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Heterocyclic Synthesis, Fluorescence Derivatization
The synthesis of three new reagents, namely the bromomethyl derivatives of a pyrano[3,2-c]benzopyran (2b) and of l l H - p y r i d o [ l , 2 - b ] q u i n a z o l i n - l l - o n e (3b, d) is described.
Introduction of the reactive bromomethyl group was accomplished in one case (2 b) by a
ring closure reaction using ethyl y-chloroacetoacetate, and in the other cases (3 b, d) b y
bromination of a methyl group using N-bromosuccinimide. 2 b is suitable for the derivatization of barbiturates, whilst 3d reacts with oxygen nucleophiles like alcohols,
phenols or carboxylates.

Fluorescence derivatization techniques have become a most powerful tool in ultramicro analysis of
organic and biologically important compounds [1,2].
Derivatization reagents are expected to be easily
accessible, to have high fluorescence quantum yields
and to possess high, but selective reactivity. In
continuation of our search for suitable reagents we
now report the synthesis of two novel molecules
possessing useful reaction selectivity.
Condensation of 4-hydroxy-7-methoxycoumarin
(1) with ethyl acetoacetate according to a modified
von Pechmann-reaction [3] afforded the highly
fluorescent pyrano[3,2-c]benzopyran (2a). The presence of an 8-methoxy group is known to confer
bright fluorescence. However, attempted bromination of 2 a with bromine and N-bromosuccinimide
(NBS) failed to give the desired bromomethyl
derivative 2b, since bromination occurs at the
aromatic nucleus. This behavior is paralleled by a
similar reactivity of some coumarins, which are
brominated in the aromatic ring rather than in the
side chain [5].
Bromomethylcoumarin 2 b was obtained in fair
yield by condensation of 1 with ethyl y-bromoacetate. Sulfuric acid has been used as a condensing
agent for the preparation of the related compound
derived from resorcinol [6], but in the given case
phosphorus oxychloride was found to be the most
suitable reagent. When excited with the mercury
366 nm-line, a bright blue fluorescence peaking at
422 nm, is observed from solutions of 2b.
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Another reagent prepared is derived from the
readily accessible [7, 8] 11 #-pyrido[2,3-b]quinazolin-ll-one ring system. Interestingly, up to now
no report of the use of its inherent strong fluorescence has come to our attention.
Copper catalyzed thermal condensation of 2chlorobenzoic acid with 2-amino-4-methylpyridine
gave the pyridoquinazoline (3 a), which, after treatment with NBS, gave its bromo derivative (3 b). The
isomeric compound (3d), bearing the bromomethyl
group in the aromatic rather than in the heterocyclic ring, was synthesized similarly, starting from
5-methylbenzoic acid and 2-bromopyridine, followed
by treatment of the resulting 3 c with NBS. Both 3 b
and 3d can be excited with 350 to 380 nm-light and
show a well structured fluorescence spectrum with
maxima at around 430, 455 and 480 nm.
2b, 3b, and 3d exhibit useful reactivity towards
oxygen and nitrogen nucleophiles. However, 3 b is
unstable and frequently reacts to give undefined byproducts. 2 b reacts cleanly with barbiturates at
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nitrogen, thus allowing their fluorimetric quantitation in the 1 to 10 ng range [9]. Compared with
existing coumarin-derived reagents [10]. 2b has the
advantage of a longwave excitation which can
minimize interferences from shortwave excited
background fluorescence. Compound 3d reacts not
only with a variety of oxygen nucleophiles such as
carboxylic acids, phenols and alcohols, but also
with sulfonamides to give the fluorescent derivatives [11],
Experimental Part

8-Methoxy-4-methyl-2 H ,5 H-pyrano[3,2-c ] benzopyran-2,5-dione (2 a)
A mixture of 1.92 g (10 mmol) 4-hydroxy-7methoxycoumarin [4], 2.60 g (20 mmol) ethyl acetoacetate and 3 g ammonium acetate was heated in
3 ml dimethylformamide (DMF) at 180 °C for 2 h
and poured into 50 ml ethanol. The resulting precipitate was recrystallized from DMF to give 2.20 g
(85%) of fine white needles, m.p. 233 °C. Mass
spectrum (70 eV): mje = 358 (M+, 45%), 230(77),
215(16), 201(5), 186(11), 44(100). - IR (KBr): 1751,
1725, 1629, 1590, and 1556 cm- 1 . - UV (MeOH):
A max = 277.6 nm (log e = 4.058) and 355.3 (4.377). Fluorescence (MeOH): Amax = 422 nm (excitation
maximum 361 nm).
Ci 4 HI 6 0 5 (258.2)
Calcd
C 65.12
Found C 65.23

H 3.90,
H 3.84.

4-Bromomethyl-8-methoxy-2 H ,5 H -pyrano[3,2-c] benzopyran-2,5-dione (2 b)
A mixture of 0.6 g (3.1 mmol) 4-hydroxy-7methoxycoumarin and 1.5 g (7.2 mmol) ethyl ybromoacetoacetate [12] was refluxed with 0.3 ml
phosphorus oxychloride in benzene (20 ml) for 5 h
under stirring and exclusion of moisture. The
resulting suspension was filtered, the solid mass
extracted twice with hot benzene and the combined
benzene solutions concentrated to about 5 ml.
Adding 40 ml of dry ether and standing at 4 °C
affords a brownish precipitate of 2b. Yield 0.51 g
(49%). For elemental analysis the product was
purified by preparative tic (eluent acetone-toluene,
1:1, silica gel plates). - Mass spectrum (70 eV):
mje = 337(15%), 335(17), 310(7), 308(6), 258(81),
230(100). - IR (KBr): 2980, 2920, 1740, 1715, 1620
and 1445 cm-i. - UV (CH 3 CN): Amax = 278.2 nm
(log £ = 4.003), and 356.0 nm (4.300). - Fluorescence
(CH3CN): Amax = 422 nm (excitation maximum at
362 nm).
Ci 4 H 9 Br0 5 (338.2)
Calcd
C 49.88
Found C 49.96

