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lonoelectronics: Cooperative
Complexation Properties

of a Functionalized Crown Ether
Substituted Phthalocyanine

DIDIER PERNIN and JACQUES SIMON’

ESPCI - CNRS 10, rue Vauquelin 75231 Paris Cedex 05, France
(Received January 05, 2000; In final form February 28, 2000)

Phthalocyanine and lutetium bisphthalocyanine derivatives functionalized with crown — ether moie-
ties and a carboxylic ester terminated side chain, are synthesized and characterized. The complexa-
tion properties towards potassium ion are studied by UV — visible absorption spectrometry. A
procedure is defined to quantitatively determine the positive cooperative effect arising during the
complexation processes.

Keywords: lonoelectronics; Phthalocyanines; Crown Ether

1. INTRODUCTION

lonoelectronics has been defined as the domain of science whose object is an
information processing using ions (especially alkali and alkaline earth cations) '~
3, Previously, aromatic rigid cores like triphenylene4 or phthalocyanine5~7 have
been substituted with several crown ether macrocycles making possible a coop-
erativity between the cation binding sites. A positive cooperative (nonlinear)
complexation process has been indeed demonstrated for the formation of potas-
sium ion sandwich complexes with lutetium bisphthalocyanine derivatives sub-
stituted with 15-crown-5 ether macrocyclesz’3. These complexation studies were
carried out in solution. In order to obtain a system which can be addressed, the
grafting on surfaces is necessary. Following this idea, crown-ether substituted
phthalocyanine derivatives possessing a carboxylic acid terminated side chain

* Corresponding Author.
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have been synthesized (compounds 1, 2) and their complexation properties in
solution have been studied.
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FIGURE 1 The compounds synthesized and studied in the present publication

The platinum and zinc complexes of 1b as well as the lutetium and dysprosium
derivatives of 2 have been the object of preliminary publications8’9 concerning

their synthesis.

2. SYNTHESIS OF THE COMPOUNDS 1 AND 2

The synthesis of the metal free phthalocyanine derivative has been carried out by
reacting three equivalents of the crown ether substituted phtalonitrile 3 and one
equivalent of ethyl-hexanoate substituted phthalonitrile 4.
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The reaction is carried out as previously describe

d®? in the presence of 1.2

equivalent of MgCl,, 3 equivalents of [1,8-diazabicyclo [5.4.0] undec-7-ene
(DBU) in 2.5 ml of n-hexanol per mmole of phthalonitriles. This reaction leads
to a mixture of magnesium complexes which is directly treated with HCI (1.2 M)
in dimethylformamide (DMF) to yield the corresponding metal free derivatives

(Fig. 2).
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FIGURE 2 The various compounds formed in the reaction of the phthalonitriles 3 and 4. (only some

of the positional isomers are represented)
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The following purification procedure has been followed:

— the crude reaction mixture is filtrated over alumina to eliminate polar com-
pounds which are not eluted with the mixture CHCl;/MeOH (95/5). In this
way about 70% of the expected amount of product is recovered.

— apreparative thin layer chromatography (TLC) is carried out on alumina (elu-
ent: CHCl3/MeOH: 97/3) and the compound 1b, H; (Rf = 0.45) is further
purified by a Soxhlet extraction with AcOMe or acetone which removes
some soluble impurities. The green powder obtained is dissolved in CH,Cl,
and reprecipitated and washed with AcOMe. The product is dried at 100°C
under vacuum (3 torr). Transesterification, to give the hexanoate ester, occurs
during the reaction as evidenced by MALDI-TOF mass spectrometry on the
crude product partly purified by a soxhlet extraction with heptane (in this sol-
vent all phthalocyanine derivatives are insoluble). The results are shown in
Figure 3.
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FIGURE 3 MALDI-TOF mass spectrum of the crude reaction mixture of the metal free derivatives la
— 1f: Full circles indicate an adduct with Na*. The table gives the theoretical and experimental rela-
tive intensities (%), the expected molar mass (Mmeo) the one experimentally found (Mgg,,q) and the
corresponding percentage. *Average on two spectra PCalculated with the hypothesis of a statistical
reaction of the two phthalonitrile derivatives 3 and 4. “A systematic shift of 4 units is due to the cali-
bration procedure

Chemical microanalysis of the purified compound 1b, H, also indicates that
transesterification occurs. The presence of a water molecule is compatible with
the microanalysis results observed.

