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Abstract — Fluorescent derivatization reagents, 3-aryl-7-diethylaminocoumarin
derivatives, were synthesized and reacted with isatin to give the adduct. Their

fluorescent properties are discussed.

Since isatin plays physiologically important roles in various biological systems,? there has been a demand
for practical methods to determine the concentration of isatin. In the previous paper, we reported the
synthesis of  4-tert-butyloxycarbonylaminooxybutyl  [2-(7-diethylamino-2-0x0-2H-chromen-3-yl)-
thiazol-4-yl]acetate (DACT-ONH) as a fluorescent derivatization reagent for isatin (Figure 1)." However,
it has been difficult to use DACT-ONH for determination of isatin by HPLC because of the formation of
E and Z stereoisomers, and because the sensitivity in measuring the concentration of isatin was reduced to
a half of fluorescence intensity of the reagent itself. The decreased sensitivity seems to be based on
some interactions through a long linkage of the reacting group in DACT-ONH. In order to resolve the
problems of stereoisomer formation and sensitivity, the reacting group with a short linkage will be
preferable.
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Figure 1. Structures of isatin and DACT-ONH.



Isatin has been used in various reactions, for example, reactions with diamines,® aldol reaction,*
Friedel-Crafts-type reaction,® Grignard reaction,® Wittig reaction,” and so on. ~ Since the aldol reaction of
isatin-carbonyl (3-position) with acetone in the presence of diethylamine is known to easily give an aldol
adduct, acetyl group was selected as a reacting group for the carbonyl of isatin. In general, the
introduction of an electron-withdrawing group at the 5-position on the thiazole ring causes a bathchromic
shift with increases in molar absorptivity and fluorescence intensity.” Therefore, thiazolylcoumarin
possessing an acetyl group at the 5-position on the thiazole ring was designed.

The synthesis of 7-diethyamino-3-thiazolylcoumarin having an acetyl group at the 5-position and the
fluorescent properties of related compounds are described in this paper.

First, coumarin-thiazolylmethyl chloride (2a) as an N-alkyl agent was synthesized from
7-diethylamino-2-oxo-2H-chromene-3-thiocarboamide (1) and 1,3-dichloropropan-2-one (Scheme 1).
The reaction of 2a with isatin in acetonitrile was carried out in the presence of potassium carbonate. The
resulting N-labeled compound (3) was nonfluorescent. Quenching of fluorescence seems to result in
intersystem crossing process to an excited triplet state or an energy transfer from the fluorophore to the
isatin moiety. Such a nonfluorescenct species was also observed in the isatin-hydrazone derivative
having a carbon-nitrogen double bond as reported in the previous paper.! However, compound (3) upon
treatment with acetone in the presence of potassium carbonate gave an acetone adduct (4) that strongly

fluoresced (Scheme 2).
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Scheme 1

Furthermore, as an N-labeling reagent, bromoacetylthiazolylcoumarin (2b) was synthesized from 1 and
1,4-dibromobutane-2,3-dione. The reaction of 2b with isatin in acetonitrile gave epoxides (5, 6) that
showed fluorescence. The compound (2b) also gave strongly fluorescent products (5, 7) by the reaction
in acetone. Thus, it was found that disappearance of the isatin-carbonyl (3-position) in fluorescent
derivatization restored the fluorescence. These results suggest that quenching of the fluorescence results
in some participation of a = bond in an isatin-carbonyl (3-position).

Next, a derivatization reagent (2c) was prepared from thioamide (1) and 3-bromopentane-2,4-dione. In

order to determine effective derivatization for isatin, the reaction of 2¢ with isatin was examined under



various conditions. When potassium carbonate as a base was used in acetonitrile, an aldol adduct (8a) was
obtained in maximum vyield of 60-70%. A satisfactory yield was not obtained because of the

involvement of the retro-aldol reaction.
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Scheme 2

Since both the aldol adducts (8a and 8b®) showed strong fluorescence, it was suggested that fluorescence
quenching results in participation of the carbonyl group at the 3-position in the isatin moiety. In order to
obtain a clue for resolving this problem, some nonfluorescent species were required. To determine
whether a carbon-carbon double bond at the benzylic position in the isatin moiety is also responsible for
the fluorescence quenching, the formation of a carbon-carbon double bond by dehydration of 8a was
examined under various acid catalyst conditions. When 8a was treated with thionyl chloride, a
dehydrating product (9) that was nonfluorescent was obtained in maximum yield of 44%. As predicted,
participation of a carbon-carbon double bond in 9 was again suggested.

