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Abstract

3-Hydroxyphenalenone3, synthesized from 1,8-naphthalic anhydridand malonateg, react by electro-
philic halogenation to 2-chlorophenalenediodesr 2-iodophenalenon®& The chloro group of was exchan-
ged against azide by reaction with sodium azidgive 2-azidophenalenedion&sNucleophilic chlorination of
3 furnishes 3-chlorophenalenongswhich were converted to 3-azidophenalendhe&audinger reaction of8
with triphenylphosphane gave phosphazedeghich hydrolyzed to 3-aminophenalenoriés Amines10 can
also be obtained directly from 3-hydroxyphenalems@and ammonium acetate, or by catalytic hydrogeti®lys
of azides8. Nitration of 3-hydroxyphenalenora with nitric acid forms 2-nitrophenalenorid, which was
converted to 3-chloro-2-nitrophenalendtz Attempts to introduce the 3-azido groupl®y however, resulted
in an exchange of both, the nitro group and therchgiroup, to form 2,3-diazidophenalendrde

2-Amino-3-hydroxyphenalenon® cyclizes with carboxylic acid derivatives to oxbzphenalenonegs,
which were also obtained from 3-azidophenaler@mand a carboxylic acid involving an azirine intedize
16. This allows to move the position of the N-atormather cyclization reaction leads via the intermaéali
oxime 22 of 2-acetylphenalenorizl, which gives an isomer mixture of isoxazolophenat®23 as main pro-
duct and oxazolophenalenob®as by-product, because of a parallel reactiora@eckmann rearrangement.

Introduction

Phenalenones are a class of compounds which céoubéd widespread in a series of natural pro-
ducts. One of the most interesting occurrenceisfgblyketides is that in different fungi [2] (efgom
the soil fungudenicillum herquei [2b]), and a series of antibiotic active derivaswvere isolated (e.g.
antimicrobial phenalenone derivatives from the mexderived fungusConiothyrium cereale [2€]).
Phenalenone derivatives were produced by fermentdgé.g. for the manufacture of an agricultural
phenalenone microbicide by fermentation) [3]. Alseveral plants contain phenalenones [4] (e.g.
phenalenones fron8relitzia reginae [4d]) and especially pigments found great interésy.
phenalenone pigments of the root systemLathnanthes tinctoria) [5]. Another application of
phenalenones is their use as chemosensor (e.dcatmpls as fluorescent chemosensor for fluoride
ions) [6] and their properties as a one-photonlstnoxygen sensitizer, described as tool for detgct
DNA damages and receptor ligand activites [7].

Results and Discussion

In the last years we studied the reaction of séyranalenediones or their tautomeric 3-hydroxy-
phenalen-1-ones as representatives of polycyatimatic systems, and used it as starting matenial fo
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cyclization reactions [8-11]. In this paper we istigate the synthesis of aminophenalenones and azi
dophenalenones, their reactivity against electtaphnd nucleophilic reactions and their abilityr fo
ring closure reactions to phenaleno-oxazoles andmoles.

1. Synthesis of 3-hydroxyphenalenones 3.
Electrophilic halogenation to 4 and 5.

Azidation to azidophenalenediones 6.

The synthesis of 3-hydroxyphenalen-

Scheme01 fe)
OFEt one Ba) and its 2-alkylsubstituted
R R R. CI . .
0. 0. .0 )—OEt o o o o derivatives 3b,c was performed by
O =
zncl, ‘ S0 S, ‘ acylation of 1,8-naphthalic anhydride
OO 52;-;00/ OO 71-86% ‘O (1H,3H-benzofelisochromene-1,3-
1 3a-c ab.c dione) 1 with unsubstituted or
l, l R=H NaN, l79_85% 2-alkylsubstituted malonateéa-c. As
234 R Na;COs y 59% condensation agent freshly melted
; r'? ' o o anhydrous zinc chloride was applied.
C

We have described this method earlier
for 2-unsubstituted and 2-aryl deriva-
5 6b.c tives [9,10] and adopted it now for
2-alkylsubstituted derivatives. Butyl
and ethyl compound2b,c were obtained in the this manner in good yieldhésne 01).

Chlorination of 2-substituted phenalenor@gsc with sulfuryl chloride resulted in an electropaili
substitution at position 2 (which can be consideasdhe CH-acidic position of a cyclic 1,3-diketone
in its tautomeric form) and furnished in good taellent yields2-chlorophenalene-1,3-diondd,c,
which possess a racemic stereo center at positidgtuZher chlorination at the polycyclic aromatic
system was not observed using these mild reactindittons at 50 °C. The chloro substituent in posi-
tion 2 of2-chlorophenalene-1,3-diondsreacts with sodium azide and gives in excellealdg2-azi-
dophenalene-1,3-dionedb,c. Structure elucidation gave positive IR signalstloé azido group at
2115-2125 crh

lodination of 2-unsubstituteBa in alkaline solution at room temperature revealfodd-
phenalenoné& in good yields.