Side reactions have been shown to occur when the phthalocyanine derivatives
are formed in addition to the previously mentioned transesterification. In particu-
lar the cleavage of the crown ether macrocyle has been detected when incom-
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pletely pure 1b, H, was reacted to synthesize the lutetium bisphthalocyanine
complex (see further section). MALDI-TOF spectra indicate a parent ion
(M + 102) which corresponds to the reaction of the hexanol anion derived from
on the crown ether substituted phthalonitrile:

—
{)\o o/\\o C=N

</OH HemﬁCEN

SCHEME 2

The cleavage is facilitated by Mg2+ and more significantly by Ca®* when these
ions are added in the reaction mixture. In these cases, the cleavage of the
crown-ether macrocyles is predominant.

The transformation of the unsubstituted phthalocyanine PcH, into the corre-
sponding lutetium complex PcLuX (X = AcO") has been described'’. The metal
free derivative is first transformed into the corresponding dianion by using
n-BuLi in DMSO which is in turn transformed into PcLnOAc by adding
Ln(OAc); (Ln = Pr, Nd, Eu, Dy, Ho, Er, Yb, Lu)lO. This method affords very sat-
isfactory yields (90-93%). Another procedure“’12 uses the B - dicetonate lan-
thanide derivative instead of Lu(OAc);. The first method has been used for
treating 1b, H, (leq.) with n-BuLi (2.4 eq.) and Lu(OAc)3(H,0) (3 eq.) in
DMSO. Lu(OAc); has been previously dried at 160°C under vacuum. The for-
mation of s-PcLuQOAc (s : substituted) is followed by thin layer chromatography
(final product Rf=0, starting material Rf=0.45; eluent: CHCl3/MeOH: 97/3) and
UV - visible absorption spectra. A quantitative convetsion is observed in DMSO
under reflux after approximately 30min. A partial purification is carried out by
reprecipitation of the product in a mixture Et,O/EtOAc (90/10) with a yield of
96%. The product has not been further purified.

The compound 2 has been synthesized by reacting the previous derivative 1b,
Lu OAc (1 eq.) with 8 eq. of the phthalonitrile 3 in the presence of DBU (6 eq.)
in hexanol. The desired product is isolated with the following procedure:

— precipitation of a mixture of compounds from the reaction medium with hex-
ane

~ filtration over Celite®: the impurities are eluted with solvent mixtures from
hexane to pentane / CHCl; (80/20), the desired fraction is obtained with the
eluent CHCl3/MeOH (95/5).
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— Preparative thin film chromatography on alumina (eluent: CHCIl;/MeOH:
97.5/2.5%) yielding Rf = 0.45 for 2 and Rf = 0.65 for the difunctionalized
derivative represented below, (derivative 8).

— filtration over Bio-Beads® SX3 (eluent: CHCl3).

— reprecipitation from CHCI; with diethyl-ether.

During the reaction the following compound (derivative 8):

Q
OCH3 5
° OH

8

SCHEME 3

has been isolated and characterized by MALDI-TOF mass spectrometry.

3. COMPLEXATION PROPERTIES OF 1b, H,

It has been previously demonstrated>'>1* that the ion induced formation of

sandwich complexes with crown ether substituted phthalocyanine derivatives
yields important and characteristic changes in their UV-visible absorption spectra
in solution. However, depending on the anion used, cations which can enter the
macrocyclic cavity may also lead to aggregation 4 The aggregation may also be
obtained by using high polarity solvents even in the absence of salt'*. The struc-
ture of the aggregates in these latter cases is not known with certainty. The same
type of behavior has been observed for 1b, H,. (Fig. 4).

