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Differently substituted phthalic anhydrides can react either with semicarbazide or thiosemicarbazide to
give respectively 1,4-dioxo-3,4-dihydrophthalazinek2¢tarboxamides or 1,4-dioxo-3,4-dihydrophthal-
azine-2(H)-carbothioamides under mild conditions and generally with good yields. These compounds have
been tested in order to evaluate their anti-microbial activity. Furthermore a new synthetic pathway to phtha-
lazino[2,3b]phthalazine-5,7,12,14-tetraone has been devised.

J. Heterocyclic Chem40, 1011 (2003).

The dramatic resurgence of tuberculosis (TB), both for It has been reported that 4-hydroxy-2-pheryHihtha-
developed and poor countries, is becoming a public healtlazin-1-one and related compounds are active against
emergency. The social and economic toll is enormousdyl.tuberculosig2,3].
especially in the case of immunocompromised individuals, Desai and coworkers devised a new method for the syn-
such as those infected by HIV, those undergoing antitumahesis of 4-hydroxy2-phenyt2H-phthalazin-1-one [4].
chemotherapy, and transplant recipients using antirejectior

therapy. o
Since the discovery of streptomycin several anti-TB

drugs, such as isoniazid, pyrazinamide, ethambutol, anc N
the newer quinolones resembling derivatives [1], have /1\|1
been introduced in therapy.

OH

0\\ _NH-NH,
I i con The synthesis of related compounds, based on the 2,3-
N C. 2 . . . . . .
(\] [/ ]/ S, N dihydro-1,4-phthalazinedione ring, starting from phthalic
Sy NH \(\ anhydride [5-7], 3-nitrophthalic acid [8], or phthalimide

N cmon [6-9], has been reported.

ONIAZID PYRAZINANIDE HHABTTOL Later, a general method for the synthesis of 1,4-dioxo-
3,4-dihydrophthalazine-2H)-carboxamide or —carboth-
o o ioamide was devised [10]: an equimolar mixture of
NG Son phthalic anhydride and either semicarbazide or thiosemi-
" s | carbazide is heated at 160 °C for 30 minutes in the pres-
N N wa ence of polyphosphoric acid (PPA). After cooling, the mix-
@ ture is decomposed with ice water and crystallized from
acetic acid.

ABT-255 . . . . .
Pursuing our research in the field of antibacterial com-

pounds [11-13], we attempted to repeat this procedure sev-
Unfortunately, together with the new molecules, theeral times, in order to obtain derivatives of 1,4-dioxo-3,4-
growth of resistant mutants is observed. By using a multidihydrophthalazine-2{)-carboxamide or —carbothio-
ple drug therapy for a few months, the growth of resistanamide as potential antimycobacterial agents.
strains is highly reduced. However, in the poorer countries, In spite of the fact that we carefully followed the
patients, both for inconvenience and economic problemseported conditions, we have not obtained the reported
interrupt the therapy as soon as they start to feel bettgsroduct.
which happens before the TB infection is completely erad- Furthermore, only when thiosemicarbazide was used, an
icated. emission of HS, from the reaction mixture, was observed
On this basis, the urgency for new and more potent motogether with the obtained product which was purified as
ecules to fight against tuberculosis is becoming higher dagiescribed by the authors. Although the measured melting
by day. point is similar to the reported one (mp = 310 °C dec,,
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reported 307 °C), it exhibits a mass spectrum with a mole- All the synthesized compounds exhibit a similar behavior,
cular ion at m/z 292. This ion exhibits an m/z value 71in the electron ionization obtained mass spectra: the forma-
units higher than that of the expected product. tion of quite abundant molecular ions, with the exception of
The product was then washed in boiling methanol andompounde and?2j, is observed, together with two main
then in diethyl ether and the melting point raised to 343fragmentation pathways, the first originating from the cleav-
344 °C. In particular decomposition with reduction of theage of the carbothioamide or carboxamide group which lead
sample volume is observed starting from 312 °C. to the most abundant fragments in all the spectra, but for
In addition to the mass spectruA-NMR does not compounds2e and 2j, and the second originating from a
support the proposed structure. Only aromatic protonsubsequent C=0 loss. In the case of compog@edsd?2j
are observed, with no evidence of exchangeable protathe most abundant ions in the spectra originate from the
signals. cleavage of the amide group, followed by the loss of two
Based on analytical (elemental analysis) and spectra&z=0 fragments, leading to ions at m/z = 149.
scopic data, the product which is obtained corresponds to Compound<2a-j have been tested in order to evaluate
the tetracyclic structurg, phthalazino[2,3)phthalazine- their anti-microbial activity against several microbial
5,7,12,14-tetraone (Figure 1, formudh and not to the species.
expected 1,4-dioxo-3,4-dihydrophthalazine{2jicar- In particular the antimicrobial activity of compounds
boxamide or —carbothioamide (Figure 1, formbja 2a-j was evaluated against five Gram positive species
(Staphilococcus aureyss.epidermidis Streptococcus
agalactiag S.faecalisand B.subtilig, and Gram negative
species Escherichia coli Pseudomonas aeruginosa

