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The influence of the porphyrin and phthalocyanine ligand nature onto the yield and selectivity in the one-step synthesis
of heteroleptic triple-decker early lanthanide (porphyrinato)(phthalocyaninates) is investigated with 6 porphyrins,
4 phthalocyanines and 2 lanthanides as examples. It is found that the presence of electron-donating substituents
in the phthalocyanine macrocycle allows efficient one-step formation of symmetrical triple-decker complexes
of [Por]Ln[Pc]Ln[Por] type. In contrast, in the case of unsubstituted phthalocyanine only formation of double-decker
complex was observed. The method was found to be limited for the preparation of complexes, containing porphyrins
with unsubstituted meso-positions because of their degradation upon reaction course as well as porphyrins with bulky
meso-substituents as a result of steric hindrances.
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B pabome uzyueno enusinue npupoost nop@GupUHOBbIX U GMATOYUAHUHOBHIX TUSAHO08 HA 6bIXO0 U CENeKMUBHOCHb
00HOCMAOULIHO20 Memodd CUHMe3d 2emepolenmuyeckux (nop@upunamo)(pmanroyuanunamos) J1aHMAHUOOE
Hauana psaoa Ha npumepe 6 nop@upunos, 4 manoyuanunos u 2 uonos ranmanudos. Ilokazano, umo npucymcmeue
NEKMPOHOOOHOPHBIX 3aMecmumenetl. 8 NepUGepuiiHbIX NOLOACEHUSX GMATOYUAHUHOBO20 TUAHOA Onpedersien
B03MOICHOCMb CENeKMUBHO20 00PA306aHUs. MPexnanyOHulx Komniekcog cmpoernusi [Por]Ln[Pc]Ln[Por]. Hanpomus,
6 CIyuae He3aMeujeHHo20 @OMAanIoYyuaHuna HabIoaemes 006pa306aHue UCKIIOUUMETbHO 2emepolenmuyecko2o
ogyxnanybrnozo komniexca. OOHAPYICEHO, HMO 6 U3VHEHHBIX YCIOBUSX HEBO3MONCHO NOMYYEHUE KOMNIEKCO8,
cooepoicawux 5,15-ouapunnoppupun, 6 cuny e2o HecmadburvHocmu 8 yciogusx peaxkyuu. Kpome moeo, ysenuuenue
CMepUYecKUx Xapakmepucmux 3amMecmumeneii 8 Me30-NON0NCCHUSX NPensmcmeyem o00pa308aHuio CIHOBULEEbIX
2emeponenmuieckKux KOMnieKcos.

KaroueBrble ciioBa: HaHTaHI/II[LI, l'IOp(l)I/IpI/IHI)I, (I)TaJ'IOIlI/IaHI/IHI)I, TETCPOJICIITUICCKHUEC COHABUYCBLIC KOMITJICKCHI.
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Introduction

Heteroleptic sandwich-type complexes containing
tetrapyrrolic ligands are promising starting compounds for
the development of novel materials with unique properties.!"
The electron-reach conjugated n-system of lanthanide heter-
oleptic (porphyrinato)(phthalocyaninates) determines large
set of their electrochemical redox-transitions.** The unique
electrochemical properties of these compounds enabled their
investigations from the point of molecular information stor-
age applications.! Lindsey et al. have found that the largest
set of redox transitions within narrow range of potentials can
be attained in the case of heteroleptic triple-decker (porphy-
rinato)(phthalocyaninates) containing different lanthanide
metal centers and different substituents in the macrocyclic
decks.¢ Complexes with various functional tetrapyrrolic
ligands have revealed single molecule magnet properties.
(L7111 Non-linear optics,'? and two-photon absorption!
have also been shown to be the strengths of heteroleptic
lanthanide (porphyrinato)(phthalocyaninates).

Hence, the targeted synthesis of heteroleptic sandwich-
type complexes with desired arrangement of tetrapyrrolic
ligands remains an actual task.'¥ The typical approach con-
sists in stepwise construction of the target molecule start-
ing from the formation of lanthanide mono-porphyrinate or
phthalocyaninate, with subsequent introduction of the follow-
ing ligand or its precursor.'>-17] Another case is the interac-
tion between in situ generated lanthanide mono-porphyrinate
and a pre-synthesized double-decker complexes.!'" ! Alto-
gether these approaches allow preparation of various het-
eroleptic lanthanide complexes containing equal or different
metal centers for electrochemical or magnetic application.

