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Abstract: 5,10,15,20-Tetralkyl-2-formylporphyrins were treated with various organolithium reagents to
form porphyrins with exocyclic double bonds. The reaction involved conversion with LiR to the
respective aicohoi. Subsequence dehydratizaiion of the aicohols yielded olefinic sysiems in which the
double bond formed was located in the meso substituent neighboring the B position, i.e., the result of a

1,5-hydride shift. Depending on the organolithium reagent used various oleﬁmc porphyrms are
accessible, provided the stability of the intermediary carbenium ion is high enough. Furthermore, use of a
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organodilithium reagent gave convenient access to functionalized bisporphyrins. © 1999 Published by Elsevier
Science Ltd. All rights reserved.

INTRODUCTION

dipyrromethanes is a tedious process requiring complex multi-step syntheses, laborious chromatographic work-
up, and often can be accomplished only in very low yields. Nevertheless, the synthesis of porphyrins with
asymmetric substituent pattern is required when attempts are made to construct biomimetic systems for the
various in vivo functions of porphyrins. As nature -has made use of only certain substituent pattern derived from
uroporphyrinogen I or Iil, another approach towards asymmetrically substituted porphyrins consists of
functionalizing existing porphyrin systems. Thus, the development of appropriate functionalization reactions is
an ongoing effort in porphyrin chemistry and numerous attempts have been made to transfer results from the
large area of functionalization o ystems to porphyrins. Significant progress
using such reactions with 5,10,15,20-tetraarylporphyrins and 2,3,7 8,12,]3,17,18-octaalkylporphyrins.}‘5

Due to their relevance for conformational studies and applications in catalysis 5,10,15,20-
ruffied macrocycie conformations™ that would aliow the use of such porphyrins as conformationally distorted

donors in donor-acceptor electron transfer model compounds. Our studies have shown that synthetic methods

developed for tetraarylporphyrins are not easily applicable to tetraall»:ylporphyn’ns.(J~8 One of our target
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compounds are covalently linked porphyrin quinones with nonplanar macrocycle systems to study the
influence of the macrocycle properties on the electron transfer.’ As attempts to synthesize 5,10,15-trialkyl-20-
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moderately nonplanar macrocycles’ we anticipated that the use of suitabie C-C coupling reactions might
yield B-linked porphyrin quinones with more steric hindrance and thus more nonplanar macrocycles.

ication of 2-formylporphyrins
resulted in the observation of several new reactions invoiving the porphyrin periphery. For example, a hydride
shift from B to meso positions was found and several methods for the functionalization of 5,10,15,20-

tetraalk

yrins were developed that ultimately were applied to the simple synthesis of a

RESULTS AND DISSCUSION

In order to allow muitipie conversions and a wide variety in the applicable reactions the starting
porphyrin should be accessible in good yields, reasonably stable, undergo peripheral transformations in high

yield, and, with respect to our continuing interest in conformationally distorted porphyrins,®*® should possess

reactions. In contrast to (meso) 2,3,7,8,12,13,17,18-octaethyl-5-formylporphy in'! and (

,8,12,13,17,18-octaethyl-5-formylporphyrin

o R 2-formvl.
g B) 2-formy!
5,10,15,20-tetraphenylporphyrin,>'? the formyl group in {2-formyl-5,10,15,20-tetra-( 1 -ethylpropyl)-
porphyrinato}nickel(IT) was found to be remarkably stable against acids and bases."
The molecular structure of 1 in the crystal shows a highly nonplanar macrocycle with an average

deviation from planarity for the 24 macrocycle atoms (A24) of 0.41 A (Figure 1).
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The largest deviations from planarity are observed for the meso carbon atoms, which show an average

deviation from the 4N-plane of 0.87 A. Thus, the macrocycle exhibits a ruffled conformation with a degree of

the formyl group has a slightly less distorted macrocycle with a A24 of 0.39 A and average deviations from

p[ arity for the meso nciﬁgng of 0.81 A. 8 The structural s d clearly shows that the sta_rtin_g material

chosen for the subsequent transformations indeed has a significant degree of nonplanarity and can serve as a

test case for the chemical reactivity of ruffled porphyrins.

. . .lyr -1
As known coupling reactions (Wittig,'*'* McMurry'® 8) proved to be either too laborious with respect
tn etarting matariale and reagente ar cauld naot l-uzn nliad tn § 10 15 20-tetraallkvinarnhurin an invectioation nf
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reactions using organometallic reagents was performed. The observation that Grignard compounds react easily
with 2,3,7,8,12,13,17,18—octaethyl-S-fonnylporphyrinlg’zo raised our interest to test whether the more easily

accessible organolithium reagents can react under mild conditions with 2-formylporphyrins. In addition, our

- 1 PRp, R P Sy

ave shown that these reactions

. <5 p < )

recent experiences wit
generally proceed efficiently and replroducible.2 i

To test this approach {5 10,15,20-tetrakis(1-ethylpropyl)-2- formylporphynnato}mckel(ll) 1 was
solute THF and the reacti
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N, DDQ N_ N + Si(CH,),1

R = 1-ethylpropyl
Scheme 1
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To remove the hydroxyl group the resulting racemic phenylcarbinol 2 was reduced with trimethylsilyl
iodide.>? Although this reaction had not been applied before to porphynns we were quite surprised to

observe the formation
Qoserve ormator

AV waiv R eEiets 13

of the chlorin
of the chilornr

ia

21

very unstable and could not be isolated in pure form. Thus, the reaction mixture was oxidized with DDQ
yielding the porphyrin 4 as the sole reaction product (Scheme 1).
To circumvent the intermediary formation of chlorin the removal of the hydroxyl group was attempted under

aridic and i o A3ts Ao 24
CIUIC aliul Al -

showed a sphttmg of the benzyllc protons into a AB-system (4.85-5.18 ppm, Jap =17 Hz) and signals for the
protons from the opposing methylene group at 1.98-2.15 ppm and 2.27-2.58 ppm.

