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A first palladium catalyzed cross-coupling amination with chiral auxiliaries at the two meso positions of
diarylporphyrins was reported. We noticed that, the non-metallation of porphyrins and steric hinderance
of the chiral auxiliary play an essential role to the effectiveness of this cross coupling-reaction. Here,
when two methyl pyroglutamates were added, the reaction leads to atropisomers and their behaviors
were investigated by NMR spectroscopy. Finally, functionalizations of these chiral porphyrins were per-
formed onto the pyrroglutamate moiety to give new original chiral porphyrins.

� 2012 Elsevier Ltd. All rights reserved.
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The ability of cytochromes to perform diverse oxidations of or-
ganic compounds with incomparable chemoselectivities, regiose-
lectivity, and enantioselectivity attracted numerous organic
chemists to mimic the activity of these biomolecules in asymmet-
ric oxidations.1–3 In analogy with the environment of these pro-
teins, many porphyrins were synthesized, for decades,
comprising a chain of amino and bulky substituents. This steric
hindrance is intended to induce regio- and enantioselectivities
and also to avoid deactivation of the catalyst. All of these structures
include aromatic groups substituted with carbon–carbon bond at
meso positions.4 To the best of our knowledge, no chiral porphyrins
containing a heteroatom at meso positions were reported. In partic-
ular, N-meso substituted porphyrins seem to be an interesting
alternative to C-meso porphyrins as lot of chiral, notably heterocy-
clic, nitrogen building blocks are available. Furthermore physical
and chemical properties of these meso-heterocyclic substituted
porphyrins could differ from the classical C-meso substituted mac-
rocycles (e.g. aqueous solubility, logP, etc.). Recently, we reported a
general method for the synthesis of diarylporphyrins from 5-aryl-
dipyrromethanes and orthoesters under trifluoroacetic acid cataly-
sis,5 and from these building blocks we are showing herein the
synthesis of diverse N-heterocyclic-meso diarylporphyrins. Our ini-
tial plan as shown in Scheme 1 was to couple N-chiral heterocyclic
building blocks with mono or di-brominated diarylporphyrins
using a palladium catalyzed C–N cross coupling reaction which is
the most convergent strategy.
ll rights reserved.

ère).
In order to achieve such a transformation, we needed to prepare
mono-bromo and dibromodiarylporphyrins. Bromination of the
free meso positions was performed with NBS in dichloromethane/
methanol system at room temperature as already reported.6 Bro-
mination of triphenylporphyrin 1 was achieved cleanly in 90%
yield by using slightly more than one equivalent of NBS.

Diarylporphyrins were generally harder to brominate selec-
tively: by using 1.01 equiv of NBS, diarylporphyrin 2 afforded in
58% yield mono-bromide 5, along with some dibromide 7 and
some starting material. With 2.01 equivalents of NBS, diarylporph-
yrin 2 was transformed more selectively into 7 with 71% yield,
along with some traces of mono-bromide 5 whereas diarylporphy-
rin 3 was more difficult to brominate, affording dibromide 8 in 40%
yield along with mono-bromide 6 in 10% yield and starting mate-
rial under the same conditions. It is important to stress that using
an excess of NBS decreases generally the yield as non-selective oxi-
dations can then occur on b-pyrrolic positions and further lead to
ArAr

X

Scheme 1. General retrosynthetic analysis.
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                                         Conditions
1: Ar=R=Ph                      NBS (1.01)    4: Ar=R=Ph                   90%
2: Ar=Ph, R=H                 NBS (1.01)    5: Ar=Ph, R=H               58%        7: Ar= Ph                          8%  
                                         NBS (2.01)      7: Ar=Ph                         71%
3: Ar=3,4,5-OMe(C6H2)   NBS (2.01)    6: Ar=3,4,5-OMe(C6H2) 10%        8: Ar=3,4,5-OMe(C6H2)  40%

Scheme 2. Selective bromination of diarylporphyrins.

Table 1
Cross coupling reaction of chiral amines or amides 9–13 with meso-bomoporphyrins (M = H2 or Zn, Ni)
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Pd2dba3 Xantphos
Cs2CO3

5: R1=H, Ar=Ph
7: R1=Br, Ar=Ph
4: R1=Ph, Ar=Ph
6: R1=H, Ar=3,4,5-OMe-Phenyl
8: R1=Br, Ar=3,4,5-OMe-Phenyl

14: R2=H, Ar=Ph
15: R2=X, Ar=Ph
16: R2=Ph, Ar=Ph
17: R2=H, Ar=3,4,5-OMe-Phenyl
18: R2=X, Ar=3,4,5-OMe-Phenyl

dioxane 100°C

X-H

Entry Starting material X R1 M Ar Product Yield

1 Zn-5
N
H

OH

Ph
Ph

9
H Zn Ph Zn-14a x

2 Zn-5
10

N
H

OTMS

Ph
Ph Br Ni Ph Ni-15b x

3 Ni-7 10 H Zn Ph Zn-14a x

4 Zn-5
11N

H
O

OMe

O
H Zn Ph Zn-14b x

5 5 11 H H2 Ph 14c 75%
6 7 11 Br H2 Ph 15c 85%
7 4 11 Ph H2 Ph 16c 72%
8 8 11 H H2 3,4,5-OMe-phenyl 17c 73%
9 6 11 Br H2 3,4,5-OMe-phenyl 18c 63%

