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Abstract. A dimerization/cyclization reaction of 2-benzylamino-phenols for the direct synthesis of 

oxazolo-phenoxazine skeleton is reported. The reaction occurs under copper-catalysis in the presence of 

hypervalent iodine(III) giving selectively the 5H-oxazolo[4,5-b]phenoxazine compounds. The cascade 

process which allows the conversion of the substrates into the tetracylic products involves three C-H 

functionalization steps. An initial oxidation of the electron-rich arenes by the hypervalent iodine is 

essential for the dimerization of the substrates, whereas the formation of the five-membered rings is 

promoted by the copper species. 1-Benzyl-2-phenyl-6-(aryl-benzyl)amino-benzimidazoles are 



 2 

regioselectively obtained using of N,N’-dibenzyl-phenylenediamines as starting substrates. The 

fluorescence emission properties of these classes of products have been evaluated. 

___________________________________________________________________________  
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Introduction 

The formation of new bonds by transition metal-catalyzed reactions under oxidative conditions has had 

a notable development as it allows the use of non-activated compounds as substrates.1 In the context of 

C-H functionalization processes under oxidative conditions, copper-catalyzed reactions have proved to 

be a valuable alternative to the well-known versatility demonstrated by palladium-catalyzed reactions.2,3 

Different combinations of copper species with suitable oxidants have been successfully used to 

functionalize Csp-H, Csp2-H and Csp3-H bonds.4 Several copper-catalyzed reactions performed in the 

presence of hypervalent iodine(III) in the dual role of oxidant and source of functional groups are reported 

in the literature.5  

 The benzoxazole nucleus represents a frequently occurring motif in natural and pharmaceutical 

compounds, also endowed with chemical and physical properties that make its presence useful in organic 

materials for optical applications.6 The most convenient procedures for the synthesis of benzoxazoles are 

based on various methodologies of cyclization starting from 2-aminophenol derivatives.7 Among them, 

the intramolecular C-H functionalization of 2-benzylaminophenols represents the easiest approach to 

build 2-aryl-substituted benzoxazoles (Scheme 1, eq. 1).8  

 In this context, taking into account the tendency of 2-aminophenols to transform into o-quinones 

in the presence of oxidants giving dimerization (Scheme 1, eq. 2),9 we have envisaged the possibility of 

coupling 2-benzylaminophenols to give a benzoxazole moiety inserted in a tetracyclic structure (Scheme 

1, eq. 3). On the basis of the light emitting properties known from the literature for phenoxazine analogous 

structures,10 the expected 5H-oxazolo[4,5-b]phenoxazines should have fluorescent properties.  

Scheme 1. Representative cyclization reactions of 2-aminophenols  
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Results and discussion 

Devoting continuous interest in cyclization reactions in oxidative conditions and, more recently, to 

copper-catalyzed synthetic processes,11 we initially screened the behavior of the 2-benzylamino-phenol 

1a as model substrate in the presence of catalytic CuCl and different oxidizing agents. The reaction 

conditions investigated to optimize the procedure are summarized in Table 1. Combination of the copper 

catalyst with t-butyl-hydroperoxide or benzoquinone afforded total consumption of the substrate, but was 

ineffective for the dimerization giving the 2-phenyl-benzoxazole 2 in low yields (entries 1-3). No 

conversion of 1a was observed using H2O2 (entry 4). The addition of neither 8-OH-quinoline nor 1,10-

phenantroline as ligands changed the outcome of the reaction, although traces of compound 3a were 

identified in the crude reaction mixtures (entries 5 and 6).12 In obvious contrast to the results so far 

described, the use of PIDA as oxidant in chlorobenzene inhibited the formation of the benzoxazole product 

and enhanced the efficiency toward 3a, isolated in 24% yield (entry 7). Access to the oxazolo[4,5-

b]phenoxazine product was improved combining the copper salt and PIDA to a N,N-bidentate ligand 

(entries 8 and 9). Further investigations proved PIFA as an ineffective oxidizing agent (entry 10) and 

revealed that the dimerization/cyclization process took place even in absence of the CuCl catalyst, 

although giving a complex mixture of degradation compounds from which 3a was isolated in only 18% 

yield (entry 11). By changing the solvent, very different results were observed: working in the presence 

of bathophenanthroline in DMF or acetonitrile no substrate conversion was observed (entries 12 and 13), 
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while carrying out the reaction in toluene 3a was obtained in 67% yield (entry 14). Finally, the use of 

PIDA as oxidant in toluene was more effective performing the reaction in 0.5 M solution at 100 °C (entry 

15 vs 16). 

Table 1. Optimization for dimerization/cyclization reaction of 2-benzylamino-phenola  

 

 

Entry Oxidant Ligand Solvent Time (h) 
Product 

(%yield) 

1 TBHP - dioxane 4 2 (10) 

2 TBHP - PhCl 4 2 (44) 

3 BQ - toluene 4 2 (15) 

4 H2O2 - MeCN 4 S.M. 

5 TBHP 8-OH quinoline PhCl 1 
2 (66) + 3a 

(traces) 

6 TBHP Phen PhCl 4 
2 (15) + 3a 

(traces) 

7 PIDA - PhCl 4 3a (24) 

8 PIDA Phen PhCl 3 3a (58) 

9 PIDA BPhenb PhCl 3 3a (53) 

10 PIFA BPhen PhCl 3 S.M. 

11 PIDAc - toluened 4 3a (18) 

12 PIDA BPhen DMF 3 S.M. 

13 PIDA BPhen MeCN 3 S.M. 

14 PIDA BPhen toluene 3 3a (67) 

15 PIDA BPhen toluenec,e 8 3a (72) 

16 PIDA BPhen toluenef 8 3a (42) 
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a Reaction conditions: 1a (1.0 mmol), CuCl (0.05 mmol), ligand (0.06 mmol), oxidant (1.3 mmol), 

solution concentration 0.07 M, at 100 °C for the indicated time in a sealed tube. b The use of 8-OH 

quinoline as ligand provided only degradation products. c No improvement of yields of 3a was observed 

using of 1.5 mmol or 3.0 mmol of PIDA. d Reaction performed without CuCl. e In a 0.5 M solution. f At 

80 °C in a 0.1 M solution. 

Application of the conditions of Table 1, entry 15 to other substrates showed that oxazolo-phenoxazines 

could be obtained from 2-arylamino-phenols bearing highly diversified benzyl groups (Scheme 2). 

Overall, the presence of both strongly electron-donating and electron-withdrawing substituents was 

tolerated, although the presence of the latter resulted in lower yields. Particularly noteworthy is the 

formation of the tetracyclic derivative 3c without any observable reaction of the p-bromophenyl moiety. 

Heterocyclic groups such as the thien-2-yl ring were suitable for the dimerization/cyclization reaction, 

and naphthyl and mesityl groups led to the expected reaction products. Moreover, in the synthesis of 

compound 3b, single crystals suitable for X-ray diffraction analysis were obtained from the crude reaction 

mixture. The crystal structure determination provided unambiguous evidences for the 5H-oxazolo[4,5-

b]phenoxazine structure. Aminophenols with methyl and nitro substituent at 3- and 6-positions were also 

considered as candidates for the reaction, but their treatment under standard conditions provided only 

mixtures of degradation products. 

Scheme 2. Scope of the dimerization/cyclization reactiona 
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a Reaction conditions: 1b-n (1.0 mmol), CuCl (0.05 mmol), bathophenanthroline (0.06 mmol), PIDA (1.3 

mmol), toluene (2 mL), 80 °C, 8 h. b The molecular structure was determined experimentally through 

accurate single-crystal X-ray diffraction experiments at room temperature. Full details are deposited in 

the Supporting Information. CCDC 2085399 contains the supplementary crystallographic data for this 

paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/structures. 

 

On the basis of the known tendency of 2-aminophenols to undergo oxidative dimerization9 and due to 

the formation of the tetracyclic product only in traces when the reaction was performed with an excess of 

PIDA without the copper salt (Table 1, entry 11), a plausible mechanism is proposed in Scheme 3. The 

key-intermediate, although never isolated, is the phenoxazine II, which may arise from dimerization of 

the substrate following two different paths. The first one involves the oxidation/dearomatization of the 2-

benzylamino-phenol induced by the hypervalent iodine with generation of the o-quinone-type 

intermediate I,13 which interacts with 1 directly affording II (Scheme 3, path A).9 Alternatively, II could 

be generated from the spiro-cyclohexandienone IV arising from coupling of 1 on the p-quinone 

intermediate III formed through the PIDA oxidative intervention (Scheme 3, path B).14  Spiro-oxazolidine 

IV promptly rearranges to the more stable phenoxazine II via a regioselective ring expansion process, 

plausibly favors by the presence of the acetate anion able to capture the acid H atom in V. The intermediate 

II plausibly evolves through oxidation to imine VI, followed by a copper-assisted acetalization step that 

generates the 2,3-dihydrobenzoxazole derivative VII.15 Finally, the copper-catalyzed oxidation of VII 

provides the product 3. The occurrence of an initial dimerization is supported by the lack of reactivity of 

substrates bearing substituents on 4- and 5-positions of the 2-amino-phenol moiety essayed under the 

standard reaction conditions. 

