected to form initially were not detected in
the products.  Dibenzoylmethane reacted with 1 quite similarly to give the corresponding
benzoylethyl-1,7-phenanthroline (3f) (Entry 6). In the case of the reaction with unsymmetrical
benzoylacetone, both deacylated products (3e and 3f) were obtained (Entry 7).

We attempted to apply the present reactions to other active methylene compounds such as B-ketoesters,

methyl cyanoacetate, and malononitrile. The cyclization of 1 with methyl acetoacetate proceeded easily

|
CN

NCCH,CO,Me (3 eq) N
1 MeONa (3 eq) = CF4
rt, 18 h in MeOH SN
COCF3
4
69%
l[
NN CN
CHo(CN), (3 eq) OH
EtONa (3 eq) =
’ o ~ CF3
rt, 1 h in EtOH N
COCF3
5
66 %

Scheme 4
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in the presence of sodium methoxide to provide the corresponding 1,7-phenanthroline (3g) and
deacetylated product (3h) in 22% and 42% yields, respectively, together with small amounts of
3-methoxymethyl-1,7-phenanthroline (2)'° derived from 1 by the reaction with methoxide anion (Scheme
3). In this case, the product (3g) in which acetyl group remained could be obtained in addition to
deacylated product (3h) different from the case of the reaction of 1 with -diketones.

Meanwhile, the reaction of 1 with methyl cyanoacetate and malononitrile gave quite different products.
Thus, the reaction of 1 with methyl cyanoacetate in the presence of sodium methoxide occurred at room
temperature to give 3-cyano-1-propargyl-1,7-phenanthrolinone (4) in good yield (Scheme 4). With the
use of malononitrile as a nucleophile, the reaction of 1 afforded 2-amino-3-cyano-1-propargyl-1,4-
dihydro-1,7-phenanthroline (5) as shown in Scheme 4.

Similar to the cases of 1,7-phenanthrolines (2),'° the 6-trifluoroacetyl group of the present products,
except for 5, was found to be hydrated easily during the reaction and the work-up process.

Possible  mechanistic  pathways for the formation of 1,7-phenanthrolines (3) and
1-propargyl-1,7-phenanthrolinone (4) are illustrated in Scheme 5. In path A (the cases of dialkyl
malonates, PB-diketones, and P-ketoesters), the nucleophilic attack of the enolates at the terminal
acetylenic carbon of 1 mediated cyclization similarly to the cases of N-, S-, and O-nucleophiles to give
the corresponding exoolefine intermediate, which is converted to 1,7-phenanthrolines (3a-d,g) via 1,3-H
shift followed by departure of hydroxide ion. In the cases of the reaction of 1 with B-diketones and
B-ketoesters, subsequent deacylation also takes place in situ to afford 3e-f,h. On the other hand, in path
B (the cases of methyl cyanoacetate and malononitrile), the addition of enolates occurs exclusively onto
the carbonyl carbon of 6-trifluoroacetyl group on 1. In the case of cyanoacetate, the subsequent
intramolecular ester-amide exchange reaction (lactam formation) followed by dehydration to give 4.
The reaction of 1 with malononitrile affording 5 would also proceed similarly along path B. It is not still
clear why the interesting alternation of reaction site occurs with changing the type of active methylene
compounds. Further studies are now underway to make clear the faithful mechanism.

In conclusion, we succeeded in extending applicable scope of the pyridine-ring formation reactions of 1
with N-, S-, and O-nucleophiles to those with C-nucleophiles such as a variety of active methylene
compounds, dialkyl malonates, B-diketones, Pf-ketoesters, methyl cyanoacetate, and malononitrile, and
presenting a facile and convenient synthetic method accessing CFs-containing 1,7-phenanthrolines and
1,7-phenanthrolinones, which are hardly obtained by other methods. Furthermore, we also found that
the crucial chemoselectivity emerged by changing the electron-withdrawing groups on active methylene
compounds allowing construction of the variant nitrogen containing heterocyclic systems, pyridine,

pyridone, and dihydropyridine.
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EXPERIMENTAL

'H
NMR spectra were obtained on a Bruker AVANCES500 spectrometer ('H at 500 MHz, °C at 126 MHz)
and a JEOL PMX 60SI spectrometer ('H at 60 MHz) using TMS as an internal standard. IR spectra

Mps were determined on an electrothermal digital melting point apparatus and are uncorrected.

were taken with PerkinElmer Spectrum ONE spectrophotometer.