On the other hand, the stepwise synthetic strat-
egy possesses several considerable drawbacks. First
of all, the decrease of overall yields of the final products
are observed. Moreover, the experimental implementations
of this strategy turn out to be excessively complicated. In
this respect, the statistical syntheses of lanthanide heterolep-
tic complexes have attained notable interest. The enhanced
selectivity in this type of synthesis of heteroleptic triple-
decker complexes was found to be dependent on the elec-
tronic properties of the phthalocyanine ligand.2%2!

The mentioned peculiarities have forced us to investiga-
tion of simplified but yet efficient approaches towards heter-
oleptic lanthanide (porphyrinato)(phthalocyaninates). Previ-
ously we have developed an efficient one-step procedure for
the selective preparation of the heteroleptic lanthanide triple-
decker complexes of [Por]Ln[Pc]Ln[Por] structure!!®2!-"
and briefly demonstrated their promising optical and redox
properties??! as well as their potential application as col-
orimetric sensors.?>?! The selective formation of the com-
plexes with central phthalocyanine deck was observed,
and the selectivity was explained by the unsymmetrical dis-
tribution of the electron density in the double-decker semi-
products. In present work we report the scope and limitations
of this approach for the preparation of the complexes with
various porphyrinato- and phthalocyaninato-ligands.

Experimental

1-Hexanol (HexOH, Acros Organics, 98 %) was used freshly
distilled over Na. Chloroform was used freshly distilled over CaH,.
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MeOH (99 %, Merk), CDCI, (99.8 %, Aldrich) and hexane (ana-
lytical grade) were used as obtained without further purification.
Acetylacetonates of La, Nd and Eu (99 %, Aldrich), 4-bromoben-
zaldehyde (99 %, Aldrich), hydrazine monohydrate (100 %, Acros
Organics) and propionic acid (Riedel de Haén, 99 %) were also
used as obtained. Pyrrole (99 %, Acros Organics) and 1,8-diazabi-
cyclo[5.4.0Jundec-7-en (DBU, Merck, >97 %) were used freshly
distilled over CaH,. Free-base tetraarylporphyrins,?”! 4,5-dibu-
toxyphthalonitrile?®! and 4,5-dicyanobenzo-(15-crown-5) (DCB-
15C5)128291 were prepared according to published conventional pro-
cedures.

Chromatographic separation and purification of complexes
was performed at cylindrical glass columns filled with neutral alu-
mina (Merck, 0.063—0.2 mm) or silica gel (Macherey-Nagel, Silica
60, 0.063-0.2 mm).

UV-Vis absorption spectra were recorded in 250-900 nm
spectral range with Unicam UV-Vis spectrophotometer UV4
in 10 mm rectangular quartz cells. MALDI-TOF mass spectra were
obtained on Bruker Daltonics Ultraflex mass-spectrometer in posi-
tive ion mode with nicotinic acid as a matrix.

NMR spectra were recorded at Bruker Avance-III spectrom-
eter with 600.31 MHz frequency at 303 K. Samples with concen-
tration ca. 10“-10° M were prepared in CDCI,. Chemical shifts
were measured relatively to residual solvent signals (CHCIL,
8=7.24 ppm).

General procedure for preparation of heteroleptic com-
plexes. The mixture of Ln(acac), (0.4 mmol), free-base porphy-
rin (0.1 mmol), phthalonitrile (0.4 mmol), and DBU (100 pl,
0.66 mmol) was refluxed in 1-hexanol (8 ml) for 24 h under slow
stream of dry argon. The reaction mixture was cooled to room tem-
perature and added dropwise into 50 ml of hexane. The dark pre-
cipitate was filtered and washed with hexane. Chloroform solution
of the residue was applied on chromatographic column filled with
neutral alumina. The column was eluted with CHCI,-MeOH mix-
ture (0-5 % v/v MeOH). Greenish-brown fraction of symmetrical
triple-decker complex [Por]Ln[Pc]Ln[Por] typically was collected
at 0.5-1 % of MeOH in eluent. The isolated triple-decker com-
plexes were repeatedly purified from traces of starting phthaloni-
trile at silica gel with CHCl,-MeOH mixture (0-1 % v/v MeOH).

