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Abstract: In spite of unique structural, spectroscopic and redox properties, the synthetic variants of

O @

the planar, antiaromatic hexaphyrin (1.0.1.0.1.0) derivatives 2, has been limited due to the low yields
and difficulty in access to the starting material. A chemical modification of the meso-substituents 10
could be good alternative overcoming the synthetic barrier. Herein, we report a regio-selective nu- 11
cleophilic aromatic substitution (SnAr) of meso-pentafluorophenyl group in rosarrin 2 with catechol. 12
The reaction afforded benzodioxane fused rosarrin 3 as single product with high yield. The intrinsic 13
antiaromatic character of the starting rosarrin 2 retained throughout the reactions. Clean, two elec- 14
tron reduction was achieved by treatment of 3 with SnCl2¢2H-O affording 26pi-electron aromatic 15
rosarrin 4. The synthesized compounds exhibited noticeable changes in photophysical and redox 16
properties compared with starting rosarrin 2. . 17

Keywords: Hexaphyrin(1.0.1.0.1.0); Antiaromatic; 24rt-electron system; Nucleophilic Aromatic substitu- 18

tion; Aromatic; Benzodioxane. 19
20
1. Introduction 21

The Expanded porphyrinoids specially hexaphyrins, have been synthesized and be- 22
ing explored extensively owing to its flexible structure, coordination ability and unique 23
photophysical properties.[!l The flexible, nonplanar structural property affects the overall 24
aromaticity of the hexapyrrolic macrocycles as well as photophysical properties. These 25
hexapyrrolic macrocycles have been modified by many ways and has been explored in 26
terms of coordination ability, changes in redox behavior, molecular orbital perturbations. 27
Efforts are still on going in these directions. While, the conformationally locked hex- 28
aphyrin, developed by Osuka group has exhibited rigid rectangular conformation. The 29
compounds displayed strong Hiickel’s aromaticity or antiaromaticity depending on the 30
number of pi-electrons.?! The hexaphyrin[1.0.1.0.1.0] or rosarrin (1) (Figure 1) is an unique 31
class of expanded porphyrin and it adopts non-planar geometry with weaker antiaromatic 32
character.®l However, the 3,3’-annulated rosarrin (2) was a planar, fully conjugated, stable 33
antiaromatic 24m-electron systems. The rosarrin 2, bearing pentafluorophenyl group at 34
the meso-position, displayed reversible redox state changes from antiaromatic 247 elec- 35
tron system to aromatic 267 electron system upon protonation. The redox switching was 36
proceeded via proton coupled electron transfer (PCET) mechanism.* Metallation of ro- 37
sarrin 2 with Rh(I) has led to the coordination of two Rh(I) on opposite side of the macro- 38
cyclic core with Rh(I)-Rh(I) interaction.! 39
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Figure 1. Chemical structures of rosarrin 1-2 41
42

Successful modifications at peripherial and meso-substituents of the rosarrin enabled 43
to isolate a 25m-electron species as air stable form.l?! Furthermore. upon varying the meso- 44
substituents from pentafluorophenyl group to bis(trifluoromethyl)phenyl group dis- 45
played strong, intermolecular ‘face-to-face’, pi-pi interaction between antiaromatic mole- 46
cules. Formation of the ‘face-to-face’ stacked dimer showed temperature dependency with 47
intriguing photophysical properties.l”l However, experimental exploration of the rosarrins 48
often encountered difficulties because varying meso-substituents are synthetically chal- 49
lenging due to low yield and difficult purification process. Thus, a viable strategy would 50
be the post-synthetic modification of the parent rosarrin. This strategy was successfully 51
implemented in some porphyrin systems also. Aromatic nucleophilic substitution (SnAr) 52
of the meso-(pentafluorophenyl) group with diverse ranges of nucleophiles such as alco- 53
hols, amines, and thiols has been performed to afford modified porphyrins.[8l We envis- 54
aged to exploit this strategy to the modification of rosarrin to develop new rosarrins and 55
to explore their photophysical and redox chemistry. Towards this, herein we reporta syn- 56
thesis of meso-tris-(1,2,4-trifluorodibenzo[b,e][1,4]dioxine) substituted rosarrin (3) by are- 57
gion-selective aromatic nucleophilic substitution reaction of rosarrin (2). 58