The structures of coumarin-isatin adducts (3 ~ 9) were assigned on the basis of results of elemental
analyses and spectral data.

For example, the FAB-MS of 8a showed an ion peak (MH") at m/z 504 consistent with the adduct of 8a to

isatin.  In the *H-NMR spectrum, signals due to the aromatic protons in 8a showed ones analogous to the



reagent and isatin themselves. Characteristic peaks due to a-methylene, two doublets with coupling
constants of J = 16.6 Hz, appeared at 3.31 and 3.55 ppm, respectively, and the peak due to acetyl protons
disappeared. In the *H-"3C cosy spectrum, two doublets correlated with the signal at 44.4 ppm in the
3C-NMR spectrum, indicating the presence of a newly formed methylene group instead of the methyl
moiety in an acetyl group. Moreover, in the **C-NMR spectrum of 8a, a peak due to newly formed
quaternary carbon having a hydroxy group appeared at 72.8 ppm, but stereochemistry of the benzylic
carbon was unclear. These results indicate that an aldol addition reaction occurred between the acetyl

group and the carbonyl group in isatin.

Table 1. Absorption and fluorescence properties of thiazole-coumarin derivatives.

Compound Absorption? Fluorescence®
Amax (NM) € Ex (nm) FAnax (nm) Relative intensity

2a 451 48000 451 481 1.04
2b 455 30800 455 504 0.44
2c 472 60700 472 500 1.51
2d 433 46000 433 477 1.00
3 452 59500 - - -

4 436 41700 436 480 1.19
5 456 96700 456 482 1.61
6 457 34200 457 485 0.65
7 456 49500 456 483 1.19
8a 478 56200 478 508 1.29
8b 479 60600 479 509 1.45
9 494 51500 - - -

a) Concentration: 1.5 X 10"° M. b) Concentration: 3.5 X 10°® M.

The absorption and fluorescence properties of all the compounds are listed in Table 1. The relative
fluorescence intensity of the parent compound (2d) in chloroform is arbitrarily taken as 1.0.° The
absorption and fluorescence maxima (Amax and FAma) Of 8a and 8b appeared at longer wavelengths,
478-479 nm and 508-509 nm, respectively, than those of 2c. The relative fluorescence intensities of 8a
and 8b showed about the same values as that of 2c. Thus, a methanol solution of a mixture of 2c, 8a, and

8b was subjected to HPLC. As shown in Figure 2, peaks were clearly separated.



Although derivatization reagent (2c) is a promising
8a 8b 2c candidate for wuse in fluorometric detection in
combination with HPLC, an effective derivatization
yield of isatin was not obtained because of the
involvement of reversible retro-aldol reaction in this

method. However, it was found that the fluorescence

k quenching of derivatized-isatin results in interactions
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EXPERIMENTAL

All melting points were determined on a Yamato melting point apparatus (model MP-2) and are
uncorrected. NMR spectra were recorded on a JEOL JNM-LA-300 and JEOL ECP-500 spectrometers.
Chemical shifts are reported in ppm (3) relative to TMS (0.0 ppm) as internal standard. Coupling
constants, J, are given in Hz. MS spectra were obtained on a JEOL JMS-HX110 and JEOL JMS-700TZ.
Column chromatography was conducted using silica gel (Merck, Silica gel 60, 70-230 mesh).
Absorption and fluorescence spectra were measured with a Hitachi U-3310 and a Hitachi F-4100
fluorescence spectrophotometer, respectively. The HPLC system consisted of a Hitachi L-6200 pump, a
Rheodyne Model 7125 injector valve, a Hitachi F-1040 fluorescence spectrometer, a Hitachi D-2500
chromato-integrator and a Gasukuro Kogyo/Model-545 degassing unit. The column was Inertsil ODS-2
(150 x 4.6 mm.; particle size 5 um; Gasukuro Kogyo, Tokyo).
3-(4-Chloromethylthiazol-2-yl)-7-diethylamino-2H-chromen-2-one (2a)