Solutions of salts in CHCl; / MeOH (90/10) are added to 1b, H,. In this way,
the overall percentage of MeOH at the end of the titration is relatively small
(< 0.4 %). Na SCN and NaOAc, whose cation can both enter the macrocyclic
cavity lead to very different results: AcO™ does not indicate any aggregation
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FIGURE 4 Variation of the intensity of the Q-band (A = 700 nm) of compound 1b, H, by addition of
Na* X" or K*¥ X (X" = AcO", SCN"): (solvent: CHCl5; the salts have been added in a solution CHCly /
MeOH: 90/10). (The contribution of aggregated species has been removed: the absorbance is propor-
tional to the concentration of unaggregated 1b, Hy.)

whereas SCN” yields to a steep decrease of the Q-band up to the stoichiometry 1
Na+ /1 E, H2

On the other hand, both KSCN and KOAc lead to a decrease of the Q- band up
to ratios in the range 1- 1.5 K* per 1b, H,. These observations are in agreement
with the results obtained with four crown-ether substituted phthalocyanine
derivatives!3. The titration of 1b, H, with KSCN and KOAc may be followed by
plotting:

Ca  Am—A
Co _Am—Aa

where

C, : Concentration of aggregated phthalocyanine
C,: initial concentration of phthalocyanine; C,=C, + C,,
A,,: absorbance at A, (maximum of the Q-band) of the pure monomeric phthalo-
cyanine; A, = £,1C,
A: absorbance experimentally observed at A,; A = £,1C, + &,1C,
A,: absorbance at A, for the solution of pure aggregates; A, = €,1C,
The curve obtained by titration with KOAc shows three distinct regions:
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FIGURE 5 Percentage of aggregated phthalocyanine (C,/C,) as a function of the ratio {K*}/ {1b, H,)

— for aratio [K*] / [1b, H,] < 0.5, a concave curve is seen which is characteris-
tic of a 2 ligands per one cation complexation (Fig. 6A).

~ in the range 0.5 < [K*1/ [1b, H,] < 1, the curve is approximately a straight
line, this probably indicates’that the second complexation constant to form 2
K*, 2 1b, H, is larger than the first one (Fig. 6 B) (see references 2 and 3).

— finally, for [K* / [1b, H,] > 1, a classical titration curve shape is obtained
indicating a poor positive cooperativity for the third complexation (Fig. 6 C).

The equilibria involved can be written:

[L-M]
2L+ M = LM = =
MO [L]2[M]
[LoMs]

LM M <= L,M, 5 =

MAMS LM 5= 5]

N _ [LaMy)

LM + M2 LMy = S

The complexation constants ; cannot be compared directly since they are, in
the general case, expressed in different units. It can be written instead:

611 = Lzoﬁl 6’2 = Loﬂ‘z ﬁIB = Lnﬁ.’i
Where L, is the initial concentration of ligand 1b, H,.

The first stage of the complexation of 1b, Hy with KOAc can be modelled
using a single constant B’;; the fitting to the experimental curve leads to
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C) 2L:3M

FIGURE 6 Schematic representation of cation/ligand complexes of various stoichiometries: A: 2L:
IM; B: 2L: 2M; C: 2L: 3M

B = 2.5x10'%12 mol” 2. This is in agreement with the corresponding constant
found in the case of (15-crown-5)4 PcM ((6 % 2)><109 1% mol™ according to
ref. 13).

For the second and third stage of the complexation, [K*]/[1b, H,] > 0.5, three
successive equilibria have been considered and fitted to the experimental curve
to determine B’y and f’5; in this way, it is found:

B,=25 (B =25x10"
ﬂ’2 = 500
ﬁlg =7

A strong positive cooperative effect is found when the second complexation is
compared to the first one:

#,/8'y =200

The third cation 1s more difficultly bound; this is very probably due to the fact
that for the complexes of stoichiometry 2L: 2M (see Fig. 6B), some of the
arrangements do not permit the complexation of the third potassium in sandwich
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between two macrocycles. This phenomenon must not occur for the phthalocya-
nine derivative bearing four crown ether moieties.

The same type of studies and calculations has been carried out with KSCN. In
this case, only two complexation equilibria have been taken into account:

B, =1000
', = 2000

A cooperative effect is still observed but its magnitude is smaller than in the
case of KOAc. Due to the weaker ion pair energy interaction occuring in the case
of KSCN, the first complexation constant (f’;) is three orders of magnitude
larger than for KOAc.