2. Results and Discussion 59

The synthesis of starting rosarrin 2 was performed by acid-catalyzed condensation 60

of naphthobipyrrole with pentafluorobenzaldehyde utilizing the reported procedure.! 61
Rosarrin 2 was then treated with catechol in the presence of base (K2COs) in N-methylpyr- 62
rolidone (Scheme 1). As shown in Scheme 1, the reaction unexpectedly resulted in the 63
exclusive formation of double nucleophilic aromatic substitution product 3.5% One phe- 64
nolic -OH group in the catechol reacted regioselectively with the 4-fluoro group first. 65
Then the remaining phenolic hydroxyl group reacted with adjacent fluoro-group by in- 66
tramolecular nucleophilic aromatic substitution.”? However, Our attempts with phenol 67
and benzyl alcohol to yield their corresponding derivatives were futile. 68
69
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Scheme 1. Synthesis of rosarrin 3 71
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The rosarrin 3 is isolated by repeated column chromatography resulting in 34% yield 73
of pure product, which was characterized by standard spectroscopic techniques. 'HNMR 74
spectrum of 3 (in CDCls) showed the indolic C-H protons at 4.7 ppm whereas the phe- 75
nylene protons appeared at 6.9 ppm as multiplets (SI). Notably, the signal of the core N- 76
Hs appeared at at ~26.0 ppm indicating the presence of a strong paratropic ring current. 77
The UV-Vis absorption spectra of 3 exhibited a broad absorption band at 480 nm (¢ =6.9 78
x 10* M-'cm!) which is in similar with the spectral pattern of rosarrin 2 but the Soret-like 79
band is shifted ~18 nm bathochromically (Figure 2). 80
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Figure 2. UV-Vis spectra of rosarrin 3 (blue line) and rosarrin 2 (red line) in CH2Cl. 82

83

Such a larger shift is unique in these classes of macrocycles considering the fact that 84

the meso-substituents adopt nearly orthogonal conformation against the rigid macrocyclic 85
core. We envisaged that macrocycle core possesses a modified dioxine ring at meso posi- 86
tion which alters its dihedral angle and results such a bathochromic shift. 87
Protonation and redox behavior of rosarrin 3 were studied by adding various protic 88
acids and spectral changes were monitored through absorption spectroscopy. Rosarrin 3 89
displayed proton coupled electron transfer behavior just as those in rosarrin 2.14 Addition 90
of 10 equivalents of trifluoroacetic acid (TFA) to the solution of 3 (in dichloromethane) 91
showed no appreciable spectral changes. However, significant bathochromic shift of the = 92
absorption maxima from 480 nm to 515 nm was observed upon addition of excess TFA 93
(~1000 equiv.). This spectral changes suggested the formation of tri-protonated species of 94
(3*Hs%*) as previously noted in the case of rosarrin 2. However, titration of rosarrin 3 with 95
HCI in CH2Cl2 showed dramatic changes in absorption maxima. As shown in Figure 3, 9
gradual appearance of an intense band at 574 nm and disappearance of 480 nm band sim- 97
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Figure 3. UV-vis absorption spectral change of rosarrin 3 [7.36 x 10 M] upon addition of HCI =~ 99
in CH2CL 100
101
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ultaneously upon addition of 10 equiv. HCL. This spectral change ascribed to the for- 102
mation of one electron reduced 257 dication radical species of rosarrin 3.14 On the other 103
hand, two-electron reduction of rosarrin 3 to the corresponding 267 electron system is 104
achieved with addition of slight excess HI (~5 equiv.). Simultaneous appearance of the 105
characteristic Soret-like band at 613 nm while disappearance of the 480 nm band are typ- 106
ical indication of two-electron reduction of rosarrin 2.1 These observations indicate that 107
the stepwise nature of proton couple electron transfer in rosarrin 3 is well stands in line 108
with the pattern noted in case of 2. 109
Surprisingly, we observed that upon titration with perchloric acid (HCIO4, upto ~5 110
equiv.), new absorption band at 574 nm gradually appears along with new band at 620 111
nm with isosbestic point at 500 nm (SI). These observations indicate that in presence of 112
perchloric acid, 247t-, 257- and 26m-electron species co-exist in equilibrium under this ex- 113
perimental condition. The presence of 257t-odd electron species was confirmed by taking 114
EPR spectroscopy of the solution of 3 in the presence of perchloric acid. The solution 115
clearly showed the signal without fine splitting supporting the observations. Formation 116
of the radical species was also confirmed in '"H NMR spectra. When the solution of 3 mixed 117
with excess perchloric acid in CDCls, complete disappearance of all signals was observed 118
(SD. 119
120