A solution of 7-diethylamino-2-oxo-2H-chromene-3-thiocarboamide (1) (1.38 g, 5 mmol) and

1,3-dichloroacetone (726 mg, 6 mmol) in DMF (50 mL) was stirred at rt for 17 h. To the reaction mixture



was added brine, and the suspension was extracted with EtOAc. The combined organic phase was dried
over MgSO, and evaporated under reduced pressure. The residue was purified by column
chromatography (AcOEt : CHCI; = 8 : 1) to give 2a (1.30 g, 74%) as orange needles. mp 204-205 °C
(CHCl3); EI-LRMS m/z 348 (M*); *H-NMR (CDCls): & 1.25 (t, 6 H, J = 7.3 Hz), 3.46 (g, 4 H, J = 7.3
Hz), 4.75 (s, 2 H), 6.55 (d, 1 H, J = 2.4 Hz), 6.66 (dd, 1 H, J = 2.4, 8.8 Hz), 7.35 (s, 1 H), 7.45 (d, 1 H, J
= 8.8 Hz), 8.73 (s, 1 H); Anal. Calcd for C;7H17N,0,CIS: C, 58.53; H, 4.91; N, 8.03. Found: C, 58.30;
H, 4.96; N, 7.98.

3-[4-(2-Bromoacetyl)thiazol-2-yl]-7-diethylamino-2H-chromen-2-one (2b)

A solution of 7-diethylamino-2-oxo-2H-chromene-3-thiocarboamide (1) (2.76 g, 10 mmol) and
1,4-dibromo-2,3-butanedione (2.93 g, 12 mmol) in DMF (50 mL) was stirred at rt for 15 h. To the
reaction mixture was added brine, and the suspension was extracted with EtOAc. The combined organic
phase was dried over MgSO, and evaporated under reduced pressure. The residue was purified by
column chromatography (AcOEt : CHCI; = 10 : 1) to give 2b (1.86 g, 44%) as orange prisms. mp
222-224 °C (CHCl5-AcOEL); EI-LRMS m/z 420 (M*); *H-NMR (CDCls): 6 1.26 (t, 6 H, J = 7.2 Hz), 3.49
(9,4H,J=7.2Hz),4.77 (s,2H),6.56 (d, 1 H,J=2.4 Hz), 6.69 (dd, 1 H, J = 2.4, 8.8 Hz), 7.49 (d, 1 H,
J = 8.8 Hz), 8.30 (s, 1 H), 8.74 (s, 1 H); Anal. Calcd for C1gH;7N,O3BrS: C, 51.31; H, 4.07; N, 6.65.
Found: C, 51.57; H, 4.00; N, 6.74.
3-(5-Acetyl-4-methylthiazol-2-yl)-7-diethylamino-2H-chromen-2-one (2c)

A solution of 7-diethylamino-2-oxo-2H-chromene-3-thiocarboamide (1) (1.38 g, 5 mmol), K,CO3 (2.07 g,
15 mmol), and 3-bromopentane-2,4-dione (3.58 g, 20 mmol) in DMF (50 mL) was stirred at rt for 15 h.
To the reaction mixture was added brine, and the suspension was extracted with EtOAc. The combined
organic phase was dried over MgSO, and evaporated under reduced pressure. The residue was then
dissolved into CHCI;3 (50 mL) and PPTs (250 mg, 1 mmol) was added. After the mixture was stirred
under reflux for 11 h, the solvent was removed in vacuo. The residue was purified by column
chromatography (benzene : AcOEt = 10 : 1) to give 2c (576 mg, 32%) as a yellow solid. mp 227-229 °C
(hexane-AcOEt); EI-LRMS m/z 356 (M"); *H-NMR (CDCls): 8 1.26 (t, 6 H, J = 7.3 Hz), 2.58 (s, 3 H),
2.78 (5,3 H), 3.47 (9,4 H,J = 7.3 Hz), 6.56 (d, 1 H, J = 2.4 Hz), 6.68 (dd, 1 H, J = 2.4, 8.8 Hz), 7.46 (d,
1 H,J=28.8Hz), 8.78 (s, 1 H); Anal. Calcd for C19H2N,053S: C, 64.02; H, 5.66; N, 7.86. Found: C,
64.14; H, 5.76; N, 7.78; EI-HRMS m/z 356.1181 (Calcd for C19H20N,03S: 356.1195).

