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The reaction of coumarin with cyanoacetate derivatives in
the presence of a nucleophilic base (alkoxides or piperidine)
follows an interesting pathway that involves both a coumarin
skeletal rearrangement and a Michael addition, via a coum-
aric acid derivative, to afford a substituted 4H-chromene
skeleton. The particular behavior of this process influences
the performance and the type of compounds that can be ob-

tained. We demonstrate that the use of an excess of cyano-
acetate affords the 4 H-chromene derivative in high yield. An
explanation of the mechanism involved in this process is pro-
posed.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

The coumarin fragment occurs in many synthetic and
natural products that are used as drugs!!! as well as antico-
agulants® and in the preparation of pesticides.[*! These im-
portant applications have generated considerable interest in
the functionalization of the coumarin skeleton for the prep-
aration of derivatives with potential biological activity.

During our studies in the field of coumarins, we discov-
ered that coumarin 1 can be easily transformed into the 2-
amino-4 H-chromene derivative 4 or a 2-chromanone deriv-
ative 5. This transformation occurs when coumarin reacts
with cyanoacetates in the presence of a nucleophilic base
such as an alkoxide (or piperidine).

Results and Discussion

The process takes place through the initial formation of
coumaric derivative 2 and the subsequent Michael-type ad-
dition of the cyanoacetate carbanion to 2 to give the inter-
mediate 3. In the final step, the intermediate 3 is converted
into the 2-amino-4 H-chromene derivative 4 and the 2-chro-
manone derivative 5 (Scheme 1).
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Compounds 4 and 5 were easily separated during the
workup, and structural determination was made on the ba-
sis of analytical and spectroscopic data. The alkyl (3-cyano-
2-0x0-3,4-dihydro-2 H-chromen-4-yl) acetate 5 was obtained
as an inseparable mixture of two diastereoisomers. A
NOESY experiment on the diastereomeric mixture of 5 al-
lowed definitive assignment of the structures and identifica-
tion of a syn configuration for the more abundant dia-
stereomer (Figure 1).

Furthermore, we discovered the possibility of shifting the
reaction towards the formation of either 4 or 5 by using an
appropriate molar ratio of cyanoacetate and alkoxide (see
Table 1). In particular, an excess of cyanoacetate (Table 1,
entries 4 and 5) affords the 4 H-chromene derivative in high
yield.

To explain the complex behavior of this reaction, we
need to consider the existence of various acid—base equilib-
ria (Scheme 2). In particular, intermediate 3 contains two
acidic protons whose ionization depends on the basic condi-
tions in the reaction mixture (pK, EtOH = 16; pK,
NCCH,CO,R = 9).

When an excess of ethyl cyanoacetate is used, the pre-
dominant basic species in the reaction mixture is the carb-
anion of the cyanoacetate. The strength of this base should
be such that it is unable to extract the phenolic proton from
the intermediate 3. The neutral compound 3 seems to be
the intermediate that more favorably leads to the 2-amino-
4 H-chromene 4 as the main compound (Scheme 2).

When an excess of sodium alkoxide is used, the interme-
diate 3 should principally exist in an anionic form that re-
mains in solution as such. Following acidification in the
workup step, it is possible to isolate compounds 3 or 5
(Scheme 2).
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Figure 1. Diastereomeric ratio (syn/anti) of the 2-chromanone de-
rivatives.

Table 1. Reaction of coumarin using different ratios of cyanoace-
tate and alkoxide (workup: acidification with 1 N HCI).
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Compound 5 was obtained as the exclusive lactone system
after acidification at pH 2 with 1 N HCI solution. The
milder acidification conditions obtained by using glacial

Entry NaOR CNCH,CO.R ¢ Yield [%] acetic acid (pH 4-5) allowed isolation of compound 3 as a
[equiv.] [equiv] [h] 4a 4b 5a 5b mixture of diastereoisomers. Thus, 3 is the key intermediate
1 14 12 % 17 % 41 40 in this process (Table 2).
) 2.0 1.2 24 7 10 76 66 The solubility of compound 3 in an alkaline aqueous
3 2.0 2.2 24 24 27 45 53 solution was successfully exploited to separate the
4 1.2 24 2485 79 10 16 chromene derivative 4 from opened derivative 3 or lactone
5 1.2 2.4 2 81 72 11 27 s . o
derivative 5 without further purification.
COR COR
COR COR
COR  cyanoacetate COR , koxide COR o COR
excess CN excess .
OH CN - CN
oo 3a R=FEt o o
4aR =FEt ah=
4bR = Me 3b R=Me
RO; COR
CN COR
pH=2 | pH>4-5
CN
0" Yo OH
5a R=Et 3a R=Et
5b R =Me 3b R=Me

Scheme 2. Chemical behavior of 3 under different reaction conditions.
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Table 2. Reaction of coumarin using different ratios of cyanoace-
tate and alkoxide (workup: acidification with conc. acetic acid).