The complexation in the presence of NaOAc or NaSCN is more complicated to
treat since the type of aggregated species formed during the addition of salt is not
known with certainty. In consequence, no attempt to rationalize the complexation
processes has been made.

4. COMPLEXATION PROPERTIES OF COMPOUND 2

The complexation properties of 2 have been compared with those of
[(15-crown-5)4 Pc], Lu previously described?>. In this last case, a fairly regular
decrease of the absorption band is observed until a ratio [K*] / [(15-crown-5),
Pc], Lu = 4 is reached (Fig. 7).

In the case of 2, the plateau value is reached for a stoichiometry in the range
2.5-3 and the absorbance decrease is significantly less than for [(15-crown-5)4
Pc], Lu. A dimer of 2 with the fully substituted phthalocyanine macrocycles fac-
ing each other would lead to a stoichiometry of 4 K*: 2 L (2 : 1). Since a higher
value is found, some aggregation must take place. However this process is not
facilitated by the presence of only three crown-ether macrocyclic substituents on
one of the phthalocyanine ring. Light scattering experiments have been carried
out and they indeed show some light diffusion but the scattered intensity is two
orders of magnitude lower in the case of 2 than for [(15-crown-5)4 Pc],Lu, under
similar conditions.

5. CONCLUSION

The synthesis and the studies of two crown-ether substituted phthalocyanine
derivatives permitted us to determine, by UV — visible absorption spectra, the



Downloaded by [University of California, San Diego] at 02:55 16 August 2012

IONOELECTRONICS 467

Absorbance

0.2

[K"]/ [Ligand]

FIGURE 7 Decrease of the Q — absorption band of [(15-crown-5)4 Pc], Lu (full line) and 2 (dashed
line) in a chloroformic solution by addition of KSCN in MeOH (at the end, the methanol amount does
not exceed 5 %)

effect of the preorganization of the macrocyclic crown-ether subunits on the for-
mation of sandwich complexes of stoichiometry 2 Ligands / 1 cation, 2 Ligands /
2 cations and 2 Ligands / 3 cations. A strong positive cooperative effect has been
noticed for the complexation of the second cation (’,= 500) relatively to the
complexation of the first one (f’; =2.5) with the couple 1b, H, / KOAc in
CHCls. Studies are in progress to link the functionalized products on polymeric
chains and more detailed analyses of the complexation processes are under
way!®.

6. EXPERIMENTAL SECTION

6.1 Generalities

Thin film chromatographies have been carried out on silica (Merck 60 Fs4) or
neutral alumina (Merck 60 F,5,4 type E). Column chromatographies have been
carried out using as stationary phases silica 60 (Merck, 63 — 200um or 15 -
40um for the flash chromatography) or alumina 90 neutral (Merck, 63 — 200pm,
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Activity I). Preparative thin film chromatographies were carried out on silica 60
Fas44366 (Merck) or neutral alumina (Merck, 60 Fysy).

Melting points have been measured with an optical microscope equipped with
a heating plate (Mettler FP 82). IR spectra were recorded with a Fourier Trans-
form Perkin-Elmer 1600 apparatus in the range 4 000 — 400cm™" (KBr pellet)
and 4 000 — 650cm™ {NaCl cell). UV spectra were obtained with a Uvikon 860.
NMR spectra were recorded at 3OOMHZ(]H) or 75MHz (]3C) with a Bruker AM
300 apparatus. Gas chromatography coupled with Mass Spectrometry (GCMS)
was used to characterize all the compounds (Hewlett Packard Ultra 1, EIMS
5971). The temperature variations are indicated as follows:
140/2/16/270/5-1nj250; this means 2min at 140°C, then a temperature increase of
16°C/min, 5 min at 270°C; the ionization chamber in which injection is carried
out is maintained at 250°C. Several mass spectrometry techniques have been
used depending on the compounds:

¢ Chemical ionisation (in collaboration with Mrs Morin, Ecole Normale
Supérieure) using NH3 (M, < 2 000g/mole).

¢ Fast Atom Bombardment (FAB) in collaboration with A. van Dorsselaer
(Université L. Pasteur) (matrix: m — nitrobenzyl alcohol)

* Field Desorption (R. Polley, K. Haberroth, Institut fiir Org. Chemie, Tiibingen)

® Matrix Assisted Laser Desorption lonization (MALDI) — Time of flight
(TOF) method used together with Mr. G. Bolbach (Université P. & M. Curie,
Paris VI).

