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1. Synthesis
Synthesis of [2-aza-5,10,15,20-tetrakis(p-methoxycarbonylphenyl)-21-carbaporphyrinato]-
Ag(Ill) 3-Ag) ™!

H3COOC COOCH3 H;COOC COOCH3
QL gy ) QL g
N N
CF3COOAg
CHyCl,
and MeOH
rt.
N2
H3COO0C COOCH3 H3CO0C COOCH;
3 3-Ag

To a 200 mL of 3-necked flask, 2-aza-5,10,15,20-tetrakis(p-methoxycarbonylphenyl)-21-carba-
porphyrin 3 (150 mg, 0.18 mmol) was added and dissolved in 88 mL of dry dichloromethane
(DCM) under nitrogen atmosphere. Then CF3COOAg (156 mg, 0.71 mmol) dissolved in 1.6 mL
of methanol was added to the mixture. The mixture was stirred at room temperature overnight and
the reaction was monitored by thin layer chromatography (TLC). After completion of the reaction,
the solvents were removed in vacuo and the residue was purified by a silica gel chromatography
using an eluent of DCM/MeOH (99:1 (v/v)). The compound 3-Ag was obtained as a brown solid
by recrystallization. Yield: 140 mg, 0.15 mmol (82% yield). 'H NMR (500 MHz, CDCls): 6 9.46
(s, 1H, a-H), 8.93 (d, /= 5.4 Hz, 1H, B-H), 8.80 (d, /= 4.7 Hz, 1H, B-H), 8.69 (d, /=5.0 Hz, 1H,
B-H), 8.64 (d, J= 5.0 Hz, 1H, B-H), 8.63 (d, /= 5.3 Hz, 1H, B-H), 8.59 (d, /= 5.1 Hz, 1H, B-H),
8.46 (d,J=7.5 Hz, 4H, Ar-H), 8.43 (d, /= 5.1 Hz, 4H, Ar-H), 8.26 (d, J = 7.8 Hz, 2H, Ar-H), 8.23
(d,J=7.9 Hz, 2H, Ar-H), 8.21 (dd, J= 7.9, 2.4 Hz, 4H, Ar-H), 4.11 (s, 6H, COOMe), 4.10 (s, 3H,
COOMe), 4.00 (s, 3H, COOMe); MALDI-TOF-MASS: calcd for Cs3sH3sN4OsAg (IM]Y), 950.1506,
found 950.845; UV/Vis (CH2Clp, nm): Amax = 383.5, 450, 522, 638.5.

Synthesis of [2-aza-5,10,15,20-tetrakis(p-carbonylphenyl)-21-carbaporphyrinato]-Ag(III)
(1-Ag)

H3COOC COOCH3; HOOC COOH
O O s
X N
KOH (1.88 M)  HCI (1 M)
THF:MeOH=1:1
reflux
o = O o = O
H3COOC
3 3-Ag COOCHj3 HOOC 1-Ag COOH

An aqueous solution (25 mL) of KOH (0.67 g, 12 mmol) was added to a mixture of 3-Ag (200 mg,
0.21 mmol) in THF/MeOH (50 mL, 1:1 (v/v)). The mixture was stirred overnight at reflux. After
cooling to room temperature, the resulting solution was concentrated in vacuo. Then water was
added to the residue to dissolve completely. After solid impurity was removed be filtration, 1 M
HCI solution was added to the filtrate up to pH of 3. The resulting dark brown solid was collected
by filtration, washed with water, and dried in vacuo. Yield of 1-Ag: 147 mg, 0.16 mmol (78%
yield). '"H NMR (500 MHz, DMSO-ds): § 13.27 (s, 4H, COOH), 9.35 (s, 1H, a-H), 8.95 (d, J =
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5.0 Hz, 1H, B-H), 8.85 (d, /= 4.7 Hz, 1H, B-H), 8.67 (d, J = 4.8 Hz, 1H, B-H), 8.6-8.62 (m, 2H,
B-H), 8.59 (d, J = 5.0 Hz, 1H, B-H), 8.42-8.21 (m, 16H, Ar-H); HRMS (FAB): calcd for
CagH2sN4OsA g ([IM+17%): 895.0953, found 895.0958; UV/Vis (N,N-dimethylformamide, nm): Jmax
=447.5, 586.5, 739.