a b
(0] (o] (0] X
| )k Salmonella typhiProteus mirabilis Klebsiella pneumo-
Y M niag) isolated from clinical specimens. For the evaluation
N NH of the antifungal activityCandida albican®\TCC E10931
. i g X=0.5 was employed. The effects on the growth of mycobacteria

was investigated again®.tubercolosisH37Rv ATCC

1 25548, M.tubercolosisresistant to isoniazid (INH-R)
ATCC 35822,M.tubercolosisresistant to streptomycin
(SM-R) ATCC 35820,M.tubercolosisresistant to
rifampicin (RIF-R) ATCC 35838 anill.tubercolosigesis-

A synthetic pathway to compoutdas been previously tant to pyrazinamide (PZA-R) ATCC 35824, aviumNC
reported [6,14]. 08559.06,M.phley NC 08151.07 M.fortuitum NC

In all the reported cases elemental analysis data supp394.02 M.scrofulaceunNC 10803.03M.kansasiiNC
port the proposed structures, but, while in case of Drewp268.07,M.intracellulare NC 10425.05M.szulgaiNC
and co-workers [6] the melting point was 350-360 °C, in10831.03,M.gordonaeNC 10267.05M.chelonaesub-
the case of T. J. Kealy [14] a gradual decompositiospeciesabscessusNC 10882.02 andM.bovis NC
starting from 300 °C was observed, leading to a blunig772.02.
melting point. Unfortunately, none of the tested compounds exhibit ini-

In this communication we describe a convenient angition effects on the growth of both bacteria and mycobac-
simple method to synthesize both 1,4-di0x0-3,4-dihy-teria, even at the highest concentrations (b0al).
drophthalazine-2(#)-carboxamide and 1,4-dioxo-3,4-  Nethertheless these compounds can constitute the basis
dihydrophthalazine-2(1)-carbothioamide derivativeZa-  for the development of newer and hopefully more active
j, under mild conditions and, in most cases, with googolecules.
yields. The synth_esizegl products, as well as their synthetic Tp;g synthetic method is a convenient route to substi-
pathway are depicted in Scheme 1. tuted phthalhydrazides, which can be useful intermediates

Differently substituted phthalic anhydrides and eitheri, the synthesis of derivatives of pharmaceutical interest.
semicarbazides or thiosemicarbazides are reacted for 1.5

hours in refluxing isopropyl alcohol in the presence of a
catalytic amount of acetic acid.

The yields range from 60 to 75% with the exception of Melting points are uncorrected and were determined on a
e ; 0 0
the nitro-derivatives, where the yields are 37% and 32%, .. t.ot Kofler thermopan apparatdsi-nmr spectra were

for CompoundQef’indZJ, respectively. recorded on a Bruker AMX (300 MHz) using tetramethylsilane
All the synthesized compounds have been fully characes) as internal standard (chemical shift§ values). Electron

terized by means of elemental analysis, mass spectromi@nisation (EI) mass spectra were obtained by a Fisons QMD

try, IH-nmr and3C-nmr. 1000 mass spectrometer (70 eV, 20 ion source temperature

Figure 1

EXPERIMENTAL
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Table 1
Analytical Data of Compoundsa-j

Compound

1,4-Dioxo-3,4-dihydrophthalazine-2f)-carbothiomide2a
6,7-difluoro-1,4-dioxo-3,4-dihydrophthalazine-B{jtcarbothioamid@b
5,8-difluoro-1,4-dioxo-3,4-dihydrophthalazine-2{{tcarbothioamid&c
5-fluoro-1,4-dioxo-3,4-dihydrophthalazine-2{}-carbothioamid®d
5-nitro-1,4-dioxo-3,4-dihydrophthalazine-2{}carbothioamid®e
1,4-dioxo-3,4-dihydrophthalazine-24}-carboxamidef
6,7-difluoro-1,4-dioxo-3,4-dihydrophthalazine-B{tcarboxamideg
5,8-difluoro-1,4-dioxo-3,4-dihydrophthalazine-g{tcarboxamideh
5-fluoro-1,4-dioxo-3,4-dihydrophthalazine-2(}carboxamidei

5-nitro-1,4-dioxo-3,4-dihydrophthalazine-2{}carboxamidej

* Found values are in parentheses.

