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The syntheses of 3-fluoro-1,8-naphthalimide and 3-fluoro-1,8-naphthalic anhydride from 3-nitro-1,8-naphthalimide
have been described. 3-Nitro-1,8-naphthalimide can be obtained by nitration of naphthalimide with sodium nitrate in
sulfuric acid. Stability of naphthalimides under acidic and alkaline conditions makes 3-substituted naphthalimides
more suitable synthones for further functionalization compared to the corresponding 3-substituted naphthalic
anhydrides. The best yield of 3-fluoro-1,8-naphthalimide was achieved through the following sequence: 1) nitra-
tion of naphthalic anhydride to 3-nitronaphthalic anhydride by sodium nitrate in the concentrated sulfuric acid;
2) ammonolysis of 3-nitronaphthalic anhydride to 3-nitronaphthalimide with aqueous ammonia; 3) reduction of
3-nitronaphthalimide to 3-amino-naphthalimide with sodium dithionite solution in aqueous ethanol; 4) prepara-
tion of 3-fluoronaphthalimide by diazotization of 3-aminonaphthalimide and subsequent thermal decomposition
of the corresponding tetrafluoroborate. Nitration of naphthalic anhydride makes it possible to avoid the problem
of poor solubility of naphthalimide in sulfuric acid. Subsequent reactions are conveniently carried out with naph-
thalimide derivatives, thus avoiding the difficulties encountered in isolating of 3-aminonaphthalic anhydride that
can undergo a polymerization reaction. The new protocol is more efficient than the preparation route previously
described leading to 3-substituted naphthalic anhydrides and naphthalimides by virtue of the substitution reac-
tion at C-4 of acenaphthene followed by oxidation.

3PYYHWU LLUTISIX CUHTE3Y IMIGY 3-@#TOPO-1,8-HA®TAJIIHOUKAPEOHOBOI KUCIIOTH

H.®.®edbko, B.®.AHIiKiH

Knrovoei cnoea: 3-comopoHagpmanimio; 3-ctbmopoHagpmanesuli aHaiopud; aueHagpmeH; peakuis LLlumaHa
OmpumaHo aHeidpud ma imid 3-¢pmopo-1,8-HagpmaniHOukapbOHOB0I KUCIOMU 3 BUKOPUCMAHHSIM 51K 8UXIOHUX
crionyk Hagpmanegoeo aH2idpudy ma Hagpmanimidy. [okaszaHo, wo 3-HimpoHaghmanimio Moxe 6ymu ompumaHul
HIMpy8aHHAM Hachmanimioy Himpamom Hampito 8 cyrbghamuiti kucriomi. Cmitikicms iMidOHO20 Yukry 0o Oii kucriom
i nyeige pobumse 3-3amiwjeHi iMidu G6inbw UiHHUMU 8UXIOHUMU criofykamu rpu nodanbuwill ix ¢hyHKuioHanizauii 8 no-
pigHSIHHI 3 8i0M0BIOHUMU 3-3amiueHuUMu Haghmarnesumu aHeidpudamu. BcmaHoeneHo, wo Halkpawum WiisiXom
cuHme3y 3-gpmopoHachmanimioy, skuti npueodume 00 MakCcuMasibHO20 8UxX00y Uirlb08020 NPOdyKmy, € HacmyrnHa
rocnidosHicme: 1) HimpysaHHs Hagbmanego2o aH2idpudy 0o 3-HimpoHaghmarnimidy Himpamom Hampito 8 KOHUEH-
mposaHit cynbchamHiti Kucriomi; 2) aMoHorni3 3-HimpoHaghmanego2o aH2idpudy 0o 3-HimpoHaghmanimidy 600HUM
po34uUHOM amoHiaky; 3) 8idHoeneHHs1 3-HimpoHaghmarnimidy 0o 3-amiHoHaghmanimidy dumioHimom Hampito 8 800-
Ho-criupmosomy cepedosuyi; 4) ompumaHHs 3-gpmopoHagbmarnimioy 3 3-amiHoHagpmanimidy Yepes mempaghmo-
pobopam 8i0rnosidHoI cori 0ia3oHito i Oani mepmiyHUM po3knadaHHSIU ocmaHHbOI. HimpysaHHsM Haghmanegozo
aHeaiopudy 80aembCsi yHUKHymU ripobriemu HU3bKoi po34yuHHoCmi Hagpmarnimily e cyrnibghamHit kucriomi. HacmynHi
peakuyii 3py4Hiwe npogodumu 3 HacbmarnimiOHUM S0POM, yYHUKaro4YU makuM YUHOM mpyOHOWi8, SKi BUHUKaromb
npu sudineHHi 3-amiHoHaghmaregozo aHziopudy, 30amHoz2o 00 20MOKOHOeHcaujl. 3arnpornoHosaHul wnsx € binbuw
8UZIOHUM 8 r1OPIBHSIHHI 3 8BIOOMUM WITSIXOM OmMpuUMaHHs 3-3aMilyeHuUxX Hagomarneasux aHeiopudie ma Hagpmanimioie
88E0EHHSIM 3aMIiCHUKa 8 MOMoXeHHs1 4 auyeHagpmeHy ma no0asnbuio20 OKUCHEHHS.