Entry NaOR CNCH,CO,R ¢ Yield [%]

[equiv.] [equiv.] [h] 4a 4b 3a 3b
1 1.1 1.1 2 11 16 35 49
2 2.0 1.2 2 9 12 47 51
3 1.2 2.4 2 59 75 27 18

The use of a non-nucleophilic base such as sodium zerz-
butoxide, lithium diisopropylamide, TEA, or Zr(KPO,),"!
in this type of process did not afford any reaction product,
and the starting coumarin was always recovered. This result
confirms that the reaction takes place through a coumaric
intermediate, and that the nucleophilic base plays an impor-
tant role.

Following this idea, we decided to use piperidine as the
nucleophilic base as it is known to be a useful base for the
synthesis of 2-amino-4H-pyran derivatives from o-CH-
acidic nitriles and Michael acceptors.[! It is also used in the
conversion of functionalized coumarins accompanied by
opening and recyclization of the lactone ring.[”]

The reaction was carried out by allowing coumarin to
react with ethyl cyanoacetate (1.2 equiv.) in the presence of
piperidine (2.0 equiv.) in ethanol. After workup,
chromatography on silica gel was required to purify the re-
action products and eliminate by-products. Although the
reaction mechanism should be the same as above
(Scheme 1), only compounds 4¢ and 4a were obtained — no
opened intermediate (3¢) or 2-chromanone derivative (5¢)
was observed (Table 3).

Table 3. Reaction of coumarin with ethyl cyanoacetate using piperi-
dine as base.

Entry  Piperidine CNCH,CO,R Time Yield [%] Solvent
[equiv.] [equiv.] [h] 4c 4a

1 1.2 2.4 20 34 34 EtOH

2 2.0 2.0 18 31 38 EtOH

3 2.4 1.2 22 51 22 EtOH

4 2.4 1.2 20 39 - THF

5 2.4 1.2 20 41 - benzene

The formation of compound 4a shows that ethanol and
piperidine are competing. To avoid this problem, THF or
benzene was used as reaction solvent, resulting in the for-
mation of the chromene derivative only. The use of these
solvents rather than ethanol did not increase the reaction
yield, and by-products such as the opened system 3d and
the piperidinyl cyanoacetate were observed.

To extend the applicability to other models, we consid-
ered the possibility of using functionalized coumarins such
as 6-methylcoumarin and 7-methoxycoumarin. Surpris-
ingly, these compounds did not react when using an alk-
oxide as base, and unreacted starting material was reco-
vered exclusively. At the moment we are unable to explain
why functionalized coumarins do not react at all, since sub-
stitution with a methyl or methoxy group should not dra-
matically affect the reactivity of the coumarin skeleton.
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In contrast, the use of piperidine in ethanol was found
to be effective in the reaction of functionalized coumarins
with cyanoacetates, affording the 2-amino-4H-chromene
derivatives 6 (a = 30%; b = 45%) and 7 (a = 11%, b =
57%).

o o
R o R o
[ o [ o
NH, ~o NH,

6a R = OFt
6b R = CsHpN

7a R = OEt
7b R = CsHyoN

Since the presence of a carboxy ester group in cyanoace-
tates also leads to the formation of a lactone skeleton when
alkoxides are used as a base, we decided to use a reagent
such as malononitrile to drive the reaction towards exclus-
ive formation of the 2-amino-4H-chromene derivative.
When the reaction was carried out in the presence of ma-
lononitrile as a Michael donor, and sodium ethoxide in eth-
anol, only ethyl (2-amino-3-cyano-4 H-chromen-4-yl)acetate
(8a) was obtained, with a yield of 68%.

o
R
cN
NH,
8a R=0OEt
8b R = CgHiN
) o)
R R
CN CN
NH, o NH,
9a R = OEt 10a R = OEt
9b R = CgHyoN 10b R = CgH N

Piperidine in ethanol was also applied in the reaction of
malononitrile with coumarin as well as functionalized cou-
marins (6-methylcoumarin and 7-methoxycoumarin), af-
fording 2-amino-4 H-chromene derivatives 8b, 9b, and 10b
and their corresponding ethyl esters 8a, 9a, and 10a
(Table 4).

Table 4. Reaction of coumarins with ethyl cyanoacetate using
piperidine in ethanol as a base.