Nd,[Br,TPP],[(BuO) Pc]. m/z (MALDI-TOF): calcd. for
C,,H,Br,N Nd,O, 32355 [M+H], found 3236.3. UV-Vis
(CHCL) A, (rel. mt) nm: 296 (0.267), 373 (0.392), 420 (1.000),
492 (0. 088) 605 (0.054). 'H NMR (CDCl,) 8, ppm: 8.17 (d, 8H,
’J=7.6 Hz, H ), 7.65 (s, 16H, H, ), 7.49 (d, 8H, *J=712 Hz,H_),
6.26 (s, 8H, H ), 3.97 (s, 8H, H ), 3.71 (s, 8H, H, ), 2.58 (t, 16H,
3J=5.9 Hz, H"), 1.03 (m, 16H, H?), 0.90 (m, 16H, H3), 0.57 (t, 16H,
3J=7.1 Hz, HY).

Nd,[Br TPP],[(MeO) Pc]. m/z (MALDI-TOF): calcd. for
C,.Hg Br,N, Nd,O, 2898.8 [M+H], found 2899.4. UV-Vis (CHCI,)
A, (rel. int.) nm: 299 (0.254), 374 (0.498), 420 (1.000), 498 (0.113),
605 (0.072). '"H NMR (CDCL,) 8, ppm: 8.10 (d, 8H, *J=7.6 Hz,
H,), 7.84 (s, 16H, H, ), 7.49 (d, 8H, *J=6.6 Hz, H_ ), 6.32 (d, 8H,
3J=6.6 Hz, H ), 3.88 (s, 16H, H, +H ), 2.69 (s, 8H, H_, ).

Nd[Br TPP][Pc]. m/z (MALDI-TOF): caled. for
C,H, Br,N Nd 1586.1 [M+H], found 1586.7. UV-Vis (CHCL) &,
(rel. int.) nm: 283 (0.261), 336 (0.546), 418 (1.000), 484 (0.358),
599 (0.162), 789 (0.111).

Nd [DPP] [(15C5) Pc]. m/z (MALDI-TOF): caled. for
C,.H,;N,[Nd,0, 2483.8, found 2484.2. UV-Vis (CHCL)) A __ (rel.
int.) nm: 293 (0.189), 373 (0.780), 411 (1.000), 484 (0.149), 599
(0.119). 'H NMR (CDCL,) 8, ppm: 9.04 (s, 8H, H, ), 8.81 (d, 8H,
3J=7.1Hz,H ), 7.66 (t,8H,*J=7.0Hz,H ), 7.31 (t,8H,°/=7.2 Hz,
H), 7.07 (s, 4H, H, ), 6.76 (s, 8H, H, ), 5.18 (s, 8H, H,), 4.12 (s,
8H, H,, ), 3.52 (m, 16H, H*), 3.49 (m, 16H, H’), 3.38 (m, 16H, H?),
3.15 (m, 16H, H?).

Nd,[DPP][(15C5) Pc], m/z (MALDI-TOF): caled. for
C, ol 65N, Nd, 0, 3296.6 [M+H], found 3297.1. UV-Vis (CHCL,)

160 1657 20 2740

_(rel. int) nm: 293 (0.754), 368 (1.000), 409 (0.685), 616
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(0.363), 709 (0.242). 'H NMR (CDCl,) 3, ppm: 9.98 (s, 8H, H, ),
9.37 (s, 8H, H,), 8.17 (s, 8H, H, ), 7.92 (t, 8H, *J=6.5 Hz, H_),
7.36 (t, 8H,J=6.3 Hz, H ), 6.98 (s, 12H, H_ +H, ), 5.57 (s, 8H, H),
5.44 (s, 8H, H,), 4.44-2.70 (m, 64H, H155),

La[(BuO) Pc], m/z (MALDI-TOF): caled. for C H, La-
N,0,, 2316.1 [M], found 2315.9.

La,[TPP] [(BuO),Pc]. m/z (MALDI-TOF): caled. for
C,H, LaN 0, 2590.9 [M], found 2591.4. UV-Vis (CHCL) % _
(Ige) nm: 294 (4.02), 370 (4.36), 418 (4.65), 484 (3.66), 555 (3.4),
604 (3.45), 859 (3.24). 'H NMR (CDCl,) 8, ppm: 10.01 (d, 8H,
J=6.9 Hz, H_), 8.76 (s, 8H, H, ), 8.29 (t, 8H, *J=7.6 Hz, H_ ), 7.76
(t, 8H, "J=8.2 Hz, H), 7.37 (s, 16H, H, ), 7.27 (t, 8H, *J=7.4 Hz,
H ), 6.80 (d, 8H, J=6.9, H_), 4.69 (2t, 2x8H, *J=6.6 Hz, CH,0),
2.34 (quin, 16H, %J=7.2 Hz, CH,), 1.99 (sext, 16H,/=7.5 Hz, CH),
1.37 (t, 24H, *J=7.4 Hz, CH,).

