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Abstract

In this work, a aza-BODIPY-porphyrin conjugated system has been designed and
synthesized. BF, chelate of 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)
phenyl)-2H-pyrrol-2-ylidene)-3-(d-(dodecyloxy)phenyl)-1H-pyrrol-2-amine  (5)  has  been
successfully synthesized. The compound showed absorption at 668 nm, which can strongly
absorb light in green region. [5,10,15,20-Ethynylporphinato] zinc(ll) (8) showed strong
absorption at 452 nm and weak absorption at 597 and 642 nm. All synthesized compounds
were characterized by 'H NMR spectroscopy. Furthermore, their optical properties were
analyzed by UV-visible spectroscopy. Due to porphyrin systems showed less absorption in
green region (500-600 nm). Porphyrin (8) and aza-BODIPY (5) were interconnected. The product
was analyzed by 'H NMR spectroscopy. The results revealed only the peak of aza-BODIPY,
none from porphyrin. According to experiment conditions, the product did not occur. If there
are opportunities in the future, the experiment conditions should be more efficiency and
suitably to provide the product, which enhance the absorption in given region and can be

applied to dye-sensitized solar cells.

Keywords : BODIPY, porphyrin, dye-sensitized solar cells
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3.1 NMSEUATIZY BF, chelate of 5-(d-bromophenyl)-N-(5-(d-bromophenyl)-3-
(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)- 1H-
pyrrol-2-amine
3.1.1 NM3duAT1E d-(dodecyloxy)benzaldehyde
3.1.2 M384LATIER 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)prop-2-
en-1-one

3.1.3 N9d1ATIER 1-(4-bromophenyl)-3-(d-(dodecyloxy)phenyl)-4-
nitrobutan-1-one

3.1.4 N3&UATIEN 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)
phenyl)-1H-pyrrol-2-amine

3.1.5 NM5A4ATIEN BF, chelate of 5-(d-bromophenyl)-N-(5-(d-bromo
phenyl)-3-(4-(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-
(dodecyloxy)phenyl)-1H-pyrrol-2-amine

3.2 N13dATIZIA [5,10,15,20-Ethynylporphinato] zinc(ll)

3.2.1 NM3d1ATIZR 5,10,15,20-trimethylsilylethynylporphyrin

3.2.2 N3ARATIEN [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll)

3.2.3 M3ALATIZN [5,10,15,20-ethynylporphinato] zinc(ll)

3.3 N1383LATI¥ BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-
(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-
1H-pyrrol-2-amine - [5,10,15,20-ethynylporphinato] zinc(ll)
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Jablonski diagram

1A59a519094 B,B-diporphyrinbenzyloxy-BODIPY dyes

1A998519989 PtCO"TPBP)

UV-vis spectrum a3 Pt(®°"TPBP)

1AS98319099 zinc porphyrin-BODIPY dyes

N1989LAT124 BF, chelate of 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol
-2-amine

ATEWATIEN [5,10,15,20-Ethynylporphinato] zinc(ll)

UV-visible spectrum w84 BF, chelate of 5-(4-bromophenyl)-N-(5-(4-
bromophenyl)-3-(4-(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-
(dodecyloxy)phenyl)-1H-pyrrol-2-amine (5)

UV-visible spectrum w84 [5,10,15,20-ethynylporphinato] zinc(ll) (8)

'H NMR spectrum 984 BF, chelate of 5-(4-bromophenyl)-N-(5-(d-bromophenyl)-
3-(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(d-(dodecyloxy)phenyl)-1H-
pyrrol-2-amine - [5,10,15,20-ethynylporphinato] zinc(ll) (9)

'H NMR spectrum 484 4-(dodecyloxy)benzaldehyde (1)

'H NMR spectrum 484 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)
prop-2-en-1-one (2)

'H NMR spectrum 84 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-

4-nitrobutan-1-one (3)
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A4 'H NMR spectrum ¥84 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(4- 30
(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-
pyrrol-2-amine (4)

A5 'H NMR spectrum 484 BF, chelate of 5-(4-bromophenyl)-N-(5-(4- 31
bromophenyl)-3-(d-(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-
(dodecyloxy)phenyl)-1H-pyrrol-2-amine (5)

A-6 'H NMR spectrum 984 5,10,15,20-trimethylsilylethynylporphyrin (6) 31
A-7 'H NMR spectrum 84 [5,10,15,20-trimethylsilylethynylporphinato] 32
zinc(ll) (7)

A-8 'H NMR spectrum 94 [5,10,15,20-ethynylporphinato] zinc(ll) (8) 32
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pzmeululasiau (2 pyrrole rings mefuaaoululnsiau) wwiluAfiilu fluorophores Tnadunssaf

a0

faudfadnafuniiiay 19U fluorescent quantum yields 713A1geda 700 nm UagilA extinction

coefficients 7innn weluAidaunsadszandldauidu photosensitizers d1%5U photodynamic

therapy , NIR fluorescent probes, chemosensors LavadnaseRnglawa
1.3.3 waslwsu (Porphyrins)

noslH3u (Porphyrins) 1ulianavesansdunidnusznouserawmuinilulasiay 4 19

138n21 Wilsa (pyrrole) Tagnas WS ULlATIAS NNANTNRANWALLUUTIU WAINENUNITLTONAUAE

3 A ay 1a o o Yal = PN a o V1 a N o
mwauwwluaummaamq mﬂmmsmaaummamﬂmaﬂmﬂmw ’N‘UENWEJﬂWiuT\]SEJaﬂng

L7 7
a A

AoudnsBanguls Matiilleannnsitussineradugnasnriviiasiinnisiadeuivedidnaseuniy
53U T-delocalized ayWusvanslsadussdusznouiugiu vadluanadlulnadu lulelnadu

lalnlasy wazeaslsiaa

woslnsuduasiflassadremduneuginanieluas annsAnwaudAnisganduuasasny

o
=

nsaanaulkaslugae UV (370-430 nm) Hug9ii5un7n soret band (S-band) Fan1snsanunaLlay