Scheme 3. The proposed mechanism of dimerization/cyclization reaction 

 

 

http://www.ccdc.cam.ac.uk/structures
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Likewise, considering the structural and electronic analogy with the 2-aminophenols, we evaluated the 

reactivity of the N,N'-dibenzyl-1,2-benzendiamines (Scheme 4). The compounds 4a-h, treated under 

standard conditions, although giving rise to a dimerization process with formation of a five-membered 

ring, did not provide tetracyclic fused-ring products. Therefore, a regiospecific reaction was observed in 

all cases leading to the products 5a-h as the only isomers, isolated in good yields (57-88%) with the 

exception of the substrate 4d bearing a nitrile group at meta position. The substituents on the 

benzimidazole structure were assigned on the base of NMR studies and the selective substitution of the 

amino group at 6-position was inferred by NOESY experiments (Figure 1). In particular, the interaction 

between the aromatic proton at 6.36 ppm and the N1 benzylic signal at 5.19 ppm, consistent only for the 

assigned structure, was found to be diagnostic (see Supporting Information). The obtained results suggest 

that, most probably, the presence of a second benzylamino substituent instead of the hydroxyl group 

inhibits the formation of the second C-N bond, hampering the access to the phenazine nucleus. As the 

dimerization/cyclization process of 2-benzylamino-phenols, the reaction plausibly involves the oxidation 
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of VIII to imino derivatives, which in turn furnish the 2,3-dihydrobenzimidazole intermediates as 

precursors of the benzimidazole products 5.15d 

Scheme 4. Reaction performed on N,N’-dibenzyl-1,2-benzendiamine 4a 

 

a Reaction conditions: substrate 4 (1.0 mmol), CuCl (0.05 mmol), bathophenanthroline (0.06 mmol), 

PIDA (1.3 mmol), toluene (2 mL), 100 °C.  
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Figure 1. Determination of structure 5b by NOESY experiments 

 

Interestingly, the 5H-oxazolo[4,5-b]phenoxazine derivatives 3a-n are characterized by an intense 

fluorescence in solution, with the exception of 3g, which shows a very feeble emission due to the 

quenching effect of nitro groups.16 The lower energy absorption (Table S1) falls in the range 351-414 nm, 

with all species showing a large Stokes shift (0.72-0.92 eV). As depicted in Figure 2, the emission maxima 

differ depending on the substitution on the oxazole ring: in general, λem varies from blue to orange with 

decreasing the electron donating character of the substituent (i.e., from 474 nm for 3k to 584 nm for 3e).17 

Fluorescence lifetime decays are in the range 3.8-5.9 ns (Table S1).18 

 

Figure 2. Normalized emission spectra of 5H-oxazolo[4,5-b]phenoxazines 3a-f, 3h-n (CH2Cl2, 5·10-5 M). 

TD-DFT calculations were performed on compound 3a, and a great accordance between calculated and 

experimental UV-vis traces was observed (Figure 3). Accordingly, the main absorption is a HOMO-LUMO 

transition (>98%): the HOMO is localized on the 5H-oxazolo[4,5-b]phenoxazine nucleus, whereas LUMO 

mainly involves the aromatic substituent at oxazole 2-position.   
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Figure 3. Calculated (dashed red) vs. experimental (solid blue) UV-vis spectra (CH2Cl2, 5·10-5 M) for 

compound 3a, taken as a representative example of the series. Vertical bars represent calculated 

transitions with oscillator strength f > 0.01. Inset: calculated HOMO and LUMO orbitals for 3a.  

 

Preliminary measurements showed that 1H-benzo[d]imidazol-6-yl)benzene-1,2-diamine derivatives are 

also characterized by a fluorescence emission (Figure S2), centered in the UV to blue region (370-450 

nm), which however is less intense than what observed for 5H-oxazolo[4,5-b]phenoxazines. 

Conclusions 

In summary, we have developed an oxidative/copper catalyzed procedure for direct coupling of 2-

benzylamino-phenols to oxazolo[4,5-b]phenoxazines. A catalytic amount of CuCl combined with PIDA 

allowed selective access to the tetracyclic products through the initial formation of the phenoxazine 

structure, obtained by dimerization of the aminophenol substrate, then followed by cyclization of the 

imine intermediate to the oxazole ring. This synthetic protocol proved to be general and regiospecific. 

Replacement of the starting amino-phenols with N,N-dibenzyl-1,2-diaminobenzenes lead to the formation 

of 1H-benzo[d]imidazol-6-yl)benzene-1,2-diamine products. Additionally, the luminescence of these 

oxazolo[4,5-b]phenoxazines 3 and 1H-benzo[d]imidazol-6-yl)benzene-1,2-diamines 5 could be 

modulated depending on the substituent, leading to fluorescent organic dyes with a broad emission range. 

Experimental Section 
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General Information: All available chemicals and solvents were purchased from commercial sources 

and were used without any further purification. Thin layer chromatography (TLC) was performed using 

0.25 mm silica gel precoated plates Si 60-F254 (Merck, Darmstadt, Germany) visualized by UV-254 light 

and CAM staining. Purification by flash column chromatography (FCC) was conducted by using silica 

gel Si 60, 230-400 mesh, 0.040-0.063 mm (Merck). Melting points were determined on a Stuart Scientific 

SMP3 and are corrected. 1H, 13C NMR and NOESY spectra were recorded on a Bruker Avance 400 (400 

and 101 MHz, respectively); chemical shifts are indicated in parts per million downfield from SiMe4. 

Coupling constants values J are given in Hz. The UV-vis, excitation and emission spectra were measured 

using a fluorescence spectrometer (Edinburgh Instruments FS5) equipped with a 150 W continuous Xenon 

lamp as a light source and were corrected for the wavelength response of the instrument. Lifetime 

measurements were performed on the same FS5 Edinburgh Instruments equipped with an EPLED-320 

(Edinburgh Instruments) pulsed source. Analysis of the lifetime decay curve was done using Fluoracle® 

Software package (Ver. 1.9.1), which runs the FS5 instrument. 

General procedure for the synthesis of 2-benzylamino-phenols 1a-n. In a round bottom flask the 

appropriate benzaldehyde (1.0 mmol, 1.0 equiv.) was added to a solution of aminophenol (1.0 mmol, 1.0 

equiv., 109.1 mg) in MeOH dry (6.7 mL, 0.15M). The resulting solution was stirred at room temperature 

for 1 hour. After cooling to 0 °C, NaBH4 or NaBH(OAc)3 (2.0 mmol, 2.0 equiv.) was added portionwise 

and the solution was stirred for 1 hour. Then, after evaporation of the solvent, the reaction mixture was 

extracted with DCM (10 mL x 2), washed with water (10 mL x 2) and brine (10 mL x 1), dried over 

MgSO4 and filtered. The solvent was evaporated under reduced pressure and the residue was purified by 

FCC. Yields, spectroscopic and analytical data of benzylamino-phenols 1a-n are as follows. 

N-Benzyl-2-aminophenol (1a) – Benzaldehyde (106.1 mg); NaBH4 (75.7 mg). White crystalline solid. 

FCC−AcOEt/hexane (1:9).  Yield: 95% (189.3 mg). 1H NMR and 13C NMR are consistent with the 

literature.19 
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N-(4-Methylbenzyl)-2-aminophenol (1b) – 4-Methylbenzaldehyde (120.2 mg); NaBH4 (75.7 mg). Pale 

green crystalline solid. FCC−AcOEt/hexane (1:9). Yield: 91% (194.1 mg). 1H NMR and 13C NMR are 

consistent with the literature.20 

N-(4-Bromobenzyl)-2-aminophenol (1c) – 4-Bromobenzaldehyde (185.0 mg); NaBH4 (75.7 mg). Light 

brown liquid. FCC−AcOEt/hexane (1:4). Yield: 89% (247.6 mg). 1H NMR and 13C NMR are consistent 

with the literature.19 

N-(4-Methoxybenzyl)-2-aminophenol (1d) – 4-Methoxybenzaldehyde (136.2 mg); NaBH4 (75.7 mg). 

White crystalline solid. FCC−AcOEt/hexane (1:9). Yield: 91% (208.6 mg). 1H NMR and 13C NMR are 

consistent with the literature.21 

N-(4-Cyanobenzyl)-2-aminophenol (1e) – 4-Formylbenzonitrile (131.1 mg); NaBH(OAc)3 (432.9 mg). 