2. Nucleophilic chlorination of 3-hydroxyphenalenones 3.
Formation of 3-azido- and 3-aminophenalenones 8 and 10.

The enolic 3-hydroxy substituent in phenalenoBegs substituted in a nucleophilic reaction by a
chloro atom which formed 3-chlorophenalenoi@e&Scheme 02). This chlorination could be carried
out already at 15-20 °C using as reactive halogemamedium a mixture of phosphoryl chloride and
dimethylformamide similar to a Vilsmeier reagenheTexchange of chlorine against the azido group
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proceeded in a smooth reaction with sodium azid®&IC, and 3-azidophenalenor&were obtained

in very good vyields. Structure elucidation of theida derivative8 showed again IR signals at

2110-2120 crh

Scheme02 The conversion of azide8 to 3-amino-
phenalenone&0 succeeded in two reaction

R
HO ‘ O poc, n, Ppathways: in a one step reaction, the azido
OO 456450 group could be reduced by hydrogenolysis
° 73-78%
OO with palladium as catalyst in good yields
3a,b 7a,b

8a,b (method A). A 2-step reaction, involving an
NH,OAC bic Aza-Wittig and a Staudinger reaction [12],
method C 10 45% . . .
33% N gave from azides8 with triphenylphos-

phane the iminophosphorane which

TR N " could then be hydrolyzed with hydrochloric

° i OO Ay OO acid and formed the corresponding
method B 3-aminophenalenoned0 (method B). A

simple and short amination reaction leads

from 3-hydroxyphenalenoneéswith ammonium acetate in the melt without solventow yields to
3-aminophenalenond$ (method C).

3. Introduction of azido substituentsinto 1-chloro-2-nitrophenalenone (12)

Cyclization reactions of azido compounds with oftfitno substituents are known to give intere-
sting furoxane heterocycles [13], a reaction tygehave investigated in the last years [14]. The-rea
tion sequence to analog phenalenone derivativeeagtaith the nitration of 3-hydroxyphenalendee

with nitric acid. For this step we
N3 did not use the procedure with hot
© OH S:Ng O\ _on POC'3 cl /O © nitric acid which was described

O oo, oot OO o earlier [15]. We have adopted our

o recently developed method [14f]
using sodium nitrite as catalyst.
This method allowed to perform the reaction at raemperature with better yields and higher purity
and we obtainedl in excellent yields and purity (Scheme 03).

Removal of the hydroxy group ai and introduction of a chloro group for a reaciiveermediate
12 did not work in the same manner as describedhersynthesis of chlorophenalenorfedecause
the nitro group prevented a successful attack lydgen bondings between the 3-hydroxy group and
the 2-nitro group. However, chlorination with exsgdhosphoryl chloride at reflux temperature, adding
triethylamine as a base to break the hydrogen bgsdigave in very good yields 3-chloro-2-nitro-
phenalenond?2. As the next step on the way to the furoxane déxie, the exchange of the chloro
substituent against the azide in order to obtaazido-2-nitrophenalenone was planned. The reaction
was carried out similar as performed in the synshefsazides8. Already at room temperature an azido
compound was formed, which could be shown, howewepossess 2 azido substituents by loss of

Scheme03
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both, the chloro and the nitro substituents. Anedyt data verify the structure of 2,3-diazido-
phenalenond3. An explanation for this phenomenon can be foundhe HSAB principle, which
shows that by hard nucleophils and borderline systenly the chloro atom should be exchanged, by
soft nucleophils exclusively the nitro group. Thaiophenalenone system witihideficient proper-
ties seems to influence both the 2- and 3-positie@smanner that the nucleophilic substitutiontHosy
azide anion as borderline system takes place imitas quick rate.

Attempts were made to synthesize as reactivenm@eéiate a 3-tosyloxy-derivative by tosylation of
11 as shown in other systems [16], which is knowbeanore reactive than the chloro derivative and
could help to produce a mono-azido derivative. Hmve these experiments failed because no
tosyloxy derivative could be obtained.

4. Cyclization reactions of 2-amino-3-hydroxyphenalenone 14 and 3-azidophenalenone 8a to
phenaleno[2,1-d]oxazol-7-ones 15

Scheme04 a0 2-Amino-3-hydroxyphenalenon#, with a

method A, 86% \ %R structure related to an ortho-aminophenol,

‘ Ph-NH-NH, ‘ / \ ‘ © was obtained either from 3-hydroxy-
(mg:ﬁzfgl) OO \ LS S OO phenalenone3a in a Neber rearrangement

Na,S,0, method B 5 R reaction with phenylhydrazine under loss of
/ ’ a Me
1110%(mem0d2) 2 ke aniline [17, 18] (method 1), or by reduction
o N, H ~ oM 04 of 3-hydroxy-2-nitrophenalenonell with
‘ temp | © ‘ = sodium dithionite similar to a reaction we
OO OO method C O‘O applied in the quinoline series [19] (method
8a 2). The latter reaction, however, gave only

16
very low yields and insufficient purity, and

was not used further (Scheme 04). Acylation of 2r@r3-hydroxyphenalenonkt with acetic anhyd-
ride (method A) did not stop at the N- or O-acetyermediate, but proceeded by cyclization in one
step in excellent yields to phenaleno[#]bxazolonel5a. A cyclization of the amin&4 with acetic or
propanoic acid, using polyphosphoric acid as cosaeon agent, gave at temperatures of 150 °C in
good yields phenaleno[2dlexazolonesl5a and 15b (method B). Attempts with benzoic acid gave
only mixtures of compounds which could not be safeat.