YANACO CHN-Coder MT-5 analyzer.

Microanalyses were taken with a
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Reaction of 1 with Active Methylene Compounds; General Procedure

Sodium (1-3 mmol) and active methylene compounds (1-3 mmol) were added to alcohols (10-40 mL) and
the mixture was stirred at room temperature for 15 min. To the solution was added 110 (374 mg, 1
mmol) and then the whole mixture was stirred for 15 min - 96 h at rt - reflux temperature. The reaction
was quenched with 1IN HCI and the solvent was removed under reduced pressure. The mixture was
extracted with EtOAc (100 mL), washed with water (100 mL), and dried over Na,SO4. Evaporation of
the solvent gave the crude mixture which was submitted to column chromatography on silica gel eluting
with n-CsH4/EtOAc (4:1 - 0:1) to give 2 (Nu = OMe),"” 3-5. In the case of malononitrile, the reaction
was quenched with sat. aq. NH4Cl instead of 1N HCI.

Dimethyl 2-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-
ylmethyl)malonate (3a): mp 137-139 °C (n-C¢H,4/EtOAc); '"H NMR (60 MHz, CD;CN/CDCl3): & 9.72
(dd, J=2.0, 8.0 Hz, 1H, H-10), 9.17 (s, 1H, H-2), 9.03 (dd, J = 2.0, 4.0 Hz, 1H, H-8), 8.88 (q, Jur = 2.0
Hz, 1H, H-5), 8.07-6.88 (br, 2H, OH), 7.82 (dd, J = 4.0, 8.0 Hz, 1H, H-9), 3.95-3.68 (m, 9H, CH,CH,
CHs3); IR (KBr): 3355, 1755, 1732 cm™’. Anal. Caled for Cy1Hi6FsN2Og: C, 49.81; H, 3.18; N, 5.53.
Found: C, 49.57; H, 3.23; N, 5.29.

Diethyl 2-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-ylmethyl)-
malonate (3b): mp 118-120 °C (n-CsH,4/EtOAc); '"H NMR (500 MHz, CDCl3): 8 9.62 (d, J = 8.5 Hz, 1H,
H-10), 9.07 (s, 1H, H-2), 8.85 (d, /=4.0 Hz, 1H, H-8), 8.83 (br s, 1H, H-5), 8.22-7.81 (br, 2H, OH), 7.67
(dd, J = 4.0, 8.5 Hz, 1H, H-9), 4.27-4.14 (m, 4H, CH,CH3), 3.78-3.73 (m, 3H, CH,CH), 1.23 (t, /= 7.0
Hz, 6H, CH,CH3); °C NMR (126 MHz, CDCl3) § 168.1, 154.9, 148.8, 146.0, 145.8, 135.0, 133.1 (q, Jcr
=30.2 Hz), 131.5, 131.0, 127.8, 126.8, 124.3 (q, Jcr= 278.0 Hz), 123.2 (q, Jcr= 290.5 Hz), 122.4, 121.1,
95.5 (q, Jor = 33.3 Hz), 62.0, 53.4, 31.2, 14.0; IR (KBr): 3304, 1754, 1725 cm™. Anal. Calcd for
Cy3HyoF¢N,Og: C, 51.69; H, 3.77; N, 5.24. Found: C, 51.48; H, 3.79; N, 5.31.

Diisopropyl 2-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-
ylmethyl)malonate (3¢): mp 176-177 °C (EtOAc); 'H NMR (60 MHz, CDCl5): & (nonhydrate form) 9.93
(dd, J=2.0, 9.0 Hz, 1H, H-10), 9.63 (q, Jur = 2.0 Hz, 1H, H-5), 9.32 (s, 1H, H-2), 9.20 (dd, J = 2.0, 4.0
Hz, 1H, H-8), 8.00 (dd, J = 4.0, 9.0 Hz, 1H, H-9), 5.47-4.85 (m, 2H, OCH), 3.78 (br s, 3H, CH,CH),
1.35-1.13 (m, 12H, CH3); IR (KBr): 3451, 1728 cm™. Anal. Caled for CsHy4FsN,Os: C, 53.38; H, 4.30; N,
4.98. Found: C, 53.75; H, 4.14; N, 4.78.