Juenanwalveanesinsuniianuazves 18-1 electrons system [14] Tunisneasslafnniudnsna
a W@ ' = ~ Y ! P! o | ~ ] '

Y8IN15LUAHURUAIVBIAIRINA 1Y UEUAUNYUNUATTUFRI LM TV URTUN AU N NG

Anazasranulugig visible light (500-700 nm) @tavdenaitisenin Q-bands
1.3.4 LUIAUAALAZITUILNNEIVDY

Coutsolelos wagAmz [15] An®1n154AS18% BODIPY-porphyrin fivieusafiu cyanuric
chloride Tnedi BODIPY azifindnaninlunisifivuasves porphyrin chromophore excited state

udiuansli Jablonski diagram fagUfl 5 N3ns2uYes BODIPY-based Tt - T* excited states 9¥
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Fuagiunasaunaiemluds porphyrin-based 71l 1 excited states 8951015018 NNEIIIUVDS

BODIPY 1U&3 porphyrin 92159131 BODIPY-porphyrin dyads Fwdu non-conjugated bridge

tnn* r ) ~ . Singlet Energy Transfer

- ‘ﬁ_'__ Ip*

1

1

ISC |

nn* S e— |

1
L_ ip¥

excitation at 490 nm
Porphyrin fluorescence
Bodipy Porphyrin

U7 5 Jablonski diagram

Harvey Wazagly [16] lndaasne B,B-diporphyrinbenzyloxy-BODIPY dyes lu %yields dyéj\‘i
Fauandliifiunts overlap vesaLUnM3UsENI19 donor 1389uas (BODIPY) uaznnsganaunesiniy

(porphyrin) n15éios BODIPY Ju chromophore fifdm5u antenna Lagporphyrin

OOM \ll
\'»'l A
.
et 4 Il —~
"V"
E '/\.:/‘Ir\
B8 ’/ ‘\\
d o N P ,’l 7 BODIPY ~y 7
) @ V=TI \,_ \
. ,./ ,"I antenna ‘ot
17 / ~7
-l_/v/\[\’ \

L AN =
3:M=2H /~|/ ’v\ I ] \’\\,—’\
4:M=2n I, 8. >

/\

receptor -—'\

gﬂﬁ 6 1A598579983 B,B-diporphyrinbenzyloxy-BODIPY dyes

1wt 2011 Thompson wazame [17] laduasigiansineu platinum benzoporphyrin 176ie

s BODIPY (Pt TPBP)) 4 2 fagudi 7

SC e

BDP BDP

O U

Ut 7 Tassadrsves PLEPTPBP)
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a15Usgnauldetou PtCPPTPBP) dA1 UV-vis spectrum f43U#l 8 n1sganfuaiunniuves
Platinum benzoporphyrin AgLans S-band N1ANeMAGY 433 UlWUAT kazlans Q-band MR

g13AAU 619 UTlwLAs g1 BODIPY JA1AINENARUEIEAT 514 uiluiins

w—Measured |
- =Predicted

T T T
300 400 500 600 700
Wavelength (nm)

gﬂﬁ 8 UV-vis spectrum a4 Pt(®°"TPBP)

Lee wag Hupp [18] laduas1gst zinc porphyrin-BODIPY dyes é’fﬂg‘d'ﬁ 7 MSLT09LENUAE AT

ARNAukABaUNATUNSENgMNaIUANUSEAEAIMAIN BODIPY U84 zinc porphyrin

’gﬂﬁ 9 1A5985719984 zinc porphyrin-BODIPY dyes

waNNT zinc porphyrin-BODIPY gnualulelu dye-sensitized solar cell (DSSC) LivaLiy
Uszdnsnmnisiasundeuluiy Weeuiu zinc porphyrin vilaiusaainnisallainnisides

MusEWIN porphyrin iU aza-BODIPY agvinlvansusenauiiinisganauuas UV-VIS Tugisawnnium

n1193ulnsdlA1 molar absorptivity 917

1.4 Uselavunazlaainnisive

16 aza-boron-dipyrromethene (aza-BODIPY) #isiofiu porphyrin Sani@iisuwas Lazauns

PlUlriuwaandsnusaioingwuuadeulnasle



uni 2

N3NNI

2.1 s1ensiAsailanazaunsal

1.
2.

Packard

X . Sle O 0, P W

analytical balance (p30edaas1ziimiln) vosussm METTLER TOLEDO

a aa a

UV-visible spectrophotometer (¢3-380a awnlnslulnilines) veausen Hewlett

NMR spectrometer (1n3padutddonsauninsiiines)

rotary evaporator ({AS8INAUTNEATAYYINA) VBIUITEN BUCHI Rotavator R-200

ultraviolet lamp (i3aslniilanas ¢3)
vacuum pump (LaTesduagaIN1A)
TLC (WHulLad)

filter paper (n3gA1YNIDY)

2.2 s1rgn1sanswadinle

2.2.1 @150

el

8.
9.