This is a consequence of the restricted free rotation of the individual substituents resulting in a

carbon atom in
and can only form a double bond involving a tertiary carbon atom (Scheme 2)
\ / R \ 7 b R \ 7 R
;}Ce i A g H D A g \ e
e TR SR
N
\ Ni y R &— C‘§\.\ Nl\ / R / \ Ni R
/ NN ) NN -H® N N
A AL SAAL A AL
! T T
R R R
R = 1-ethylpropyl 5
Scheme 2
This reaction proceeds quite easily, requires only catalytic amounts of acid, and is irreversible. A

similar reaction was observed by Johnson and coworkers during the reaction of meso formyl-
octaethylporphyrin with phenylmagnesium bromide.' To investigate this B - meso H shift in more detail a

e czomZos P o o R msn A cas . ) b TR b S FE R )

meso substituents were performed (Scheme 3).
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1,6-8 2,9-1¢6 517-20
No. R' R’ R’ R*
i 1-ethylpropyl - - -
2 1-ethylpropyl phenyl - -
5 1-ethylpropyl 1-ethenylpropyl benzyl
6 n-butyl - - -
7 | 2-methylpropyl - - -
8 1-methylethyl - - -
9 n-butyl phenyl - -
10 | 2-methylpropyl phenyl - -
11 | 1-methylethyl phenyl - -
12 | 1-ethylpropyl n-butyl - -
13 | 1-ethylpropyl 2,2-dimethylpropyl - -
14 | 1l-ethylpropyl 4-bromo-2-methoxyphenyl - -
15 | 1-ethylpropyl diphenylmethyl - -
16 | 1-ethylpropyl 2,5-dimethoxypheny! - -
17 | 1-methylethyl - 1-methylethenyl benzyl
18 1 1l-ethyloropyl - 1-ethylpropyl 1-pentenyl
19 | 1-ethylpropyl - 1-ethenylpropyl 5-bromo-2-methoxybenzyl
20 | 1-ethylpropyl - 1-ethylpropyl 2,2-diphenylethenyl
Scheme 3

These studies allowed the conclusion that the 1,5-hydride shift proceeds only from a tertiary carbon
atom involving an activated carbenium ion. For example, this reaction yielded porphyrins with a substituted

benzyl residue in 2 position 19 and a meso-vinyl-trialkylporphyrin 17. Treatment of 1 with fert-butyllithium

. el N 3 ~ab o1

gave the stable carbinol 13 that could not be converted into the respective f3-2,2-dimethylporphyrin.
Similarly, the carbinols 9 and 10 resulting from the reaction of 6 and 7 with phenyllithium, even under

extreme conditions (heating to reflux in TFA/toluene), underwent no hydride shift. This shows that the
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In contrast, when porphyrin 1 was treated with alkyllithium reagents containing hydrogen atoms in the

5
=3
= B

o position, dehydration occurred in the B position resulting in the porphyrins 18 and 20. Compound 20 carries

a ) V. Adinhanvlathanyl
a L,L-ulpll\/l l_y i ul\zll! 1

properties. For example, 20 has a Soret band at 432 nm, the most bathochromically shifted of all compounds
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discussed here. Here, further optimization of the synthesis and a variation of the diphenyl systems are required

for other studies, e.g., the rational construction of push-pull porphyrins.

4, [E—— Y

undemanding substituents (6,7) as well as the employment of highly reactive lithium reagents resulied in an
increase in side reactions that could not be prevented by using very mild conditions. The higher meso

reactivity of these compounds (and potentially phlorin formation) is the main reason for the large variety in

ha vialde ahcarvad in
1c yu;xu:u goservea in

ot
s

Due to their importance in natural porphyrin systems the synthesis of vinyl porphyrins is of principal
interest. Up to now only one synthesis, involving a traditional Wittig reaction, was known to generate a 2-

n.% Other reactions to form a form 1yl group in B position are known,

P siiniel st At = = - =

wylporphyrin from a 2-formylporphyri
but involve more complex starting materials.”® Expecting numerous side reactions when using methyl lithium,
a more modern Grignard reagent was used for reaction with 1. Treatment of 1 with
(trimethylsilyl)methylmagnesium chloride results in formation of the very acid labile alcohol 21 that

immediately converts into the respective 2-vinylporphyrin (Scheme 4).

R Si(CHy), R R
OHC— T YN W \\\M
>N N= CIMgCH,Si(CH,), HO \‘N N i MN_ N=
R__(\ \,Nl\ >_n ( 3)3 R “: ‘ L J, R—'/\/ \Ni,' KR
X Ndﬁ Zs hi e NN
T T T
R R R
1 n 22

R = 1-ethylpropyl

Thus, for the first time a Peterson olefination was applied to the B position to generate vinyl

P e, ,.__L-._._.._ Ac thic nanntimne memnande txridle awvaalla <iald FON O/ £ 1N 18 AN
IILICS 111 POTPINYTIS. AS Llllb ICaciiol LOCOCUd WILUL CACCLICIIL YICIU (OV 70) J,1U,10,4U~
vinylporphyrins are now accessible for further transformations. The synthesis of more complex

multicomponent porphyrin systems for modeling various blologlcal processes 7 often requires an initial

rphyrins.'®*3° The easier this di

very simple starting materials, in high yield and resulting in highly soluble bisporphyrins, the more complex
systems can ultimately be constructed. As shown above, 1 reacts readily with various organometallic reagents.