Reaction of 2a with Isatin in MeCN

To a solution of isatin (147 mg, 1 mmol) and 2a (419 mg, 1.2 mmol) in MeCN (140 mL) was added
K,CO3 (691 mg, 5 mmol), and the mixture was stirred at rt for 3 days. The solvent was removed in
vacuo, and the residue was purified by column chromatography (CHCl; : AcOEt = 20 : 1) to give 3 (294
mg, 65%) as orange needles. mp 254-255 °C (CHCIl3-AcOEt); FAB-LRMS m/z 460 (MH™); *H-NMR



(CDCls): 8 1.25 (t, 6 H, J = 7.2 Hz), 3.46 (9, 4 H, J = 7.2 Hz), 5.10 (s, 2 H), 6.54 (d, 1 H, J = 2.4 Hz),
6.66 (dd,1H,J=24,88Hz),7.04(d, 1 H,J=81Hz),7.19(t,1H,J=8.1Hz),7.25 (5,1 H), 7.45 (d, 1
H,J=88Hz), 754 (t, 1 H, J =81 Hz), 762 (d, 1 H, J = 8.1 Hz), 8.63 (5,1 H); FAB-HRMS m/z
460.1320 (Calcd for CpsH2,N30,4S: 460.1331).

Reaction of 2a with Isatin in Acetone

To a solution of isatin (147 mg, 1 mmol) and 2a (419 mg, 1.2 mmol) in acetone (140 mL) was added
K2CO3 (691 mg, 5 mmol), and the mixture was stirred at rt for 3 days. The solvent was removed in
vacuo, and the residue was purified by column chromatography (CHCI; : AcOEt = 20 : 1) to give 4 (294
mg, 57%) as orange needles. mp 203-205 °C (CHCls-hexane); FAB-LRMS m/z 518 (MH"); *H-NMR
(CDCl3): 61.24 (t,6 H,J=7.2Hz),3.17(d,1H,J=17.1Hz),3.34(d,1H,J=17.1Hz),3.45(q, 4 H, J
=7.2Hz),499(,1H,J=16.1Hz),5.18(d, 1 H,J=16.1 Hz),6.53 (d, 1 H, J = 2.4 Hz), 6.64 (dd, 1 H,
J=24,9.0Hz),6.86(d, 1 H,J=8.1Hz),7.03(t, 1 H,J=8.1Hz),7.24 (t, 1 H, J=8.1 Hz), 7.25 (5,1 H),
7.36 (d, 1 H, J = 8.1 Hz), 7.42 (d, 1 H, J = 9.0 Hz), 8.66 (s, 1 H); FAB-HRMS m/z 518.1742 (Calcd for
CasH2sN30sS: 518.1750).