Fabrication of Metal-Organic Frameworks

Synthesis of TPPyor. 103 mg of ZrOCl*8H>0, 50 mg of 2 and 2700 mg of benzoic acid were
dissolved in 8 mL of DMF under the ultrasonic irradiation for over 1 h. The mixture was then
stirred at 120 °C for 48 h. After cooling the solution to the room temperature gradually, the
precipitated violet-colored solid was collected by filtration, followed by washing with DMF
carefully (Scheme 1). The yield for TPPmor; 58.7 mg (38%). The detailed characterization is
given below (e.g., SEM images and XRD patterns).

Synthesis of ZnTPPyor. 103 mg of ZrOCl,*8H>0, 50 mg of 2, 133 mg of (CF3S03),Zn, and 2700
mg of benzoic acid were dissolved in 8 mL of DMF, and stirred in the ultrasonic mixer for over 1
h. The resulting mixture was then heated to 120 °C and stirred for 48 h. After cooling to room
temperature gradually, the violet solid powder was collected by filtration, followed by washing
with DMF (Scheme S2). Yield for ZnTPPwmor; 65.8 mg (23%). The detailed characterization is
given below (e.g., SEM images and XRD patterns).

Synthesis of AGNCPuor. 75 mg of ZrCls, 50 mg of 1, 2700 mg of benzoic acid and 70 mg of
CF;COOAg were dissolved in 8 mL of DMF, and stirred in the ultrasonic mixer for over 1 h.
The resulting mixture was then heated to 120 °C and stirred for 48 h. After cooling to room
temperature slowly, the dark brownish solid was collected by filtration, followed by washing with
DMF (Scheme S2). Yield for AgNCPwmor; 45.6 mg (23%). The detailed characterization is given
below (e.g., SEM images and XRD patterns).

ZrCly NCPMOF[SZC] ftw

b) o PCN-222[52a]  csg-a

2
"OCgi5—~ MOF-525[s3  ftw

Scheme S1. Metal-dependent syntheses of a) NCPwmor using 1 and b) PCN-222 and MOF-525

using 2.
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Scheme S2. Schematic description for synthetic strategies of AgNCPmor@ZnTPPmor and
ZnTPPror@AgNCPyor through a seed-mediated ligand exchange reaction.[s*!

Table S1. Reaction conditions for hybrid MOF fabrication using seed-mediated synthesis

Entry  Porphyrin  DMF  Zr reagent™ Seed™™" Benzoic Results
linker'/mg /mL /mg /mg acid / mg

1 50 @ 8 1039 209 2700 Crystalline powder
(76.5 mg)

2 509 8 759 20 2700 Crystalline powder
(97.8 mg)

3 50 8 1039 209 2700 Crystalline powder
(100.4 mg)

4 10 2 209 40 9 2700 Crystalline powder
(21.0 mg)

5 509 8 75 9 207 2700 Crystalline powder
(63.1 mg)

6 109 2 200 409 540 Crystalline powder
(22.6 mg)

7 2594259 8 759 - 2700  Amorphous powder

*Linker: a) 1, b) 2, ¢) 2-Zn, d) 1-Ag
**7r reagent: e) ZrCla, ) ZrOCl2.8H,0
***Seed: g) NCPMOF, h) TPPwmor, i) ZnTPPyor, J) AgNCPMOF

s4



(a)

e/10°M "' em™

1.2 4

1.0

0.8+

0.6

0.4 4

0.2+

0.0

(b) 4.0
445 nm — 1in NaOH ag. 415 nm ——2in NaOH aq.
_ 3.0
=
o
= 20
o
®
1.0
518 nm
T T T T T T 00 T T T T T T
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000

Wavelength / nm

Wavelength / nm

Figure S1. Absorption spectra of 1 (a, green line) and 2 (b, red line), dissolved in NaOH agq.
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Figure S2. Absorption spectra of NCPmor (a, green line), TPPmor (b, red line),
NCPrmor@TPPyor (¢, pink line), TPPMmor@NCPmor (d, blue line), mixture (NCPwmor
TPPmor=5:2) (e, black line), ZnTPPmor (f, purple line), AgNCPmor (g, brown line),
ZnTPPymor@AgNCPror (h, dark blue line), and AgNCPmor@ZnTPPyor (i, orange line),
dissolved in 0.1 M NaOH agq.
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Figure S3. Absorption spectra of filtrates obtained in the synthesis of a) NCPmor@ TPPwmor (pink
line) and b) TPPMor@NCPwmor (blue line). The detailed reaction conditions are described in the

experimental section.
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Figure S4. Absorption spectra of a) ZnTPPwmor (purple line), b) AgNCPmor (brown line), c)
InTPPror@AgNCPwyor (dark blue line), and d) AgNCPmor@ZnTPPyor (orange line), in the
KBr pellet.