Light brown wax. FCC−AcOEt/hexane (1:9). Yield: 97 % (217.5 mg). 1H NMR and 13C NMR are 

consistent with the literature.22 

N-(4-Fluorobenzyl)-2-aminophenol (1f) – 4-Fluorobenzaldehyde (124.1 mg); NaBH(OAc)3 (432.9 mg). 

Pale green crystalline solid. FCC−AcOEt/hexane (1:9). Yield: 97 % (210.7 mg). 1H NMR and 13C NMR 

are consistent with the literature.20 

N-(4-Nitrobenzyl)-2-aminophenol (1g) – 4-Nitrobenzaldehyde (151.1 mg); NaBH(OAc)3 (432.9 mg). 

Yield: 91% (222.3 mg). Beige solid. M.p.: 86-88 °C. FCC−AcOEt/hexane (3:7). 1H NMR (CDCl3, 400 

MHz)  8.19 (d, 2H, J = 8.7 Hz), 7.54 (d, 2H, J = 8.7 Hz), 6.82-6.75 (m, 2H), 6.65 (t, 1H, J = 6.1 Hz), 

6.50 (d, 1H, J = 9.4 Hz), 4.71 (bs, 1H), 4.50 (s, 2H); 13C {1H} NMR (CDCl3, 101 MHz)  147.5, 147.2, 

143.2, 136.1, 127.9, 123.9, 121.8, 118.2, 114.5, 112.1, 47.7. Anal. Calcd. for C13H12N2O3: C, 63.93; H, 

4.95; N, 11.47. Found:  C, 64.15; H, 5.09; N, 11.30. 

N-(2-Fluorobenzyl)-2-aminophenol (1h) – 2-Fluorobenzaldhyde (124.1 mg); NaBH(OAc)3 (432.9 mg). 

Yield: 83% (180.3 mg). Yellow oil. FCC−AcOEt/hexane (1:9).  1H NMR (CDCl3, 400 MHz)  7.37 (t, 

1H, J = 7.3 Hz), 7.29-7.22 (m, 1H), 7.12-7.06 (m, 2H), 6.85-6.81 (m, 1H), 6.78-6.74 (m, 1H), 6.71-6.64 



 15 

(m, 2H), 4.42 (s, 2H); 13C {1H} NMR (CDCl3, 101 MHz)  161.0 (d, J = 245.7 Hz), 143.9, 136.5, 129.5 

(d, J = 4.1 Hz), 128.8 (d, J = 8.1 Hz), 126.4 (d, J = 15.6 Hz), 124.2 (d, J = 3.5 Hz), 121.6, 118.3, 115.3 

(d, J = 21.6 Hz), 114.5, 112.9, 42.3.  Anal. Calcd. for C13H12FNO: C, 71.87; H, 5.57; N, 6.45. Found: C, 

72.13; H, 5.86; N, 6.27. 

N-[3-(Trifluoromethyl)lbenzyl]-2-aminophenol (1i) – 3-(Trifluoromethyl)benzaldehyde (174.1 mg); 

NaBH(OAc)3 (432.9 mg). Yield: 97% (259.2 mg). Brown solid. M.p.: 80-83 °C. FCC−AcOEt/hexane 

(1:4).  1H NMR (CDCl3, 300 MHz)  7.69 (s, 1H), 7.59 (t, 2H, J = 7.4 Hz), 7.47 (t, 1H, J = 7.7 Hz), 6.88 

(t, 1H, J = 7.4 Hz), 6.75–6.66 (m, 3H), 4.92 (bs, 1H), 4.44 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  

143.5, 140.5, 136.6, 131.3 (d, J = 32.2 Hz), 130.8 (q, J = 1.4 Hz), 129.1, 124.3 (q, J = 3.8 Hz), 124.2 (q, 

J = 272.3 Hz), 124.1 (q, J = 3.8 Hz), 121.8, 118.4, 114.6, 112.6, 48.2. Anal. Calcd. for C14H12F3NO: C, 

62.92; H, 4.53; N, 5.24. Found: C, 62.81; H, 4.37; N, 5.37. 

N-(3-Methoxybenzyl)-2-aminophenol (1j) – 3-Methoxybenzaldehyde (136.2 mg); NaBH(OAc)3 (432.9 

mg). Yield: 79% (181.1 mg). Beige oil. FCC−AcOEt/hexane (1:4).  1H NMR (CDCl3, 400 MHz)  7.29 

(t, 1H, J = 7.8 Hz), 7.01-6.98 (m, 2H), 6.86-6.84 (m, 2H), 6.75-6.63 (m, 3H), 4.65 (bs, 1H), 4.35 (s, 2H), 

3.82 (s, 3H); 13C{1H} NMR (CDCl3, 101 MHz)  159.9, 143.5, 141.1, 136.9, 129.6, 121.7, 119.9, 117.9, 

114.5, 113.1, 112.7, 112.6, 55.3, 48.6. Anal. Calcd. for C14H15NO2: C, 73.34; H, 6.59; N, 6.11. Found: C, 

73.54; H, 6.72; N, 5.97. 

N-(2,4,6-Trimethylbenzyl)-2-aminophenol (1k) – 2,4,6-Trimethylbenzaldehyde (148.2 mg); 

NaBH(OAc)3 (432.9 mg). Yield: 98% (236.5 mg). White solid. M.p.: 117-118 °C. FCC−AcOEt/hexane 

(1:9).  1H NMR (CDCl3, 400 MHz)  6.95 (s, 3H), 6.88 (d, 1H, J = 7.8 Hz), 6.70 (s, 2H), 4.25 (s, 2H), 

2.40 (s, 6H), 2.35 (s, 3H); 13C{1H} NMR (CDCl3, 101 MHz)  143.7, 137.6, 137.4, 132.2, 129.2, 121.8, 

117.8, 114.4, 112.3, 42.9, 21.0, 19.4. Anal. Calcd. for C16H19NO: C, 79.63; H, 7.94; N, 5.80. Found: C, 

79.51; H, 7.80; N, 5.95. 
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N-(Thien-2-ylmethyl)-2-aminophenol (1l) – Thiophene-2-carbaldehyde (150.1 mg); NaBH(OAc)3 

(432.9 mg). Yield: 83% (170.4 mg). Brown solid. M.p.: 81-84 °C. FCC−AcOEt/hexane (1:4).  1H NMR 

(CDCl3, 400 MHz)   7.08 (d, 1H, J = 5.1 Hz), 6.89-6.88 (m, 1H), 6.83 (t, 1H, J = 5.1 Hz), 6.76–6.71 (m, 

1H),6.65 (d, 1H, J = 7.7 Hz), 6.56-6.54 (m, 2H), 4.79 (bs, 1H), 4.38 (s, 2H); 13C{1H} NMR (CDCl3, 101 

MHz)  144.1, 142.8, 136.3, 126.9, 125.3, 124.7, 121.6, 118.9, 114.8, 113.3, 43.9. Anal. Calcd. for 

C11H11NOS: C, 64.36; H, 5.40; N, 6.82. Found: C, 64.27; H, 5.29; N, 6.90. 

N-(Benzo[d][1,3]dioxol-5-yl-methyl)-2-aminophenol (1m) – Piperonal (150.1 mg); NaBH(OAc)3 

(432.9 mg). Yield: 88% (214.1 mg). Yellow oil. FCC−AcOEt/hexane (2:3). 1H NMR (CDCl3, 400 MHz) 

 6.89 (s, 1H), 6.85-6.80 (m, 2H), 6.79-6.72 (m, 2H), 6.69-6.63 (m, 2H), 5.95 (s, 2H), 4.26 (s, 2H); 13C 

{1H}  NMR (CDCl3, 101 MHz)  147.9, 146.8, 143.7, 136.4, 133.1, 121.7, 120.8, 118.3, 114.5, 112.9, 

108.3, 108.2, 100.9, 48.6. Anal. Calcd. for C14H13NO3: C, 69.12; H, 5.39; N, 5.76. Found: C, 69.36; H, 

5.56; N, 5.62. 

N-(Naphthalen-1-yl-methyl)-2-aminophenol (1n) – 1-Naphthaldehyde (156.2 mg); NaBH(OAc)3 

(432.9 mg). Yield: 89% (221.9 mg). Beige solid. M.p.: 117-120 °C. FCC−AcOEt/hexane (1:9). 1H NMR 

(CDCl3, 400 MHz)  8.13-8.10 (m, 1H), 7.94-7.91 (m, 1H), 7.84 (d, 1H, J = 8.2 Hz), 7.57-7.53 (m, 3H), 

7.45 (t, 1H, J = 8.2 Hz), 6.91 (t, 1H, J = 10.5 Hz), 6.81 (d, 1H, J = 7.9 Hz), 6.76-6.74 (m, 2H), 4.78 (s, 

2H), 4.58 (bs, 1H); 13C{1H} NMR (CDCl3, 101 MHz)  143.6, 137.0, 134.4, 133.9, 131.6, 128.8, 128.1, 

126.3, 125.9, 125.8, 125.6, 123.5, 121.9, 118.0, 114.5, 112.6, 46.6. Anal. Calcd. for C17H15NO: C, 81.90; 

H, 6.06; N, 5.62. Found: C, 81.77; H, 5.90; N, 5.73. 