Another approach to oxazoles and isoxazoles whieh have investigated synthetically and
mechanistically, starts from azido compounds anmbdaegylic acids similar as published recently [19,
20]. It involves the formation of an intermediat@rme and forms isoxazoles and oxazoles depending
on the reactivity of the carboxylic acid reagenpphcation of this reaction sequence on azido-
phenalenon&a gave with acetic acid and polyphosphoric acideagents via the intermediate azirine
16 again phenaleno[2 dloxazolonesl5a (method C), formed by the attack of oxygen of thetia
acid at the 8a-position of the phenaleno-azirite (and not at the 7a-position). The isomer
phenaleno[1,2floxazolonel7 was not formed.
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5. Cyclization reaction of 2-acetyl-3-hydroxyphenalenone 21 to phenaleno[2,1-d]oxazol-7-one
15 and phenaleno[ 2,1-d]isoxazol - 7-one 23

Scheme05 Starting from 3-hydroxyphenalenone
3a, 2-phenylaminomethylene-phenalen-

5 o N oo, ©  dione 18 was obtained by reaction with

“ ‘ ° aniline and triethyl orthoformate similar

O T (CHOEY, 1ot OO to phenylaminomethylene compounds
3a described earlier [21]. Hydrolysis 48

(COOH! should give 3-hydroxy-1-o0xo-
COOEt 1H-phenalene-2-carbaldehyde,  which

O could serve as intermediate to form
° NaoH OH NHoHHC | © ‘ | phenaleno-isoxazoles. However, this

OO O well known reaction [21] did not work
20

21 in the phenalenone series. Attempts to
perform a cleavage of the aniline and
ZZ%i 12% chlorination in a one-pot synthesis gave
a completely other result, and a naph-
‘ ‘ tho[1,8bc]acridinone was formed by
OO OO cyclization [8].
When the chlorination of the phenyl-
aminomethylene compouri8 was car-
ried out with a mixture of phosphoryl chloride aidhethylformamide (known as Vilsmeier reagent),
productl9 was obtained, which contains the desired 2-fogngup and in addition the hydroxy group
was already exchanged against a chloro group (Seld&n Attempts to introduce the azido group by
reaction with sodium azide were not successfukermperatures of 50 °C no reaction took place, and a

70 °C, a mixture of compounds was obtained, sonteesh showing a blue fluorescence giving a hint
that already cyclization has taken place.

o

2-Acetylphenalenongl, which is available in a 2-step synthesis fromrbygiphenalenon&a via
the formation of8-hydroxypyrano[2,3]phenalene-7,10-dione2@) [10] and alkaline degradation,
reacts with hydroxylamine to a mixture of two flascent reaction products in a ratio of 90:10. The
planned ketoxime, 3-hydroxy-2-(N-hydroxyethanimifjelH-phenalen-1-on@2, could not be isola-
ted, and chromatographic separation furnishedcBzagtion products. The main product with the lar-
ger R-value and a blue fluorescence was assigned to dtracture of 8-methyl-7H-
phenaleno[2,H]isoxazol-7-one Z3), which was formed by dehydration of oxir@2 in 22% yield.
The other product with a smallers-fRalue and a blue-yellow fluorescence was identwéh
phenaleno[2,Hoxazolonel5a and obtained in 2% yield. The formationl&a can be explained by a
Beckmann rearrangement.
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Conclusion

It could be shown that 3-hydroxyphenaleno®egve in an electrophilic halogenation at positibn
2-chlorophenalenoneg and in a nucleophilic halogenation at positio8-8hlorophenalenoneg 12
and19. In both cases, chloro substituents can be ex@thagainst an azido group to form 2-azifles
and 3-azidesB. Azidation of 3-chloro-2-nitrophenalenori? gave 2,3-diazidophenalenoid@ by
exchange of both the nitro group and the chloraigro

3-Aminophenalenone%0 are formed either directly fror8, or from 3-azidophenalenon@&sby
catalytic hydrogenolysis, or bySaudinger reaction via phosphazen@s

2-Amino-3-hydroxyphenalenonel4 cyclizes with carboxylic acid derivatives to oxb®zo
phenalenone$5, which were also obtained from 3-azidophenaler8mnand a carboxylic acid invol-
ving an azirine intermediatd6. Another way for the cyclization to isoxazolo- armcazolo-
phenalenones leads via the intermediate oXghef 2-acetylphenalenon2l, which gives an isomer
mixture: main product was the isoxaz@®, as a by-product the isomer oxaz@teis formed via a
Beckmann rearrangement.

Methods and Experimental

General

Melting points were determined using a Stuart SMWRRBIng Point Apparatus (Bibby Scientific Limited,
Stone, Staffordshire, UK) in open capillary tubes.