YOOBHbIA NYTb CUHTE3A UMUAA 3-0TOPO-1,8-HA®TASIMHONKAPEOHOBOW KUCJ1OThI
H.®.®edbko, B.®.AHUKUH

Knroueenie cnoea: 3-gpmopoHagbmanumud; 3-gpmopoHaghmarnesbili aH2udpud; aueHaghmeH; peakyusi LLluma+Ha
CuHme3uposaHrbl aHaudpud u umud 3-gpmopo-1,8-HagbmanuHOuKapbOHOBOU KUCIOMbI C UCMOMb308aHUEM 8 Kaqe-
cmee UCXOO0HbIX 8eujecme Haghmarnegoeo aHeudpuda u Hagpmanumuda. NokazaHo, Ymo 3-HumpoHaghmanumud
Moxem 6bImb rosy4eH HUMposaHueM Haghmanumuda HUmMmpamom Hampusi 8 CepHoU Kucrome. Ycmou4ugeocmsb
UMUOHO20 Korbla K delicmauro Kucriom u wesodel denaem 3-3amewieHHbIe UMUObI 6051ee UeHHbIMU UCXOOHbIMU
sewecmsamu npu dansHelwel ux oyHKYUOHanu3ayuu rno cpasgHeHUro ¢ coomeemcmsyouumu 3-3amMeuEHHbIMU
HagbmanesbiMu aHaudpudamu. YcmaHOoB8MEHO, YMo Hauly4wuM rnymem cuHme3sa 3-gpmopoHachmanumuda, rnpu-
8005WUM K MaKcuMasibHOMY 8bIx00y Uuernesozo rnpodykma, sienssemcsi crnedyrouast nocrnedosameribHocms: 1) HUM-
posaHue Haghmareeozo aHaudpuda 0o 3-HUmpoHaghmanumuda HUMpPamMoM Hampusi 8 KOHUEHMPUPO8aHHOU cep-
Hol Kucriome; 2) ammoHomnu3 3-HumpoHaghmanegoeo aHaudpuda 0o 3-HumpoHaghmanumuda 800HbIM PacmeopoM
ammuaka; 3) eoccmaHoeneHue 3-HumpoHaghmanumuda 0o 3-amuHoHagpmanumuda OUMUOHUMOM Hampusi 8 0OHO-
criupmosol cpede; 4) nonydeHue 3-cpmopoHacpmanumuda u3 3-amuHoHaghmanumuda yepe3 mempacgmopobopam
coomeemcmeyroujell conu 0ual3oHusi u daree mepMuYecKUM pasroxeHuem rnocrnedHed. HumposaHuem Hagpma-
iegoeo aHeudpuda ydaemcs usbexampb npobrembi MIoxXo20 pacmeopeHusi Hagpmanumuda 8 cepHol Kuciome.
lNocnedyrowue peakyuu ydobHee Mposodums ¢ HaghmanumudHbIM 0poM, u3bexae makum obpa3om mpyoHocmed,
B03HUKarOWUX rpu ebifeneHuU 3-amuHoHaghmanegeozo aHaudpuda, criocobHO20 K 20MOKOHOeHcayuu. [pednoxeH-
HbIU Mympb 60r1ee 8b1200€H MO CPABHEHUIO C U3BECMHBIM MyMEM roslyYeHusi 3-3amMeu,éHHbIX Haghmarneebix aHau-
Opudos u Hagbmanumudos sgedeHuem 3aMecmumerisi 8 NofoxeHue 4 aueHagpmeHa u danbHelWUM OKUC/TEHUEM.
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Many derivatives of naphthalene-1,8-dicarboxylic
acid imide are used as efficient fluorophores and bio-
logically active substances. It is well known that some
3-substituted 1,8-naphthalimides possess a signifi-
cant biological activity. Due to the high cytotoxic acti-
vity against various tumour cells and viruses, a num-
ber of these compounds are used as anticancer and
antiviral agents [1-5].

