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Total synthesis of 3,4-dihydrobenzo[h ]quinazolin-4-one and
structure elucidation of perlolidine and samoquasine A
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Abstract—The total synthesis of 3,4-dihydrobenzo[h ]quinazolin-4-one is described. Based on the spectral data and chemical
evidence, the structures of 3,4-dihydrobenzo[h ]quinazolin-4-one, perlolidine, and samoquasine A are not the same. A structure for
samoquasine A is suggested. © 2002 Elsevier Science Ltd. All rights reserved.

Benzo[h ]quinazolines are poorly studied systems
because of the absence of accessible and reliable meth-
ods of synthesis of such compounds. There are some
published routes for the synthesis of 4-substituted 5,6-
dihydrobenzo[h ]quinazolines,1 2,3-disubstituted ben-
zo[h ]quinazolin-4(3H)-one,2 and 1,2-dihydrobenzo[h ]-
quinazolines.3 The diversity of pharmacological activi-
ties 1,4–7 (antidepressive, antitumor, anti-platelet aggre-
gation, etc.) of benzo[h ]quinazolines show that they are
important heterocyclic systems. In 2000, a new cyto-
toxic alkaloid, samoquasine A, was isolated from the
seeds of Annona squamosa.8 This was the first example
of a benzo[h ]quinazoline alkaloid from a plant belong-
ing to the Annonaceae. In previous work, including our
studies,9,10 Annonaceous plants have yielded many
alkaloids but no compound’s structure was related to
the proposed structure for samoquasine A. The cyto-
toxic activity of samoquasine A prompted us to synthe-
size it and some analogues.

The modified methods11,12 to synthesize 1-amino-2-
naphthoic acid 5 were used (Scheme 1). 1-Nitronaph-
thalene 1 (0.03 mol) was added to a solution of ethyl

cyanoacetate (0.09 mol), KOH (0.06 mol), and KCN
(0.03 mol) in DMF (90 mL), then the mixture was
stirred for 30 h at 55°C. After the solvent had been
removed under vacuum, the residue was dissolved in
ethanol (75 mL), and 20% aqueous NaOH solution (25
mL) was added. The mixture was heated to reflux for
10 h. After the ethanol was removed under reduced
pressure, the aqueous solution was brought to pH 6.5
with aqueous concentrated acetic acid. The solution
was partitioned with CHCl3. The CHCl3 extract
obtained was purified by silica gel chromatography
(n-hexane/CHCl3=1:3) to provide 1-amino-2-naph-
thoic acid 5 (46%).13 A microwave-assisted Niemen-
towski reaction was used to prepare the final compound
6 from 5. A mixture of 1-amino-2-naphthoic acid 5 (0.2
mmol) and formamide (1 mmol) was irradiated in a
domestic microwave oven for 10 min (580 W). After
cooling, the crude reaction product was purified by SPE
(LiChrolut, RP-18, 40–63 �m, 500 mg, 6 mL, Merck) to
afford 6 (74%). Acetamide and propionamide were used
in analogous reactions to afford compounds 7 and 8.

Compound 6 was obtained as a yellow powder, EIMS
m/z 196 [M ]+, mp 244–245°C. The 1H NMR (400
MHz) and 13C NMR (100 MHz) data are given in
Table 1. Using 2D NMR (1H–1H COSY, HMBC,
HMQC, ROESY) analysis, the structure was unam-
biguously assigned as 3,4-dihydrobenzo[h ]quinazolin-4-
one. The structures of 7 (2-methyl-3H-benzo[h ]-
quinazolin-4-one) and 8 (2-ethyl-3H-benzo[h ]-
quinazolin-4-one) were similarly confirmed.2

However, the physical and spectra data of 6 were
incompatible with those reported for samoquasine A.8

There were some differences in the NMR data (Table
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1). The downfield singlet for H-2 is significantly
different.