121
122

Scheme 2. Synthesis of aromatic rosarrin 4 and 4H**Cl- from 3 123

124

The clean two-electron reduction of 24m-electron antiaromatic rosarrin to the corre- 125
sponding 26m-electron aromatic system has been challenging task due to the unstable na- 126
ture of the two-electron reduced form. The reduced form easily re-oxidized to correspond- 127
ing antiaromatic form during work-up period especially when the solution is basic. For 128
example, attempted two-electron reduction of 3 to the corresponding 26m-electron system 129
using an aqueous sodium dithionite cannot afford clean conversion.l However, we found 130
that applying SnCl: dihydrate as a reducing agent resulted in efficient conversion to the 131
corresponding 267 electron aromatic form without any contamination of the oxidized 132
form. When rosarrin 3 was treated with SnCl2#2H:O, clean reduction to 267 electron aro- 133
matic rosarrin 4 was achieved, and the reduced product was isolated as HCl salt in pristine 134
pure form under standard column chromatography (Scheme 2). The identity of the rosar- 135
rin 4 could be easily confirmed by 'H NMR spectra. Typically, the core-N-Hs appeared at 136
-5.33 ppm as broad singlet which is in comparison with those observed for rosarrin 2. The 137
significant downfield shift of the indolic C-Hs (Ad = 6.2 ppm) in comparison with thosein 138
3 clearly confirm the aromatic nature of rosarrin 4. Absorption spectra of 4H**Cl- exhib- 139
ited a strong Soret band at 613 nm and Q bands with clear vibronic structures as shown 140
in Figure 4. 141
142
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Figure 4. UV-Vis absorption spectra of 4H**Cl- in CH2Cl2 (conc. = 1.8 x 10 M) 149
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Figure 5. Cyclic voltammogram of 3 in TBAPFs [0.1 M] in CH2Cl2 with scanning rate of 100 153
mV/s. 154
155

Figure 5 shows a cyclic voltammogram of rosarrin 3 in dichloromethane solution. 156
Rosarrin 3 displayed a typical rosarrin voltammogram with four reversible redox waves 157
with a peak at -0.73, -1.13, 0.64 and 0.28 volts. Observed potentials are quite similar to 158
rosarrin 24l which confirms that the post synthetic modulation such as 3 do not change 159

the inherent redox properties and displays same electronic reversibility. 160
161
3. Materials and Methods 162

All commercially available reagents and compounds were used as received without 163
further purification. All solvents were dried and distilled before going to use. All the re- 164
actions, which are sensitive to moisture or oxygen were performed under a nitrogen at- 165
mosphere. The thin layer chromatography was performed on aluminum backed silica gel 166
60 F254 (Merck) or neutral alumina F254 (Sigma-Aldrich). Product purification was per- 167
formed by column chromatography on silica (230-400 mesh, MN) or neutral aluminum 168
oxide 90 (70-230 mesh, Merck). Synthesized compounds identity and purity was con- 169
firmed by using 400/ 600 NMR spectroscopy. Jeol 400MHz was used to check 1IH NMR, 170
variable NMR study and TFA titrations. For 13C NMR spectroscopy Bruker 600 MHz was 171
used. Mass spectral data were obtained by Voyager DE-STR MALDI-TOF and JEOL JMS- 172
700 GC. Absorption spectra were recorded with a Varian CARY 100 Conc spectrometer. 173
Cyclic voltammograms were performed on CH instruments. Three-electrode cells were 174
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comprised of a platinum disk electrode as the working electrode, a platinum wire as the 175
counter electrode, and a platinum wire as reference electrode. The reference potential was 176
calibrated with ferrocene/ferrocenium (Fc/Fc*). The electrolyte solution was dichloro- 177
methane (DCM) containing 0.1 M tetrabutylammonium hexafluorophosphate (TBAPFs), 178
which was bubbled with nitrogen gas prior to electrochemical tests. 179