Di-tert-butyl 2-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-
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ylmethyl)malonate (3d): mp 133-135 °C (n-CsH,4/EtOAc); '"H NMR (500 MHz, CDCl3): § 9.70 (d, J =
8.5 Hz, 1H, H-10), 9.08 (s, 1H, H-2), 8.95 (d, J = 4.0 Hz, 1H, H-8), 8.87 (br s, 1H, H-5), 7.75 (dd, J = 4.0,
8.5 Hz, 1H, H-9), 7.63 (br s, 2H, OH), 3.62-3.55 (m, 3H, CH,CH), 1.42 (s, 18H, CHj3); IR (KBr): 3343,
1749, 1723 cm™'. Anal. Calcd for Co7HagFgN2Og: C, 54.92; H, 4.78; N, 4.74. Found: C, 55.12; H, 4.63; N,
4.70.

4-(6-(2,2,2-Trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-yl)butan-2-one
(3e): mp 154-156 °C (n-CsH,4/EtOAc); 'H NMR (500 MHz, CDCls): 8 9.71 (d, J = 8.0 Hz, 1H, H-10),
9.10 (s, 1H, H-2), 8.96 (d, J = 4.0 Hz, 1H, H-8), 8.87 (br s, 1H, H-5), 7.76 (dd, J = 4.0, 8.0 Hz, 1H, H-9),
7.68 (br s, 2H, OH), 3.39 (br s, 2H, CH>»), 2.89 (t, J = 7.5 Hz, 2H, CH,CO), 2.19 (s, 3H, CH3); IR (KBr):
3361, 1722 cm’'. Anal. Caled for CioH4FsN,Os: C, 52.79; H, 3.26; N, 6.48. Found: C, 52.55; H, 3.54; N,
6.31.

1-Phenyl-3-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-yl)-
propan-1-one (3f): mp 112-113 °C (n-CsH14/EtOAc); 'H NMR (500 MHz, CDCls): 6 9.63 (d, J = 8.0 Hz,
1H, H-10), 9.16 (s, 1H, H-2), 8.86 (br s, 2H, H-5, H-8), 8.72-8.09 (br, 2H, OH), 7.96 (d, J = 7.5 Hz, 2H,
Harom), 7.67 (dd, J = 4.0, 8.0 Hz, 1H, H-9), 7.57 (t,J = 7.5 Hz, 1H, Haom), 7.46 (t, J = 7.5 Hz, 2H, Harom),
3.58 (brs, 2H, CH,), 3.44 (t, J = 7.0 Hz, 2H, CH,CO); IR (KBr): 3410, 3064, 1683 cm™. Anal. Calcd for
Co4H6F¢N,O5: C, 58.31; H, 3.26; N, 5.67. Found: C, 58.25; H, 3.32; N, 5.64.

Methyl 3-o0xo0-2-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-
ylmethyl)butanoate (3g): mp 107-108 °C (n-CsH,4/EtOAc); "H NMR (500 MHz, CDCl3): § 9.67 (d, J =
8.3 Hz, 1H, H-10), 9.09 (s, 1H, H-2), 8.92 (d, /J=4.5 Hz, 1H, H-8), 8.84 (s, 1H, H-5), 7.94-7.64 (br s, 2H,
OH), 7.74 (dd, J = 4.5, 8.3 Hz, 1H, H-9), 3.90 (t, J = 7.0 Hz, 1H, CH), 3.73, 3.77-3.67, 3.63-3.56 (s, m,
5H, CO,CHj3;, CH,), 2.30 (s, 3H, COCH3;); IR (KBr): 3332, 1736 cm™. Anal. Calcd for C,1H 6FsN,O5: C,
51.44; H, 3.29; N, 5.71. Found: C, 51.45; H, 3.46; N, 5.86.