1-bromododecane (C;,H,5Br)
4-bromoacetophenone (CgH,BrO)
diisopropylethylamine (CgH;gN)
triphenylphosphine ((C¢Hs)sP)
4-hydroxybenzaldehyde (C;HsO,)

boron trifluoride diethyl etherate (BF;CqH;00)
trimethylsilylpropynal (C4H,00Si)

ammonium acetate (C,H;NO,)

Tris(dibenzylideneacetone)dipalladium (CsiH4,05Pd))

11.
2.
13.
14.
e
16.
I8
18.

potassium carbonate (K,CO5)
potassium hydroxide (KOH)
pyrrole (C4HsN)
nitromethane (CHsNO,)

silica gel (SiO,)

magnesium sulfate (MgSO,)
zinc acetate (Zn(OAc),2H,0)

copper iodide (Cul)

10. 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (CgClLN,O,)


https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C7H6O2&sort=mw&sort_dir=asc

2.2.2 finazang

1. acetonitrile (CH5CN) 6. tetrahydrofuran (C4HgO)
2. ethanol (CH;CH,OH) 7. chloroform (CHCls)

3. ethyl acetate (CH;COOC,Hs) 8. 1-butanol (C4H,OH)

4. hexane (C¢Hqq) 9. methanol (CH;OH)

5. tetrabutylammonium fluoride (CqHo)sNF 10. dichloromethane (CH,CL,)
6. triethylamine (C¢H;5N) 12. toluene (C;Hg)

2.3 A5N151Ma84

231  duAsnzn BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-

(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)pheny)-1H-pyrrol-2-amine

[ L3 dy al o a g.}/ (% =
MsFuATIEREnsl azdinisaniiunisiu 5 Juneu ﬂ\‘iz‘U‘Vl 10

(0]

O
H)U n- bromododecane k@\ )‘\©\ O 7 O
Ol K2CO3 acetonitrile OC1ZH25 ethanol Br 2 OC12Has

CH3NO,, KOH | ethanol
C12H250 OC12H25

. DIPEA, BF;Et,0 NH4OAc n-BuOH
o dichloromethane, reflux \ NH N=< reflux
OC12H25

U7l 10 Msdaunsgn BF, chelate of 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-

Y

(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine
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2.3.1.1 d91A512% 4-(dodecyloxy)benzaldehyde (1)
') 0]

HJ\@\ n-bromododecane HJ\©\
r
OH chos’ acetonitrile OC1,Has
1
%4 4-hydroxybenzaldehyde (1.2212 g, 10.0 mmol) bag potassium carbonate (2.073 g,

150 mmol) Tuwnnunax mﬂﬁ?usld acetonitrile 20 mL uazdu 1-bromododecane
(3.6 mL, 15.0 mmol) W¥ilusia reflux Wunan 6 $lus wdahvesmandldunatadeiofiaozdiom
(3x30 mL) lunsaeusn uenanstaetiuduanssunsdliudhufuuundigoudamn dielrldansis
wiuansBunse antuhansildundussmesvhazanesonses rotary evaporator waavily
mimﬁﬁqwéﬁuﬁ’wﬂﬁﬁﬂ silica-gel column chromatography (hexane/ethyl acetate (4:1)) u&
thansfildunsemesviazanesiewnsed rotary evaporator agldnandauet (1) (2.7302 ¢, 94%) «Ju
9998917 'H NMR (400 MHz, CDCL,) & 9.90 (s, 1H), 7.85 (d, J = 8.6 Hz, 2H), 7.01 (d, J = 8.6
Hz, 2H), 4.06 (t, / = 6.5 Hz, 2H), 1.89 - 1.77 (m, 2H), 1.54 - 1.20 (m, 18H), 0.90 (t, J = 6.6 Hz,

3H).
2.3.1.2 49A5712% 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyprop-2-en-
1-one (2)
(0] @) 0]
—_—>
ethanol
OC12H25 Br Br OC12H25
2

1

%4 4-(dodecyloxy)benzaldehyde (1) (2.9044 g, 10 mmol) kag d-bromoacetophenone
(2.9858 mL, 15.0 mmol) Tuwanfunay hutenI1uea 10 mL wavidulnunadoulonsonlan

(0.0393 g, 0.7 mmol) 1u 1 mL deionized water Tuaannunay ntuALveskaNLduian 24

£%
o

F1la n309EnIRIBLATINTONAYINA Lardeansfoievuen ndurlfansuIqrstuseTs
recrystallization felen1uea nseswdndildmeinieansesamainia aldudndusi (2) 4.0547 g,
86%) \Junanvesudedindas "H NMR (400 MHz, CDCls) 8 8.03 (d, J = 7.3 Hz, 2H), 7.81 (d, J =
15.6 Hz, 1H), 7.62 (d, 2H), 7.52 (d, J = 7.4 Hz, 2H), 7.43 (d, J = 15.6 Hz, 1H), 6.95 (d, J = 8.7 Hz,
2H), 4.03 (t, J = 6.6 Hz, 2H), 1.88 - 1.77 (m, 2H), 1.53 - 1.20 (m, 18H), 0.91 (t, J = 6.7 Hz, 3H).
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2.3.1.3 49157129 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-4-nitrobutan-1-

one (3)