IR spectra were recordedth aBruker Alpha-P instrument (Bruker GmbH, Karlsru@grmany) with
Attenuated Total Reflectance (ATR)easurement, using a reflection method.

NMR spectra were recorded on a Bruker AvancenBtrument (Bruker GmbH) (300 MH#). Chemical
shifts are given in ppmdf from the internal TMS standard.

Elemental analyses were performed at the Micrgdical Laboratory of the University of Vienna, Atist

Analytical HPLC was performed on a Shimadzu LGsg6tem equipped with a diode array detector (215
and 254 nm) on a Pathfinder AS reversed phasef@.61n, 5 um) column, running in acetonitrile/wajea-
dient (30-100% acetonitrile).

Dry column flash chromatography [22] was carried @n silica gel 60 H (5-4Qm) (Merck, Darmstadt,
Germany).

All reactions were monitored by thin layer chroogrphy on 0.2 mm silica gel F 254 plates (Mercagrd-
stadt, Germany) using UV light (254 and 366 nm)detection.

Common reagent-grade chemicals are either comatigravailable and were used without further pasfi
tion or prepared by standard literature procedures.

EXPERIMENTAL

3-Hydroxyphenalen-1-one (3a) was prepared as described in ref. [10, 17, 23].
2-n-Butyl-3-hydroxyphenalen-1-one (3b): A mixture of H,3H-benzoflelisochromene-1,3-dionel|(
1,8-naphthalic anhydride) (30.0 g, 0.15 mol), dietitbutylmalonate2b) (32.7 g, 0.15 mol) and freshly melted
anhydrous zinc chloride (20.6 g, 0.15 g) was hefiedbout 5 hours to 240 °C. During this time tbemation
of ethanol and carbon dioxide was observed. Thekldalid obtained was cooled to 100 °C and trewii¢ul
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water (60 mL), crushed and filtered. The crude pobavas stirred with hot 1 N aq. sodium hydroxidkigon
(300 mL) for 15 minutes, filtered and the filtrateidified with diluted hydrochloric acid. The foeth yellow
precipitate was kept 2 hours at room temperatiterdd by suction, washed with water, dried antiye
stallized from cyclohexane. The yield was 26.984Y0yellow prisms, mp 173-176 °C (ethanol). IR:
3303-3002 m, 2961-2919 m, 2881 w, 1631 m, 1609561 %, 1506 w crh. 1H NMR (DMSO-d;): 5 0.85-1.02
(t, J=5 Hz, 3 H, Bu-Ch), 1.31-1.56 (m, 4 H, 2 Bu-G}j{ 2.59-2.76 (t, J =5 Hz, 2 H, 1-Bu-GK7.72-7.87 (m,
2 H, 5-H, 8-H), 8.21-8.42 (m, 4 H, aryl-H). Anahlcd for G/H,¢0, (252.32): C, 80.93; H, 6.39. Found: C,
80.79; H, 6.32.

2-Ethyl-3-hydroxy-phenalen-1-one (3c): Obtained from H,3H-benzofe]isochromene-1,3-diond) (30.0
g, 0.15 mol), diethyl ethylmalonat2d) (28.2 g, 0.15 mol) and zinc chloride (20.6 g,50g) according to the
procedure described f@8b. The yield was 17.46 g (52%), yellow prisms, mp 20 (ethanol). IR: 3044 w,
2908 m, 2852 w, 1666 m, 1604 m, 1571 sh, 1512°8. ¢ NMR (DMSO-d): 5 0.91-1.02 (t, J =5 Hz, 3 H,
CHs), 2.65-2.81 (t, J =5 Hz, 2 H, GH 7.74-7.86 (m, 2 H, 5-H, 8-H), 8.15-8.42 (m, 4a#yl-H). Anal. calcd
for CsH1,0, (224.26): C, 80.34; H, 5.39. Found: C, 80.51; 1325

2-Butyl-2-chlorophenalene-1,3-dione (4b): To a solution of 3-hydroxy-2-butylphenalen-1-dib) (2.00 g,
8 mmol) in dioxane (30 mL) and sulfuryl chloride42y, 18 mmol) was added dropwise, keeping the ézaap
ture at 50 °C. The mixture was heated to refluxaféew minutes and poured onto ice/water (100 b oily
residue was decanted, and fresh water added sudrggqunder stirring to remove sulfuric acid untié oily
product solidified. The product was filtered by soie, washed with water and dried. The yield w91
(61%), grey-white crystals, mp 69-71 °C (methanatév). IR: 2964-2923 m, 2861 w, 1702 s, 1679 s215H8
cm®. Anal. calcd for G7H15CIO, (286.76): C, 71.21; H, 5.27; Cl, 12.36. Found7€,10; H, 5.35; Cl, 12.31.

2-Chloro-2-ethylphenalen-1,3-dione (4c): To a solution of 3-hydroxy-2-ethylphenalen-1-¢8e) (5.00 g,
22 mmol) in dioxane (50 mL) and sulfuryl chloride g, 37 mmol) was added dropwise, keeping th@¢zar
ture at 50 °C. The mixture was heated to refluxaféew minutes and poured onto ice/water (150 mhg pre-
cipitate was filtered by suction, washed with wd&) mL) and dried under reduced pressure at 40R€E.
yield was 4.9 g (86%), light-gray prisms, mp 220(&thanol/water). IR: 2954-2903 m, 2881 w, 1705689 s,
1593 s crt. Anal. calcd for GsH11ClO, (258.71): C, 69.64; H, 4.29; CI, 13.70. Found6@.,32; H, 4.45; Cl,
13.95.