La,[TPP] [(15C5)Pc]. m/z (MALDI-TOF): caled. for
C,H,LaN 0, 2775.8 [M], found 2775.8. UV-Vis (CHCL,) A__
(Ige) nm: 293 (3.78), 370 (3.78), 420 (4.41), 479 (3.48), 554 (3.20),
605 (3.26), 864 (3.06). 'H NMR (CDCL,) 5, ppm: 10.08 (d, 8H,
=72 Hz, H_), 8.69 (s, 8H, H, ), 8.31 (t, 8H, *J=7.6 Hz, H_), 7.75
(t, 8H, "J=8.2 Hz, H)), 7.36 (s, 16H, H, ), 7.27 (t, 8H, ¥/=7.3 Hz,
H ), 6.81 (d, 8H, %J=7.0 Hz, H_), 4.75-4.83 (m, 16H, CH,), 4.39-
4.33 (m, 16H, CH,), 4.04-3.99 (m, 32H, CH,).

La,[TBP] [(BuO),Pc]. m/z (MALDI-TOF): caled. for
C,H,,,La,N O, 3039.3 [M], found 3039.9. UV-Vis (CHCL,) A__
(Ige) nm: 294 (3.73), 372 (4.07), 420 (4.29), 485 (3.39), 557 (3.14),
605 (3.16), 851 (2.29). 'H NMR (CDCl,) 3, ppm: 9.42 (d, 8H,
3J=7.1Hz, H,),8.79 (s, 8H, H, ), 8.14 (d, 8H, *J=6.8 Hz, H_), 7.39
(s, 16H, H, ), 7.20 (d, 8H, J=6.8 Hz, H_), 6.61 (d, 8H, J=7.3 Hz,
H, ), 4.79 (2t, 2x8H, %J=5.9 Hz, CH,0), 2.37-2.31 (m, 16H, CH),
2.04 (sext, 16H, J=4.7, CH,), 1.64 (s, 72H, H,, ), 1.35 (t, 24H,
3J=7.3 Hz, CH,).

tBu-

Results and Discussion

Following our previously developed approach for
the preparation of heteroleptic triple-decker lanthanide
(porphyrinato)(phthalocyaninates),!>?!26! we have involved
a series of free-base porphyrins and phthalonitriles into inter-
action with lanthanide acetylacetonates. Within the studied
series, the steric and electronic properties of the ligands were
varied (Figure 1). In turn, the application of 5,15-diphenyl-
porphyrin in the synthesis allowed testing of the applicabil-
ity of the thermally labile meso-unsubstituted porphyrins
in the discussed general synthetic route.

In general, the discussed synthetic approachto the hetero-
leptic lanthanide (porphyrinato)(phthalocyaninates) consists

Qe
e SR

Ar=R =4- MeC6H4 TP
Ar = R = 4-'BuCgH,, TBP

X = fused 15-crown-5, (15C5),Pc
X = OBu, (BuO)gPc

Ar=R = Mes, TMP
Ar = R = 4-BrCgHy, Br,TPP

X = OMe, (MeO)gPc
X=H, Pc

Ar=Ph, R = H, DPP

Figure 1. The designation of ligands used in present work.
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in prolonged reflux of the free-base porphyrin, phthalonitrile
and lanthanide acetylacetonate in 1-hexanol in the pres-
ence of DBU for 24 h. The significance of the preservation
of the inert atmosphere in the synthesis has been previously
mentioned.?'?? Moreover, we have revealed that the reac-
tion is virtually suppressed when performed under argon
atmosphere without flow of inert gas that is required for
the elimination of the formed acetylacetone. The comparison
of structure and yields of the obtained complexes allowed
evaluation of the influence of ligands onto the reaction path
(Table 1).