Formula
CoH7N30,S
CyHsFoN30,S
CoHsFoN50,5
CoHeFN30,S
CoHgN4O,S
CoH7N303
CoHsFaN303
CoHsF2N303
CoHeFN3O3

CQH 6N 405

Xy inuRul "=l H

2aj

RX=S H=R"=H R'=H"=F
=sX=%R=A"=F;R'=R"=H
&XufR=k'=E'=HE"=F
“x-ﬂn-nl -nll -].[I n“l-Nm
r:x-m n- RI -RI!-R“'-H
FX=IKkE=R"=ER=R"=T
EX=0;R=R"=F;K=R'=H
BE=O;A=R'=R"=HR"=F
A= E=R'=R"=-H; R""= Mk

mp °C
211-213
215-216
237-238
220-222
223-225
285-287
261-263
278-279
288-290

279-281

Yield%
75
69
71
74
37
61
63
62
66

32

C%*

48.86
(49.06)
42.03
(41.87)
42.03
(42.17)
45.19
(45.31)
40.60
(40.49)
52.69
(52.91)
44.83
(45.05)
44.83
(45.00)
48.44
(48.62)
43.21
(43.46)

H%*

3.19
(3.21)
1.96
(1.98)
1.96
(1.99)
2.53
(2.55)
2.27
(2.26)
3.44
(3.47)
2.09
(2.11)
2.09
(2.10)
2.71
(2.69)
2.42
(2.40)

1013

N%*

18.99
(19.07)
16.34
(16.28)
16.34
(16.40)
17.57
(17.65)
21.04
(20.98)
20.48
(20.55)
17.42
(17.36)
17.42
(17.53)
18.83
(18.91)
22.40
(22.36)
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200 °C). The samples were introduced directly into the ionmethod [15,16]. Tests with Gram positive and Gram negative bac-
source. Elemental analyses were obtained on a Perkin-Elmer 24@ria were carried out in Mueller Hinton broth (Difco
B microanalyser. Laboratories, Detroit, Ml, USA). The compounds were diluted in
. . the test medium to obtain final concentration ranging between 100

Phthalazino[2, B]phthalazine-5,7,12,14-tetraon) ( and 0.19ug/ml. Tubes containing 1 ml of the diluted compounds

A mixture of phthalic anhydride (0.44 g, 3 mmol) and were inoculated with 1xEbacteria and were incubated at 37 °C
thiosemicarbazide (0.27 g, 3 mmol) is heated at 160 °C unddor 18 or 24 hours. Antifungal activity, agairtalbicansATCC
vigorous stirring for 30 min. in PPA (35 g) (poly-phoshoric acid). E10231, was evaluated in yeast extract peptone dextrose medium
The mixture is allowed to cool down, poured on 50 g of crushedDifco Laboratories) [17]. The determination of MIC against
ice, and the obtained suspension stirred for 1 h. Filtration of thilycobacteria were carried out by the two fold agar dilution

Table 2
Spectral Data of Compoun@s-j

Compound m/z  1H nmr DMSO-¢/TMS &. J (Hz) 13C nmr DMSO-@¢/TMS &

2a 221 7.43 (1H, d, Ar, J =8.0); 7.58 (1H, t, Ar, J =7.3); 7.68 (1H, t, Ar, J = 6.9); 128.4,129.9, 132.6, 137.0, 168.1,
7.93 (1H, d, Ar, J =7.3); 8.21 (1H, s, NH, D-exch.); 9.42 (1H, s, NH, D-exch.); 182.5.
10.35 (1H, s, NH, D-exch.)

2b 257 7.66 (1H, s, Ar,); 7.94 (1H, s, Ar,); 8.20 (1H, s, NH, D-exch.); 9.45 (1H, 16.9, 134.3, 156.5, 166.2, 182.9.
s, NH, D-exch.); 10.45 (1H, s, NH, D-exch.).

2c 257 7.54 (1H, d, Ar, J =7.7); 7.57 (1H, d, Ar, J = 8.0); 8.29 (1H, s, NH, D-exch.); 120.4, 125.1, 161.4, 166.2, 182.6.
9.73 (1H, s, NH, D-exch.); 10.72 (1H, s, NH, D-exch.).

2d 239 7.58 (1H,t, Ar, J=7.3); 7.61 (1H, d, Ar, J = 7.3); 7.82 (1H, d, Ar, J = 7.3); 8.11 (1H, 120.0, 120.3, 125.1, 131.3, 131.4
s, NH, D-exch); 9.62 (1H, s, NH, D-exch.); 10.55 (1H, s, NH, D-exch.). 160.2, 166.2, 166.4, 183.6.