Entry Substrate Time  Chromene Yield
[h] derivative [%0]
1 coumarin 20 8a 8
8b 51
2 6-methylcoumarin 22 9a 20
9b 43
3 7-methoxycoumarin 20 10a 9
10b 47

The interest in this class of compounds is due to the abil-
ity of some 2-amino-4 H-chromene derivatives to bind Bcl-
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2 protein and induce apoptosis in tumor cells.[®! The discov-
ery of this Bcl-2 binding compound has provided a promis-
ing lead for the development of potential anti-cancer
agents, although a survey of the literature reveals that the
synthesis of these derivatives has received little attention.
To the best of our knowledge, 2-amino-4 H-chromene deriv-
atives can be prepared from salicylaldehydes>#1% or from
the reaction between alkyl isocyanides and DMAD in the
presence of poly(hydroxybenzene)s.['!]

Conclusions

In summary, we have reported the first example of the
preparation of a 2-amino-4H-chromene derivative from
coumarin. This process presents an interesting flexibility de-
pending on the reaction conditions. The alkoxide/alcohol/
cyanoacetate system is preferable to convert coumarin into
2-amino-4 H-chromene derivatives or a 2-chromanone de-
rivative with good yield. Although the piperidine/ethanol
(or benzene/THF) system leads to a moderate reaction
yield, it should be used to convert functionalized coumarins
into 2-amino-4 H-chromene derivatives.

Further experiments using other Michael donors are cur-
rently in progress in order to prepare more complex mole-
cules with potential biological activity.

Experimental Section

General Remarks: All chemicals were purchased from the major
chemical suppliers as highest purity grade and used without any
further purification. Column chromatography was performed with
Merck silica gel 60 (70-230 mesh ASTM), with hexane/ethyl ace-
tate mixture. '"H and '*C NMR spectra were recorded in CDCls
with a Bruker Avance DRX 200 spectrometer at a frequency of
200.1 and 50 MHz, respectively, or a Bruker Avance DPX 400 spec-
trometer at a frequency of 400.13 and 100.62 MHz, respectively.
Chemical shifts (0) are reported in ppm relative to TMS; J values
are given in Hertz. FT-IR spectra were recorded with a Jasco model
410 spectrometer with ATR sampling. GC-MS analysis was per-
formed with an HP-6890 gas chromatograph (dimethyl silicone col-
umn, 12.5m) equipped with an HP-5973 mass-selective detector
at an ionizing voltage of 70 eV. Melting points are uncorrected.
Elemental analysis was carried out with a Carlo—Erba 1106 elemen-
tal analyzer. Yields reported are for isolated compounds judged
pure by NMR analysis.

Typical Reaction Procedure of Coumarin with Ethyl (or Methyl) Cy-
anoacetate and Alkoxide: A solution of ethyl (or methyl) cyanoace-
tate in ethanol (or methanol; 1 mL) was added to a solution of
sodium ethoxide (or methoxide) in ethanol (or methanol; 2 mL)
at room temperature under nitrogen (see Tables 1 and 2 for the
appropriate ratios). After 30 min, a solution of coumarin (1 mmol)
in ethanol (or methanol; 2 mL) was added and the reaction mixture
kept at room temp. for the appropriate time. The mixture was con-
centrated to half volume then poured into water and extracted with
dichloromethane. The organic solution was dried over Na,SO,4 then
concentrated under vacuum to afford chromene derivative 4. The
remaining aqueous solution was acidified with 1 N HCI to pH 2,
then extracted with dichloromethane. The organic solution was
dried over Na,SO, then concentrated under vacuum to afford lac-
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tone derivative 5. Alternatively, the remaining aqueous solution
was acidified with conc. acetic acid to pH 4-5 then extracted with
dichloromethane. The organic solution was dried with Na,SO,4 then
concentrated under vacuum to afford derivative 3.

Ethyl 2-Amino-4-(2-ethoxy-2-oxoethyl)-4 H-chromene-3-carboxylate
(4a): White solid; m.p. 71-73 °C. '"H NMR (400 MHz, CDCl5): §
=1.13(t,J =7.2Hz 3 H, CH;), 1.30 (t, J = 7.1 Hz, 3 H, CH,),
2.59 (dd, J =14.8, 7.2 Hz, 1 H, CH,), 2.66 (dd, J = 14.8, 4.4 Hz 1
H, CH,), 3.82 (q, / = 7.1 Hz, 2 H, OCH,), 4.14 (q, J = 7.1 Hz, 2
H, OCH,), 4.20 (dd, J = 7.2, 44 Hz, 1 H, 4-H), 6.35 (br. s, 2 H,
NH,), 6.96 (dd, J = 8.6, 1.2 Hz, 1 H, 8-H), 7.07 (dt, J = 8.6, 7.5,
1.2Hz, 1 H, 6-H), 7.19 (dt, J = 7.6, 7.5, 1.6 Hz, 1 H, 7-H), 7.25
(dd, J=17.6,1.6 Hz, 1 H, 5-H) ppm. *C NMR (100 MHz, CDCl;):
0=14.5,15.0,31.6,44.1, 59.9, 60.6, 77.0, 116.2, 124.7, 126.0, 128.0,
128.8, 150.3, 162.0, 169.5, 172.2 ppm. GC-MS: m/z (%) = 305 [M*],
276, 232, 218, 190, 172, 159, 128, 116. IR (neat): ¥ = 3414, 3310,
1731, 1674, 1620 cm™!. C;6HoNOs5 (305.33): caled. C 62.94, H 6.27,
N 4.59; found C 62.79, H 6.38, N 4.65.