3-Hydroxy-2-iodophenalen-1-one (5): To a solution of 3-hydroxyphenalen-1-af3a) (2.43 g, 12.4 mmol)
and sodium carbonate (2.50 g, 23.6 mmol) in w&@m(L), a solution of iodine (3.5 g, 27.6 mmol)2pro-
panol (100 mL) was added dropwise at room tempegaithe mixture was cooled to 5 °C, acidified wgth-
cial acetic acid and then water was added, whisle gayellow precipitate. The solid was filtereddmction and
dried at 40 °C. The yield was 2.34 g (59%), yellmigms, mp 167-170 °C (cyclohexane). IR: 3113-2802
2849w, 1689 s, 1611 s, 1582 strnal. calcd for GgH710, (322.10): C, 48.48; H, 2.19. Found: C, 48.23; H,
2.32.

2-Azido-2-butyl-phenalene-1,3-dione (6b): A mixture of 2-butyl-2-chlorophenalene-1,3-dio@b) (2. 87
g, 10 mmol) and sodium azide (0.65 g, 10 mmol)imedhylformamide (50 mL) was heated to 50 °C for 60
minutes, then cooled to room temperature and poomédlice/water (100 mL). The solid mixture wasrstl for
2 hours at room temperature and filtered by sucfitre yield was 2.31 g (79%) yellowish powder, ngs IC
(ethanol). IR: 3500-2905, 2116 s, 1711 s, 16846601 crmt. Anal. calcd for G;H15N30, (293.33): C, 69.61;
H, 5.15; N,14.33. Found: C, 69.72; H, 5.47; N,014

2-Azido-2-ethylphenalene-1,3-dione (6¢): Obtained from 2-ethyl-2-chlorophenalene-1,3-di¢4® (2.58 g,
10 mmol) and sodium azide (0.65 g, 10 mmol) asritesd for6b. The yield was 2.25 g (85%), yellow crystals,
mp 136 °C (ethanol). IR: 3503-2902 m, 2126 s, 19,2689 s, 1600 s cfnAnal. calcd GsH11N30; (265.27):
C, 67.92; H, 4.18; N, 15.84. Found: C, 68.25; B54N, 15.51.

3-Chlorophenalen-1-one (7a): A solution of phosphoryl chloride (5.0 g, 30 miiol dimethylformamide (3
mL) was stirred for 20 minutes and then added diegto a solution of 3-hydroxy-phenalen-1-¢Ba) (7.84
g, 40 mmol) in dimethylformamide (120 mL) at 1520 The mixture was stirred for 5 hours at roompgera-



18th International Electronic Conference on Synthetic Organic Chemistry (ECSOC-18) 1-30 November 2014
Syntheses and Reactions of Amino- and Azidophenalenones 8

ture, poured onto ice/water (300 mL) and broughgHlies5 with 2 M ag. sodium hydroxide solution. Theg-
pitate was washed with water, filtered by suctiod dried at 40 °C. The yield was 4.2 g (45%), brizlvn
prisms, mp 172-173 °C (ethanol/water); lit mp 181-2C [24]. IR: 1641 s, 1575 s, 1502 wénAnal. calcd
for C13H7CIO (214.65): C, 72.74; H, 3.29. Found: C, 72.593t0.

2-Butyl-3-chlorophenalen-1-one (7b): 2-Butyl-3-hydroxyphenalen-1-on8l) (5.00 g, 20 mmol) in dime-
thylformamide (80 mL) and phosphoryl chloride (§,20 mmol) in dimethylformamide (1.5 mL) was bratg
to reaction and worked up as describedrforThe oily residue was decanted, then ethanol wdsdand with
water precipitated and kept for 12 hours at 5 °i $olid was filtered by suction, washed and daied0 °C.
The yield was 4.52 g (84%), brown prisms, mp 6264IR: 2958 m, 2921 m, 2873 w, 2862 m, 1632 s51§1
1571 s, 1502 m crh Anal. calcd for G/H.5CIO (270.76): C, 74.41; H, 5.58; Cl, 13.09. C, 5.1, 5.42; ClI,
13.05.

3-Azidophenalen-1-one (8a): To a solution of 3-chloro-phenalen-1-oma)((5.0 g, 23.3 mmol) in dimethyl-
formamide (150 mL), sodium azide (4.60 g, 71 mma}y added slowly at room temperature. The mixtuas w
warmed to 50-55 °C and stirred for 5 hours and fhaured onto ice/water (300 mL). The formed prdaipi
was kept for 3-4 hours at 5 °C, then filtered bgts&un and dried at 20 °C at reduced pressure. Téld was 4.0
g (78%), light yellow prisms, mp 161-162 °C (ethiéwater). IR: 2183 w, 2121 s, 1635 s, 1582 s'cranal.
calcd for G3H/N3O (221.22): C, 70.58; H, 3.19; N, 18.99. Found7C.63; H, 3.36; N, 18.63.