General procedure for the synthesis of N,N’-dibenzylbenzene-1,2-diamines 4a-h. In a round bottom 

flask triethylamine (2.0 mmol, 2.0 equiv., 202.4 mg) was added to a solution of 1,2-phenylenediamine 

(1.0 mmol, 1.0 equiv., 108.1 mg), the appropriate benzylbromide (2.0 mmol, 2.0 equiv.) in MeCN dry 

(6.7 mL, 0.15M). The resulting solution was stirred at room temperature for 3 hours. Then, after 

evaporation of the solvent, the reaction mixture was extracted with DCM (10 mL x 2), washed with water 
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(10 mL x 2) and brine (10 mL x 1), dried over MgSO4 and filtered. The solvent was evaporated under 

reduced pressure and the residue was purified by FCC. Yields, spectroscopic and analytical data of 

benzylamino-phenols 1a-n are as follows. 

N,N’-Dibenzylbenzene-1,2-diamine (4a) – Benzylbromide (342.1 mg). Light yellow crystalline solid. 

FCC−AcOEt/hexane (1:9). Yield: 74% (213.4 mg). 1H NMR and 13C NMR are consistent with the 

literature.23 

N,N’-Di(4-fluorobenzyl)benzene-1,2-diamine (4b) – 4-Fluorobenzyl bromide (378.0 mg). Light yellow 

crystalline solid. FCC−AcOEt/hexane (1:4). Yield: 38% (123.3 mg). 1H NMR and 13C NMR are 

consistent with the literature.24 

N,N’-Di(3-chlorobenzyl)benzene-1,2-diamine (4c) – 3-Chlorobenzyl bromide (410.9 mg). Yield: 56% 

(200.1 mg). Yellow oil. FCC-DCM/PE (7:3). 1H NMR (CDCl3, 400 MHz)  7.46 (s, 2H), 7.33-7.28 (m, 

6H), 6.89-6.85 (m, 2H), 6.76-6.72 (m, 2H), 4.33 (s, 4H), 3.89 (br s, 2H); 13C{1H} NMR (CDCl3, 101 

MHz)  141.7, 136.9, 134.6, 130.0, 127.9, 127.6, 125.9, 120.0, 112.6, 48.4. Anal. Calcd. for C20H18Cl2N2: 

C, 67.24; H, 5.08; N, 7.84. Found:  C, 64.02; H, 5.33; N, 8.11. 

N,N’-bis(3-cianobenzyl)benzene-1,2-diamine (4d) – 3-(Bromomethyl)benzonitrile (392.1 mg). Yield: 

39% (131.9 mg). Orange wax. FCC-AcOEt/toluene (1:4). 1H NMR (CDCl3, 400 MHz)  7.72 (s, 2H), 

7.67 (d, 2H, J = 7.6 Hz), 7.53 (d, 2H, J = 7.6 Hz), 7.48-7.44 (m, 2H), 6.82-6.79 (m, 2H), 6.66-6.62 (m, 

2H), 4.43 (s, 4H), 4.02 (br s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  141.3, 136.5, 132.1, 131.0, 130.9, 

129.4, 119.9, 119.0, 112.5, 112.4, 47.8; Anal. Calcd. for C22H18N4: C, 78.08; H, 5.36; N, 16.56. Found:  

C, 77.91; H, 5.51; N, 16.83. 

N,N’-Di(2-bromobenzyl)benzene-1,2-diamine (4e) – 2-Bromobenzyl bromide (499.9 mg). Yield: 53% 

(236.5 mg). Yellow oil. FCC-AcOEt/hexane (1:4). 1H NMR (CDCl3, 400 MHz)  7.47 (d, 2H, J = 7.8 

Hz), 7.29-7.25 (m, 2H), 7.16 (dd, 2H, J = 7.4, 7.4 Hz), 7.05-7.02 (m, 2H), 6.69-6.64 (m, 2H), 6.56-6-51 
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(m, 2H), 4.29 (s, 4H), 3.78 (br s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  138.3, 136.9, 132.9, 129.6, 

128.8, 127.6, 123.7, 119.9, 113.1, 49.0. Anal. Calcd. for C20H18Br2N2: C, 53.84; H, 4.07; N, 6.28. Found:  

C, 54.07; H, 4.36; N, 6.02. 

N,N’-Di(2-fluorobenzyl)benzene-1,2-diamine (4f) – 2-Fluorobenzyl bromide (378.0 mg). Yield: 32% 

(103.8 mg). Yellow oil. FCC-AcOEt/hexane (0.5:9.5). 1H NMR (CDCl3, 400 MHz)  7.45-7.40 (m, 2H), 

7.34-7.28 (m, 2H), 7.17-7.11 (m, 4H), 6.88-6-83 (m, 2H), 6.70-6.75 (m, 2H), 4.44 (s, 4H), 3.80 (br s, 2H); 

13C{1H} NMR (CDCl3, 101 MHz)  161.1 (d, J = 245.9 Hz), 137.2, 129.8 (d, J = 4.5 Hz), 128.8 (d, J = 

8.2 Hz), 126.4 (d, J = 14.6 Hz), 124.2 (d, J = 3.6 Hz), 119.8, 115.4 (d, J = 21.6 Hz), 112.7, 42.4 (d, J = 

3.9 Hz). Anal. Calcd. for C20H18F2N2: C, 74.06; H, 5.59; N, 8.64. Found:  C, 73.85; H, 5.92; N, 8.39. 

N,N’-Di(2-bromo-5-methoxybenzyl)benzene-1,2-diamine (4g) – 2-Bromo-5-methoxybenzyl bromide 

(559.9 mg). Yield: 30% (151.9 mg). Yellow oil. FCC-DCM/PE (9:1). 1H NMR (CDCl3, 400 MHz)  7.36 

(d, 2H, J = 8.7 Hz), 6.87 (d, 1H, J = 3.0 Hz), 6.72-6.68 (m, 2H), 6.62-6.53 (m, 5H), 4.25 (s, 4H), 3.79 (br 

s, 2H), 3.62 (s, 6H); 13C{1H} NMR (CDCl3, 101 MHz)  159.2, 139.4, 137.0, 133.4, 120.0, 115.4, 114.2, 

113.8, 113.2, 55.5, 49.1. Anal. Calcd. for C22H22Br2N2O2: C, 52.20; H, 4.38; N, 5.53. Found:  C, 52.67; 

H, 4.56; N, 5.78. 

N,N’-Di(naphthalen-2-ylmethyl)benzene-1,2-diamine (4h) – 2-(Bromomethyl)naphthalene (442.2 

mg). Yield: 28% (108.8 mg). Orange oil. FCC-AcOEt/hexane (0.5:9.5). 1H NMR (CDCl3, 400 MHz)  

7.92-7.75 (m, 8H), 7.56-7.54 (m, 2H), 7.49-7.44 (m, 4H), 6.82 (s, 4H), 4.52 (s, 4H), 3.82 (br s, 2H); 13C 

{1H} NMR (CDCl3, 101 MHz)  137.3, 136.9, 133.5, 132.8, 128.3, 127.8, 127.7, 126.3, 126.2, 126.1, 

125.7, 119.6, 112.3, 49.1. Anal. Calcd. for C28H24N2: C, 86.56; H, 6.23; N, 7.21. Found:  C, 85.98; H, 

6.78; N, 6.99. 

General procedure for the dimerization/cyclization of the 2-benzylamino-phenols 1a-n and N,N’-

dibenzyl-benzene-1,2-diamine 4a-h. In a sealed tube, CuCl (0.05 mmol, 4.9 mg) was added to a solution 

of bathophenanthroline (0.06 mmol, 10.8 mg) in toluene (4.0 mL, 0.25 M). After 10 minutes, the 
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appropriate 2-benzylamino-phenol 1a-n or N,N’-disubstituted benzene-1,2-diamine 4a-h (1.0 mmol, 1.0 

equiv.) and (diacetoxyiodo)benzene (1.3 mmol, 1.3 equiv., 418.7 mg) were added. The resulted solution 

was magnetically stirred and heated at 100 °C in oil bath for time given below. The reaction mixture was 

extracted with DCM (10 mL x 2) and the solvent was evaporated under reduced pressure. The residue 

was purified by FCC.  Yields, spectroscopic and analytical data of compounds 3a-n and 5a-h are as 

follows. 