Thus, use of an easily accessible dilithium compound would be a simple avenue to covalently linked
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lithium into the respective 4-bromo-2,6-dilithiumanisole.*'



Reaction of 1 with this dilithium compound in THF, followed by acidic work-up resulted in the porphyrin

dimer 23 which is bridged via a m-xylene ring (Scheme 5).

R = 1-ethylpropyl 23

wiawazay o

In addition, this dimer bears two olefinic double bonds in the 20 and 20° positions and carries a
halogen and methyl ether functionality at the bridge. Thus, various further transformations involving these
residues are possible. Going back to our original aim, the synthesis of B linked porphyrin quinones, bromo-
2,5-dimethoxybenzene was converted with butyllithium into the respective lithium compound and used for
conversion of 1 into the carbinol 16. As the two methyl ester residues can be deprotected most easily with
boron tribromide,'® a strong Lewis acid that should also promote the described 1,5-hydride shift, both
deprotection and double bond formation should proceeded in one step (Scheme 6).

The resulting porphyrin hydroquinone 24 showed that not only these two reactions had occurred but

19 0y
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of 8 with BBr; gave the free base 25 in 72 %. Studies i
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accompanied by a significant loss of material. Use of BBr; now allows demetallation under much milder

conditions in good yields.
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16 R = 1-ethylpropyl 24 R = l-ethylpropyl
R, =2,5-dimethoxyphenyl- R, = 2,5-hydroxybenzyl
hydroxymethyl
8 R = l-ethylpropyl 25 R = 1-ethylpropyl
R, = 1-hydroxybenzyl R, = benzyl
Scheme 6

Unfortunately, the hydroquinone 24 was found to be very resistant towards oxidation with either
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not be converted to the desired quinone. Nevertheless, the present results
indicate the feasibility of using organolithium compounds for the functionalization of various B-

formylporphyrms The largest potential lies in the convenient access to porphyrins with divers meso and/or 3

ddition, utilization of this sy
organometallic coupling, dehydratization and hydride shift in one step allows the facile preparation of more

complex tetrapyrrole systems, e.g., bisporphyrins. The products described herein have further applications and

ynthetic potential, for example, v finic coupling reactions to yield even more complex systems
General

organolithium reagents were performed under a purified argon atmosphere. Melting points were measured on
a Biichi melting point apparatus and are uncorrected. Silica gel 60 (Merck) or basic alumina (Alfa) (usually

Brockmann Grade I11, i.e. deactivated with 7% water) were used for column chromatography. Analytical thin-

layer chromatography (TLC) was carried out using Merck silica gel 60 plates or alumina 60 (neutral,
fluorescence indicator F254) plates (precoated sheets, 0.2 mm thick). 'H NMR spectra were recorded at

were recorded with a Specord S10 (Carl Zeiss) spectrophotometer using dichloromethane as solvent. Mass



spectra were recorded with Varian MAT 711 mass spectrometer using EI technique with a direct insertion
probe and an excitation energy of 80 eV. Elemental Analyses were performed with a Perkin-Elmer 240
Analyzer.

Synthesis of the 5,10,15,20-tetraalkyl-2-{
reagents, and the cleavage of the methyl groups from protected hydroquinones were performed using literature

procedures.s’ 103133

General procedure for the reaction of 2-formylporphyrins with organolithium reagents

A Schlenk flask was charged with 0.3 mmol of the porphyrin (ca. 200 mg) dissolved in 30 ml THF.
After purging with Ar, four equivalents of the organolithium reagent were added dropwise through a septum
under stirring at -80 °C. After 15-30 min the color of the reaction changed from green to red. The reaction was
quenched via addition of 2-3 ml water and the reaction mixture warmed to room temperature. The mixture
was filtered through alumina (neutral, Brockmann grade I) and purified by column chromatography on silica

gel (hexane/CH,Cly, 1:1, v/v). The first green fraction contained unreacted starting material and the second,

red Il'aL[lOIl me uesu e(l proauu
General procedure for the synthesis of porphyrins with exocyclic double bonds

room temperature for 10 min. The reaction mixture was neutralized with sodium hydrogen carbonate, dried

over Na,S0,, and purified by column chromatography (silica gel, hexane/CH,Cl,, 1:1, v/v).

the general method given above. Yield: 17
105-110 °C; 'H NMR (250 MHz, CDCl;):

oqo

C')

OO 1N0A.1 1274 T =772 H, 211 O
1 W13 1a32 ), 1.0=1.14 J e J (&

I's

\
(m, 12H, CH(CH,CHs),), 2.74-2.76 (d, ] = 4.3 Hz, 1H, CHOH) 2.79-2.89 (m, 2H, CH(CH,CHa),), 3.97-4.21
(m, 4H, CH(CH,CH3)2), 7.33-7.41 (m, 3H, Hpmpn), 7.58-7.62 (m, 2H, Hop), 9.14-9.22 (m, 7H, Hapyrmole);
UV/vis (CHyCh): Amax (g €) = 242 nm (4.22), 343 (3.90), 427 (5.08), 551 (3.97), 589 (3.24); MS (40 eV); m/z

iaX \*p

(%): 752 (100) [M'], 723 (21) [M*-C,Hs]; HRMS [C47HssN4ONi]: caled. 752.39641, found 752.39227.