Figure S5. SEM image of TPPwmor synthesized by the modified procedure. Scale bar is set to
1 ym.
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Figure S6. Wide-angle PXRD patterns of the metalloporphyrinic = Zr-MOFs;

InTPPror@AgNCPyor (dark blue), AgNCPmor (brown), AGNCPmor@ZnTPPymor (orange),

and ZnTPPyor (purple). The plots for NCPwmor (green) and TPPwmor (red) are shown for

comparison.
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Figure S7. N, adsorption isotherms (hollow circle: adsorption, solid circle: desorption) of a)
NCPrmor@TPPuor (pink dotted line), b) TPPyor@NCPwmor (blue dotted line), and ¢) a mixture
(NCPwmor : TPPmor = 5:2, black dotted line) at 77 K.
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Figure S8. Thermogravimetric analyses of a) NCPmor@TPPwmor (pink line) and b)
TPPMOF@NCPMOF (blue line).
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Figure S9. Excitation spectra of NCPmor@TPPwmor (pink line) monitored at a) 730 nm and b) 910
nm, and TPPmor@NCPwmor (blue line) monitored at ¢) 900 nm and d) 720 nm.

8.0x10°
a) ——NCP,,,;@TPP,,. b) —— TPP,,,;@NCP,, .
3x10°
g 2 6.0x10°
[%2]
& c
2 [}
£ 2x10% €
s S 4.0x10°
2 2
£ €
w 1x10* w
2.0x10°
0 T T T T 7 0.0 - ; ; ; ‘
600 700 800 900 1000 600 700 800 900 1000

Wavelength / nm Wavelength / nm

Figure S10. Emission spectra of a) NCPmor@TPPmor (pink line) and b) TPPmor@NCPwmor
(blue line) dispersed in DMF. (Aex = 455 nm)
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Figure S11. Absorption spectrum of 1 (green solid line) and emission spectrum of 2 (red dotted
line) in DMF solution. (Aex = 420 nm)
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Figure S12. Emission spectra of TPPwmor (red line), TPPmor@NCPwmor (blue line), and

NCPrmor@TPPwor (purple line) dispersed in DMF with Aex = 455 nm.
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Figure S13. Chemical structure of the dyad molecule containing a tetraarylporphyrin and an
N-confused isomer for the study of energy transfer phenomenon. %!
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Figure S14. Time-resolved emission spectra of a) NCPmor@TPPwmor, b) TPPmor@NCPymor, ©)
TPPwmor, and d) NCPwmor dispersed in DMF. The emission intensities are normalized.
(Aex =532 nm)
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Figure S15. Emission decay curves of the hybrid MOFs, NCPmor@TPPmor, TPPvor@NCPwmor,
and a mixture of MOFs (NCPwmor : TPPmor = 5 : 2) dispersed in DMF probed in the range of a)
720-730 nm and b) 850-880 nm. (Aex = 532 nm)

Table S2. Summary of emission lifetimes of the MOFs dispersed in DMF.

Tem (ns) probed at 720730 nm Tem (ns) probed at 850-880 nm
Sample
71 (5] Tmean 71 (5] Tmean
. 1.16 18.82 1.18 26.08
Mixture 1.30 1.38
(99.2%) (0.8%) (99.2%) (0.8%)
1.24 20.15 1.33
NCP ,;@TPP 1.46 1.33
(98.8%) (1.2%) (100%)
1.83 6.07 0.64
TP, @NCP, 241 0.64
(86.5%) | (13.5%) (100%)
TPP 1.14 10.69 1,30
Mor 98.3%) | (1.7%) ' ) ) )
0.62
NCPwmor - - - 0.62
(100%)
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Figure S16. Absorption spectra (in KBr pellet, solid line) and solid state fluorescent spectra (broken line)
of (a) TPPumor@NCPuor (blue color), (b) NCPyor@TPPuor (pink color), and (c) mixture of NCPwor
and TPPyor (in S:2 ratio, black color). The emission spectra were measured with the excitation