2e 266 7.84 (1H, t, Ar, 3 =8.1); 8.24 (1H, d, Ar, J = 7.6); 8.26 (1H, s, NH, D-exch.); 8.31 (1H, 128.0, 130.9, 131.2, 1381.7, 135.
d, Ar, J =7.6); 9.69 (1H, s, NH, D-exch.); 10.61 (1H, s, NH, D-exch.). 146.8, 166.2, 166.5, 186.7

2f 205 7.49 (1H, d, Ar, J =7.9); 7.53 (1H, t, Ar, J = 7.6); 7.7 (1H, t, Ar, 3 = 7.9); 7.95 (1H, d, 128.1, 129.3, 134.2, 13%.5, 163
Ar, J =17.3); 8.20 (1H, s, NH, D-exch.); 9.37 (1H, s, NH, D-exch.); 10.32 (1H, s, NH, 167.9
D-exch.).

29 241 7.52 (1H, s, Ar,); 7.99 (1H, s, Ar,); 8.24 (1H, s, NH, D-exch.); 9.57 (1H, s, NH, 118.9, 135.8, 156.6, 165.4, 170.3.
D-exch.); 10.87 (1H, s, NH, D-exch.).

2h 241 7.51 (1H, d, Ar, J = 8.0); 7.83 (1H, d, Ar, J = 7.3); 8.33 (1H, s, NH, D-exch.); 119.6, 125.5, 161.0, 165.8, 168.3.
9.54 (1H, s, NH, D-exch.); 10.43 (1H, s, NH, D-exch.).

2i 223 7.76 (1H, t, Ar, 3 =7.1); 7.93 (1H, d, Ar, J = 7.3); 7.96 (1H, d, Ar, J = 7.3); 8.26 (1H, 19.6, 120.1, 124.8, 131.6, 132.0,
s, NH, D-exch); 9.11 (1H, s, NH, D-exch.); 10.21 (1H, s, NH, D-exch.). 159.7, 165.9, 166.3, 168.4.

2j 250 7.82 (1H, t, Ar, 3 = 8.1); 8.09 (1H, s, NH, D-exch.); 8.24 (1H, d, Ar, J = 7.7); 124.8, 130.6, 131.5, 132.2, 134.7,
8.32 (1H, d, Ar, J = 7.6); 9.85 (1H, s, NH, D-exch.); 10.33 (1H, s, NH, D-exch.). 146.7, 166.1, 166.3, 169.5.

suspension gave a crude whitish product, which is crystallisethethod [18] in 24-multiwell plates (Nunc, Naperville, H, USA)
from acetic acid. Yield 55%, mp = 310 °C dec. The product isusing 7H11 agar (Difco Laboratories) containing compounds 1-7
further purified by washing in boiling methanol and then inat concentrations that ranged between 100 and |01l on
diethyl ether. Mp = 343-344 °C. M/z = 29 nmr (DMSO-g): which 100ul of the test bacterial suspension were spotted.

57.85(4H,t, Ar,J=7.1, 2.9); 8.00 (4H, d, Ar, J = 7.1, 28], Suspensions to be used for drug susceptibility testing were
nmr (DMSO-¢): 6 123.8, 12 9.8, 135.3, 169.0 prepared from 7H9 broth cultures containing 0.05% Tween 80,

Anal. Calcd. for GgHgN,O, C, 65.76; H, 2.76; N, 9.58. washed, suspended in 0.1% Tween 80-saline to yield a turbidity
Found C, 65.00; H, 2.62; N, 9.43. no 1 McFarland and then diluted in saline to obtain inocula of

_ ) 3x10P- 1.5x1¢ cells/10Qul of bacterial suspension. After a 21-
General Method for the Synthesis of Compoudasj. day (slow growers) or 7-day (rapid growers) cultivation in 8 CO
A mixture of appropriate phthalic anhydride (0.01 mole), (5% CG0-95% humidified air) incubator at 37° C (33 °C for
thiosemicarbazide (0.01 mole), and 0.5 mL of acetic acid ar&.chelonag the growth of organisms was scored. The MIC was
reacted in refluxing isopropyl alcohol (200 mL), under vigorousdefined as the minimum concentration causing complete growth
stirring. After a period of 0.5 h a whitish foaming precipitate isinhibition of organisms or allowing no more than five colonies to
formed and the stirring prolonged for further 0.5 h. The reactiorgrowth.
mixture is allowed to cool down and the precipitate is collected
by filtration ar_wd crystallized from ethanol, giving the required REFERENCES AND NOTES
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