Methyl 2-Amino-4-(2-methoxy-2-oxoethyl)-4 H-chromene-3-carbox-
ylate (4b): Amorphous solid. '"H NMR (400 MHz, CDCl5): 6 =
2.47 (dd, J = 14.8, 7.6 Hz, 1 H, CH,), 2.56 (dd, J = 14.8, 4.6 Hz,
1 H, CH,), 3.51 (s, 3 H, CHy), 3.68 (s, 3 H, CHj;), 4.20 (dd, J =
7.6,4.6 Hz, 1 H, 4-H), 6.29 (br. s, 2 H, NH,), 6.89 (d, J = 8.1 Hz,
1 H, 8-H), 6.99 (t, J = 7.4 Hz, 1 H, 6-H), 7.12 (m, 7-H+5-H) ppm.
13C NMR: § (100 MHz, CDCl5): ¢ = 31.9, 44.5, 51.4, 51.9, 76.7,
116.3, 124.9, 125.9, 128.2, 128.7, 150.3, 162.2, 169.9, 172.7 ppm.
GC-MS: mlz (%) = 277 [M*], 244, 218, 204, 186, 172, 145. IR
(neat): v = 3422, 3312, 1731, 1679, 1621 cm™!. C;4,H;sNOs (277.28):
caled. C 60.64, H 5.45, N 5.05; found C 60.51, H 5.53, N 5.11.

Methyl (3-Cyano-2-o0x0-3,4-dihydro-2 H-chromen-4-yl)acetate (Sb,
anti + syn): Amorphous solid. '"H NMR (400 MHz, CDCls): ¢
(anti) = 291 (dd, J = 6.1, 17.4 Hz, 1 H, HCH), 3.01 (dd, J = 6.1,
17.4 Hz, 1 H, HCH), 3.74 (s, 3 H, OCHs), 3.83 (m, 1 H, 4-H), 4.39
(d, J=8.4Hz, 1 H, 3-H), 7.15-7.46 (m, 4 H, PhH) ppm; 0 (syn) =
2.72 (dd, /=94, 16.4 Hz, 1 H, HCH), 3.01, (dd, J = 4.4, 16.4 Hz,
1 H, HCH), 3.69 (s, 3 H, OCH3), 3.94 (m, 1 H, 4-H), 4.14 (d, J =
5.7Hz, 1 H, 3-H), 7.15-7.46 (m, 4 H, PhH) ppm. '*C NMR
(100 MHz, CDCly): 6 (anti) = 34.7, 35.2, 37.3, 52.4, 113.8, 117.5,
121.6, 125.9, 126.6, 130.1, 150.3, 160.2, 170.4 ppm; o (syn) = 35.2,
36.4, 38.1, 52.2, 113.5, 117.6, 122.0, 125.6, 128.5, 130.1, 150.2,
160.2, 170.2 ppm. GC-MS: m/z (%) = 245 [M*], 230, 218, 184, 172,
158, 147, 128, 118. IR (neat): v = 2256, 1769, 1729 cm.
C3H1NO,4 (245.23): caled. C 63.67, H 4.52, N 5.71; found C
63.81, H 4.41, N 5.66.

Dimethyl 2-Cyano-3-(2-hydroxyphenyl)pentanedioate (3b, mixture of
diastereoisomers): Amorphous solid. '"H NMR (400 MHz, CDCls):
0 =2.90-3.20 (m, 4 H, CH,CO [3b,/3b,]), 3.61 (s, 3 H, CHj; [3by]),
3.64 (s, 3 H, CHj; [3by]), 3.70 (s, 3 H, CH; [3by]), 3.72 (s, 3 H, CH;
[3b,]), 4.07—4.22 (m, 3 H, Ph-CH [3b,/3b,] + CNCH [3b,]), 4.35 (d,
J =7.3Hz, 1 H, CNCH [3b,]), 6.61-7.53 (m, 8 H, PhH [3b,/3b,)),
9.37 (br. s, 1 H, PhOH [3b,]), 9.50 (br. s, 1 H, PhOH [3b,]) ppm.
13C NMR (100 MHz, CDCl5): 6 (3by) = 36.5, 36.9, 41.3, 52.3, 53.6,
115.6, 116.3, 120.7, 123.4, 128.9, 129.4, 154.0, 166.3, 172.4 ppm; 0
(3by) = 35.2,37.1,41.5,52.3, 53.5, 115.5, 116.0, 120.6, 123.8, 128.5,
129.3, 153.9, 166.0, 172.4 ppm. IR (neat): ¥ = 3407, 2254, 1736,
1608, 1595 cm™!. C4HsNO;s (277.28): caled. C 60.64, H 5.45, N
5.05; found C 60.57, H 5.51, N 5.09.