Reaction of 2b with Isatin in MeCN

To a solution of isatin (147 mg, 1 mmol) and 2b (506 mg, 1.2 mmol) in MeCN (140 mL) was added
K.CO3 (691 mg, 5 mmol), and the mixture was stirred at rt for 3 days. The solvent was removed in
vacuo, and the residue was purified by column chromatography (CHCI; : AcOEt = 8 : 1) to give 5 (154
mg, 19%) as yellow needles and 6 (112 mg, 23%) as orange needles: 5: mp 240-241 °C (CHCls-hexane);
FAB-LRMS m/z 828 (MH*); *H-NMR (CDCls): & 1.26 (m, 12 H), 3.47 (m, 8 H), 5.27 (d, 1 H, J = 18.4
Hz), 5.45 (s, 1 H), 5.63 (d, 1 H, J = 18.4 Hz), 6.5-6.8 (M, 6 H), 7.00 (t, 1 H, J=7.9 Hz), 7.30 (t, 1 H, J =
7.9 Hz), 7.49 (m, 2 H), 8.18 (s, 1 H), 8.31 (s, 1 H), 8.70 (s, 1 H), 8.81 (s, 1 H); FAB-HRMS m/z 828.2167
(Calcd for Cu4H3gNs0sS;: 828.2162). 6: mp 194-195 °C (CHCls-hexane); FAB-LRMS m/z 488 (MH");
'H-NMR (CDCls):  1.25 (t, 6 H, J = 7.3 Hz), 3.41 (9, 4 H, J = 7.3 Hz), 5.45 (s, 1 H), 6.39 (dd, 1 H, J =
2.5,8.8Hz),6.47 (d,1H,J=25Hz),693(d, 1 H,J=74Hz),7.02(t,1H,J=74Hz),7.20(d,1H,J
=74Hz),730(t 1H,J=74Hz),7.38(d, 1H,J=88Hz),8.30(s,1H), 851 (brs, 1H),8.56 (s, 1H);
FAB-HRMS m/z 488.1288 (Calcd for CysH22N305S: 488.1280).

Reaction of 2b with Isatin in Acetone

To a solution of isatin (147 mg, 1 mmol) and 2b (506 mg, 1.2 mmol) in acetone (140 mL) was added
K2.CO3 (691 mg, 5 mmol), and the mixture was stirred at rt for 3 days. The solvent was removed in
vacuo, and the residue was purified by column chromatography (CHCI; : AcOEt = 8 : 1) to give 5 (136
mg, 16%) as yellow needles and 7 (112 mg, 23%) as orange needles. 7: mp 251-253 °C (CHCl3-hexane);
FAB-LRMS m/z 546 (MH"); 'H-NMR (DMSO-dg): & 1.09 (t, 6 H, J = 7.2 Hz), 1.98 (s, 3H), 2.98 (d, 1 H,
J=16.1Hz),3.26 (d, 1 H,J=16.1Hz),3.43 (9,4 H,J=72Hz),519 (d, 1 H,J=185Hz),5.36 (d, 1



H, J = 18.5 Hz), 6.50 (d, 1 H, J = 2.0 Hz), 6.78 (dd, 1 H, J = 2.0, 8.8 Hz), 6.90 (d, 1 H, J = 7.3 Hz), 6.96
(t,1H,J=73Hz),717( 1H,J=73Hz),7.29(d, 1 H,J=7.3Hz),7.71 (d, 1L H, J = 8.8 Hz), 8.57 (5,
1 H), 8.87 (s, 1 H); FAB-HRMS m/z 546.1722 (Calcd for Cy9H2sN306S: 546.1699).
3-{2-[2-(7-Diethylamino-2-oxo-2H-chromen-3-yl)-4-methylthiazol-5-yl]-2-oxoethyl}-3-hydroxyindo-
lin-2-one (8a)