3-Azido-2-butylphenalen-1-one (8b): To a solution of 2-butyl-3-chlorophenalen-1-oib)((2.60 g, 9.6
mmol) in dimethylformamide (100 mL), sodium azi@&l1Q g, 48 mmol) in dimethylformamide was added
slowly at room temperature. The mixture was warnoesl0 °C and stirred for 12 hours and then poured o
ice/water (250 mL). A brown oil was formed whichsueept for 12 hours at 5 °C under stirring. Therfed
precipitate was filtered by suction and dried af@@at reduced pressure. The yield was 1.95 g (7B%jvn
platelets, mp 44-45 °C. IR: 2962 w, 2924 w, 2862%1,2 s, 1635 s, 1575 s ¢mAnal. calcd for G;H15N30
(277.33): C, 73.63; H, 5.45; N, 15.15. Found: C343H, 5.48; N, 14.78.

3-Triphenylphosphor anylideneaminophenalen-1-one (9a): To a suspension of 3-azidophenalen-1-@a (
(1.47 g, 6.7 mmol) in toluene (35 mL), triphenylgpbane (1.90 g, 7.2 mmol) was added and the mikieze
ted under reflux for 2.5 hours. After cooling, mvent was removed under reduced pressure andglizie
digested with cyclohexane to remove unreactedériglphosphane. The solid product was recrystallfrea
ethanol/water, filtered by suction and dried af@0The yield was 1.67 g (55%), yellowish prism@ 224.8
°C (ethanol/water). IR: 3051 w, 1633 s, 1605 m,2L8@&m. Anal. calcd for G;H»,NOP (455.50): C, 81.74; H,
4.87; N, 3.08. C, 81.40; H, 5.00; N, 2.69.

2-Butyl-3-triphenylphosphor anylideneaminophenalen-1-one (9b): To a solution of 3-azido-2-butyl-
phenalen-1-one3p) (1.95 g, 7 mmol) in toluene (35 mL), triphenylgipbane (2.0 g, 7.6 mmol) was added and
the mixture heated to 80 °C for 45 min. After caglithe solvent was removed under reduced pressutéhe
oily black residue digested several times with olielkane to remove unreacted triphenylphosphaneoiémge
product was dissolved in toluene (50 mL) and piitatipd with hexane (200 mL). The yield was 0.36.0%)
brown prisms, mp 35-40 °C. For further reactiohe, drange raw material was used. IR: 3051 w, 23222,
2863w, 1711 m, 1682 m, 1625 m, 1601 w, 1582 rit.cAnal. calcd for GsH3oNOP (511.61): C, 82.17; H,
591; N, 2.74. C, 81.92; H, 5.55; N, 2.41.

3-Aminophenalen-1-one (10a): Method A: A solution of 3-azido-phenalen-1-08a)((0.90 g, 41 mmol) in
dimethylformamide was diluted with ethanol (50 mibjen palladium/charcoal (0.20 g) was added andhnitie
ture hydrogenated under stirring at room tempeeatumd standard pressure. The catalyst was filigffexhd the
solution diluted with water (100 mL). The formecepipitate was filtered by suction and dried. Theld/iwas
0.48 g (58%), light yellowish prisms, mp 236 °C fer.
Method B: A suspension of 3-triphenylphosphorarstidaminophenalen-1-on@aj (2.50 g, 5 mmol), ™
hydrochloric acid (55 mL) and methanol (3.3 mL)sweeated under reflux for 5 minutes. The formed tri
phenylphosphane oxide was filtered and the filttataight to pH=10 with 21 sodium hydroxide solution. A
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yellow precipitate was formed, which was filtergdduction after stirring for 12 hours at 5 °C. hield was
0.50 g (47%), yellow prisms, mp 235 °C (water).
Method C: A mixture of 3-hydroxyphenalen-1-o13a)((6.50 g, 31 mmol) and ammonium acetate (65 g, 840
mmol) was heated slowly to 140-145 °C. Melting e tixture started at 140 °C, and an exothermicti@a
was observed. The mixture was kept for severaldiatil 40-145 °C until the evolution of ammonia pexgh
Then the reaction mixture was poured still hot Bolution of concentrated nitric acid (30 mL) intea(500
mL). The formed precipitate was filtered and thedte neutralized with sodium carbonate. An oitgguct was
separated, which solidified after stirring for 1@uns at 20 °C to give a yellow precipitate whichs\idtered by
suction. The yield was 2.15 g (33%), yellow prismg, 234 °C (water); lit. mp 235-238°C [24, 25]. IR:
3382-3204 m, 1631 s, 1602 w, 1589 s’tm

3-Amino-2-butylphenalen-1-one (10b): Method B: A suspension of orange, raw 2-butyhpkenylphos-
phoranylideneaminophenalen-1-o88) (1.00 g, 2 mmol), 31 hydrochloric acid (20 mL) and methanol (1.5
mL) was heated under reflux for 1 hour. The forrtrgghenylphosphane oxide was filtered and thedfiitr
brought to pH=10 with 21 sodium hydroxide solution to give an oily produdethanol was evaporated under
reduced pressure and the residue extracted withyti¢her until the ether phase did not show aoyeltolor.
The ether phase was dried with calcium chlorideeréd and taken to dryness. The yield was 0.Q%) (
orange crystals, mp 30-35 °C. IR: 2922 s, 28536611m, 1612 w, 1589 m ¢t Anal. calcd for G;H17NO
(251.33): C, 81.24; H, 6.82; N, 5.57. Found: C880H, 6.52; N, 5.91.