5-Benzyl-2-phenyl-5H-oxazolo[4,5-b]phenoxazine (3a) – Reaction time: 7 h. Yield: 72% (140.6 mg 

from 199.3 mg of 1a). Yellow solid. M.p.: 237-239 °C. FCC−AcOEt/hexane (1:15). 1H NMR (CDCl3, 

400 MHz)  8.16-8.11 (m, 2H), 7.51-7.47 (m, 3H), 7.37-7.28 (m, 5H), 6.98 (s, 1H), 6.81-6.70 (m, 4H), 

6.45 (d, 1H, J = 8.1 Hz), 4.89 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  162.6, 145.6, 144.6, 144.5, 

137.4, 135.6, 133.5, 132.4, 131.2, 129.0, 128.9, 127.3, 127.1, 126.9, 126.0, 124.2, 121.4, 115.4, 112.4, 

102.2, 98.3, 50.2. Anal. Calcd. for C26H18N2O2: C, 79.98; H, 4.65; N, 7.17. Found: C, 79.85; H, 4.49; N, 

7.34. 

5-(4-Methylbenzyl)-2-(p-tolyl)-5H-oxazolo[4,5-b]phenoxazine (3b) – Reaction time: 7 h. Yield: 82% 

(171.6 mg from 213.3 of 1b). Yellow solid. M.p.: 213-214 °C. FCC−AcOEt/hexane (1:11). 1H NMR 

(CDCl3, 400 MHz)   7.91 (d, 2H, J = 8.3 Hz), 7.18 (d, 2H, J = 8.3 Hz), 7.11 (d, 2H, J = 8.2 Hz), 7.06 (d, 

2H, J = 8.2 Hz), 6.85 (s, 1H), 6.71-6.62 (m, 3H), 6.58 (s, 1H), 6.36 (d, 1H, J = 7.9 Hz), 4.75 (s, 2H), 2.32 

(s, 3H), 2.25 (s, 3H); 13C{1H} NMR (CDCl3, 101 MHz)  162.8, 145.5, 144.6, 144.4, 141.5, 137.7, 136.9, 

133.7, 132.6, 132.2, 129.7, 129.6, 127.0, 125.9, 124.3, 124.1, 121.2, 115.3, 112.3, 102.2, 98.2, 49.9, 21.6, 

21.0. Anal. Calcd. for C28H22N2O2: C, 80.36; H, 5.30; N, 6.69. Found: C, 80.47; H, 5.44; N, 6.51. 

5-(4-Bromobenzyl)-2-(4-bromophenyl)-5H-oxazolo[4,5-b]phenoxazine (3c) – Yield: 69% (189.1 mg 

from 278.1 mg of 1c). Yellow solid. M.p.: 253-254 °C. FCC−AcOEt/hexane (1:11). 1H NMR (CDCl3, 

400 MHz)  7.99 (d, 2H, J = 8.6 Hz), 7.62 (d, 2H, J = 8.6 Hz), 7.48 (d, 2H, J = 8.4 Hz), 7.21 (d, 2H, J = 

8.4 Hz), 6.97 (s, 1H), 6.82-6.73 (m, 3H), 6.63 (s, 1H), 6.40 (d, 1H, J = 7.8 Hz), 4.83 (s, 2H); 13C{1H} 
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NMR (CDCl3, 101 MHz)  155.1, 141.5, 140.4, 140.2, 133.5, 130.4, 128.9, 127.9, 124.1, 123.6, 121.7, 

121.4, 119.9, 117.4, 116.9, 111.2, 110.3, 107.9, 102.3, 97.8, 94.2, 45.4. Anal. Calcd. for C26H16Br2N2O2: 

C, 56.96; H, 2.94; N, 5.11. Found: C, 57.15; H, 3.17; N, 4.93. 

5-(4-Methoxybenzyl)-2-(4-methoxyphenyl)-5H-oxazolo[4,5-b]phenoxazine (3d) – Reaction time: 7 h. 

Yield: 71% (159.9 mg from 229.3 mg of 1d). Yellow solid. M.p.: 242-243 °C. FCC−AcOEt/hexane (1:3). 

1H NMR (CDCl3, 400 MHz)  8.06 (d, 2H, J = 9.0 Hz), 7.24 (d, 2H, J = 9.0 Hz), 6.99 (d, 2H, J = 10.0 

Hz), 6.94 (s, 1H), 6.88 (d, 2H, J = 8.8 Hz), 6.78-6.75 (m, 3H), 6.68 (s, 1H), 6.46 (s, 1H), 4.83 (s, 2H), 

3.88 (s, 3H), 3.79 (s, 3H); 13C {1H} NMR (CDCl3, 101 MHz)  161.5, 158.4, 158.3, 144.9, 144.2, 143.6, 

137.3, 133.3, 131.5, 128.3, 127.0, 126.7, 123.6, 120.7, 119.2, 114.8, 113.9, 113.8, 111.8, 101.6, 97.7, 

54.9, 54.8, 49.0. Anal. Calcd. for C28H22N2O4: C, 74.65; H, 4.92; N, 6.22. Found: C, 74.89; H, 5.19; N, 

6.01. 

4-(5-(4-Cyanobenzyl)-5H-oxazolo[4,5-b]phenoxazin-2-yl)benzonitrile (3e) – Reaction time: 7 h. 

Yield: 31% (68.3 mg from 224.3 mg of 1e). Brown oil. FCC−AcOEt/hexane (1:3). 1H NMR (CDCl3, 400 

MHz)  8.21 (d, 2H, J = 8.3 Hz), 7.76 (d, 2H, J = 8.3 Hz), 7.67 (d, 2H, J = 8.2 Hz), 7.46 (d, 2H, J = 8.2 

Hz), 7.01 (s, 1H), 6.82-6.78 (m, 3H), 6.58 (s, 1H), 6.36 (d, 1H, J = 7.6 Hz), 4.93 (s, 2H); 13C{1H} NMR 

(CDCl3, 101 MHz)  160.7, 146.3, 145.3, 144.3, 141.5, 137.9, 132.9, 132.7, 130.9, 127.3, 126.9, 124.4, 

122.1, 118.5, 118.2, 115.8, 114.2, 112.1, 111.6, 102.1, 98.8, 50.0 Anal. Calcd. for C28H16N4O2: C, 76.35; 

H, 3.66; N, 12.72. Found: C, 76.58; H, 3.94; N, 12.49. 

5-(4-Fluorobenzyl)-2-(4-fluorophenyl)-5H-oxazolo[4,5-b]phenoxazine (3f) – Reaction time: 7 h. 

Yield: 73% (155.6 mg from 217.2 mg of 1f). Green solid. M.p.: 205-206 °C. FCC−AcOEt/hexane (1:4). 

1H NMR (CDCl3, 400 MHz)  8.05-8.01 (m, 2H), 7.22-6.94 (m, 6H), 6.87 (s, 1H), 6.72-6.65 (m, 3H), 

6.56 (s, 1H), 6.32 (d, 1H, J = 7.7 Hz), 4.76 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)   164.5 (d, J = 

250.7 Hz), 162.1 (d, J = 245.2 Hz), 161.8 (d, J = 4.6 Hz), 145.7, 144.5 (d, J = 1.5 Hz), 137.6, 133.3, 132.2 

(d, J = 3.1 Hz), 129.2 (d, J = 8.8 Hz), 127.7 (d, J = 8.1 Hz), 124.2, 123.4, 121.5, 116.3, 116.1, 116.0, 
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115.9, 112.2, 102.1, 98.4, 49.6. Anal. Calcd. for C26H16F2N2O2: C, 73.23; H, 3.78; N, 6.57. Found: C, 

73.44; H, 4.02; N, 6.37. 

5-(4-Nitrobenzyl)-2-(4-nitrophenyl)-5H-oxazolo[4,5-b]phenoxazine (3g) – Reaction time: 7 h. Yield: 

28% (67.3 mg from 244.2 mg of 1g). Red solid. M.p.: 229-231 °C. FCC−AcOEt/hexane (1:4). 1H NMR 

(CDCl3, 400 MHz)  8.37-8.33 (m, 2H), 8.29-8.24 (m, 4H), 7.54 (d, 2H, J = 7.2 Hz), 7.05 (s, 1H), 6.82 

(s, 3H), 6.61 (s, 1H), 6.38 (d, 1H, J = 5.0 Hz), 4.99 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  174.8, 

151.9, 150.7, 150.2, 147.1, 146.4, 143.3, 139.5, 136.9, 134.7, 131.6, 127.7, 127.1, 124.4, 124.3, 122.2, 

115.9, 112.1, 102.1, 98.8, 49.8. Anal. Calcd. for C26H16N4O6: C, 65.00; H, 3.36; N, 11.66. Found: C, 

65.13; H, 3.58; N, 11.49. 

5-(2-Fluorobenzyl)-2-(2-fluorophenyl)-5H-oxazolo[4,5-b]phenoxazine (3h) – Reaction time: 7 h. 