" 2 {‘LI{ H.CHIANANY 2

06, CInC O ri3ggj, 2.42-

l\)
C?\

{2-Benzyl-5,10,15,20-tetrakis(1-ethylpropyl)porphyrinato}nickel(Il) (4). A mixture of 0.51 ml (4
mmol) trimethyl silyl chloride, 0.6 g (4 mmol) sodium iodide and 0.2 ml (4 mmol) acetonitrile was treated
dropwise under stirring with a solution of 200 mg (0.3 mmol) 2 in 75 ml methylene chloride followed by
stirring for 24 h. After washing with water the organic phase was dried with sodium sulfate and stirred for 30

min with 53 mg (0.3 mmol) DDQ. Standard chromatographic work up yielded 13 mg (0.018 mmol, 6 %) red
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R (250 MHz, CDCls): & = 0.51-0.57 (t, J = 7.3 Hz,
6H, CH(CH;CHs)2), 0.78-0.95 (m, 18H, CH(CH,CHj),), 2.34-2.67 (m, 16H, CH(CH,CHj),), 3.90-4.03 ( sext,
2H, ("H_ 2CH; -,\406-41§(qex ?_C H 522(5,2H4CH—,(‘H\ 7.26-7.34 (m. SH H

J73 \555 == = ""

E

vvvvv sTY

(s, IH, Hapymrole), 9.10-9.20 (m, 6H, Hp-pyrrote); UV/vis (CH,Cla): Amax (Ig €) = 344 nm (4.15), 427 (5.21), 551
(4.19), 590 (3.63); MS (40 eV); m/z (%): 736 (100) [M'], 707 (63) [M"-C,Hs]; HRMS [C47HsgN4Ni]: caled.
736.4015, found 736.4042; [C47HsgNgNi, 737.69 g mol’ ] anal. caled. C 76.52, H 7.92, N 7.59, found C

75 7
/ /

-
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J.71, 11 /.03, N /.40.

e

,15-tris(1-ethylpropyl)porphyrinato}nickel(Il) (5). Prepared using
mo (0.22 mmol. 82 %) red crvstals fro
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734 (100) [M'], 705 (16) [M'"-C,Hs], 643 (96) [M*-C;H;]; HRMS [Ca7HsgNaNi]: caled. 734.3858, found
734.3871

{2-(1-Hydroxybenzyl)-5,10, 15, 20-tetrabutylporphyrinato}nickel(ll) (9). Prepared using the general
method given above. Yield: 90 mg (0.13 mmol, 21 %) red crystals from CH,Cl,/MeOH; m. p. > 300 °C; 'H
NMR (250 MHz, CDCl;): & = 0.74-0.80 (t, J = 7.3 Hz, 3H, CH,CH,CH,CH3), 0.93-1.06 (m, 9H,
CH,CH,CH,CHs), 1.09-1.26 (hept, J = 7.4 Hz, 2H, CH,CH,CH,CHj;), 1.43-1.64 (hept, J = 7.4 Hz, 8H,
CH,CHCH,CH3), 2.10-2.27 (m, 6H, CH,CH,CH,CHj,), 2.88 (br. s, OH), 4.29-4.48 (t, J = 8.2 Hz, 4H,

H,CH,CH,CH3), 4.39-4.48 (m, 4H, CH,CH,CH,CH3), 7.31 (s, CHOH), 7.41-7.49 (m, 3H, Humppn), 7.61-
7.62 (d, J = 2.0 Hz, 1H, Ho.pn), 7.64-7.65 (d, J = 2.0 Hz, 1H, Hopn), 9.15-9.23 (m, 7H, Hapymole); UV/vis

1l

LY N It o P Y PLP AN -

(CHyChy): Amax (Ig €) = 231 nm (4.13), 299 (3.85) 345 (3.85), 423 (4.83), 544 (3.78), 584 (3.27); MS (40 eV);
m/z (%): 696 (100) [M'], 679 (81) [M'-OH], 587 (13) [M'-OH-C;Hg]; HRMS [Cy3HsoN4ONi]: calcd.
696.3338, found 696.3382.

{2-(1-Hydroxybenzyl)-5,10, 15, 20-tetrakis(2-methylpropyl)porphyrinato}nickel(Il) (10). Prepared using
the general method given above but with 250 mg of porphyrin 7. Yield: 60 mg (0.086 mmol, 24 %) red

/*R/Ieop- m.p 210215 °C- ' NIMR 1940 M Nl
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1.28 (m, 1H, CH,CH(CHj;),), 2.04-2.19 (m, 2ZH, CH,CH(CH;),), 2.45-2.51 (m, 1H, CH,CH(CHa)), 4.12-4.21
(m, 1H, CH,CH(CH3),), 4.33-4.36 (m, 3H, CH,CH(CH3),), 4.38-4.45 (m, 4H, CH,CH(CHj3),), 7.28-7.31 (m,
1H, CHOH), 7.41-7.49 (m, 3H, Hmp.pn), 7.69-7.73 (dd, J =2.0Hz, J = 8 oh), 9.11-9.22 (m, 7H,

Y- UVA Mg o) = 711 =
Hg. -pyrrole); U V/ vis \bnz\,lz) Amax UEE)= oot

m oLy &
1 .00), J
+

. 2.
(40 eV); m/z (%): 696 (80) [M'], 680 (88) [M*-H,0], 653 (44) [M" C3Hj;], 637 (100) [M'-Ni], 590 (19) [M*-
C7H50]; HRMS [C43H52N40Ni]2 calcd. 696.3338, found 696.3307.