3-Hydroxy-2-nitrophenalen-1-one (11): To a suspension of 3-hydroxyphenalen-1-&# (16.0 g, 82
mmol) in glacial acetic acid (400 mL), nitric agi#D mL) was added and the mixture stirred at roemperatu-
re. Then sodium nitrite (0.42 g, 6.1 mmol) was atlestart the slightly exothermic reaction. A clealution
was obtained, which was stirred at room temperdtur80 minutes. The mixture was poured onto icé&va
(600 mL) and stirred for 2 hours at room tempegatilihe formed precipitate was filtered by suctiod dried
at 40 °C. The yield was 16.35 g (83%), yellow pigsmp 159 °C (ethanol); lit. mp 160 °C [15, 26]: IR
3603-3201 m, br, 1662 s, 1631 w, 1589 s'cinal. calcd for GsH,NO, (241.21): C, 64.74; H, 2.93; N, 5.81.
Found: C, 64.62; H, 3.11; N, 5.47.

3-Chloro-2-nitrophenalen-1-one (12): A mixture of 3-hydroxy-2-nitrophenalen-1-onHj (2.08 g, 8.3
mmol), phosphoryl chloride (30 mL) and triethylamifl.26 mL, 9 mmol) was heated for 1 hour undduxef
cooled to room temperature and poured onto icefa&® mL) under stirring. A greenish precipitatasifor-
med, which was stirred for 1 hour at 20 °C and tfileered by suction. The yield was 1.57 g (70%¥enish
prisms, mp 227.9-231.6 °C (cyclohexane). IR: 17226%3 s, 1611 sh, 1595 sh, 1559 slcnal. calcd for
C13HgCINO3 (259.65): C, 60.14; H, 2.33; N, 4.48. Found: C869 H, 2.43; N, 4.47.

2,3-Diazidophenalen-1-one (13): A suspension of 3-chloro-1-nitrophenalen-1-ot® (3.89 g, 15 mmaol),
dimethylformamide (100 mL) and sodium azide (2.92%mmol) was stirred for 48 hours at room tempera
re. Then the mixture was poured onto ice/waterfahmed brown precipitate stirred for 1 hour at®20and
then filtered by suction and dried. The yield wa&71g (46%), yellow prisms, mp 142 °C dec. (acelolie
(KBr): 2161 s, 1765 s, 1622 m, 1583 m, 1509 wicnal. calcd for G3HeN6O (262.23): C, 59.54; H, 2.31; N,
32.05. Found: C, 59.94; H, 2.57; N, 31.65.

2-Amino-3-hydroxyphenalen-1-one (14): Method 1: To a suspension of 3-hydroxyphenalemé-3a)
(3.35 g, 17 mmol) in glacial acetic acid (20 mLhepylhydrazine (6.55 mL) was added under stirringtart an
exothermic reaction. The mixture was slowly heatedl05-110 °C for 1 hour, then cooled to room terapge
and kept at this temperature for 12 hours. Thelsedis filtered by suction, washed subsequently glélial
acetic acid, ethanol and acetone, and then drié@ &C. The yield was 1.66 g (46%) brownish prismp,
302-303 °C; lit. mp 260-265 °C [17]. IR: 3041 m 589, 2581 m, 1710 sh, 1701 w, 1682 s, 1589 m, ih78
1570 m cmt-.
Method 2: To a solution of 3-hydroxy-2-nitrophemale-one 11) (10 mmol, 2.41 g) in #1 sodium hydroxide
solution (50 mL), sodium dithionite (10 g) was adde small portions under stirring at room temperat until
the color of the mixture did not further changeeThaction mixture was then cooled down to O °Claodight
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to pH = 1 with hydrochloric acid. The resulting piitate was filtered by suction and dried at rommperatu-
re. The yield was 0.24 g (10%) dark black powdetdbHCI. It was used for further reactions without pugfic
tion.

9-M ethylphenaleno[2,1-d]oxazol-7-one (15a): Method A: A mixture of 2-amino-3-hydroxyphenalérene
(14) (0.48 g, 2.3 mmol) and anhydrous sodium acefa@8(g, 0.9 mmol) in acetic anhydride (20 mL) wasg-h
ted under reflux for 2 hours. The solvent was reegbwnder reduced pressure and the residue redizedal
from cyclohexane. The yield was 0.58 g (86%), mp.17176.5 °C (cyclohexane).