Table 1. Synthesis of the triple-decker heteroleptic lanthanide
complexes.

w D Por
R + x]@[CN+ Ln(acac); ———» ©Pc
R X cN CGH130H
Ar E Por
Entry Por Pc TD yield (Ln)
1 Br,TPP  (15C5),Pc 63 % (La),”*! 55 % (Nd)*!
2 Br,TPP  (BuO),Pc 56 % (Nd)
3 Br,TPP  (MeO),Pc 6 % (Nd)
4 Br,TPP Pc N/d (Nd)*
5 TPP (15Cs5),Pc 67 % (La)
6 TPP (BuO),Pc 44 % (La)
7 TTP (BuO),Pc N/d (La)®
8 TBP (BuO),Pc 69 % (La)
9 TMP (BuO),Pc N/d (La)
10 DPP (15C5),Pc Trace (Nd)

“Heteroleptic neodymium double-decker complex is formed

in 44 % yield. *The starting porphyrin was insoluble in reaction
medium and was recovered. ‘Homoleptic lanthanum diphthalocya-
ninate is formed in 70 % yield.

According to the previously published data,?)
the lanthanum(IIl) and neodymium(IIl) triple-decked het-
eroleptic complexes with tetra(4-bromophenyl)porphyri-
nato and tetra(15-crown-5)phthalocyaninato ligands were
prepared with 63 % and 55 % yields, respectively (entry 1).
The change of the central ligand to octabutoxyphthalocya-
nine reveals no influence onto the yield of the triple-decker
complex (entry 2). In contrast, in the case of application
of dimethoxyphthalonitrile in the synthesis (entry 3), the cor-
responding triple-decker complex was isolated with only
6 % yield, while octamethoxyphthalocyanine® was found
to be the main product of the reaction. Presumably, low
solubility of the free-base (MeO),PcH, and its precipitation
from the reaction mixture facilitated its formation resulting
in efficient removal of the phthalonitrile from the reaction
medium. Thus, the presence of electron-donating groups
in the phthalocyanine macrocycle was found to be crucial
for the formation of the triple-decker [Por]Ln[Pc]Ln[Por]
complexes and was testified by the application of unsub-
stituted phthalonitrile in the synthesis (entry 4). In this
case the specific formation of the corresponding double-
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decker complex [Br,TPP]Nd[Pc] was observed. Even trace
amounts of desired triple-decker complex were not detected
in the reaction mixture. In this case, it can be concluded that
excess of electronic density on the phthalocyanine deck is
required for the formation of a triple-decker compound.
Nevertheless, the related triple-decker complexes bearing
an unsubstituted phthalocyanine deck were reported,?'=33
that testifies their stability. In contrast, only a step-wise
“raise-by-one-story” approach was successfully applied
for their synthesis. The fact that the published synthesis
of the triple-decker complexes was successfully performed
with 1,2 4-trichlorobenzene as solvent proves their stability
under reflux in high-boiling solvent. In our case we presume
that higher polarity of 1-hexanol could result in complete
dissociation of the compound, even if it is formed under
reaction conditions.

Changing tetra(4-bromophenyl)porphyrin in the syn-
thesis to tetraphenylporphyrin does not reveal significant
influence onto the reaction path (entries 5,6). On the other
hand, the sufficient solubility of the porphyrin in the reaction
medium is required for the successful interaction as testified
by the application tetra(4-tolyl)porphyrin (entry 7). In this
case, the low solubility of the starting porphyrin resulted
in complete suppression of the formation of heteroleptic
complexes of any type. Considering this observed peculiar-
ity, we involved tetra(4-tert-butylphenyl)porphyrin bearing
the bulky fragments for enhancement of solubility into
the interaction (entry 8). In contrast to the previous entry,
the expected triple-decker complex was isolated with 67 %
yield. Further increase of the bulkiness of the porphyrin me-
so-substituents was performed by the introduction of mesityl
groups (entry 9). This modification has switched the selectiv-
ity of the reaction to the formation of the homoleptic lantha-
num diphthalocyaninate La[(BuO),Pc], as a redox mixture.

The behavior of 5,15-diphenylporphyrin in the reaction
completely differs from that of tetraarylporphyrins (entry 10).
The thermal lability of the porphyrin bearing unsubstituted
meso-position results in its considerable decomposition under
reaction conditions. In turn, the porphyrin/phthalonitrile ratio
in the reaction significantly changes, providing the mixture
of heteroleptic complexes [DPP]Ln[(15C5),Pc]Ln[DPP],
[DPP]Ln[(15C5),Pc]Ln[(15C5),Pc] and [DPP]Ln[(15C5),Pc]
in <5 % yield each. This result is in conformity with the pub-
lished targeted synthesis of heteroleptic double-decker com-
plexes involving diarylporphyrins, which were synthesized
in 5-20 % yields.?