In the present study on the stems of A. squamosa, we
also isolated a diazaphenanthrene derivative.14 It’s
physical and spectral data were similar to those of
samoquasine A. The diazaphenanthrene had a molecu-
lar formula of C12H8N2O as revealed by HREIMS (m/z
196.0634, [M ]+, calcd 196.0636). 1H and 13C NMR data
indicated that the molecule has one conjugated car-
bonyl and 11 olefinic carbons. On analysis by 2D NMR
(COSY, ROESY, HMQC, HMBC), this compound
was shown to be 2,9-diazaphenanthren-1(2H)-one. The
EIMS peaks (m/z 196 [M ]+, 168 [M−CO]+, 140 [M−
H2CN]+) also confirmed the structure. To our knowl-
edge, 2,9-diazaphenanthren-1(2H)-one (perlolidine) has
not been isolated from any plants other than those of
the Poaceae family, and no detailed NMR data were
found.15,16 The NMR data of perlolidine cannot be

Scheme 1.

Table 1. NMR data of samoquasine A and 6

6 in CDCl3 6 in d6-DMSOSamoquasine A in CDCl3Position

�C
8�H (J, Hz)8 �H (J, Hz) �H (J, Hz) �C

9.60 s2 150.5 8.29 s 8.36 s 146.3
160.9––4 164.0–

–4a 118.7 – – 119.2
7.55 d (7.3) 136.05 8.23 d (8.8) 8.06 d (8.8) 121.4

126.97.94 d (8.8)7.91 d (8.8)6 101.67.30 d (7.3)
– 123.66a – – 135.8

7 8.40 dd (1.0, 8.3) 125.0 7.95 dd (1.8, 7.5) 8.04 dd (1.8, 7.5) 128.2
7.71 dt (1.0, 8.3) 128.78 7.72 td (1.8, 7.5) 7.72 td (1.8, 7.5) 129.4

9 7.87 dt (1.0, 8.3) 132.8 7.75 td (1.8, 7.5) 7.77 td (1.8, 7.5) 127.3
8.12 dd (1.0, 8.3) 124.810 8.90 dd (1.8, 7.5)9.01 dd (1.8, 7.5)130.4
– 148.510a – – 129.6

147.3––144.310b –
– –13.20 br s10.54 br sNH –
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measured in CDCl3 because of its poor solubility, so
that we cannot be sure whether perlolidine and samo-
quasine A are the same or not.

There are currently 229 substances listed in the Beilstein
Commander database with the molecular formula
C12H8N2O. But none of those can be considered as a
possible structure for samoquasine A. Based on the
NMR data and chemical evidence,8 we suggest moving
the nitrogen from position 1 to 2. Thus, samoquasine A
may contain a naphthalene ring system and a pyridazi-
none ring. This structure could explain the downfield
singlet signal at � 9.60 (deshielded by the aromatic
ring). The J3 long-range correlations between H-1/C-4a
and H-1/C-10a and the absence of a long-range correla-
tion between H-1/C-4 are also consistent with the sug-
gested structure for samoquasine A.

In summary, a convenient method to synthesize 3,4-
dihydrobenzo[h ]quinazolin-4-one 6 and its analogues 7
and 8 was developed. This method could be used to
prepare other 2,3-disubstituted benzo[h ]quinazolin-4-
ones to investigate their biological activities. Perlolidine
has been isolated from the stems of A. squamosa. It is
the first time that perlolidine has been isolated from a
plant of a non-Poaceae family. Perlolidine exhibited

mild cytotoxicity against NUGC and HONE-1 cancer
cell lines in vitro (inhibitory ratio 63% and 62% at 50
�g/mL, respectively). The structures of 6 and perlo-
lidine were confirmed by NMR data clearly and unam-
biguously. Compound 6, perlolidine, and samoquasine
A are definitely not the same. The possible structure of
samoquasine A is 3,4-dihydrobenzo[ f ]phthalazin-4-
one.
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