Method B: A mixture of 2-amino-3-hydroxyphenalerside (4) (2.11 g, 10 mmol), acetic acid (R = Me) (10 g,
0.17 mol) and polyphosphoric acid (20 g) was he&de@ hours to 150 °C under stirring. The hot Blagxture
was poured onto ice/water (200 mL), stirred forolhand then brought to pH=5-6 withv2sodium hydroxide
solution. The formed green precipitate was filtebbgdsuction and dried. The yield was 1.40 g (60%kgish
prisms, mp 178-180 °C (toluene/cyclohexane).

Method C: A mixture of 2-azido-3-hydroxyphenalemie @a) (2.21 g, 10 mmol), acetic acid (10 g, 0.17 mol)
and polyphosphoric acid (20 g) was heated for 2$ 1150 °C under stirring. The hot mixture wasieal

onto ice/water (200 mL), stirred for 1 hour andrtieought to pH=5-6 with #1 sodium hydroxide solution and
then filtered by suction and dried. A second cr@s wbtained by extraction of the filtrate with dariomethane
(2x 100 mL), drying the organic phases with sodautiate and removing the solvent under reducedspres
The combined solids were crystallized from tolu€fige yield was 1.53 g (65%) greenish prisms, mp 138

°C (toluene/cyclohexane); lit. mp 184-185 °C [exQ8: 1655 s, 1581 s, 1505 m ¢m'H NMR(CDCL): 6 2.67
(s, Me), 7.61-8.29 (m, 5 H, aryl-H), 8.70-8.85 Jd; 8 Hz, 1 H, 6-H). Anal. calcd for;§HgNO, (235.24): C,
76.59; H, 3.86; N, 5.95. Found: C, 76.57; H, 4N05.86.

9-Ethylphenaleno[2,1-d]oxazol-7-one (15b): A mixture of 2-amino-3-hydroxy-phenalen-1-orid) (2.11 g,
10 mmol), propanoic acid (R = Et) (10.0 g, 0.14 nasid polyphosphoric acid (20 g) was heated foo@$to
150 °C (internal temperature) under stirring. Thetlack mixture was poured onto ice/water (200 nstiyred
for 1 hour and then brought to pH=5-6 witlv2sodium hydroxide solution. The formed green priégip was
filtered by suction, dried and purified using athedractor with cyclohexane. The yield was 1.2@%%),
greenish prisms, mp 125.5 °C (toluene/cyclohexditejnp 106-107 °C [27]. IR: 1652 s, 1588 w, 15801512
m cmt. 'H NMR (CDCk): 6 1.51 (t, J = 8 Hz, Me), 3.02 (q, J = 8 Hz, §H¥.61-8.15 (m, 5 H, ArH), 8.25-8.32
(d, J=8Hz, 1 H, 6-H). Anal. calcd for §1,:NO, (249.27): C, 77.10; H, 4.45; N, 5.62. Found: C976H,
4.54; N, 5.62.

2-Phenylaminomethylenephenalene-1,3-dione (18) was prepared as described previously [8].

3-Chloro-1-oxo-1H-phenalene-2-car baldehyde (19): A solution of phosphoryl chloride (2.1 g, 14 miniol
dimethylformamide (1 mL) was stirred 1 hour at rommperature and then added dropwise to a solofion
2-phenylaminomethylenephenalene-1,3-diot# (3.0 g, 10 mmol) in dimethylformamide (60 mL) ggéng
the temperature between 15-20 °C. The reactionum@xtas stirred for 3 days at room temperaturetiaeil
poured onto ice/water (150 mL) which forms a yelgmenish precipitate. The solid was stirred ftroRirs at
room temperature and then filtered by suction aietld The yield was 1.25 g (51%), mp 145-146.7 °C
(cyclohexane). IR: 1695 s, 1642 s, 1615 w, 157585 m, 1502 m crh Anal. calcd for G4H,CIO, (242.66):
C, 69.30; H, 2.91; CI, 14.61. Found: C, 69.64; BB73Cl, 14.22.

8-Hydroxypyrano[2,3-b]phenalene-7,10-dione (20) and2-acetyl-3-hydroxyphenalen-1-one (21) were
prepared as described previously [10].

8-M ethyl-7H-phenaleno[2,1-d]isoxazol-7-one (23): A mixture of 2-acetyl-3-hydroxyphenalen-1-oréd)
(2.38 g, 10 mmol), hydroxylamine hydrochloride & ¢, 50 mmol) and sodium hydrogencarbonate (3if g)
ethanol/water (100 mL : 50 mL) was heated undéuxdbr 90 minutes, cooled and stirred for 12 hcatrs °C.
The formed precipitate was filtered by suction #mmixture purified and separated by dry flastuowi chro-
matography (eluents hexane and ethyl acetate}.d&bhie fluorescent product (isoxaz@® yield: 0.52 g,
22%) was isolated, the second product was a ydbi-fluorescent compound, identical with the oxed6a
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(yield: 0.05 g, 2%). Analytical data @8: mp: 184-185 °C. IR: 2952 w, 1655 s, 1585 w, 1671505 m crit.
Anal. calcd for GsHgNO, (235.24): C, 76.59; H, 3.86; N, 5.95. Found: C216H, 4.19; N, 5.65.
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