NO,

o) 0
/‘)K/\‘\ CH3NO,, KOH
T 0 = O
Br OC15Has ethens Br OC15Has
2 3

R 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenylprop-2-en-1-one (2) (4.7148 g, 10.0

mmol) Tuvinnunay @ululasiivu (15 mL, 200 mmol) waglnunaideulansenlan (0.6733 g,
12 mmol) azaeluleniuea 15 mL Wil reflux iWunan 6 Falue diliBuasiionmgiivios
Pntuthansfildunssmesvhazaneseinses rotary evaporator azangansilameiefiaozdiam
wazarinee deionized water (3x30 mL) lunsaeuen wenaistaeiuiuansdunssliudriuniy
wniidendaminiieridnin aniuharsilduissmesiazatefiewnies rotary evaporator
azlanansud (3) (3.9255 ¢, 76%) DJuveavandivaesinna 'H NMR (400 MHz, CDCly) & 7.94
(d, J=75Hz, 2H), 7.48 (d, J = 7.7 Hz, 2H), 7. 20 (d, J = 8.6 Hz, 2H). 6.87 (d, J = 8.6 Hz, 2H),
4.74 (ddd, J = 20.2, 12.3, 7.3 Hz, 2H), 4.24 - 4.12 (m, 1H), 3.93 (t, J = 6.5 Hz, 2H), 3.51 - 3.37
(m, 2H), 1.83 - 1.72 (m, 2H), 1.51 - 1.19 (m, 18H), 0.91 (t, J = 6.7 Hz, 3H).

2.3.1.4 d91A512% 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)

phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (4)
C12H250 OCy2H2s

d 3 O
1) 2
s N
O O NH4OACf,In BuOH - \\ SN\
retiux —
Br OC12H25 B N
; )y @

Br q Br

o 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-4-nitrobutan-1-one (3) (1.0330 g, 2.0
mmol) wazuauluiflunesdian (5.3958 ¢, 70.0 mmol) avarglutimiuea 50 mL luvinnunay

UlUsis reflux iWunian 24 Halus sdbiduasigamalives arntuihansilaussmesiinasane

Y
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fendes rotary evaporator ﬁﬂﬁmiﬁlﬁﬁ?jwéﬁuﬁ’;EJmSﬁ’l silica-gel column chromatography
(hexane/ dichloromethane (2:1)) wéhi1ansiildusemesviasaiedewn3es rotary evaporator
a¢ldnandust (4) (0.7222 ¢, 37%) Wiuvewded@iiuda 'H NMR (400 MHz, CDCL) & 8.02 (d, J
= 8.8 Hz, 2H), 7.94 (d, J = 7.3 Hz, 2H), 7.52 (d, J = 7.5 Hz, 2H), 7.10 (s, 1H), 6.95 (d, J = 8.8 Hz,
2H), 4.03 (t, J = 6.6 Hz, 2H), 1.83 (dd, J = 14.5, 6.8 Hz, 2H), 1.38(d, J = 89.7 Hz, 18H), 0.88 (t,

J = 6.5 Hz, 3H).

2.3.1.5 §91A512% BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-

(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-

amine (5)
PN N DIPEA, BF3Et,0
\ NH N= dichloromethane, reflux
Br q Br

%4 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-2H-pyrrol-2-
ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (4) (0.202 g, 0.2 mmol) Turindunay 1d
fvinazane dry dichloromethane 30 mL W diisopropylethylamine (0.35 mL, 2.0 mmol) way
boron trifluoride diethyl etherate (0.37 mL, 3.0 mmol) mﬂﬁuﬂu%mwaumﬂéf nitrogen gas
Hunan 26 Falas Mnthuhasildunssmesiavaneseinies rotary evaporator vilansile
U%qwéfuﬁaaﬂﬁﬁﬁw silica-gel column chromatography lagldlamaelsimuduiviazats i
ansTildunsaneivhasatedenios rotary evaporator azldnansaat (5) (0.1658 ¢, 81%) 1u
yoaudsdinEudy UvAvis (hexane): A, = 668 nm. 'H NMR (400 Hz, CDCL,) & 8.12 = 8.01 (m,
4H), 7.49 (d, J = 4.5 Hz, 3H), 6.98 (d, J = 8.7 Hz, 2H), 6.90 (s,1H), 4.04 (t, J = 6.5 Hz, 2H), 1.88
-1.77 (m, 2H), 1.58 - 1.17 (m, 18H), 0.88 (t, J = 6.6 Hz, 3H).
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2.3.2 §9.A512% [5,10,15,20-Ethynylporphinato] zinc(ll)

N15&9LATIEN [5,10,15,20-Ethynylporphinato] zinc(ll) Usznausie 3 Tunou Aduanslu
g‘dﬁ 9 Im&ﬁmmﬂﬁ’l‘dﬁﬁ%mmaﬁ pyrrole U 3-trimethylsilylpropynal a1ntiuld zinc (Il) acetate

WU ATen anumenisianufnsen desilylation

(0)

/
&%Si—
H \
U BF3OEt,, DCM
N it
H DDQ

Zn(OAc),2H,0 | CHCl3, MeOH

TBAF

CH,Cly, THF

gﬂ‘ﬁ 11 ASEWASIEA [5,10,15,20-ethynylporphinato] zinc(ll)
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2.3.2.1 dA512% 5,10,15,20-trimethylsilylethynylporphyrin (6)