{2-(1-Hydroxybenzyl)-5,10,15,20-tetrakis(1-methylethyl)porphyrinato}nickel(1l) (11). Prepared using
the general method given above. As this porphyrin is unstable it was characterized by NMR only. 'H NMR
(250 MHz, CDCl3): 6 = 1.58-1.61 (d, J = 6.9 Hz, 3H, CH(CHs),), 2.04-2.10 (d, J = 7.7 Hz, 3H, CH(CH3),),

2.17-2.23 (m, 18H, CH(CHs),), 2.81-2.83 (d, J = 4.3 Hz, 1H, CHOH), 4.53-4.80 (m, 4H, CH(CH;),), 7.35-
7.48 (m, 3H, Hympn), 7.68-7.72 (m, 2H, Hopr), 9.19-9.34 (m, 7H, Hy.pyrrole)-

{2-(1-Hydroxy-2, 2-dimethylpropyl)-3,10,13, 20-tetrakis(1-ethylpropy
Prepared using the general method given above. Yield: 65 mg (0.091 mmol, 31 %) red crystals from
CH,Cl,/MeOH; m. p. 215-220 °C; 'H NMR (250 MHz, CDClL): & =-0.09--0.03 (t, J = 7.3 Hz, 3H,
CH(CH,CHjs),), 0.83-0.97 (m, 18H, CH(CH 7

“~/3
i e AYY 1T DA 1T N
CH(CH.CHs)2), 1.84-1.9
1

fo 1LY TI\V farsg £LY_ ~Y =D
S, 111, 115 pyrrole}a U v/VisS \\,112&,12} l\'max UE E)= <

(4.02), 316 (3.90), 344 (3.91), 428 (5.05), 552 (3.97), 590 (3.44); MS (40 eV); m/z (%): 732 (100) [M'], 714
(72) [M'-H,0], 703 (38) [M*-CoHs], 675 (27) [M*-C4Hs], 645 (24) [M"-CsH;;0]; HRMS [CasHgzNsONi]:
caled. 732 42717, nd 732.4228

.Y O 2L mnn
pyrrole}, 7 50 fiim

{2-[(2,5-Dimethoxyphenyl)hydroxymethyl]-5, 10,15, 20-tetrakis(1-ethylpropyl)porphyrinato}nickel(Il)
(16). Prepared using the general method given above. Yield: 210 g (0.26 mmol, 87 %) red crystals from
CH,Cly/MeOH; m. p. 180-185 °C; 'H NMR (250 MHz, CDCl;, TMS): & = 0.10-0.16 (t, J = 7.3 Hz, 3H,
CH(CH,CHs)2), 0.79-1.02 (m, 21H, CH(CH,CHs),), 2.04-2.24 (sext, J = 7.0 Hz, 2H, CH(CH,CH;),), 2.40-
2.68 (m, 12 H, CH(CH,CHas),), 2.70-2.84 (sext, J = 7.0 Hz, 2H, CH(CH,CH3),), 3.52 (s, 3H, OCH3), 3.99 (s,
3H, OCH3), 3.92-4.20 (m, 4H, CH(CH,CHj3),), 6.71-6.72 (d, ] = 3.4 Hz, 1H, CHOH), 6.83-6.85 (d, J = 8.6 Hz,
1H, Hppn), 6.97-7.00 (d, J = 8.6 Hz, 1H, Hpepn), 7.51 (s, 1H, Hopn), 9.12-9.22 (m, TH, Ha-pymoie); UV/vis
(CH2Cly): Amax (Ig €) =233 nm (4.48), 301 (4.20), 345 (3.89), 427 (5.04), 551 (3.98), 593 (3.16)-MS (40 eV);

m/z (%): 812 (3) [M'], 794 (12) [M"-H,0], 643 (41) [M"-CsH,03]; [CasHezN4O3Ni, 813.74 g mol™']: anal.
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{2-Benzyi-3,10,15, 20-tetrakis(I-methylethenyi)porphyrinato}nickel(il) (17). Prepared using the general
method given above, but with 540 mg of porphyrin 11. Yield: 400 mg (0.641 mmol, 76 %) red crystals from
CH,Clz/MeOH; m. p. 110-115 °C; 'HNMR (250 MHz, CDCl3): 8 = 1.98-2.01 (d, J = 6.9 Hz, 6H, CH(CH3),)

o/ 37- s

7 ~ATY YT sry

2.14-2.18 (2x d, J = 7.0 Hz, 12H, CH(CHs),), 2.40 (s, 3H, CH=CCH;), 4.51-4.62 (sext, ] = 7.4 Hz, IH,
CH(CH;);) 4.69-4.83 (sext, 2H, CH(CH3)2) 5.13 (m, 2H, CH,=CCHa), 5.73 (s, 1H, CH,CgHs), 6.02 (s, 1H,
H>CeHs), 7.28-7.7.38 (m, 2H, Hopn), 7.40-7.45 (m, 3H, Hmpph), 8.66 (s, 1H, Hppymrole), 9.10-9.12 (d, J = 5.2