Typical Reaction Procedure of Coumarins with Ethyl Cyanoacetate
and Piperidine in Ethanol: A solution of ethyl cyanoacetate in etha-
nol (1 mL) was added to a solution of piperidine in ethanol (2 mL)
at room temperature under nitrogen (see Table 3 for the appropriate
ratio). After 10 min a solution of coumarin (1 mmol) in ethanol
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(2 mL) was added and reaction mixture kept at room temp. for the
appropriate time. The mixture was then concentrated to half vol-
ume, poured into water, and then extracted with dichloromethane.
The organic solution was dried over Na,SO, then concentrated un-
der vacuum. Chromatography of the crude product over silica gel
was required in all instances to separate the reaction products (4¢
and 4a, 6a and 6b, 7a and 7b).

Ethyl 2-Amino-4-[2-0x0-2-(1-piperidinyl)ethyl]-4 H-chromene-3-car-
boxylate (4¢): White solid, m.p. 112-114 °C. '"H NMR (200 MHz,
CDCl;): 6 = 1.32 (t, J = 7.1 Hz, 3 H, CH3;), 1.35-1.88 (m, 6 H,
3xCHy), 2.50 (dd, J = 13.8, 9.3 Hz, 1 H, HCHCO), 2.66 (dd, J =
13.8, 4.7Hz, 1 H, HCHCO), 3.07-3.46 (m, 2 H, CH,N), 3.54 (m,
2 H, CH,N), 4.22 (q, J = 7.1 Hz, 2 H, OCH,), 4.33 (dd, J = 9.3,
4.7Hz, 1 H, 4-H), 6.30 (br. s, 2 H, NH,), 6.99 (dd, J = 7.8, 1.3 Hz,
1 H, 8-H), 7.09 (dt, J = 9.0, 7.5, 1.3 Hz, 1 H, 6-H), 7.21 (dt, J =
9.0, 7.8, 1.8 Hz, 1 H, 7-H), 7.31 (dd, J = 7.5, 1.8 Hz, 1 H, 5-H)
ppm. 3C NMR (50 MHz, CDCls): 6 = 15.0, 24.5, 25.7, 26.3, 31.6,
42.2,42.7, 46.5, 59.1, 75.6, 115.9, 124.5, 126.5, 128.0, 129.6, 150.1,
162.5, 168.4, 168.5 ppm. IR (neat): ¥ = 3389, 3278, 2856, 1675,
1622 cm™!. C9H24N,0, (344.41): caled. C 66.26, H 7.02, N 8.13;
found C 66.38, H 6.90, N 8.09.

Ethyl 2-Amino-4-(2-ethoxy-2-oxoethyl)-6-methyl-4 H-chromene-3-car-
boxylate (6a): Oil. '"H NMR (400 MHz, CDCl5): § = 1.18 (t, J =
7.1Hz, 3 H, CH;), 1.33 (t, / = 7.1 Hz, 3 H, CH3), 2.30 (s, 3 H,
CH;), 2.58 (dd, J = 14.7, 7.2 Hz, 1 H, HCHCO), 2.64 (dd, J =
14.7,4.5 Hz, 1 H, HCHCO), 4.05 (q, J = 7.1 Hz, 2 H, OCH,), 4.23
(q, J/ = 7.1 Hz, 2 H, OCH,), 4.26 (m, 1 H, 4-H), 6.34 (br. s, 2 H,
NH,), 6.86 (d, J/ = 8.2 Hz, 1 H, 8-H), 6.99 (dd, J = 8.2, 1.7 Hz, 1
H, 7-H), 7.04 (d, J = 1.7 Hz, 1 H, 5-H) ppm. 3C NMR (100 MHz,
CDCly): 0 = 14.1, 14.6, 20.8, 31.3, 43.7, 59.4, 60.2, 76.6, 115.5,
125.2, 128.2, 128.6, 133.7, 147.8, 161.7, 169.1, 171.8 ppm. IR
(neat): ¥ = 3417, 3309, 2980, 1725, 1669, 1616 cm™!. C;;H, NOs
(319.36): calcd. C 63.94, H 6.63, N 4.39; found C 63.87, H 6.54, N
4.48.