H 2.69,
H 2.64.
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7-Methyl-llH-pyrido[2,1-bJquinazolin-ll-one

(3a)

4.0 g (25.5 mmol) 2-chlorobenzoic acid and 8.0 g
(75.5 mmol) 2-amino-4-methylpyridine were heated
together to 190 °C. Then 4.0 g potassium carbonate
and 40 mg copper powder were added to the melt.
After two hours at this temperature the mixture
was extracted with 100 ml dilute hydrochloric acid.
After filtration the solution was concentrated until
crystallization began. The resulting 3 a hydrochloride
was recrystallized from ethanol-water (3:1) to give
needles of m.p. 320 °C (decomp.). To obtain the free
base, the hydrochloride was dissolved in little water
and treated with aqueous sodium hydroxide. The
precipitate gives yellowish crystals, m.p. 151 °C
(from 50% ethanol). - Mass spectrum (70 eV):
m/e = 210(100), 182(35), 181(24). 149(10), 146(13). IR (KBr): 1707,1661 and 1538 c n r U - U V (MeOH):
;.MAX = 349 (log s = 4.190) and 325 nm (4.100),
shifting to 356 nm after addition of one drop of
perchloric acid. - Fluorescence (MeOH): ylmax =
443 nm, shifting to 426 nm with perchloric acid. iH-NMR (CDCI3): <5 = 2.39 (s, 3H), 6.61 (dd, J =
7 Hz and 1.5 Hz, 1H), 7.1 to 7.9 (m, 4H), 8.35
(d, J = 8 Hz, 1H), 8.72 (d, 1H).
C15H10N2O (210.2)
Calcd
C 74.28
Found C 74.23

H 4.79
H 4.95

N 13.22,
N 12.98.

7-Bromomethyl-11 H-pyrido[ 2,1-b Jquinazolinll-one (3b)
To a boiling suspension of 0.2 g (1 mmol) of 3 a
in 50 ml tetrachloromethane chloroform was added,
until a clear solution was obtained (ca. 100 ml).
0.54 g (2 mmol) NBS and 20 mg azobis-isobutyronitrile was added. Bromination starts immediately.
After 4 h at reflux temperature the solution was
filtered from succinimide and evaporated to dryness.
Recrystallization from chloroform gave 0.20 g (71 % )
yield of crude material, which was further purified
by preparative tic (eluent dioxane). On heating, the
compound turns brown above 170 °C and melts at
191 °C. - Mass spectrum (70 eV): mje = 290, 289
(57%), 288 and 287 in the bromine isotopic pattern,
224(33), 209(31), 149(100). - IR (KBr): 1718, 1654,
1628 and 1545 c m - 1 . - U V and fluorescence spectrum
practically identical with that of 3 a.
Ci3H9BrN2Q (289.1)
Calcd
C 54.00
Found C 54.05

H 3.14
H 2.88

N 9.69,
N 9.53.

2-Methyl-11H-pyrido[2,1-bJquinazolin-11-one

(3c)

5.0 g (31.6 mmol) 2-bromopyridine, 4.2 g
(27.8 mmol) 5-methyl-2-aminobenzoic acid and
0.02 g potassium iodide were heated together under
nitrogen to 150 °C. After 6 h the melt was triturated
with 15 ml cold ethanol, filtered and crystallized
from 90% ethanol. The resulting hydrobromide
decomposes at 270 °C and can be transformed into
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the free base by ether extraction of its alkaline
aqueous solution. Yield 4.4 g (74%) of yellow
needles of m.p. 130 °C, soluble in ether and chloroform. - Mass spectrum: m/e = 210(100%), 181(33),
78(22). - IR (KBr): 1708, 1653, 1626 and 1556 cm-1.
- UV (MeOH): ;.max = 353.5 (e = 12,820) nm. Fluorescence (MeOH): ;.max = 445 nm. - iH-NMR
(De-DMSO): Ö = 2.48 ppm (s, 3H), 6.8-7.9 (m,5H),
8.00 (s, 1H), 8.73 (d, J = 6 Hz, 1H).
C15H10N2O (210.2)

Calcd
Found

C 74.28
C 74.11

H 4.79
H 4.59

N 13.33,
N 13.22.

3c and 0.36 g (2 mmol) NBS. Yield 0.20 g (70%)
crystals of m.p. 177 °C, soluble in ether, chloroform
and acetone. - Mass spectrum: mje — 291,290(79%),
289(23), 288(70), 262(64), 210(100). 209(70), 186(53).
181(71).-IR (KBr): 1710,1655,1622 and 1558cm-1.
- UV (MeCN): Amax = 369.2 nm (e = 14,300). Fluorescence (MeCN): Amax = 454 nm, with shoulders at 428, 480 and 510 nm.
Ci3H9BrN20 (289.1)
Calcd
C 54.00
Found C 54.12

H 3.14
H 2.99

N 9.69,
N 9.43.

2-Bromomethyl-ll H-pyrido[2,l-b Jquinazolin11-one (3d)
This compound was obtained in complete analogy
to the synthesis of 3b, starting from 0.21 g (1 mmol)
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