Q /
>%Si—
H \
U BF3'OEt2, DCM
N DDQ

w38y dry dichloromethane 250 mL aua1sn18ld nitrogen gas ﬁqm%gﬁ -78°C mﬂﬁ?u
W@ pyrrole (175 L, 2.5 mmol) wagtAu 3-trimethylsilylpropynal (370 pL, 2.5 mmol) fiazane
Tulnpaslsiinu mﬂﬁ?uﬁaaﬂ LA boron trifluoride diethyl etherate (40 pL, 325 umol) Tuas
waw euvosnauivliTAnuasUdosligumgiindug gaumniivios aanduiu 2,3-Dichloro-5,6-
dicyano-1,4-benzoquinone,DDQ (570 mg, 2.5 mmol) asldTuansnay ﬂﬂﬂﬁuﬂﬁaﬁmﬁmszma
Frvirazanedaewaios rotary evaporator V‘fﬂﬁmimﬁﬂ%qwéﬁuﬁ’aEmﬁ‘vﬁ silica-gel column

chromatography lagldlaraslsimuludviazaiy aglaudndu (6) (65.8 mg, 15%) 1Tu

Vo TedTendy H NMR (400 MHz, CDCly) & 7.10 (s, 8H), 1.25 (s, 36H).

2.3.2.2 §4A57%% [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll) (7)

Si(CH3)3

Zn(OAc),2H,0
>

CHCIj3, reflux
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o 5,10,15,20-trimethylsilylethynylporphyrin (6) (68.5 mg, 0.095 mmol) Turiafunau
Tdsviazane chloroform 10 mL way methanol 3 mL 9nSuLAY zinc acetate (188 mg, 0.885
mmol) Auresaduaan 1 $alus antuinansiildunsemedvinazatedaeiades rotary
evaporator uazafingae deionized water (3x30 mL) lunsaeuen wenanstaeiufuanssunsels
wEthuinusndifesdammilanidntn antuiansildnssmesiinasansseedes rotary
evaporator ﬁﬂﬁmimﬁungésﬁuﬁ?EJmi‘VTW silica-gel column chromatography lagldlamnanls
funuduiiavaty tansiildunssmesvhazaisdewies rotary evaporator 3¢ lnAn o]

(7) (56.0 mg, 77%) Juvaaudsdi@en 'H NMR (400 MHz, CDCls) 8 7.19 (s, 8H), 1.18 (s, 36H).

2.3.2.3 #94A5129 [5,10,15,20-ethynylporphinato] zinc(ll) (8)

TBAF

CH,Cly, THF

%4 [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll) (7) (45.2 mg, 0.059 mmol) Tu
vnnunau ladvinazane dichloromethane 6.8 mL wag tetrahydrofuran, THF 3.4 mL TR
tetrabutylammonium fluoride, TBAF (0.36 mL, 1M in THF) aug@1sn8l@ nitrogen gas 1utaan 1
Flus fu deionized water 4.55 mlL 9ntuthansfildinssmeivhazanederies rotary
evaporator ﬂsaqmiéhsjm%qmaqqm@ﬂmﬁ LarA1aN508 deionized water azlandnsdua (8)
(19.1 mg, 55%) \Wuraaudedidendy UV vis (THF): A = 452, 597, 642 nm. 'H NMR (400 MHz,
CDCl3) 6 6.98 (s, 8H), 5.02 (s, 4H).
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233 &uATIeY BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy) phenyl)-1H-pyrrol-2-
amine - [5,10,15,20-ethynylporphinato] zinc(ll) (9)

Cul, PPh;, Pdy(dba),

toluene/TEA (5:1)

%4 BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)
phenyl)-2H-pyrrol-2-ylidene)-3-(d-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (5) (0.104 g, 0.102
mmol), [5,10,15,20-ethynylporphinato] zinc(ll) (8) (40 mg, 0.085 mmol, Cul (8.1 mg, 0.043
mmol) Wag triphenylphosphine (22.3 mg, 0.085 mmol) Tuvianunay WWusvinazaie
TEA/toluene (1:5 v/Av) 10 mL Aua1sAele nitrogen gas i Pd,(dba); (19.5 mg, 0.021
mmol) puvaswaLdunan 12 $2lus mntuhansilaunssmeiyhazanodewried rotary

a

3aM5TUMIBNTYN silica-gel column chromatography laglelaaasls

q

evaporator yilasilau

Twmw/saniuea (95:5 vA) Wushvinazats azlenansme (9) 1Wuvesuwdsduiku
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2.3.4 n58udulasedssvesaIsusenauLdedau
2.3.2.1 §ades uunwin slguuud aunlasdalnd (NMR spectroscopy)

[

nstudulassadralegldinada H NMR Jaduwedaiiugrulunisinssidiviulusnoud

feglulaseaine dwhazaienldne Avisen Aaslswasu (CDCly) NAu 400 MHz
2.3.5 MsAneduUALTLEIUReE1sUsTNaULT Yo U
2.3.3.1 3-380a awnlasalnl (UV-visible spectroscopy)

TamnsaanauLaIvesans lagenferannisaanausidvesarsiiegluyis Ultra violet (UV)
wag Visible (VIS) Aue1AauYsean 400-700 nm WANALAZLEAIANNAUNUSIENINGAINIT

AANAUKAY (Absorbance) WagA1AINYIATU (Wavelength) 34138031 Spectrum
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NANITNAADLALDAUIIINANITNARDY

3.1 N1589LAS19 BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecy
loxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine

NN384LATIZI BF, chelate of 5-(@-bromophenyl)-N-(5-(d-bromophenyl)-3-(4-(dodecyloxy)
phenyl)-2 H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1 H-pyrrol-2-amine &4tAS1¥%#310 4-
hydroxybenzaldehyde %a%umaumsLﬁm‘dﬁﬁ%mmmﬁlﬁuamﬂugﬂﬁ 10