The microanalyses have been carried out by Mr C. Keyser at Institut C. Sadron
in Strasbourg.

6.2 Syntheses

The synthesis of the 15-crown-5 substituted phtalonitriles has been described in
the literature and the procedures have been followed without significant
modifications>7:13:15-18

4,5 - dibromo — 2 methoxyphenol (9)

This is the starting material for the preparation of the compound 4.

In a dried (300°C under argon) vessel, 300 ml of CH,Cl,, 50ml guaiacol (0.44
mole; 1 eq.), 200mg iron powder and 3 iodine crystals are introduced. The reac-
tion mixture is cooled down to 0°C and 50ml Br, (0.97mole; 2.2 eq.) in solution
in 100m! CH,Cl, are added dropwise for 4 hours. After completion of the addi-
tion, the mixture is stirred at room temperature for 20 hours. The bromine in



Downloaded by [University of California, San Diego] at 02:55 16 August 2012

IONOELECTRONICS 469

excess is neutralized with an aqueous solution of Na,S,03. 5 H,O (42g;

0.17mole). The organic extract is rinsed with water (3 x 300ml) and dried over
MgSO,. The crude product is filtered over silica (eluent CH,Cl,) and recrystal-

lized from 200ml of cyclohexane / toluene (95/5) (Yield: 67%).

m.p. = 93-94°C.

GCMS (m/z): treg = 4.7mn (B 140/2/16/270/5-1nj250)

280,282,284 (M™); 265,267,269 (M*-CH); 237,239,241 (M*-CH;-CO);

160,162 (MH*-CH;-CO-Br).

IR: v (cm™ ) (KBr pellet)

3381 (OH); 3100,3050,3029 (C,,-H); 2977,2931 (CHy);

2833 (CHj3); 1601,1576,1494 (C,=C,,); 1456,1450 (CH;); 1400;

1382; 1329 (OH + C,-OH); 1266 (C,-OCHj3); 1251: 1224;

1204 (C,,-H); 1170,1148,1103; 1028 (C,,0-CHj3); 902; 875;

865 (C,-H); 839; 792; 652; 607; 561; 522; 448.

NMR 'H: & (ppm), CDCl5
Br” 4" 2 0OCH3
3 7

SCHEME 4

7.18 (s, 1H, H; or Hg); 7.06 (s, 1H,H; or Hg); 5.58 (s, broad, 1H, Hg); 3.88 (s,
3H, H,).

NMR '3C: 8 (ppm), CDCl;, (H - decoupling)

146.5, 145.6 (C;, Cy); 119.2, 115.4 (C5, Cg); 115.5, 113.7 (Cy, Cs): 56.4 (C7).
Microanalysis: (CyHgO,Br,, 281.9 g.mol™!)

calculated: C, 29.82; H, 2.15; Br. 56.68

found: C,29.63; H,1.99; Br.55.85

4,5 - dicyano — 2- methoxyphenol (6)

In a dry vessel, 5g of 5 (17.7mmoles; 1 eq.), 4.76g CuCN (53.1mmoles; 3 eq.)
and 100ml freshly distilled DMF are introduced. The reaction mixture is heated
under reflux in nitrogen for 8 hours. After cooling down to room temperature, the
mixture is poored into 1 | of aqueous hydrochloric acid (5%) containing FeCls
(8.7g; 53.6 mmoles). The reaction mixture is heated at 80°C and the organic
compounds are extracted with 2x600ml ethyl acetate. The organic extracts are
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washed with distilled water, dried over MgSQy, filtered through paper and evap-
orated to dryness. The brown viscous oil is filtrated over silica with CH,Cl,,
CH,Cl, / AcOEt (80/20 %), AcOEt and then purified by chromatography (silica:
200g; etuent: CH,Cl, and then CH,Cl, / AcOEt, 95/5 and 90/10). A first fraction
contains the monobromo-monocyano derivative. The compound @ is recrystal-
lized from methanol (yield: 59%).

m.p.=232.5=%1°C.