Synthesis of rosarrin 3 180

Rosarrin 2 (50.0 mg, 45 umol), K2COs (48.0 mg, 347 pmol) and catechol (45.0 mg, 405 181
umol) were charged in an oven dried, nitrogen cooled round bottom flask and evacuated 182
for one hour. After flushing with nitrogen, N-methylpyrrolidone (~6.0 mL) is added and 183
reaction mixture flushed with vacuum and nitrogen three times. Reaction mixture was 184
shielded from light by aluminum foil and heated at 100 C for 6 h. Reaction mixture was 185
cooled and transferred to the separating funnel, water was added and extracted with ethyl 186
acetate. After drying over anhydrous sodium sulfate, organic layer removed under low 187
pressure and residual solid is passed through silica gel. The pure product was obtained 188
by column chromatography on silica (DCM/Hexane = 1/1) in 34% yield. "H NMR: (400 189
MHz, CDCls) d (ppm); *C NMR (125MHz, CDCls) d 7.0-6.88 (m, 24 H), 4.73 (s, 6H, 3-H) 190
(ppm) 151.0, 140.3, 139.9, 131.6, 129.0, 126.4, 125.5, 125.2, 123.5, 123.4, 117.1, 116.9 (ppm) 191
MALDI-TOF MS Calculated for CsiHzFoN6Os m/z = 1356.23; Found 1357.389 (M+1). UV- 192
Vis (in CH2Cl2) A [nm] (e [M-'cm]) 480 (6.9X10%). 193

Reduction of rosarrin 3 to 4H+**Cl-: 194

Rosarrin 3 was dissolved in dry THF and degassed with argon for ten minutes. 195
SnCl2.2H20 (5 equiv.) was added to it. The reaction mixture was allowed to stir at room 196
temperature under protection from light. Solution was gradually turned deep green color 197
indicating formation of corresponding 26-pi species. Upon completion of the reaction (2h), 198
solvent was evaporated in rotary and crude was subjected to silica gel column chroma- 199
tography using DCM/Hexane (3/2) as eluent. The product 4H**Cl- was obtained as dark 200
red solid in 65% yield. '"H NMR: (400 MHz, CDCls) d 10.97 (s, 6H, 3-H), 9.81 (brs, 6H, Ar- 201
H), 8.23 (brs, 6H, Ar-H), 7.40 (3H, Ar-H), 7.19-7.26 (9H, Ar-H) (ppm) MALDI-TOF MS 202
Calculated for [CsiHssFsNeOs]* m/z = 1359.25; Found 1359.359 (M*), UV-Vis (in CH2Clz) A 203
[nm] (e [M-lem]) 613 (8.1X10). 204

4. Conclusions 205

Post synthetic modification of meso-substituents of antiaromatic hexaphyrin 206
(1.0.1.0.1.0) 2 has achieved for the first time by utilizing double nucleophilic aromatic sub- 207
station reaction. The resulting rosarrin 3 displayed significant bathochromic shift in ab- 208
sorption maximum compared with the parent compound 2. Acid titration of 3 clearly 209
shows that 3 can be partially reduced or fully reduced to aromatic system by proton cou- 210
pled electron transfer mechanism. Clean reduction from rosarrin 3 to 4H**Cl- could be 211
achieved adopting SnClz as reducing agent. The reduced rosarrin 4H**Cl-displayed full 212
aromatic characters corresponding to the 267 electron system. Electrochemical results 213
clearly shows the retention of redox behavior after post synthetic modification at meso- 214
position. Currently, efforts toward the stabilization of 227-electron system is under pro- 215
gress. 216
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Regio-selective,sequential nucleophilic aromatic substitution of meso-tris(pentafluorophenyl) rosarrin with catechol in

the presence of base affords dibenzodioxane fused antiaromatic rosarrin derivative as a single product.
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