(0}

O
H)K@\ n- bromododecane )K©\ )b\ O Z O
OH K2003 acetonitrile OC12H25 ethanol Br 2 OC1aHas

CH3NO,, KOH | ethanol
C12H250 OC12H25

NO,
R DIPEA, BF3Et,O N\ - NH,OAc, n-BuOH O
dichloromethane, reflux \ NH N= reflux O O
Br OC,H25
3

Br

3.1.1 N15891A51294 4-(dodecyloxy)benzaldehyde

Tunsduasz 4-(dodecyloxy)benzaldehyde (1) §3tAs12%917 4-hydroxybenzaldehyde
waz 1-bromododecane Tu acetonitrile Tnad potassium carbonate 1JufsaU A3 iy
reflux 18uiaan 641w afl'ﬁﬁiéfwgﬂﬁﬂﬁu Aa878 column chromatography (hexane/ethyl
acetate (4:1)) nudlanAnsAme 4-(dodecyloxy)benzaldehyde (1) Tuuunas 94% anunsaigayl

lnanwanslassasesandualngeduwmaila 'H NMR spectroscopy

'H NMR spectrum LLammé’cgzmmsuaqiﬂimauuumgLLaaalaﬁﬁ' 6 9.90 ppm Wuunuy singlet
FONINU 2 deleadvedlusnouuuezlsunfn Imaé’igzgml,iﬂ%agjﬁ 8 7.85 ppm LJu doublet Va4
UsneuiiAnfuansnauuoadlen ?hué’zyigmﬁamaeﬁ 8 7.01 ppm 1Ju doublet vaslusnaudifnfiu
nidanand uaﬂmﬂﬁ?ué’qwué’igzgmﬁuaﬂﬂsmaumﬂ dodecyloxyi?i §4.06,1.89 -1.77,1.54 -

1.20 wag 0.90 ppm (gﬂﬁ A-1, NMAKNUIN)
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3.1.2 M5d9A5129%4 1-(d-bromophenyl)-3-(4-(dodecyloxy)phenyl)prop-2-en-1-one

lun1sd9tas1gR 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenylprop-2-en-1-one (2)
d41As129Ma1n 4-(dodecyloxy)benzaldehyde (1) Lag acetophenone Tu ethanol LAuA1®
potassium hydroxide flazanelu deionized water Auvosadua 24 $alus arseziunyiinis
recrystallization #78 ethanol Wu3allananawel 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)
prop-2-en-1-one (2) Tud3ua 86% a1u130iigaudiendnuainialaseasiavesndnineilngonfe

wAdA 'H NMR spectroscopy

'H NMR spectrum agwudeyaiu 4 ”f,yzymsuaﬂﬂimauﬁagjumnaﬂimaffLusU'N 8 6.95 04
8.03 ppm Wué’ﬁyzgwmiﬂimawawyjmaﬁuﬁ §7.43 uaz 7.81 ppm uanNINUUTINUF Y1404
Tusnauan dodecyloxy lusunusilndideafuiu a-(dodecyloxy)benzaldehyde (1) (gﬂﬁ A-2,

AANWIN)
3.1.3 N15849A51%4 1-(d-bromophenyl)-3-(4-(dodecyloxy)phenyl)-4-nitrobutan-1-one

Tun1sdwns1gi 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-4-nitrobutan-1-one (3)
d41A912%31n 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenylprop-2-en-1-one (2) was
nitromethane Tngaziiluss reflux tWuian 6 Falus nuinlduansdasi 1-(d-bromophenyl)-3-(4-
(dodecyloxy)phenyl-4-nitrobutan-1-one (3) Tud3unas 76% anansafigatiiananuainislasaasn

vowdnsiusilagofumaia "H NMR spectroscopy:

'H NMR spectrum gnwudayaiad 4 dyauvesiusnouiioguiiseslsinanlugig § 6.87 fis
7.94 ppm Wudyyralusnouveendiuiiau (Munds e, h) 11 8 4.74 uay 3.44 ppm AIUFIGU
uenntuUdInudy g ve9lusneuaIn dodecyloxy ludunusilndiAssiuiy 4-(dodecyloxy)

benzaldehyde (1) (5Ufi A-3, AMARWIN)

Y

3.1.4 N158UATIZH 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy) phenyl)-
2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine

Tun13daas1g 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-
2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl-1H-pyrrol-2-amine (4) dstasigiiann 1-(4-
bromophenyl)-3-(4-(dodecyloxy)phenyl)-4-nitrobutan-1-one (3) Way ammonium acetate 1u

1-butanol U1lUAY reflux tUuiaan 24 ¥alus ansildazgnyinliuiqnsaie3s column

chromatography (hexane/ dichloromethane (2:1)) wuanlawansiua 5-(d-bromophenyl)-N-(5-(4-
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bromophenyl) -3-(4-(dodecyloxy) phenyl) -2H-pyrrol-2-ylidene) -3-(4-(dodecyloxy)phenyl)-1H-
pyrrol-2-amine (4) Tud3ua 37% ansafigaiienanvainialasaiisvewdniumilagendumaila