To a solution of isatin (14 mg, 0.09 mmol) and 2c (45 mg, 0.14 mmol) in MeCN (4 mL) was added
K2CO3 (200 mg, 1.4 mmol), and the mixture was stirred at rt for 3 days. The solvent was removed in
vacuo, and the residue was purified by column chromatography (CHCI; : AcOEt = 5 : 1) to give 8a (32
mg, 71%) as red prisms. mp 229-230 °C (CHCIs-EtOH); FAB-LRMS m/z 504 (MH"); *H-NMR (CDCls):
831.26 (t,6 H,J=6.9Hz), 2.75 (s, 3 H), 3.31(d, 1 H, J = 16.6 Hz), 3.49 (9, 4 H, J =6.9 Hz), 3.55 (d, 1 H,
J=16.6 Hz), 5.57 (s, 1 H), 6.56 (d, 1 H, J = 2.3 Hz), 6.69 (dd, 1 H, J = 2.4, 9.2 Hz), 6.89 (d, 1 H, J = 7.8
Hz), 7.01 (t 1 H,J=7.8Hz), 7.30 (t, 1 H,J = 7.8 Hz), 7.45 (d, 1 H, J = 7.8 Hz), 7.49 (d, 1 H, J = 9.2
Hz), 8.77 (s, 1 H), 9.82 (s, 1 H); *C-NMR (DMSO-ds): & 12.4 (q), 44.4 (t), 72.8 (s), 96.2 (d), 108.0 (s),
109.4 (d), 110.0 (s), 110.5 (d), 121.2 (d), 123.8 (d), 129.0 (d), 130.0 (s), 131.7 (d), 142.0 (d), 152.4 (s9,
156.6 (s), 157.8 (s), 160.0 (s), 161.8 (s), 189.3 (s); FAB-HRMS m/z 504.1596 (Calcd for Cy;H26N30sS:
504.1599); Anal. Calcd for C,7H25N30sS: C, 64.40; H, 5.00; N, 8.34. Found: C, 64.32; H, 5.01; N, 8.30.
3-{2-[2-(7-Diethylamino-2-oxo-2H-chromen-3-yl)-4-methylthiazol-5-yl]-2-oxoethyl}-3-hydroxy-1-
methylindolin-2-one (8b)

To a solution of N-methylisatin (147 mg, 1 mmol) and 2c (428 mg, 1.2 mmol) in MeCN (140 mL) was
added K,CO3 (691 mg, 5 mmol), and the mixture was stirred at rt for 3 days. The solvent was removed
in vacuo, and the residue was purified by column chromatography (CHCI; : AcOEt=5: 1) to give 8b (90
mg, 17%) as brown prisms. mp 145-147 °C (CHCls-EtOH); FAB-LRMS m/z 518 (MH"); *H-NMR
(CDCl3): 61.25 (t,6 H, J = 6.8 Hz), 2.78 (s, 3 H), 3.23 (s, 3 H), 3.35(d, 1 H, J = 16.6 Hz), 3.47 (q, 4 H,
J=6.8Hz),3.55(d,1H,J=16.6 Hz),5.05(s, 1 H),6.54 (d,1H,J=24Hz),6.67(dd,1H,J=24,9.2
Hz), 6.85(d, 1 H,J=78Hz),7.04 (t, 1 H,J=78Hz),7.32(t 1H,J=78Hz),742(d,1H,J=78
Hz), 7.45 (d, 1 H, J = 9.2 Hz), 8.77 (s, 1 H); Anal. Calcd for CosH27N30sS: C, 64.97; H, 5.26; N, 8.12.
Found: C, 65.07; H, 5.28; N, 8.11.
3-{2-[2-(7-Diethylamino-2-oxo-2H-chromen-3-yl)-4-methylthiazol-5-yl]-2-oxoethylidene}indolin-2-
one (9)

A solution of 8a (59 mg, 0.15 mmol) and SOCI; (60 uL, 0.82 mmol) in CH,CI, (10 mL) was stirred under
reflux for 4 h. The solvent was removed in vacuo, and the residue was purified by column
chromatography (hexane: AcOEt =1 : 1) to give 9 (36 mg, 49%) as a red solid. mp >300 °C (MeOH);
FAB-LRMS m/z 486 (MH*); *H-NMR (DMSO-dg): & 1.16 (q, 6 H, J = 6.9 Hz), 2.78 (s, 3 H), 3.50 (q, 4 H,
J=6.9Hz),6.66 (d, 1 H, J=2.3Hz),6.89-6.83(m,3H),6.99 (t, LH,J=75Hz),7.36(t,1H,J=75



Hz), 743 (s, 1 H), 7.76 (d, 1 H, J = 9.2 Hz), 8.21 (d, 1 H, J = 7.5 Hz), 8.88 (s, 1 H), 10.82 (br s, 1 H);
FAB-HRMS m/z 486.1479 (Calcd for C,7H24N30,4S: 486.1487); Anal. Calcd for Co;H23N30,4S:0.4H,0: C,
65.81; H, 4.87; N, 8.53. Found: C, 65.79; H, 4.91; N, 8.34.
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