Methyl 3-(6-(2,2,2-trifluoro-1,1-dihydroxyethyl)-4-trifluoromethyl-1,7-phenanthrolin-3-yl)-
propanoate (3h): mp 114-116 °C (n-C¢H,4/EtOAc); '"H NMR (500 MHz, CDsCN): & 9.47 (d, J = 8.3 Hz,
1H, H-10), 9.06 (s, 1H, H-2), 8.92 (d, J = 4.4 Hz, 1H, H-8), 8.71 (br s, 1H, H-5), 8.60 (br s, 2H, OH),
7.71 (dd, J = 4.4, 8.3 Hz, 1H, H-9), 3.67 (s, 3H, CH3), 3.42-3.34 (m, 2H, CH»), 2.76 (t, J = 7.7 Hz, 2H,
CH,CO); C NMR (126 MHz, CD;CN): § 173.6, 156.4, 150.6, 147.0, 146.5, 135.9, 135.8, 133.2, 133.0
(q, Jcr = 30.9 Hz), 128.6, 128.0, 126.0 (q, Jcr = 277.5 Hz), 125.1 (q, Jcr = 289.1 Hz), 124.3, 121.9, 96.7
(q, Jer = 32.7 Hz), 52.7, 36.4, 28.6; IR (KBr): 3329, 1733 cm™. Anal. Calcd for C1oH 4F¢N,O4: C, 50.90;
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H, 3.15; N, 6.25. Found: C, 51.08; H, 3.19; N, 6.03.

2-Oxo-1-(prop-2-ynyl)-6-trifluoroacetyl-4-trifluoromethyl-1,2-dihydro-1,7-phenanthroline-3-
carbonitrile (4): mp 218-219 °C (dec.) (n-C¢Hi4/EtOAc); 'H NMR (500 MHz, CD;CN): & (hydrate
form) 9.45 (d, J = 8.7 Hz, 1H, H-10), 9.07 (d, J = 4.1 Hz, 1H, H-8), 8.47 (br s, 1H, H-5), 8.37-8.18 (br,
2H, OH), 7.83 (dd, J=4.1, 8.7 Hz, 1H, H-9), 4.93 (br s, 2H, CH,), 3.01 (br s, 1H, C=CH); >C NMR (126
MHz, CD;CN): 6 (hydrate form) 160.5, 152.0, 148.7, 144.3, 143.4 (q, Jcr = 31.3 Hz), 137.3, 129.0, 127.9,
124.6 (q, Jcr = 288.9 Hz), 122.5, 122.4 (q, Jcr = 277.9 Hz), 120.2, 113.1, 112.9, 108.0, 95.8 (q, Jcr = 32.8
Hz), 78.8, 77.1, 44.4; IR (KBr): 3300, 2235, 2134, 1671, 1667 cm™’. Anal. Caled for CioH7F¢N;05: C,
53.91; H, 1.67; N, 9.93. Found: C, 53.99; H, 1.96; N, 9.57.

2-Amino-4-hydroxy-1-(prop-2-ynyl)-6-trifluoroacetyl-4-trifluoromethyl-1,4-dihydro-1,7-
phenanthroline-3-carbonitrile (5): mp 217-218 °C (dec.) (n-C¢Hio/EtOAc); 'H NMR (500 MHz,
CD;CN): 6 8.94 (d, J=4.1 Hz, 1H, H-8), 8.76 (d, J = 8.6 Hz, 1H, H-10), 8.37 (br s, 1H, H-5), 7.70 (dd, J
=4.1, 8.6 Hz, 1H, H-9), 6.60-6.05 (br, 2H, NH,), 5.74 (br s, 1H, OH), 4.60 (d, Jeem = 18.3 Hz, 1H, CH,),
4.52 (d, Jeem = 18.3 Hz, 1H, CH,), 2.87 (br s, 1H, C=CH); IR (KBr): 3353, 3313, 2198, 2126, 1635 cm™.
Anal. Calcd for C9H,F¢N4O5 (hydrated form): C, 49.80; H, 2.64; N, 12.23. Found: C, 49.70; H, 2.91; N,
12.05.
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