'H NMR spectroscopy

'H NMR spectrum agnwudayaa 4 ”fgfg']msuaﬂﬂimauﬁaguiumaaziimaﬂiusm 8 6.98 D4
8.02 ppm eannlaseaaves aza-dipyrromethane Savuanunsitidaaio NMR vadlusneu
Tudundaferduliawriiny dyairavesiusneuly aza-dipyrromethane (fuvus d) wuindu
singlet 71 & 7.10 ppm uaﬂmﬂﬁéué’awué’ﬁyiyﬁmsuaﬂﬂimaumﬂ dodecyloxy Tughumiailndfissfiu

fiu 4-(dodecyloxy) benzaldehyde (1) (E‘U‘ﬁl A-d, AAKUIN)

3.1.5 n1589A12A  BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine

lunsduasiet - BF, chelate  of  5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy)  phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine  (5)
fuAs1esiann 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(d-(dodecyloxy) phenyl)-2H-pyrrol-2-
ylidene)-3-(d-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (4), boron trifluoride diethyl etherate wag
diisopropylethylamine (DIPEA) Tu dry dichloromethane auwasngunels nitrogen gas Hunan
24 Flu awaﬁlﬁwgmﬁﬂﬁﬁqwéé’w%‘% column chromatography (dichloromethane) wuila
HAnAY BF, chelate of 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(d-(dodecyloxy) phenyl)-
2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (5) TudSunu 81%  @1unsa

L4 L2 L3

fgadlendnuainelassaiisvewandusilageideimnaila 'H NMR spectroscopy

IH NMR spectrum e wansdaanamadusneuiiaialndifestuiu 5-(4-bromophenyl)-
N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)
1H-pyrrol-2-amine (4) usnantudmudaanamesiusaenann dodecyloxy lushumsdilngifies
AUy 4-(dodecyloxy)benzaldehyde (1) (gﬂﬁ A-5, NMANWIN)

WethnanduafilduiinseRilaeds Uv-visible spectroscopy Tneld Hexane 1Hudavin
azany nslansfIgURl 10 nudndiAin1sgandues BF, chelate of 5-(4-bromophenyl)-N-(5-(4-
bromophenyl)-3-(4-(dodecyloxy)phenyl)-2 H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)pheny -1 H-
pyrrol-2-amine (5) ﬁﬂ"]msamﬂﬁuLLaqﬁaﬁmfmmfm?{u 668 Wlulas 4A1 molar absorptivity (€)

Wiy 35545 L mol™ cm™ uaggandulasiniiug1anay 525 unluluns Luns 39iA1 molar

absorptivity (€) 117 5881 L mol! cm’™
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g‘dﬁ 12 UV-visible spectrum 84 BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)

-3-(d-(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine

3.2 NN584AI%H [5,10,15,20-ethynylporphinato] zinc(ll)

NTEATIZI [5,10,15,20-ethynylporphinato] zinc(ll) #41A512%310 pyrrole Fatupouly

nsduasizd 3 Tuneumnunladauwandlugun 11

Si(CHy)3
Q /
=-si—
H \
U BF4OEt,, DCM
>
N DDQ

Zn(OAc),2H,0 CHCl3, MeOH

TBAF

CH,Cl,, THF
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3.2.1 NN589ATIEHA 5,10,15,20-trimethylsilylethynylporphyrin

lunsduasigit 5,10,15,20-trimethylsilylethynylporphyrin (6) &4.A51%310 pyrrole uag
3-trimethylsilylpropynal  lnedl BF5OFt, Wufissufizen auaisnield nitrogen gas ﬁqmmﬁ
78°C  pumewmaniisliufy wosudeslianmaindudanmafivies asildgniiliiuTandeis
column  chromatography  (dichloromethane) NUNIARARAN  5,10,15,20-trimethylsilyl
ethynylporphyrin (6) TudSuna 15%  anunsaiigatiendnuainidlassasiaveswdnsinmilagondy

wAadA 'H NMR spectroscopy (gﬂﬁ A-6, NANUIN)
3.2.2 NM589LA5189 [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll)

lunisdaasngs [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll) (7) FaAs189a1n
5,10,15,20-trimethylsilylethynylporphyrin (6) wag Zn(OAc),2H,0 T methanol wag chloroform
Yra157laaingae deionized water mimﬁgﬂﬁﬂﬁuéqwéﬁiﬁﬁ column chromatography
(dichloromethane) wuinlanansua [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll) (7) Tu
USua 77% @unsafig@ldienanwainislaseasisvesndndudilagendomnaia 'H NMR

spectroscopy (gﬂ‘ﬁ A-T, ANARWIN)
3.2.3 N1589ATIH [5,10,15,20-ethynylporphinato] zinc(ll)

Tun15d3As1294 [5,10,15,20-ethynylporphinato] zinc(ll) (8) d4tAs1g3#a1n [5,10,15,20-
trimethylsilylethynylporphinato] zinc(ll) (7) wag tetrabutylammonium fluoride, TBAF 11
tetrahydrofuran, THF Aua1sa18ld nitrogen eas tfwaan 1 Falus wudldudnsdasi [5,10,15,20-
ethynylporphinato] zinc(l) (8) luu3unal 55% @unsafigatienanuainiglasaasiavainandoe