All the synthesized triple-decker lanthanide complexes
were isolated by means of column chromatography and suf-
ficiently characterized with '"H NMR, UV-Vis and MALDI-
TOF MS. Among these methods UV-Vis remains significantly
informative tool for elucidation of the deviations in the elec-
tronic structure of the metal complexes with tetrapyrrolic
ligands. Table 2 summarizes the absorption spectral data
of the synthesized complexes. In general, the comparison
of the positions of the main bands in the spectra does not
reveal any structural peculiarities within the synthesized
series. The only exception is observed for the complex,
containing diphenylporphyrinato ligand (Table 2, entry 8).
In this case, two bands corresponding the predominantly
porphyrinic transitions reveal the slight hypsochromic shift
ca. 7-9 nm (marked in bold in the table).
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Table 2. UV-Vis spectral data of the prepared triple-decker
complexes [Por]Ln[Pc]Ln[Por] type (CHCL,).

L o
Ln

T DFPe
Ln

L por

Entry  Por Pc Ln A

‘max’

nm

1 Br,TPP (15C5),Pc La
(15C5)Pc  Nd
(BuO),Pc  Nd
Br,TPP  (MeO),Pc  Nd
TPP  (15C5),Pc  La

TPP (BuO);Pc  La

293, 373, 421, 482, 60612
Br, TPP 297, 374, 421, 487, 6071}
Br, TPP 296, 373, 420, 492, 605
299, 374, 420, 498, 605
293, 370, 420, 479, 605
294, 370, 418, 484, 604
TBP  (BuO)Pc La

DPP  (I15C5),Pc  Nd

294,372, 420, 485, 605
293, 373, 411, 484, 599

[e- BN B Y N W)

NMR spectroscopy provides additional structural
information on the complexes, since this method is also
highly sensitive to the structure of heteroleptic lanthanide
complexes with tetrapyrrolic ligands.’*3% In the pres-
ence of paramagnetic metal center the lanthanide-induced
shift (LIS) of resonances results in significant difference
in chemical shifts between the related complexes of La(III)
and Nd(III). The specific orientation and high barrier of in-
version of the porphyrin meso-aryl groups in the heteroleptic
complexes of discussed typel**#! lead to decrease of sym-
metry of the mentioned fragment. In this case, all the protons
in the aryl groups become magnetically non-equivalent with
respect to inner- or outer-orientation.’ Figure 2 shows the
'H NMR spectrum of [TPP]La[(BuO),Pc]La[TPP] in CDCI,.
Five resonances, namely 2 doublets and 3 triplets, can be
clearly observed in the region of aromatic proton resonances,
corresponding to protons of meso-phenyl groups. According
to our previously developed structural model of this type
of complexes, the most upfield shifted doublet among them
corresponds to the outer-oriented ortho-proton of the phenyl
group. Similarly, the downfield-shifted doublet is unam-
biguously assigned to the inner-oriented ortho-proton. In
this respect 3 remaining triplets could be assigned to meta-
and para-protons of the aromatic ring, while two narrow
singlets with 2:1 ratio obviously correspond to equivalent
porphyrin and phthalocyanine aromatic protons. The region
of aliphatic proton resonances of the spectrum shows 4
multiplets, corresponding to the fragments of butoxy-group.
It should be mentioned that the resonance corresponding
to CH,O fragment is composed of two overlapping triplets
with 3/=6.6 Hz with 2.7 Hz shift (ca. 0.005 ppm). As an as-
sumption we attribute this shape of the signal to two different
orientations of this CH,-group in the molecule with hindered
exchange between them.

'H-"H-COSY spectrum of the complex allows con-
firmation of the mentioned assignment of the resonances
in the spectrum of [TPP]La[(BuO),Pc]La[TPP] (Figure 3).
The COSY spectrum clearly reveals the sequential correla-
tions through the *J-couplings between H-H -H-H -H .
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HPor
CH,
L
HPc T T T T T T 1
95 9.0 8.5 8.0 75 70 ppm
3-CH
H, CH,0 2-CH, ?
lHoo Hmu *

| I I | I | I I | I I | I I I I I I I I 1
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm
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Figure 3. 'H-"H-COSY spectrum of [TPP]La[(BuO) Pc]La[TPP]

in CDCL,.