Ethyl  2-Amino-6-methyl-4-[2-0x0-2-(1-piperidinyl)ethyl]-4 H-chro-
mene-3-carboxylate (6b): White solid, m.p. 115-117 °C. '"H NMR
(200 MHz, CDCl;): 6 = 1.31 (t, J = 7.1 Hz, 3 H, CH3), 1.30-1.68
(m, 6 H, 3XCH,), 2.27 (s, 3 H, CH;), 2.49 (dd, J = 13.9, 8.9 Hz,
1 H, HCHCO), 2.62 (dd, J = 13.9, 4.8 Hz, 1 H, HCHCO), 3.03-
3.48 (m, 2 H, CH,N), 3.54 (m, 2 H, CH,;N), 4.21 (q, / = 7.1 Hz, 2
H, OCH,), 4.28 (dd, J = 8.9, 4.8 Hz, 1 H, 4-H), 6.31 (br. s, 2 H,
NH,), 6.83 (d, / = 8.1 Hz, 1 H, 7-H), 6.97 (d, J = 8.1 Hz, 1 H, 8-
H), 7.03 (s, 1 H, 5-H) ppm. '3C NMR (50 MHz, CDCls): = 14.6,
20.8,24.5,25.5,26.2,31.9, 42.2,42.6, 46.9, 59.5, 77.8, 115.4, 125.7,
128.1, 129.2, 133.7, 147.9, 161.8, 169.2, 169.4 ppm. IR (neat): vV =
3385, 3278, 2937, 2855, 1669, 1624 cm™!. C,,H,6N>O4 (358.44):
caled. C 67.02, H 7.31, N 7.82; found C 67.17, H 7.38, N 7.65.

Ethyl 2-Amino-4-(2-ethoxy-2-oxoethyl)-7-methoxy-4 H-chromene-3-
carboxylate (7a): Oil. 'H NMR (400 MHz, CDCl,): 6 = 1.19 (t, J
=7.1Hz, 3 H, CH;), 1.34 (t, J = 7.1 Hz, 3 H, CH3), 2.55 (dd, J =
14.8, 74 Hz, 1 H, HCHCO), 2.63 (dd, J = 14.8, 42Hz, 1 H,
HCHCO), 3.79 (s, 3 H, OCHj;), 4.05 (q, J/ = 7.1 Hz, 2 H, OCH,),
4.23 (m, 3 H, 4-H, CH,0), 6.34 (br. s, 1 H, NH,), 6.52 (d, J =
2.3Hz, 1 H, 8-H), 6.66 (dd, J = 8.4, 2.3 Hz, 1 H, 6-H), 7.15(d, J
= 8.4 Hz, 1 H, 5-H) ppm. '*C NMR (50 MHz, CDCl;): 6 = 14.4,
14.8, 30.9, 44.0, 55.7, 59.8, 60.4, 77.5, 101.5, 110.9, 117.9, 129.2,
150.8, 159.4, 161.7, 169.4, 172.2 ppm. IR (neat): ¥ = 3416, 3311,
2982, 1727, 1683, 1617 cm™!. C;7H,NOg (335.36): caled. C 60.89,
H 6.31, N 4.18; found C 60.78, H 6.27, N 4.25.

Ethyl 2-Amino-7-methoxy-4-|2-oxo-2-(1-piperidinyl)ethyl]-4 H-chro-
mene-3-carboxylate (7b): White solid, m.p. 139-140 °C. '"H NMR
(200 MHz, CDCl;): 6 = 1.29 (t, J = 7.1 Hz, 3 H, CH3;), 1.25-1.68
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(m, 6 H, 3xCH,), 2.45 (dd, J = 13.9, 9.4 Hz, 1 H, HCHCO), 2.65
(dd, J = 13.9, 43 Hz, | H, HCHCO), 3.09-3.65 [m, 4 H, (CH,)
,NJ, 3.79 (s, 3 H, OCH3), 4.23 (m, 3 H, 4-H, CH,0), 6.31 (br. s, 1
H, NH,), 6.51 (d, J = 2.5 Hz, 1 H, 8-H), 6.63 (dd, J = 8.5, 2.5 Hz,
1 H, 6-H), 7.16 (d, J = 8.5 Hz, 1 H, 5-H) ppm. '3C NMR (50 MHz,
CDCly): § = 14.6, 24.5, 25.5, 26.3, 31.0, 42.6, 42.7, 46.8, 55.4, 59.5,
78.1, 101.3, 110.3, 118.0, 129.5, 150.5, 159.1, 161.5, 169.2,
169.4 ppm. IR (neat): v = 3385, 3282, 2932, 2855, 1674, 1607 cm .
CaoHogN,Os (374.44): caled. C 64.16, H 7.00, N 7.48; found C
64.22, H 7.09, N 7.31.