I

- 1 . . 1 27 4H. H ¥ M
Z, i11, “B—pyrrole}a 9.1 i

(l 11, 41, rig. y[T0|€)3 UV’ 15 (ﬂhz\AZ) ;\'max
(Ig €) = 241 nm (4.24), 287 (4.15), 338 (4.11) 423 (4.93), 546 (4.01), 580 (3.71); MS (40 eV); m/z (%): 622
(25) [M], 531 (100) [M*-C;Hy], 430 (6) [M'-C;H;-7xCH;]; HRMS [CaoH4gN4Ni]: caled. 622.2606, found

KD DAS
VLl GO

10/ T=£49 11 \
170, J = J.z 1n1Z, 1n, Hs. pyrrole)

L»)

2-(Penten-1-yl)-5,10,15, 20-tetrakis(1-ethylpropyl)porphyrin (18). Prepared using the general method

acts even with traces of acid, it was immediatelv treated

e AAVIGIGL ) AL

given above. As the hydroxy compound 12 readily
with TFA and the yield is given with respect to the starting formylporphyrin. Yield: 60 mg (0.084 mmol, 28
%) red-purple crystals from CH,Cl,/MeOH; m. p. > 300 °C; 'H NMR (250 MHz, CDCl;, TMS): & = 0.65-
0.71 (t, J = 7.3 Hz, 6H, CH(CH,CH,),), 0.83-0.90 (m, 21H, CH=CHCH,CH,CH,, CH(CH,CH3),), 1.08-1.14

TLSD35475

(t, J = 7.31 Hz, 2H, CH=CHCH,CH,CH3), 1.68-1.79 (sext, J = 7.0 Hz, 2H, CH=CHCH,CH,CH3), 2.46-2.66
(m, 16H, CH(CH,CH;);), 4.02-4.14 (m, 3H, CH(CH,CH;),), 4.19-428 (quint, J = 6.88 Hz, 1H,
CH(CH,CH3),), 6.30-6.42 (td, Jyans = 15.5 Hz, J = 7.31 Hz, 1H, CH=CHCH,CH,CHj3), 7.56-7.62 (d, Jyans =
15.5 Hz, 1H, CH=CHCH,CH,;CHj3), 8.96 (s, IH, Hgpymole), 9.10-9.22 (m, 6H, Hppyrrote); UV/vis (CHLCly):
Amax (Ig €) = 236 nm (4.26), 316 (4.11), 341 (4.13), 428 (4.96), 552 (4.03), 586 (3.7); MS (40 eV); m/z (%):
714 (100) [M'], 685 (41) [M"-C,Hs], 643 (9) [M* CsH;,]; HRMS [CysHgoNNi]: calcd. 714.41715, found

714.4129.

{2-(5-Bromo-2-methoxyphenyl)methyl-3, 10, 1 5-tris(1-ethylpropyl)-20-(1-ethenylpropyl)-porphyrin-
ato}nickel(1l) (19): Prepared using the general method given above. See remarks for 18. Yield: 60 mg (0.071
mmol, 24 %) red

e-n
AU TpLip

urnle crvstals from CH
stals from L

l
=0.48-0.51 (1, J=75H

8- iz, 3H, CH(CH,CHs),), 0.73-1.03 (m, 18H, CH(CH,CHs),), 2.01-2.08 (sext, ] = 7.26
Hz, 1H, CH(CH;CHa),), 2.13-2.14 (d, ] = 6.78 Hz, 3H, CH(CH,CHs)y), 2.34-2.57 (m, 12H, CH(CH,CHs)»),
2.84-2.92 (sext, 1H, CH(CH,CHa)y), 3.83 (s, 3H, OCHy), 3.96-4.02 (quint, J = 7.4 Hz, 1H, CH(CH,CHa),),
4.14-4.20 (quint, ] = 7.5 Hz, 2H, CH(CH,CHs),), 4.79-4.82 (d, J = 16.9 Hz, 1H, CH ] =169

]
feo
oo
E
©
B
<
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815 (4) [M™-CHO)], 764 (2) [M'-Br], 643 (41) [M"-Br-CgHyO]; HRMS [Cy3Hs7N4ONiBr]: calcd. 842.30692,
found 842.30237.

2 / [y - ;1771 s
s(1-ethylpropyl)porphyrinato}nickel

using the general method given above. See remarks for 18. Yield: 35 mg (0.042 mmol, 14 %) red-purple
crystals from CH,Cly/MeOH; m. p. > 300 °C; '"H NMR (250 MHz, CDCl;, TMS): 8 = 0.46-0.52 (t, ] = 6.9 Hz,

T = £0 > A
J 7

\J. FiL, Ui,

CHCHSCHLY,)Y, 061067 110 1 = 73 Hz 6H CHICH,CHY)Y. 0.87-003% 1t
J e V.0 /T V.70 \

6H, CH(CH,CHi)y), 0.61-0.67 (, Hz, 6H, CH(CH,CHs)), £,
CH(CH,CHs),), 0.92-099 (t, J = 6.9 Hz, 6H, CH(CH,CHa);), 2.09-2.21 (quint, J = 7.3 Hz, 4H,
CH(CH,CHa),), 2.49-2.69 (m, 12H, CH(CH,CHs),), 3.78-3.87 (quint, J = 7.5 Hz, 1H, CH(CH,CHs),, 4.06-
421 (m, 2H, CH(CH,CHa)), 4.41-4.49 (quint, J = 6.9 Hz, 1H, CH(CH,CH3),), 7.30-7.32 (m, 4H, Hu),
7.43-7.49 (m, 4H, Hopn), 7.57-7.59 (d, J = 6.9 Hz,2H, Hppn), 8.15 (s, 1H, CH=C(CsHs),), 8.56 (s, 1H, Hg.
pymole), 9.06-9.08 (d, J = 5.2 Hz, 1H, Hapyrrote), 9.15-9.17 (d, J = 5.2 Hz, 4H, Hp.pyrrote), 9.25-9.27 (d, J = 5.2 Hz,