Moreover, a weak cross-peak corresponding to the “J-cou-
pling between H ; and H__ could also be observed. In the case
of butoxy-group resonances, all the expected correlations
of the aliphatic chain are also observed. Thus, the complete
assignment of the proton resonances in the spectrum is unam-
biguously verified and it is in conformity with the previously
published assignments of the related complexes.*]

The NMR data of the synthesized compounds of [Por]
Ln[Pc]Ln[Por] type are summarized in Table 3. The previ-
ously described related lanthanum(I1l) and neodymium(III)
complexes®! are used as comparative references of chemical
shifts. The combination of magnetic anisotropy of the aro-
matic rings and the influence of the paramagnetic origin
of the lanthanide ion makes the chemical shifts of the protons
in this type of molecules extremely sensitive even to minor
structural deviations. It can be noted, that in the case
of diamagnetic lanthanum(I1I) complexes the chemical shifts
of the macrocyclic porphyrins and phthalocyanine protons
remain virtually unchanged upon variation of the substitu-
ents of the ligands. Moreover, the positions of the meso-aryl
protons resonances are dependent rather on the type of para-
substituent then the origin of the phthalocyanine deck.

Table 3. "H NMR data for the synthesized triple-decker complexes [Por]Ln[Pc]Ln[Por] in CDCI,.

Por Pc Ln H, H H H_ H, H,, H,, Pc alkyl groups® Ref.
Br [ TPP  (15C5) Pc La 9.43 8.40 - 7.44 6.61 8.59 7.42 4.84, 4.47, 4.13, 4.09 (23]
TPP (15C5),Pc La 10.08 8.31 7.75 7.27 6.81 8.69 7.36 4.78,4.36,4.07, 4.01
TPP (BuO),Pc La 10.01 8.29 7.76 7.27 6.80 8.76 7.37 4.69,2.34,1.99, 1.37
TBP® (BuO),Pc La 9.42 8.14 - 7.20 6.61 8.79 7.39 2.35,2.04, 1.64,1.35
Br,TPP  (15C5)Pc Nd 3.83 6.26 - 7.45 8.14 3.61 7.70 3.39,3.32,3.14, 2.64 (23]
Br,TPP  (BuO),Pc Nd 3.97 6.26 - 7.49 8.17 3.71 7.65 2.58,1.03, 0.90, 0.57
Br,TPP  (MeO),Pc  Nd 3.88 6.32 - 7.49 8.10 3.88 7.84 2.69
DPP¢ (15C5),pc Nd 5.18 6.76 7.31 7.66 8.81 4.12 9.04 3.52,3.49,3.38,3.15
In the case of multiplets their centers are denoted. *The singlet of fert-butyl group is omitted. “The resonance of porphyrins meso-proton
is omitted.
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In contrast, in the case of paramagnetic neodymium(I1I)
complexes the slight variation in chemical shifts is observed
within the series, since the LIS of the resonances is signifi-
cantly dependent on the respective position of the lanthanide
ion and the corresponding nuclei in the molecule. For
instance, the resonances of the meso-substituents of Br,TPP
ligand slightly differ upon variation of the phthalocyanine
deck substituents, that could reasonably be assigned to mi-
nor structural deviations of these complexes. Nevertheless,
the comparison of the chemical shifts within the series gen-
erally testifies the performed assignments and the structural
relations of the obtained complexes.

Conclusions

We have investigated the scope and limitations
of the previously developed one-step synthetic approach for
the preparation of heteroleptic early lanthanide triple-decker
(porphyrinato)(phthalocyaninates). The presence of electron-
donating substituents is a key factor for the efficient formation
of the triple-decker complexes of [Por]Ln[Pc]Ln[Por] type.
Moreover, the application of porphyrin ligands containing
unsubstituted meso-positions is limited because of their
thermal lability. Introduction of bulky meso-aryl groups
to the porphyrin ligand is also a limiting factor for the forma-
tion of the triple-decked complexes, presumably as a result
of the intramolecular sterical repulsion between decks. The
analysis of the UV-Vis and NMR spectra of the prepared
complexes reveals the close structural relation between them
despite the origin of the applied ligands.
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