Typical Reaction Procedure of Coumarin with Malononitrile and
Alkoxide: A solution of the malononitrile (2 mmol) in ethanol
(1 mL) was added to a solution of sodium ethoxide (1.2 mmol) in
ethanol (2 mL) at room temperature under nitrogen. After 30 min,
a solution of coumarin (1 mmol) in ethanol (2 mmol) was added,
then the reaction was kept at room temp. for 4 h. The reaction was
concentrated to half volume then poured into water and extracted
with dichloromethane. The organic solution was dried over Na,SO,
then concentrated under vacuum to afford 4 H-chromene derivative
8a (68%).

Ethyl (2-Amino-3-cyano-4 H-chromen-4-yl)acetate (8a): Amorphous
solid. '"H NMR (400 MHz, CDCl5): 6 = 1.27 (t, J = 7Hz, 3 H,
CH;), 2.65 (dd, J = 1.8, 6.0 Hz, 2 H, CH,CO), 4.01 (br. t, J =
6.0 Hz, 1 H, 4-H), 4.08 (q, J = 7.1 Hz, 2 H, OCH,), 4.67 (br. s, 2
H, NH,), 6.93 (d, J = 6.9 Hz, 1 H, 8-H), 7.02-7.23 (m, 3 H, 5,6,7-
H) ppm. *C NMR (100 MHz, CDCls): § = 14.0, 31.9, 43.5, 57.4,
60.7, 116.4, 1199, 122.5, 125.0, 128.0, 128.3, 149.3, 161.1,
170.9 ppm. GC-MS: m/z (%) = 258 [M*], 229, 184, 171, 156, 116.
IR (neat): ¥ = 3455, 3332, 2982, 2185, 1731, 1652cm™.
C14H14N,O5 (258.28): caled. C 65.11, H 5.46, N 10.85; found C
65.03, H 5.52, N 10.91.

Typical Reaction Procedure of Coumarin with Malononitrile and
Piperidine: A solution of the piperidine (2.2 mmol) in ethanol
(1 mL) was added to a solution of malononitrile (1.1 mmol) and
coumarin (1 mmol) in ethanol (2 mL) at room temperature and
under nitrogen. After 20 h at room temp. the reaction was concen-
trated to half volume then poured into water and extracted with
dichloromethane. The organic solution was dried over Na,SO, then
concentrated under vacuum. The crude product was purified by
chromatography over silica gel to afford 4H-chromene derivative
8b (51%). When benzene was used as solvent rather than ethanol
the reaction was complete in 4 h (yield of 8b: 57%).

2-Amino-4-|2-o0xo0-2-(1-piperidinyl)ethyl]-4 H-chromene-3-carbo-
nitrile (8b): White solid, m.p. 161-162 °C. 'TH NMR (200 MHz,
CDCl;): 0 = 1.29-1.72 (m, 6 H, 3XCH,), 2.73 (m, 2 H, CH,CO),
3.31 (m, 2 H, NCH,), 3.58 (m, 2 H, NCH,), 4.23 (br. t, / = 6.5 Hz,
1 H, 4-H), 4.67 (s, 2 H, NH,), 7.01 (dd, J = 1.1, 8.1 Hz, 1 H, 8-H),
7.13-7.33 (m, 3 H, 5,6,7-H) ppm. *C NMR (50.4 MHz, CDCls): 6
=24.4,254,26.3, 31.9, 42.1, 42.8, 46.8, 58.5, 116.2, 120.1, 123.6,
124.9, 128.1, 128.4, 149.2, 161.0, 168.3 ppm. IR (neat): ¥ = 3496,
3304, 3144, 2176, 1656, 1608 cm™. C;;H9N30, (297.36): caled. C
68.67, H 6.44, N 14.13; found C 68.77, H 6.41, N 14.03.

Ethyl (2-Amino-3-cyano-6-methyl-4 H-chromen-4-yl)acetate (9a):
Oil. '"H NMR (400 MHz, CDCl;): § = 1.24 (t, J = 7.1 Hz, 3 H,
CH3), 2.31 (s, 3H, CH3), 2.67 (dd, J = 15.2, 6.0 Hz, | H, HCHCO),
2.72 (dd, J = 15.2, 6.0 Hz, 1 H, HCHCO), 4.02 (t, J = 6 Hz 1 H,
4-H), 4.13 (q, J = 7.1 Hz, 2 H, OCH,), 4.63 (br. s, 2 H, NH,), 6.87
(d, /=8.2Hz, 1 H, 8-H), 7.01 (br. s, 1 H, 5-H), 7.03 (d, J = 8.2 Hz,
1 H, 7-H) ppm. '3C NMR (50 MHz, CDCly): 6 = 14.1, 20.8, 31.9,
43.4,57.7, 60.7, 116.1, 119.9, 122.1, 128.2, 128.9, 134.6, 147.2,
161.0, 170.9 ppm. IR (neat): ¥ = 3334, 2981 2924, 2187, 1645 cm™".
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C,5H,¢N,O; (272.30): caled. C 66.16, H 5.92, N 10.29; found C
66.24, H 5.87, N 10.23.