Apparently, there are two ways to obtain 3-sub-
stituted 1,8-naphthalic anhydrides either by oxida-
tion of the corresponding 4-substituted acenaphthe-
ne derivatives or by direct introduction of the sub-
stituent in position 3 of 1,8-naphthalic anhydride.
The subsequent ammonolysis in both cases leads to
the target 3-substituted 1,8-naphthalimides.

Surprisingly, there are no reports on the synthe-
sis of 3-substituted naphthalimides from naphthal-
imide 1b as the starting material though the imide
and anhydride groups have the same labilizing effect
on the substituents of the naphthalene ring. Yet, im-
portantly, the robustness of naphthalimides under acidic
and alkaline conditions makes 3-substituted imides
more suitable synthones for further functionalization.

3-Fluoro-, 4-fluoro- and 5-fluoroacenaphthenes
were obtained by Yagupolskii & Ivanova [6]. 4-Fluoro-
acenaphthene, the least accessible of three isomers,
could be envisioned as the starting material for pre-
paration of the unknown 3-fluoro-1,8-naphthalic an-
hydride and the corresponding imide. Therefore, the
aim of the present work was to synthesize 3-fluoro-
1,8-naphthalimide from readily available 1,8-naph-
thalic anhydride 1a and 1,8-naphthalimide 1b.

The conceivable way of 3-fluoro-1,8-naphthalimi-
de 4a preparation consists of the following steps:
1) nitration of 1,8-naphthalic anhydride 1a; 2) reduc-
tion of 3-nitro-1,8-naphthalic anhydride 2a; 3) fluo-
rination by the Balz-Schiemann reaction; 4) ammono-
lysis of 3-fluoro-1,8-naphthalic anhydride.

Alternatively, anhydrides 1a, 2a, 3a can be con-
verted into the corresponding imides 1b, 2b, 3b via
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the ammonolysis reaction, and subsequent transfor-
mations towards 4b can be carried out with imides
as follows from the scheme below (Scheme).

The nitration of 1,8-naphthalic anhydride and
1,8-naphthalimide was carried out by sodium nitrate
in the concentrated sulfuric acid at elevated tempera-
ture. It was detected that naphthalimide (1b) had
lower solubility in sulfuric acid comparing with naph-
thalic anhydride (1a). The yield of anhydride 2a was
78%, the yield of imide 2b - 70%. 3-Nitro-1,8-naph-
thalimide 2b was also obtained by ammonolysis of
3-nitro-1,8-naphthalic anhydride 2a with 93% yield.

3-Amino-1,8-naphthalic anhydride 3a (as hydro-
chloride) and 3-amino-1,8-naphthalimide 3b were
prepared by reduction of 3-nitro-1,8-naphthalic an-
hydride (2a) and 3-nitro-1,8-naphthalimide (2b) with
sodium dithionite solution in aqueous ethanol. The
reaction yielded 64% and 71% of anhydride and imi-
de 3a and 3b, respectively.

Since amino anhydride 3a is a bifunctional com-
pound that can undergo the polymerization reaction,
it needs to be converted into more stable hydrochlo-
ride. In contrast, the polymerization for 3-aminonaph-
thalimide is not a problem as transamination does not
occur easily because of the lower reactivity of the imide
carbonyl group in A reactions. 3-Amino-1,8-naphthal-
imide 3b was also obtained by ammonolysis of 3-ami-
no-1,8-naphthalic anhydride (3a) with 89% yield.

3-Fluoro-1,8-naphthalic anhydride 4a and 3-fluo-
ro-1,8-naphthalimide 4b were synthesized with 19%
and 24% yield, respectively, by diazotization of 3-amino-
1,8-naphthalic anhydride and 3-amino-1,8-naphthalimi-
de and subsequent thermal decomposition of the cor-
responding tetrafluoroborates. 3-Fluoronaphthalimide
4b was also obtained by ammonolysis of 3-fluoro-
naphthalic anhydride 4a with the yield of 90%.

3-Fluoro-1,8-naphthalic anhydride and 3-fluoro-
1,8-naphthalimide are light yellow crystalline sub-
stances with melting points of 221-222°C and 305-
307°C, respectively.
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The structure of 3-fluoronaphthalic anhydride and
3-fluoronaphthalimide was determined by IR and
'H NMR spectroscopy.