Ineadewaila H NMR spectroscopy (gﬂﬁ A-8, NANUIN)

dlothnansaeiilduniinsieilagdd Uv-visible spectroscopy taeld THF Wusavinasane
ﬂ'ﬁ'ﬁ/\lLLamﬁquﬁ 11 wudnfirnseanaues [5,10,15,20-ethynylporphinato] zinc(ll) (8) #A1n1s
gANAULATIATIANLEIAGY 452 uluins §ld1 molar absorptivity (€) Wity 26647 L mol™ e
nazilinsgandunasmfinanueindu 597 uiluins Ja1 molar absorptivity (€) Winfu 1247 L

mol™ cm™uay 642 urluiias A1 molar absorptivity (€) Wiy 1072 L mol™t cm’™
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gﬂ‘ﬁ 13 UV-visible spectrum w81 [5,10,15,20-ethynylporphinato] zinc(ll) (8)

3.3 MIAUATIZR BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine -
[5,10,15,20-ethynylporphinato] zinc(ll)

lun19d91As189% BF, chelate of 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(d-(dodecy
loxy)phenyl)-2H-pyrrol-2-ylidene)-3-(d-(dodecyloxy)phenyl)-1H-pyrrol-2-amine - [5,10, 15,20-
ethynylporphinato] zinc(ll) (9)  &sLAs1g%a1n BF, chelate of 5-(4-bromophenyl)-N-(5-(4-
bromophenyl)-3-(4-(dodecyloxy)phenyl)-2 H-pyrrol-2-ylidene)-3-(4 - (dodecyloxy)phenyl)-1 H-
pyrrol-2-amine (5) wag [5,10,15,20-ethynylporphinato] zinc(ll) (8) lauly@a aza-BODIPY 1.2
equivalent #ofiU porphyrin 1 equivalent a’limﬁgﬂﬁﬂﬁu%qw%‘ﬁw%% column chromatography
(dichloromethane/methanol(95:5 v/Av)) Wullandnsa BF, chelate of 5-(4-bromophenyl)-N-
(5-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-

1H-pyrrol-2-amine - [5,10,15,20-ethynylporphinato] zinc(ll) (9) L‘f]umi?lﬁﬂﬁu

'"H NMR spectrum w84 BF, chelate of 5-(d-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine - [5,10,
15,20-ethynylporphinato]  zinc(ll) (9) Wuﬁﬁﬁﬂﬁﬂ’i’lﬂgﬁuﬁiﬁﬂ‘um BF, chelate of 5-(4-
bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dode
cyloxy)phenyl)-1H-pyrrol-2-amine laiwudiaves [5,10, 15,20-ethynylporphinato] zinc(ll) Asuanslu

UN 12 dwinannismmeasdilanaaedlunuitliifiendndue  e1annconditionsiilall

v A

winzaukasdalusyansanladiieane Nazarunsavinbiienansaeile wnilanialunienianiin
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A1sIN1snaassluanIefiuszansainwazianumuizaunaglandnduginazaiursaun by

Uszgnaldiuaandsnunaseindwuvddeuluasla

T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5} 4 3 2 1 0 -1 -2
Chemical shift (ppm)

gﬂﬁ 14 'H NMR spectrum 84 BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-
(dodecyloxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)- 1H-pyrrol-2-amine —
[5,10,15,20-ethynylporphinato] zinc(ll) (9)



uni 4

A9UNANIINAADY

NNITAUATIER BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecy
loxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (5) Qﬂﬁqmi’wﬁ
NuTumay 5 dunou (81 %yield) a’limmia@mﬂﬁuumiﬁﬁﬁmmmmﬁu 668 UNTULUAT
[5,10,15,20-Ethynylporphinato] zinc(ll) (8) W1uns&uLATIZYNN 3 Tunau (55 %yield) @158111380
@mﬂﬁuumlﬁﬁﬁmmmmﬁu 452 Uluung LLasﬁﬂ'ﬂmsamﬂﬁuua\‘iﬁmmmmﬁu 597 way 642 U
TULNAS N15E9LASIET BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecy
loxy)phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine - [5,10, 15,20-
ethynylporphinato] zinc(ll) (9) %mzﬁagiuﬁﬁguﬂé’uﬂgqconditions NINAIUITOFIUATIZRLALAR

nand e teazausan lltlusaduasaningwuuadeuliwaala
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g‘dﬁ A-1 '"H NMR spectrum v89 4-(dodecyloxy)benzaldehyde (1)
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5U# A-2 'H NMR spectrum 84 1-(4-bromophenyl)-3-(4-(dodecyloxy)phenyl)prop-2-

en-1-one (2)
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6 5
Chemical shift (ppm)

'gﬂﬁ A-3 'H NMR spectrum 84 1-(4-bromophenyl)-3-(d-(dodecyloxy)phenyl)

-4-nitrobutan-1-one (3)

.4
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Chemical shift (ppm)

gﬂﬁ A-4 'H NMR spectrum 484 5-(4-bromophenyl)-N-(5-(4-bromophenyl)-3-(4-(dodecyloxy)
phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (4)
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gﬂ‘ﬁ A-5 'H NMR spectrum %84 BF, chelate of 5-(4-bromophenyl)-N-(5-(4-bromopheny!)-3-(4-

(dodecyloxy) phenyl)-2H-pyrrol-2-ylidene)-3-(4-(dodecyloxy)phenyl)-1H-pyrrol-2-amine (5)
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gﬂﬁl A-6 'H NMR spectrum 484 5,10,15,20-trimethylsilylethynylporphyrin (6)
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g‘i.lﬁ A-7 *H NMR spectrum 984 [5,10,15,20-trimethylsilylethynylporphinato] zinc(ll) (7)
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gﬂﬁ A-8 'H NMR spectrum ¥84 [5,10,15,20-ethynylporphinato] zinc(ll) (8)
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