1H, Hg pyrrolee); UV/vis (CHaCly): Amax (Ig €) = 231 nm (4.42), 316 (3.98), 350 (3.88), 432 (4.89), 555 (3.86)

£07° (2 27\ NQ

501 (AN oW\ mafe (0/%. @24 (AN AT Q8 (7 INAT_CLLIT 764 710\ INAT_OCLLT10T. LR RMGC
\3.37 )y VS \v BV ), AVZ (/o). 0L5 \LUj |iVi |, 773 /i) VA ~UL2aL1s), 435 (1V) VI -Uariiv), rinavid
[Cs4He2NgNi]: calcd. 824.43279, found 824.43634

2-Vinyl-5,10,15,20-tetrakis(1-ethylpropyl)porphyrin (22). Porphyrin 1 (0.3 meI,

dissolved under Ar in 30 ml
trimethylsilyl methylmagnesium chloride the reaction mixture was stirred for 20 min at 50 °C. After addition

of 1 ml water the solution was filtered through alumina and the solvent evaporated. The residue was dissolved

procedure. Yield: 0.16 g (0.237 mmol, 80 %) red-purple crystals from CH,Cly/MeOH; m. p. 283-285 °C; 'H
NMR (250 MHz, CDCl;, TMS): § = 0.77-0.82 (t, J = 7.0 Hz, 6H, CH(CH,CHjs),), 0.95-1.03 (m, 18H,
CH(CH,CHs),), 2.58-2.79 (m, 16H, CH(CH>CH3;),), 4.15-4.35 (m, 4H, CH(CH,CH3),), 5.71-5.76 (dd, J;s =
10.8 Hz, Jgem = 1.7 Hz, 1H, CH=CH)), 6.05-6.12 (dd, Jirans = 16.8 Hz, Jgem = 2.3Hz, 1H, CH=CH,), 8.04-8.15
(dd, Ieis = 10.3 Hz, Jyans = 16.9 Hz, 1H, CH=CH3), 9.20 (s, 1H, Hgpyrote), 9.23-9.30 (m, 6H, Ha.pymote); UV/vis

(CH3CL): Amax (Ig £) = 231 nm (4.20), 312 (3.83), 343 (3.84), 427 (4.95), 553 (3.97), 594 (2.5); MS (40 eV);
m/z (%): 672 (100) [M'], 643 (68) [M*-C,Hs], 601 (45) [M* CsHyiJ; HRM [CarHssNuNi]: caled. 672.37019,
found 672.37433.

Bis-2,6-{(5,10,15-tris(1-ethylpropyl)-20-(1-ethenylpropyl)porphyrinato Jnickel(1l) }-4-bromoanisole
(23): Prepared using the general method given above. See remarks for 18. Yield: 30 mg (0.019 mol, 14 %)
red-purple crystals from CH,Cl/MeOH; m. p. > 300 °C; 'H NMR (250 MHz, CDCls, TMS): & = 0.55-0.61 (t,
J = 7.3 Hz, 6H, CH;CH=C-CH,CH3), 0.80-0.95 (m, 36H, CH(CH,CH3),), 2.12-2.21 (m, 2H, CH;CH=C-

ral 8 § l" Y " ~O ’\ '\ yn) ' _— L Y TY . LITY YT MNTITY_ 7\ MAYY /MY T N\ ~N AN N ™~ ATY rali ffa) s ivrals YUY l\ NOD A N1
CH,CHy3), 2.28-2.31 (d, J = 6.9 Hz, 6H, CH;CH=C-CH,CH3), 2.30-2.65 (m, 24H, CH(CH,CH3),), 2.98-3.01



Hz, J = 6.9 2H, CH,C¢Hs), m,

CH,CH3), 7.64 (s, 2H, Hp), 8.81 (s, 2H, Hapymote), 9.09-9.12 (d, J = 4.3 Hz, 2H, Hp pyrrote), 9.19-9.26 (m, 10H,

Hap-pyrrote); UV/vis (CHCh): Amax (Ig €) = 341 nm (4.45), 425 (5.49), 546 (4.43), 589 (4.32); MS (40 eV); m/z