Yield: 59% (125.8 mg from 217.2 mg of 1h). Yellow oil. FCC−AcOEt/hexane (1:10). 1H NMR (CDCl3, 

400 MHz)  8.11 (dd, 1H, J = 7.5, 7.4 Hz), 7.50-7.44 (m, 1H), 7.31-7.14 (m, 5H), 7.04 (d, 1H, J = 7.4 

Hz), 7.01 (s, 1H), 6.80-6.72 (m, 3H), 6.71 (s, 1H), 6.42 (d, 1H, J = 7.9 Hz), 4.93 (s, 2H); 13C{1H} NMR 

(CDCl3, 101 MHz)  160.9 (d, J = 243.9 Hz), 160.4 (d, J = 257.0 Hz), 158.9 (d, J = 5.8 Hz), 145.5, 144.9, 

144.6, 133.7, 133.2, 132.5 (d, J = 8.8 Hz), 132.0, 129.8 (d, J = 1.5 Hz), 128.9 (d, J = 8.1 Hz), 127.5 (d, J 

= 3.8 Hz), 124.5 (d, J = 3.8 Hz), 124.4 (d, J = 3.8 Hz), 124.3, 122.4, 122.2, 117.0 (d, J = 21.6 Hz), 115.8 

(d, J = 20.4 Hz), 115.5, 112.2, 102.4, 98.4, 44.5. Anal. Calcd. for C26H16F2N2O2: C, 73.23; H, 3.78; N, 

6.57. Found: C, 73.12; H, 3.62; N, 6.72. 

5-((3-Trifluoromethyl)benzyl)-2-(3-(trifluoromethyl)phenyl)-5H-oxazolo[4,5-b]phenoxazine (3i) – 

Reaction time: 7 h. Yield: 79% (207.9 mg from 267.3 mg of 1i). Yellow solid. M.p.: 209-210 °C. 

FCC−DCM. 1H NMR (CDCl3, 400 MHz)  8.38 (s, 1H), 8.28 (d, 1H, J = 7.9 Hz), 7.72 (d, 1H, J = 7.9 

Hz), 7.62-7.56 (m, 3H), 7.52-7.45 (m, 2H), 6.99 (s, 1H), 6.78 (s, 3H), 6.61 (s, 1H), 6.39 (d, 1H, J = 7.7 

Hz), 4.92 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  161.2, 145.9, 145.0, 144.4, 137.7, 137.0, 132.9, 

132.2, 131.8 (d, J = 6.9 Hz), 131.4 (d, J = 7.3 Hz), 129.9, 129.6, 129.5, 129.3, 127.9, 127.4 (q, J = 3.0 
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Hz), 125.2 (d, J = 26.2), 124.4 (q, J = 3.6 Hz), 124.3, 123.8 (q, J = 3.7 Hz), 122.9 (q, J = 3.7 Hz), 122.5 

(d, J = 26.3 Hz), 121.8, 115.6, 112.2, 102.1, 98.6, 50.2. Anal. Calcd. for C28H16F6N2O2: C, 63.88; H, 3.06; 

N, 5.32. Found: C, 63.74; H, 2.88; N, 5.45. 

5-(3-Methoxybenzyl)-2-(3-methoxyphenyl)-5H-oxazolo[4,5-b]phenoxazine (3j) – Reaction time: 7 h. 

Yield: 60% (135.1 from 229.3 mg of 1j). Green solid. M.p.: 220-222 °C. FCC−AcOEt/hexane (1:4). 1H 

NMR (CDCl3, 400 MHz)  7.61 (d, 1H,  J = 7.8 Hz), 7.54 (s, 1H), 7.28 (dd, 1H, J = 6.9, 7.3 Hz), 7.17 

(dd, 1H, J = 6.9, 7.3 Hz), 6.93-6.59 (m, 9H), 6.35 (d, 1H, J = 7.8 Hz), 4.74 (s, 2H), 3.78 (s, 3H), 3.68 (s, 

3H) ; 13C{1H} NMR (CDCl3, 101 MHz)  162.5, 160.2, 159.9, 145.7, 144.6, 137.8, 137.5, 133.5, 132.3, 

130.1, 129.9, 128.3, 124.2, 121.3, 119.5, 118.3, 117.9, 115.3, 112.4, 112.3, 111.2, 102.4, 98.3, 55.5, 55.2, 

50.3. Anal. Calcd. for C28H22N2O4: C, 74.65; H, 4.92; N, 6.22. Found: C, 74.91; H, 5.23; N, 6.02. 

5-(2,4,6-Trimethylbenzyl)-2-(2,4,6-trimethylphenyl)-5H-oxazolo[4,5-b]phenoxazine (3k) – Reaction 

time: 7 h. Yield: 63% (149.5 mg from 241.3 mg of 1k). Yellow oil. FCC−DCM/petroleum ether (1:1). 1H 

NMR (CDCl3, 400 MHz)  7.01 (s, 1H), 6.95 (s, 2H), 6.85 (d, 3H, J = 6.9 Hz), 6.79 (d, 2H, J = 7.8 Hz), 

6.75-6.71 (m, 1H), 6.51 (d, 1H, J = 8.0 Hz), 4.81 (s, 2H), 2.43 (s, 6H), 2.34 (s, 3H), 2.26 (s, 6H), 2.25 (s, 

3H) ; 13C {1H} NMR (CDCl3, 101 MHz)  162.7, 146.2, 145.7, 145.5, 140.1, 138.5, 137.2, 136.7, 136.5, 

134.3, 132.9, 130.1, 128.6, 124.9, 123.9, 121.3, 120.2, 115.6, 113.5, 103.3, 98.6, 46.9, 21.3, 20.8, 20.7, 

20.3. Anal. Calcd. for C32H30N2O2: C, 80.98; H, 6.37; N, 5.90. Found: C, 81.21; H, 6.72; N, 5.71. 

2-(Thien-2-yl)-5-(thien-2-ylmethyl)-5H-oxazolo[4,5-b]phenoxazine (3l) – Reaction time: 7 h. Yield: 

81% (163.0 mg from 205.3 mg of 1l). Yellow solid. M.p.: 226-227 °C. FCC−AcOEt/hexane (1:4). 1H 

NMR (CDCl3, 400 MHz)  7.79 (d, 1H, J = 3.9 Hz), 7.49 (d, 1H, J = 4.9 Hz), 7.23 (d, 1H, J = 4.9 Hz), 

7.16 (dd, 1H, J = 3.9, 4.9 Hz), 6.99 (s, 1H), 6.96-6.94 (m, 2H), 6.86-6.82 (m, 2H), 6.78-6.76 (m, 2H), 

6.62 (d, 1H, J = 7.7 Hz), 5.00 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  158.7, 145.4, 144.6, 144.5, 

138.9, 137.6, 132.9, 131.9, 129.6, 129.5, 129.1, 128.2, 127.2, 125.2, 124.7, 124.1, 121.6, 102.3, 93.3, 

46.4. Anal. Calcd. for C22H14N2O2S2: C, 65.65; H, 3.51; N, 6.96. Found: C, 65.90; H, 3.84; N, 6.75. 
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2-(Benzo[1,3]dioxol-5-yl)-5-(benzo[1,3]dioxol-5-ylmethyl)-5H-oxazolo[4,5-b]phenoxazine (3m) – 

Reaction time: 7 h. Yield: 72% (172.2 mg from 243.3 mg of 1m). Yellow solid. M.p.: 264-265 °C. 

FCC−DCM/petroleum ether (9:1). 1H NMR (DMSO-d6, 400 MHz)  7.68 (d, 1H, J = 8.2 Hz), 7.55 (s, 

1H), 7.15 (d, 1H, J = 8.2 Hz), 6.96-6.93 (m, 2H), 6.91-6.82 (m, 6H), 6.68 (d, 1H, J = 8.0 Hz), 6.19 (s, 

2H), 6.05 (s, 2H), 4.96 (s, 2H); 13C{1H} NMR (DMSO-d6, 101 MHz)  161.7, 150.1, 148.0, 147.6, 144.9, 

143.5, 143.1, 137.5, 132.9, 131.5, 129.,8, 124.4, 121.8, 121.2, 120.3, 119.2, 115.1, 112.5, 108.9, 108.5, 

106.8, 106.3, 102.1, 101.9, 100.9, 98.5, 47.4. Anal. Calcd. for C28H18N2O6: C, 70.29; H, 3.79; N, 5.86. 

Found: C, 70.49; H, 4.06; N, 5.72. 