2-Amino-6-methyl-4-[2-0xo0-2-(1-piperidinyl)ethyl]-4 H-chromene-3-
carbonitrile (9b): White solid, m.p. 209-210°C. 'H NMR
(400 MHz, CDCl;): 6 = 1.27-1.65 (m, 6 H, 3xCH,), 2.30 (s, 3 H,
CHs;), 2.69 (m, 2 H, CH,CO), 3.29 (m, 2 H, CH;,N), 3.53 (m, 1 H,
CHN), 3.64 (m, 1 H, CHN), 4.15 (t, / = 6.2 Hz, 1 H, 4-H), 4.64
(br. s, 2 H, NH,), 6.86 (d, / = 8.3 Hz, 1 H, 8-H), 7.01 (dd, J = 8.3,
1.6 Hz, 1 H, 7-H), 7.08 (d, J = 1.6 Hz, 1 H, 5-H) ppm. 3C NMR
(50 MHz, CDCly): 0 = 21.1, 24.7, 25.7, 26.5, 32.3, 42.2, 43.2, 47.2,
58.9, 116.2, 120.4, 123.4, 128.9, 129.0, 134.7, 147.5, 161.4,
168.7 ppm. IR (neat): ¥ = 3370, 3155, 2937, 2183, 1659 cm™.
C3H,1 N30, (311.38): caled. C 69.43, H 6.80, N 13.49; found C
69.31, H 6.74, N 13.61.

Ethyl (2-Amino-3-cyano-7-methoxy-4 H-chromen-4-yl)acetate (10a):
Oil. '"H NMR (400 MHz, CDCl5): 6 = 1.24 (t, J = 7.1 Hz, 3 H,
CH;), 2.65 (dd, J = 154, 6.1 Hz, 1 H, HCHCO), 2.71 (dd, J =
154, 6.1 Hz, 1 H, HCHCO), 3.80 (s, 3 H, CH;0), 4.02 (t, J =
6.1 Hz, 1 H, 4-H), 4.14 (q, J = 7.1 Hz, 2 H, OCH,), 4.63 (br. s, 2
H, NH,), 6.53 (d, J = 2.6 Hz, 1 H, 8-H), 6.70 (dd, J = 8.6, 2.6 Hz,
1 H, 6-H), 7.12 (d, J = 8.6 Hz, 1 H, 5-H) ppm. '*C NMR (50 MHz,
CDCly): 6 = 14.7, 31.3, 43.4, 55.5, 60.7, 60.9, 101.5, 111.4, 114.4,
119.8, 128.6, 149.8, 159.5, 160.7, 170.9 ppm. IR (neat): ¥ = 3345,
2920, 2848, 2189, 1698 cm™!. C;5H4N,0, (288.30): caled. C 62.49,
H 5.59, N 9.72; found C 62.56, H 5.74, N 9.65.

2-Amino-7-methoxy-4-|2-oxo-2-(1-piperidinyl)ethyl|-4 H-chromene-
3-carbonitrile (10b): White solid, m.p. 156-157°C. 'H NMR
(400 MHz, CDCl;): 6 = 1.37-1.70 (m, 6 H, 3xCH,), 2.64 (dd, J =
15.1, 7.5 Hz, 1 H, HCHCO), 2.71 (dd, J = 15.1, 5.1 Hz, 1 H,
HCHCO), 3.30 (m, 2 H, CH,N), 3.57 (m, 2 H, CH,N), 3.79 (s, 3
H, OCH;), 4.13 (dd, J = 7.5, 5.1 Hz 1 H, 4-H), 4.70 (br. s, 2 H,
NH,), 6.51 (d, / = 2.6 Hz, 1 H, 8-H), 6.67 (dd, J = 8.6, 2.6 Hz, 1
H, 6-H), 7.22 (d, J = 8.6 Hz, 1 H, H-5) ppm. '*C NMR (50 MHz,
CDCly): 6 =24.7,25.7,26.6, 31.5,42.4,43.1,47.1, 55.8, 59.4, 101.9,
111.4, 1158, 120.3, 129.5, 150.1, 159.6, 161.0, 168.7 ppm. IR
(neat): ¥ = 3322, 3191, 2934, 2856, 2185, 1621 cm™!. C;3H,;N;05
(327.38): caled. C 66.04, H 6.47, N 12.84; found C 66.13, H 6.38,
N 12.72.
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