The IR spectrum of anhydride 4a exhibits intense
absorption bands at 1780 cm™ and 1734 cm™ cor-
responding to the stretching vibrations of carbonyl
groups of the anhydride moiety. In the IR spectrum
of imide 4b two absorption bands at 1698 cm™ and
1674 cm™ are observed corresponding to the charac-
teristic stretching vibrations of the imide carbonyl groups.
The presence of the N-H bond in 3-fluoronaphthal-
imide is confirmed by absorption at 3170 cm™. The
absorption band at 1095-1100 cm™ in the IR spectra
of anhydride 4a and imide 4b corresponds to the
stretching vibrations of the C-F bond.

In the 'H NMR spectra of compounds 4a and 4b
the signals of aromatic protons resonate up-field in
the range of 8.0-8.7 ppm. The signals from H? and H*
protons are split by °F nucleus into doublets with
the coupling constant J,, . = 12.4 Hz. The signal of pro-
ton He is observed as a doublet of doublets due to
coupling with the magnetically inequivalent H> and
H” protons, which give rise to doublets. The signal
of the imide proton in compound 4b appears as a
singlet at 11.62 ppm (d,-DMSO).

According to our results the best synthetic route to
3-fluoro-1,8-naphthalimide is as follows: 1,8-naph-
thalic anhydride (1a) — 3-nitro-1,8-naphthalic an-
hydride (2a) — 3-nitro-1,8-naphthalimide (2b) —
3-amino-1,8-naphthalimide (3b) — 3-fluoro-1,8-naph-
thalimide (4b).

Experimental Part

The 'H NMR spectra were recorded at ambient
temperature on a BRUKER WM 400 spectrometer with
an operating frequency of 400 MHz, in DMSO-d, as
a solvent and TMS as the internal standard. The IR
spectra (in KBr) were recorded on a Perkin Elmer
Frontier FT-IR spectrometer. The reaction course and
purity of the compounds synthesized were monitored
by thin layer chromatography on Silicagel 60 F254
plates (Merck) with chloroform as an eluent, followed
by exposure to UV light. 1,8-Naphthalic anhydride
and 1,8-naphthalimide were prepared from acenaph-
thene according to the known procedure [7].

3-Nitro-1,8-naphthalic anhydride (5-nitrobenzo[de]iso-
chromene-1,3-dione) (2a). Add sodium nitrate (1.30 g,
15 mmol) portion wise to the solution of 1,8-naph-
thalic anhydride (3.00 g, 15 mmol) in 30 ml of the
concentrated sulfuric acid. Heat the reaction mix-
ture for 2 h on a water bath, then pour onto ice, filter
the precipitate, wash with water and dry at 110°C.
Purify the crude product by crystallization from ace-
tic acid to obtain 3-nitronaphthalic anhydride as a
yellow solid (2.85 g, 78%). M.p. - 242-244°C [7].