2-(Naphthalen-1-yl)-5-(naphthalen-1-ylmethyl)-5H-oxazolo[4,5-b]phenoxazine (3n) – Reaction time: 

7 h. Yield: 66% (161.9 mg from 249.3 mg of 1n). Yellow solid. M.p.: 240-242 °C. FCC− AcOEt/hexane 

(1.5:8.5). 1H NMR (CDCl3, 400 MHz)  9.24 (d, J = 8.5 Hz, 1H), 8.24 (d, J = 7.3 Hz, 1H), 7.95 (d, J = 

8.1 Hz, 1H), 7.89 (t, J = 8.2 Hz, 2H), 7.80 (d, J = 7.9 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.68-7.40 (m, 

5H), 7.39-7.26 (m, 2H), 6.98 (s, 1H), 6.74 (dd, J = 5.7, 3.6 Hz, 1H), 6.69-6.64 (m, 2H), 6.63 (s, 1H), 6.30 

(dd, J = 5.7, 3.6 Hz, 1H), 5.27 (s, 2H); 13C{1H} NMR (101 MHz, CDCl3) δ 162.3, 145.2, 144.8, 144.7, 

138.2, 134.2, 133.9, 133.5, 132.2, 131.9, 130.8, 130.4, 129.2, 129.0, 128.7, 128.6, 127.9, 127.7, 126.4, 

126.3, 126.2, 126.0, 125.6, 124.9, 124.2, 123.5, 123.1, 122.3, 121.3, 115.3, 112.6, 102.7, 98.2, 48.9. Anal. 

Calcd. for C34H22N2O2: C, 83.25; H, 4.52; N, 5.71. Found:  C, 83.44; H, 4.82; N, 5.53. 

N,N’-Dibenzyl-N-(1-benzyl-2-phenyl-1H-benzo[d]imidazol-6-yl)benzene-1,2-diamine (5a) – 

Reaction time: 1.5 h. Yield: 70% (199.8 mg from 288.4 mg of 4a). Yellow oil. FCC-AcOEt/hexane (1:4). 

1H NMR (CDCl3, 400 MHz)  7.56-7.50 (m, 3H), 7.33-7.28 (m, 3H), 7.14-7.08 (m, 11H), 7.05-7.93 (m, 

4H), 6.89-6.84 (m, 2H), 6.61-6.52 (m, 3H), 6.37 (d, 1H, J = 2.1 Hz), 5.12 (s, 2H), 4.66 (s, 2H), 4.50 (br 

s, 1H), 4.09 (d, 2H, J = 3.7 Hz); 13C{1H} NMR (CDCl3, 101 MHz)  152.6, 145.5, 144.9, 139.4, 138.9, 

137.1, 136.4, 136.3, 133.8, 130.4, 129.5, 129.2, 129.0, 128.7, 128.6, 128.5, 128.4, 127.7, 127.6, 127.3, 

127.1, 127.0, 126.9 126.3, 120.1, 117.6, 112.7, 111.6, 95.3, 56.7,  48.4, 47.7. Anal. Calcd. for C40H34N4: 

C, 84.18; H, 6.00; N, 9.82. Found: C, 84.63; H, 5.91; N, 9.69.  
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N,N’-Di(4-fluorobenzyl)-N-(1-(4-fluorobenzyl)-2-(4-fluorophenyl)-1H-benzo[d]imidazol-6-

yl)benzene-1,2-diamine (5b)  – Reaction time: 8 h. Yield: 68% (218.5 mg from 324.4 mg of 4b).  Yellow 

oil. FCC-AcOEt/hexane (1:4). 1H NMR (CDCl3, 400 MHz)  7.63-7.60 (m, 3H), 7.21-7.15 (m, 3H), 7.11-

7.06 (m, 5H), 6.96-6.90 (m, 8H), 6.73-6.70 (m, 2H), 6.65 (d, 1H, J = 8.0 Hz), 6.36 (d, 1H, J = 1.9 Hz), 

5.19 (s, 2H), 4.74 (s, 2H), 4.48 (br s, 1H), 4.18 (d, 2H, J = 2.8 Hz); 13C{1H} NMR (CDCl3, 101 MHz)  

163.6 (d, J = 251.5 Hz), 162.2 (d, J = 247.9 Hz), 161.9 (d, J = 246.1 Hz), 160.8 (d, J = 246.3 Hz), 151.6, 

145.4, 144.7, 136.8, 134.8 (d, J = 3.1 Hz),  134.3 (d, J = 3.1 Hz), 133.5, 131.7 (d, J = 3.2 Hz), 130.9 (d, J 

= 8.5 Hz), 128.7 (d, J = 8.5 Hz), 128.6 (d, J = 8.4 Hz), 128.5, 127.8 (d, J = 8.4 Hz), 126.2 (d, J = 2.7 Hz), 

120.2, 117.9, 116.0 (d, J = 21.9 Hz), 115.9 (d, J = 21.8 Hz), 115.3 (d, J = 21.5 Hz), 112.8, 111.7, 95.3, 

55.8, 47.7, 47.0. Anal. Calcd. for C40H30F4N4: C, 74.75; H, 4.71; N, 8.72. Found: C, 75.06; H, 5.14; N, 

9.21. 

N,N’-Di(3-chlorobenzyl)-N-(1-(3-chlorobenzyl)-2-(3-chlorophenyl)-1H-benzo[d]imidazol-6-

yl)benzene-1,2-diamine (5c) – Reaction time: 3 h. Yield: 57% (201.9 mg from 357.3 mg of 4c).  Yellow 

oil. FCC-AcOEt/hexane (3:7). 1H NMR (CDCl3, 400 MHz)  7.64–7.56 (m, 2H), 7.42 (d, 1H, J = 7.3 Hz), 

7.37 (d, 1H, J = 8.3 Hz), 7.31 (d, 1H, J = 7.7 Hz), 7.19 (s, 2H), 7.15–7.00 (m, 9H), 6.96 (s, 1H), 6.92 (s, 

1H), 6.74 (d, 1H, J = 7.6 Hz), 6.69 – 6.62 (m, 2H), 6.53 (d, 1H, J = 7.9 Hz), 6.24 (d, 1H,  J = 2.0 Hz), 

5.14 (s, 2H), 4.69 (s, 2H), 4.42 (br s, 1H), 4.14 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  153.9, 145.6, 

144.3, 141.4, 140.8, 137.7, 137.6, 136.7, 136.7, 135.1, 135.0, 134.5, 134.5, 133.1, 130.4, 130.2, 129.9, 

129.9, 129.3, 128.9, 128.4, 128.3, 128.0, 127.4, 127.3, 127.1, 127.1, 127.0, 126.3, 125.1, 125.1, 124.2, 

120.4, 118.2, 113.1, 111.8, 94.8, 56.4, 48.0, 47.2. Anal. Calcd. for C40H30Cl4N4: C, 67.81; H, 4.27; N, 

7.91. Found: C, 66.89; H, 4.91; N, 7.69. 

N,N’-Di(3-cianobenzyl)-N-(1-(3-cianobenzyl)-2-(3-cianophenyl)-1H-benzo[d]imidazol-6-

yl)benzene-1,2-diamine (5d) – Reaction  time: 1.5 h. Yield: 30% (100.6 mg from 338.4 mg of 4d).  

Yellow oil. FCC-AcOEt/hexane (1:1). 1H NMR (CDCl3, 400 MHz)  7.96 (s, 1H), 7.85 (d, 1H, J = 6.7 

Hz), 7.76 (d, 1H, J = 7.5 Hz), 7.71 (d, 1H, J = 8.8 Hz), 7.63 –7.51 (m, 2H), 7.48 – 7.40 (m, 4H), 7.38 (d, 
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4H, J = 6.4 Hz), 7.21 (d, 1H, J = 6.7 Hz), 7.18 (d, 2H, J = 3.4 Hz), 7.14 (d, 1H, J = 8.0 Hz), 7.11 (d, 1H, 

J = 7.7 Hz), 6.80 (d, 1H, J = 7.6 Hz), 6.76 (d, 1H, J = 7.5 Hz), 6.57 (d, 1H, J = 8.0 Hz), 6.22 (s, 1H), 5.31 

(s, 2H), 4.87 (s, 2H), 4.56 (br s, 1H), 4.33 (s, 2H); 13C{1H} NMR (101 MHz, CDCl3) δ 150.1, 145.6, 

143.9, 140.9, 140.0, 137.2, 136.8, 136.4, 133.2, 133.0, 132.5, 131.9, 131.5, 131.3, 131.1, 131.0, 130.5, 

130.4, 130.2, 130.1, 129.9, 129.5, 129.5, 129.5, 128.5, 128.4, 118.8, 118.6, 118.1, 117.8, 113.5, 113.4, 

112.7, 112.7, 94.7, 55.9, 47.8, 46.9. Anal. Calcd. for C44H30N8: C, 78.79; H, 4.51; N, 16.71. Found: C, 

78.23; H, 4.91; N, 16.04. 