10 7 N
H OH

Ph
Ph

O
12

Br H2 Ph 15d x

11 7

13

N
H OTMS

Ph
Ph

O
Br H2 Ph 15e x

12a 7 11 Br H2 Ph 15c 94%a

a Reaction was run in a sealed tube in THF at 100 �C.
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porphyrin ring-opening (scheme 2).6 From mono-brominated or
di-brominated porphyrins, Buchwald–Hartwig type palladium-cat-
alyzed coupling reactions were performed in order to achieve link-
age with some chiral amines or amides. We first decided to use
conditions already reported to perform a reaction between achiral
amides or amines with brominated diarylporphyrins.7–9 Using sim-
ilar conditions (Pd2dba3, Xantphos, Cs2CO3, dioxane, 100 �C), sev-
eral cross-coupling reactions were reported in Table 1. When
metallated porphyrins Zn-5 and Ni-7 were treated as described
above with amine 9 or 10,10 no coupling reaction was observed
(entries 1–3).11 With methyl pyrroglutamate 11 no coupling prod-
uct was neither obtained under the same conditions from Zn-5 (en-
try 4).

Many other methods have been tested to achieve the coupling
with diphenylprolinol 9 but no one allowed us to obtain the de-
sired compound.12,13 It is interesting to note that, in the literature,



Figure 1. Evolution of 18c 1H NMR depending on the temperature in DMSO-d6: observation of reversible atropisomerization.
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only simple amines and amides were already studied for the same
reaction. Indeed, Zhang and co-workers9a were able to couple sim-
ple amines with meso-bromoporphyrins as well as Zn-metallated
porphyrins. We can therefore explain the lack of reactivity for
our system by a steric hindrance directly in the a-position of amine
or amide groups (vide infra).

Fortunately, the cross coupling between our less hindered chiral
auxiliary 11 and non-metallated porphyrin 5 afforded finally the
expected product 14c in 75% yield (entry 5) whereas triphenylpor-
phyrin 4 afforded the cross product 16c in 72% yield (entry 7). Non-
metallation seems indeed to play a critical role in this cross cou-
pling reaction. To continue under these reaction conditions, 5,15-
dibromo-10,20-diphenylporphyrin 7 afforded the corresponding
double coupled compound 15c in excellent yield (85%, entry 6).
It is important to notice that the coupling reaction worked best
in sealed tubes in THF at 100 �C where 15c was then isolated in
an improved yield (94%, entry 12 vs entry 6, 85%). Cross coupling
reaction with other porphyrins was studied and gave similar re-
sults from bromo-10,20-(3,4,5-trimethoxyphenyl)porphyrins 6
and 8 (entries 8 and 9, 17c: 73% and 18c: 63%). However attempts
to couple porphyrin 7 with more bulky pyroglutamates 12 and 13
were still unsuccessful (entries 10–11) due to steric hindrance pro-
vided by aromatic groups in the a position of the amide function.

A 1H NMR analysis of compounds 15c and 18c was then per-
formed and revealed the presence of two atropisomers a,a and
a,b. In porphyrin family, atropisomers are derived from the free
rotation around the C–N bond at meso positions and were already
extensively studied in particular for tetraarylporphyrins with
ortho-substituted groups on meso aromatics.14,15 However, this is
the first time this type of atropisomers, with chiral heterocyclic
moiety due to ester moiety on pyroglutamates, is obtained and
studied. Some chromatographic conditions allowed us to see
clearly two distinct spots on TLC, but only with the CH2Cl2/MeOH
(99:1) solvent system. Many attempts to separate atropisomers
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Scheme 3. Synthesis of diverse functionalized chiral porphyrins.
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remained unsuccessful. Indeed, the kinetic of equilibration be-
tween the a,a and a,b isomers seems to be slow enough to allow
us to separate them by TLC (2–4 min duration) whereas using a
column chromatography (>30 min) is long enough to able the
equilibration of the two atropisomers. A temperature NMR study
was achieved in order to confirm this hypothesis (Fig. 1). Proton
NMR spectrum simplifies nicely at higher temperature and b-pyr-
rolic, aromatic, and methoxy proton signals are clearly coalescing
while increasing the temperature. Only N–CH signals of the amide
moiety at 5.6 ppm still remain separated at 130 �C although they
are closer than at room temperature.

It is important to note that pyrroglutamate moiety in diarylpor-
phyrins 14c–18c can be further functionalized by many readily
available compounds allowing access to more complex porphyrins
with original structures. Therefore, phenyl magnesium bromide
was added selectively on the ester moiety to give porphyrin 15d
in 78% yield (Scheme 3).16 This protocol is an alternative to the fail-
ing cross-coupling between 7 and 12 or 13. Thus, methyl ester can
be cleaved by saponification, affording diacides 15f and 18f in 52%
and 50%, respectively.17 Further functionalization into amide or es-
ter function could be then envisioned.

In conclusion, we synthesized new chiral porphyrins includ-
ing C–N-meso substituted ones. Methyl pyrroglutamate appeared
to be the best candidate for Buchwald–Hartwig type cross cou-
pling reaction affording the expected adduct in 94% yield. More
bulky substrates did not react under these reaction conditions.
For porphyrins containing two chiral moieties, a mixture of a,b
and a,a atropisomers was obtained, nevertheless the kinetic of
equilibration is sufficiently high to unable their physical separa-
tion for characterization. Ester function of pyrroglutamate can be
further transformed to give new chiral porphyrins. Utilization of
these new chiral porphyrins will be reported in due course.
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