(%): 1500 (2) [M™], 1471 (0.5) [M™-C,Hs), 1431 (1) [M'-CsH,1], 643 (100) [C4oHagN4Ni]
5-(1-Ethenylpropyl)-10, 15, 20-tris(1-ethylpropyl)-2-(2,5-dihydroxybenzyl) porphyrin  (24): Prepared

using the method in literature, see above. Yield: 25 mg (0.035 mol, 11 %) red-purple crystals from
CH,Cly/MeOH; m. p. 95-100 °C; '"H NMR (250 MHz, CDCl3, TMS): 8 =-1.49 (s, 2H, NH), -0.17 - -0.11 (t, J
= 7.3 Hz, 3H, CH;CH=C-CH,CH;), 0.88-0.93 (m, 18H, CH(CH,;CHs),), 1.43-1.46 (d, J] = 6.9 Hz, 3H,
CH;CH=C-CH,CH3), 2.26-2.92 (m, 14H, CH;CH=C-CH,CH3, CH(CH,CH3),), 4.45-4.47 (m, 1H, CH,C¢Hs),
4.49-4.69 (m, 3H, CH(CH,CHs;),), 4.76-4.77 (m, 1H, CH,Cg¢Hs), 6.48-6.52 (m, 1H, CH3;CH=C-CH,CH};),
6.91-7.00 (m, 3H, Hyy), 8.92 (s, 1H, Hi.pyrote), 9.21-9.36 (m, 6H, Hg.pyrote); UV/vis (CH2CL): Amax (Ig €) =279

nm (3.17), 427 (3.99), 528 (2.62), 560 (2.38), 598 (2.19), 658 (1.63); MS (40 eV); m/z (%): 710 (64) [M],
682 (12) [M*-C,Hs], 638 (100) [M*-C4HzO]; HRMS [C47HssN4O2): caled. 710.45598, found 710.45416.

2-Benzyl-5,10,153-tris(1-ethylpropyl)-20-(1-ethenylpropyl)porphyrin (25): The synthesis followed the
procedure given in the literature for the methyiether cieavage of protected quinones.'® Yield: 65 mg (0.096
mmol, 72 %) purple crystals from CH,Cl/MeOH; m. p. > 300 °C; '"H NMR (250 MHz, CDCl;, TMS): & =-

2.50 (s, 2H, NH), 0.84-0.91 (t, J = 7.3 Hz, 9H, CH3;CH=C-CH,CH3, CH(CH,CHjs),), 0.91-0.99 (m, 12H,

CH(CH,CHs),), 1.37-1.40 (d, J = 6.9 Hz, 3H, CH3CH=C-CH,CH;), 2.53-3.04 (m, 14H, CH{CH,CHs),
CH;3;CH=C-CH,CHs), 4.70-4.95 (m, 1H, CH(CH,CHj3),), 4.87-4.96 (m, 2H, CH(CH,CHj3),), 5.14-5.21 (d, J =
17.2 Hz, 1H, CH,C¢Hs), 5.27-5.34 (d, J = 17.2 Hz, 1H, CH,Ce¢Hs), 6.43-6.51 (quart, ] = 6.9 Hz, 1H,
CH3;CH=C-CH;CHj;), 7.29-7.39 (m, 5H, H;;), 8.99 (s, TH, Hppyiote), 9.15-9.17 (d, J = 5.2 Hz, 1H, Ha pymoie),
9.42-9.55 (m, SH, Ha-pyrote); UV/vis (CH2Cl2): Amax (Ig €) = 420 nm (5.44), 521 (4.28), 554 (4.09), 599 (3.93),

654 (3.93); MS (40 eV); m/z (%): 678 (38) [M'], 649 (16) [M"-C,H;], 607 (6) [M*-CsH,;], 587 (100) [M'-
CsH;]; HRMS [C47HsgN4]: caled. 678.46615, found 678.46124.
Crystal structure determination of 1.

X-ray quality crystals were grown by liquid diffusion from CH,Cl,/CH30H. The crystals were
removed from solution and covered with a layer of Paraton N™. A suitab
glass fiber and immediately placed into the low-temperature nitrogen stream as described by Hope.>* Intensity
data were collected at 130 K with a Siemens R3m/V diffractometer utilizing graphite monochromated Mo-K,

radiation (A = 0.71073 A). An absorption correction was appl

extinction effects were disregarded. The structure was solved via a Patterson synthesis followed by structure
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expansion. Refinements were carried out by fuli-matrix ieast-squares on [F~ ?| using the program SHELXL-97.%
Hydrogen atoms were included at calculated positions using a riding model. The structure exhibits
crystallographically required disorder for the formyl group, which was refined with 50 % occupancy. The

e mmatrurn lherdan i ot
ITSPCLLIYE HYUIUEUIL all

v ¥ wafimad annnedio ler o = a0 o g

1l wWas i€iinea uu.mumgly Disorder was also obser
meso substituents. The carbon atoms C105, C52 and C54 were refined as disordered over two split positions
with equal occupancy. Hydrogen atoms were treated accordingly.

structure investi

rystal structure investigations, including atomic rdinates, therm

(‘nmnlefP details on the crvstal

parameters and complete bond lengths and angles have been deposited at the Cambridge Crystallographic
Data Centre (CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK).

Crystal data: C4/Hs5;N4NiO, crystal size 0.8 x 0.16 x 0.12 mm, FW = 675.58, monoclinic, space group
C2/c, a = 14.983(10) A, 21.730(12) A, ¢ = 12.965(8) A, B = 120.47(4)°, V = 3638(4) A®, Z = 4, deuc = 1.233
Mg, m> , u=0.570 mm’’ » Tmin = 0.66, Trax = 0.94, Oye = 27.49°, 4453 reflection collected, 4181 independent
reflections (Riny = 0.0421), 2788 reflections with I > 2.0a(I), 255 parameter, A/pmax = 1.004 € A3 Rl 1>
2s(I)] = 0.0753, R1 (all data) = 0.1147, wR2 (all data) = 0.2320, S = 1.019.
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