N,N’-Di(2-bromobenzyl)-N-(1-(2-bromobenzyl)-2-(2-bromophenyl)-1H-benzo[d]imidazol-6-

yl)benzene-1,2-diamine (5e) – Reaction time: 1.5 h. Yield: 88% (389.9 mg from 446.2 mg of 4e).  Yellow 

oil. FCC-AcOEt/hexane (3:7). 1H NMR (CDCl3, 400 MHz) 7.55 – 7.51 (m, 2H), 7.45–7.32 (m, 2H), 7.31 

(d, 1H, J = 7.6 Hz), 7.28-7.14 (m, 4H), 7.05 (d, 1H, J = 7.1 Hz), 7.01 (d, 1H, J = 7.2 Hz), 6.98–6.91 (m, 

5H), 6.90– 6.83 (m, 2H), 6.66–6.49 (m, 3H), 6.43 (d, 1H, J = 8.0 Hz), 6.35–6.20 (m, 1H), 5.05 (s, 2H), 

4.70 (s, 2H), 4.62, (br s, 1H), 4.16 (d, 2H, J = 5.6 Hz); 13C{1H} NMR (CDCl3, 101 MHz)  151.9, 145.3, 

144.6, 138.0, 136.9, 136.4, 135.8, 134.7, 133.2, 133.0, 132.9, 132.8, 132.7, 132.5, 131.4, 129.2, 129.1, 

128.7, 128.6, 128.5, 128.4, 127.9, 127.7, 127.6, 127.5, 127.4, 124.2, 123.2, 123.1, 122.7, 120.6, 117.9, 

112.6, 111.8, 95.4, 56.9, 48.2, 47.8. Anal. Calcd. for C40H30Br4N4: C, 54.21; H, 3.41; N, 6.32. Found: C, 

54.63; H, 3.91; N, 6.59. 

N,N’-Di(2-fluorobenzyl)-N-(1-(2-fluorobenzyl)-2-(2-fluorophenyl)-1H-benzo[d]imidazol-6-

yl)benzene-1,2-diamine (5f) – Reaction time: 1.5 h. Yield: 60% (192.8 mg from 324.4 mg of 4f).  Yellow 

wax. FCC-AcOEt/hexane (2:3). 1H NMR (CDCl3, 400 MHz)  7.68–7.60 (m, 2H), 7.53–7.44 (m, 1H), 

7.36–7.26 (m, 2H), 7.25–7.15 (m, 5H), 7.13 (d, J = 7.6 Hz, 1H), 7.08 (d, J = 7.5 Hz, 1H), 7.05–6.95 (m, 

3H), 6.95 – 6.86 (m, 3H), 6.81–6.64 (m, 4H), 6.51 (d, J = 1.9 Hz, 1H), 5.21 (s, 2H), 4.86 (s, 2H), 4.65 (br 

s, 1H), 4.32 (s, 2H); 13C{1H} NMR (CDCl3, 101 MHz)  160.7 (d, J = 246.0 Hz), 160.6 (d, J = 246.3 Hz), 

160.2 (d, J = 247.5 Hz), 160.1 (d, J = 247.3 Hz), 147.7, 145.4, 144.8, 136.7, 136.3, 133.2, 132.4 (d, J = 

2.2 Hz), 131.9 (d, J = 8.2 Hz), 129.5 (d, J = 7.9 Hz), 129.4 (d, J = 3.9 Hz), 128.9, 128.8 (d, J = 4.3 Hz), 
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128.7, 128.6 (d, J = 8.6 Hz), 127.8, 126.2 (d, J = 14.0 Hz), 125.4 (d, J = 14.0 Hz), 124.7 (d, J = 3.5 Hz), 

124.3 (d, J = 3.6 Hz), 124.1 (d, J = 3.6 Hz), 124.0 (d, J = 3.6 Hz), 122.8 (d, J = 14.1 Hz, d, J = 3.8 Hz), 

120.3, 118.7 (d, J = 14.8 Hz, d, J = 3.8 Hz), 117.8, 116.0 (d,J = 21.5 Hz), 115.4 (d, J = 13.0 Hz), 115.3, 

115.1 (d, J = 6.7 Hz), 112.5, 111.6, 95.1, 50.0 (d, J = 4.1 Hz), 42.06, 41.04 (d, J = 4.5 Hz). Anal. Calcd. 

for C40H30F4N4: C, 74.75; H, 4.71; N, 8.72. Found: C, 74.11; H, 5.03; N, 8.96. 

N,N’-Di(2-bromo-5-methoxybenzyl)-N-(1-(2-bromo-5-methoxybenzyl)-2-(2-bromo-5-

methoxyphenyl)-1H-benzo[d]imidazol-6-yl)benzene-1,2-diamine (5g) – Reaction time: 1.5 h. Yield: 

70% (352.3 mg from 506.2 mg of 4g).  Yellow oil. FCC-AcOEt/hexane (2:3). 1H NMR (CDCl3, 400 MHz) 

 7.50 (d, 1H, J = 8.9 Hz), 7.45 (d, 1H, J = 8.9 Hz), 7.3 –7.23 (m, 2H), 7.14 (d, 1H, J = 8.8 Hz), 7.08 (d, 

1H,  J = 7.3 Hz), 7.02 (t, J = 7.7 Hz, 1H), 6.88 (d, 1H, J = 2.9 Hz), 6.84–6.75 (m, 2H), 6.69 (d, 1H, J = 

2.8 Hz), 6.66–6.56 (m, 2H), 6.54 (dd, 1H, J = 3.0, 8.8 Hz), 6.50 (d, 2H, J = 7.2 Hz), 6.46 (dd, 1H, J = 2.9, 

8.8 Hz), 6.33 (d, J = 1.7 Hz, 1H), 6.12 (d, 1H, J = 2.8 Hz), 5.05 (s, 2H), 4.70 (s, 2H), 4.58 (br s, 1H), 4.17 

(d, 2H, J = 3.7 Hz), 3.62 (s, 3H), 3.54 (s, 3H), 3.43 (s, 3H), 3.41 (s, 3H); 13C{1H} NMR (CDCl3, 101 

MHz)  159.2, 159.0, 158.9, 158.8, 150.8, 145.0, 144.5, 139.0, 137.9, 136.3, 135.8, 135.7, 133.7, 133.4, 

133.3, 133.2, 133.1, 132.7, 128.5, 127.9, 120.5, 118.0, 117.9, 117.4, 115.1, 114.4, 114.3, 114.3, 114.2, 

114.1, 113.2, 113.1, 113.0, 112.9, 112.4, 111.9, 95.3, 57.1, 55.6, 55.4, 55.3, 55.2, 48.2, 48.0. Anal. Calcd. 

for C44H38Br4N4O4: C, 52.51; H, 3.81; N, 5.57. Found: C, 52.73; H, 4.22; N, 5.79. 

N,N’-Di(Naphthalen-2-ylmethyl)-N-(1-(naphthalen-2-ylmethyl)-2-(naphthalen-2-yl)-1H-

benzo[d]imidazol-6-yl)benzene-1,2-diamine (5h) – Reaction time: 1.5 h. Yield: 74% (285.3 mg from 

388.5 mg of 4h).  Yellow oil. FCC-AcOEt/hexane (2:3). 1H NMR (CDCl3, 400 MHz)   8.17 (s, 1H), 7.91 

(d, 1H, J = 8.7 Hz), 7.89–7.82 (m, 2H), 7.81–7.72 (m, 5H), 7.70 (d, 1H, J = 4.8 Hz), 7.63 (d, 1H, J = 8.4 

Hz), 7.59 – 7.50 (m, 7H), 7.48 (d, 1H, J = 6.7 Hz), 7.46–7.40 (m, 6H), 7.39–7.31 (m, 2H), 7.20 (d, 1H, J 

= 7.6 Hz), 7.15 (d, 1H, J = 8.4 Hz), 7.12–7.05 (m, 2H), 6.86 (dd, 1H, J = 2.2, 8.9 Hz), 6.73–6.66 (m, 1H), 

6.63 (d, 1H, J = 8.1 Hz), 6.60 (d, 1H, J = 2.0 Hz), 5.42 (s, 2H), 4.96 (s, 2H), 4.67 (br s, 1H), 4.22 (d, 2H, 

J = 2.2 Hz); 13C{1H} NMR (101 MHz, CDCl3) δ 152.8, 145.5, 144.8, 137.5, 136.8, 136.5, 134.0, 133.7, 
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133.6, 133.4, 133.3, 133.0, 132.8, 132.6, 132.6, 128.8, 128.6, 128.5, 128.4, 128.2, 128.2, 127.9, 127.8, 

127.7, 127.6, 127.6, 127.6, 127.0, 126.6, 126.4, 126.3, 126.1, 126.0, 125.9, 125.7, 125.6, 125.5, 125.4, 

125.3, 125.1, 124.1, 120.3, 117.7, 112.8, 111.7, 95.4, 57.0, 48.8, 47.7. Anal. Calcd. for C56H42N4: C, 

87.24; H, 5.49; N, 7.27. Found: C, 87.63; H, 5.91; N, 6.69. 

Supporting Information: 1H and 13C NMR spectra, photophysical data for compounds 3a-f, 3h-n and 

5a-h, DFT calculation and crystallographic data for compound 3b. 
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