wavelength at the maximum peak of the Soret band.
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Figure S17. Time-resolved emission spectra of a) NCPmor@TPPwmor, b) TPPmor@NCPymor, ©)
TPPwmor, and d) NCPwmor in solid state. The emission intensities are normalized. (Aex = 532 nm)
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Figure S18. Time-resolved 2D fluorescence spectra of the MOFs in solid state; (a)
NCPMOF@TPPMOF, (b) TPPMOF@NCPMOF, (C) TPPMOF, and (d) NCPwmor. (/lex =532 nm)
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Figure S19. Emission decay curves of the hybrid MOFs, NCPmor@TPPmor, TPPyor@NCPwmor,
and a mixture of MOFs (NCPwmor : TPPmor = 5 : 2) in solid state probed in the range of a)
720-730 nm and b) 850-880 nm. (Aex = 532 nm)

sl6



Table S3. Summary of emission lifetimes of the solid MOFs.

Sample Tem (ns) probed at 720730 nm Tem (ns) probed at 850-880 nm
TPP, @NCP, 0.67 0.57
NCP ,;@TPP 0.77 0.68
TPPmor 0.90 -
NCPwmor - 0.62
Mixture* 0.80 0.73

*Note that the mixed sample contains NCPwmor and TPPwmor in 5:2 ratio. The lifetimes for the

major amplitudes are given.
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Figure S20. Emission spectra of selected particles for a) NCPmor@TPPwmor (pink line), b)
TPPrvor@NCPwmor (blue line), and ¢) a mixture of MOFs (NCPmor + TPPwmor, black line),

visualized by the confocal laser scanning microscopy. (Aex = 430 nm)
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Figure S21. Absorption spectral changes of DHN in the presence of sensitizers, a) TPPwmor, b)
NCPwor, and ¢) TPPyor@NCPwmor, under photoirradiation (4; 450-700 nm).

References

[s1] Furuta, H.; Ogawa, T.; Uwatoko, Y.; Araki, K. N-Confused Tetraphenylporphyrin—Silver(III)
Complex. Inorg. Chem. 1999, 38, 2676-2682.

[s2] (a) Feng, D.; Gu, Z. Y.; Li, J. R.; Jiang, H. L.; Wei, Z.; Zhou, H. C. Zirconium-Metalloporphyrin
PCN-222: Mesoporous Metal-Organic Frameworks with Ultrahigh Stability as Biomimetic
Catalysts. Angew. Chem. Int. Ed. 2012, 51, 10307-10310; (b) Ikawa, Y.; Ogawa, H.; Harada, H.;
Furuta, H. N-Confused Porphyrin Possessing Glucamine-Appendants: Aggregation and Acid/Base
Properties in Aqueous Media. Bioorg. Med. Chem. Lett. 2008, 18, 6394-6397; (c) Yang, Y.;
Sakashita, R.; Yamasumi, K.; Ishida, M.; Yamada, T.; Furuta, H. Zirconium-based Metal-Organic
Frameworks with N-Confused Porphyrins: Synthesis, Structures, and Optical Properties. Chem.
Lett. 2017, 46, 1230-1232.

[s3]Morris, W.; Volosskiy, B.; Demir, S.; Gandara, F.; McGrier, P. L.; Furukawa, H.; Cascio, D.;
Stoddart, J. F.; Yaghi, O. M. Synthesis, Structure, and Metalation of Two New Highly Porous
Zirconium Metal-Organic Frameworks. Inorg. Chem. 2012, 51, 6443—6445.

[s4] Xu, H. Q.; Wang, K_; Ding, M.; Feng, D.; Jiang, H. L.; Zhou, H. C. Seed-Mediated Synthesis of
Metal-Organic Frameworks. J. Am. Chem. Soc. 2016, 138, 5316-5320.

[s5] Toganoh, M.; Miyachi, H.; Akimaru, H.; Ito, F.; Nagamura, T.; Furuta, H. Anion Responsive Dyad
System of Porphyrin and N-Confused Porphyrin. Org. Biomol. Chem. 2009, 7, 3027-3030.

s18