3-Nitro-1,8-naphthalimide (5-nitro-1H-benzo[de]
isoquinoline-1,3(2H)-dione) (2b). Compound 2b was
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prepared analogously to compound 2a using naph-
thalimide (2.00 g) in 50 ml of concentrated sulfu-
ric acid and sodium nitrate (1.30 g). Crystallization
from acetic acid yields title compound (1.70 g, 70%)
as a yellow solid. M.p. - 311-312°C [7].
3-Amino-1,8-naphthalic anhydride (5-aminobenzo
[de]isochromene-1,3-dione) (3a). Dissolve 3-nitro-1,8-
naphthalic anhydride (1.00 g, 4 mmol) in ethanol
(100 ml) and hot water (50 ml). Add sodium dithionite
(0.55 g) portion wise while stirring. Reflux the re-
action mixture for 3 h and concentrate on a water
bath. Add hydrochloric acid (10 ml) to the residue,
filter the precipitate and dry to obtain 3-amino-1,8-
naphthalic anhydride hydrochloride (0.65 g, 64%)
as an orange solid. M.p. - 290-292°C [7].
3-Amino-1,8-naphthalimide (5-amino-1H-benzo[de]
isoquinoline-1,3(2H)-dione) (3b). Compound 3b was
prepared analogously to compound 3a using 3-nit-
ronaphthalimide (1 g, 4 mmol) in ethanol (100 ml)/
hot water (50 ml) and sodium dithionite (0.55 g).
The title compound (0.7x g, 71%) was obtained as
an orange solid. M.p. - 333-335¢°C [7].
3-Fluoro-1,8-naphthalic anhydride (5-aminoben-
zo[del]isochromene-1,3-dione) (4a). Heat 3-amino-1,8-
naphthalic anhydride (0.5 g, 2 mmol) and hydrochlo-
ric acid (2 ml) in 10 ml of water to reflux, then cool
the mixture to 0°C. Add the solution of sodium ni-
trite (0.14 g, 0.002 mol) in 10 ml of water dropwise
at 0 while stirring vigorously. Stir the reaction mix-
ture for 30 min at 0°C and filter under ice cooling.
Cool the filtrate to -5°C, add tetrafluoroboric acid (2 ml)
to the filtrate, leave the reaction mixture at -5°C for
30 min, filter the precipitate and wash with cold me-
thanol. Dry the resulting diazonium tetrafluoroborate
salt over sulfuric acid. The diazonium salt was ther-
mally decomposed, the residue in the distillation flask
was crystallized from acetic acid. 3-Fluoro-1,8-naph-
thalic anhydride (0.09 g, 19%) was obtained as pale
yellow solid. M.p. - 221-222°C. IR (KBr, cm™): 852,
1016, 1095, 1228,1300, 1338, 1504, 1564, 1590, 1734,
1780,3030.'H NMR (400 MHz, DMSO-d,, §, ppm, J, Hz):
8.62d (1H),J,,=12.4 (H*;8.69d (1H), ], = 12.4 (HY;
8.09d (1H),/,, = 8.0 (H*); 8.06 dd (1H),/,,=8.0, ], =
8.4 (H®); 8.47 d (1H), J,, = 8.4 (H’). Found, %: C 66.72;
H 2.31; F 8.75; 0 22.17. C,,H.FO,. Calculated, %: C
66.68; H 2.33; F 8.79; 0 22.20.
3-Fluoro-1,8-naphthalimide (5-amino-1H-benzo[de]
isoquinoline-1,3(2H)-dione) (4b). Compound 3b was
prepared analogously to compound 3a using 3-ami-
nonaphthalimide (0.50 g, 2 mmol) and sodium nitrite
(0.10 g, 2 mmol). The title compound (0.10 g, 24%)
was obtained as a pale yellow solid. M.p. - 305-307°C.
IR (KBr, cm™): 850,968, 1015,1100, 1266, 1350, 1574,
1592, 1680, 1728, 3032, 3170. 'H NMR (400 MHz,
DMSO0-d,, 8, ppm, J, Hz): 8.50 d (1H), J,.- = 8.8 (H?);
8.56d (1H), /= 8.8 (H*); 8.00 d (1H), J,, = 8.0 (H®);
7.98 dd (1H), J,, = 8.0, J,, = 8.4 (H®); 8.35d (1H), J,,



XKypHan opraHidyHoi Ta hapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 4 (52)

ISSN 2308-8303

= 8.4 (H”); 11.62 s (NH)). Found, %: C 67.04; H 2.76;
F 8.75; N 6.50; O 14.82. C,,H,FNO,. Calculated, %: C
66.98; H 2.81; F 8.83; N 6.51; 0 14.87.

Synthesis of 3-substituted 1,8-naphthalimides (2b-4b)
by ammonolysis of naphthalic anhydrides (2a-4a). Heat
the corresponding naphthalic anhydride (2 mmol)
on a water bath in 20 ml of 16% aqueous ammonia
for 3 h. Dilute the reaction mixture with 10 ml of wa-
ter. Filter the precipitate, wash with water, and dry
at 110°C. Purify the crude product by crystallization
from acetic acid to obtain the corresponding naph-

References

Tan S, Yin H., Chen Z. Eur. . Med. Chem., 2013, Vol. 62, No.4, pp.130-138.

N A N =

Dashevsky M. M. Acenaphthene. M.:Khimiya, 1966, 460 p.

Hagiina go pegaxuii 29.07.2015 p.

thalimide (1.7-1.9 mmol) with the identical melting
points as of the samples above.

Conclusions

1. It has been shown that 3-nitronaphthalimide
can be obtained by direct nitration of naphthalimide
with a high yield.

2. 3-Fluoronaphthalimide can be synthesized with
an optimal yield by the following sequence: naph-
thalic anhydride — 3-nitronaphthalic anhydride —
3-nitronaphthalimide — 3-fluoronaphthalimide.
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