GCMS (m/2): tygy = 9mn (B 100/2/16/250/5-1nj220)

174 (M*): 159 (M*-CH,); 131 (M*-CH;-CO).

IR. vy (cm_l) (KBr pellet)

3260 (OH); 3061 (C,-H); 2951 (CH;); 2858 (CHjy);. 2241, 2229 (CN); 1600,
1572, 1518 (C,=C,); 1468, 1450 (CHj); 1374 (OH +val. OH); 1307
(C,-OCHjy); 1282; 1240; 1218; 1177; 1095 (O-CH3); 1009; 896 (C,-H); 836;
736; 709; 636; 541.

NMR 'H: & (ppm), acetone-dg

NC : 2 OCH3;
10 7

43
SCHEME 5

9.52 (s, broad, 1H, Hyg); 7.58 (s, 1H, C5 or Cg); 7.38 (s, 1H, C; or Cg); 4.04 (s,
3H, Hy).

NMR3C: & {ppm), acetone-dg, (H-decoupling)

152.9, 152.6 (Cy, Cy); 121, 117.7 (C3, Cg); 117.5, 117.3 (Cq, Cyg); 110.1, 108.5
(C4, Cs); 57.8 (Cy).

Microanalysis: (CeHgO,N,, 174.2 gmol ™)

calculated: C, 62.07; N, 16.08; H, 3.47

found: C, 62.00; N, 15.75; H, 3.56

6~(4,5 -dicyano-2 -methoxy benzoxy) ethyle hexanoate. (7)

550mg (3.16mmoles, 1 eq.) of 6 are in suspension in 8ml distilled DMSO.
360mg (6.41mmoles, 2 eq.) of KOH are added. After 30min, 2 g of ethyl 6-bro-
mohexanoate (8.96mmoles, 2.8 eq.) are introduced and the solution is stirred
overnight. The reaction mixture is diluted with 60ml CH,Cl,, washed with dis-
tilled water; the organic phase is dried over MgSQ,, filtrated and evaporated to
dryness. The excess of ethyl 6-bromohexanoate is separated by chromatography
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on silica (150g; eluent: CH,Cl, and CH,Cl, / AcOEt, 1.2%). The product is
recrystallized from 30ml of heptane / toluene (75/25 %) (yield: 79.5%).

m.p. = 102.5 + [°C.

GCMS: (m/z): 1y, = 10.8 min (8,,,,,: 140/2/16/270/5-Inj250)

316 (M*1); 271 (M*-OEb); 229 (M*-OEt-CO-CH,); 215 (M*-OEt-CO-(CH,)»);
201 (M*-OE-CO-(CH,)3); 187 (M*-OEt-CO-(CH,),); 174 (MH*-OEt-CO-(CH,)s);
159 (MH*-OEt-CO-(CH,)5-CHz); 143(*(CH,)sCO,EY).

IR: v (cm™"), (KBr pellet)

3127, 3068 (C,-H); 2930 (CH,, CH3); 2862 (CH,, CHj);

2229 (CN); 1729 (C=0); 1593, 1566, 1520 (C,,=C,,);

1472,1455,1451 (CH,, CH3); 1414; 1400; 1391; 1373 (CHy);

1360 (C,-O-C,p); 1288, 1236 (C,,-OC,)); 1223; 1200 (C-O ester); 1162;

1094; 1047 (C,,0-C,p); 1026; 1007; 959; 926 (C,-O-C,p);

892, 858 (C,-H); 815; 538.

NMR 'H: § (ppm), CDCl4

8 & 5 3 O
5. 1‘ \/\/\)J\
NC © 1 OCHZCH3
6 4 2 S

NC” 4~ 2"OCH3
9| 3 7'
SCHEME 6

7.14 (s, 1H, H; or Hg); 7.13 (s, 1H, H; or Hg); 4.13 (q, 2H, H4); 4.07 (t, 2H, Hy);
3.95 (s, 3H, H;); 2.35 (1, 2H, H,); 1.9 (m, 2H, Hs); 1.72 (m, 2H, Hy);

1.42 (m, 2H, Hy); 1.26 (t, 3H, Hyg).

3¢: § (ppm), CDCl; (H-decoupling)

173.4 (Cy); 152.7, 152.1 (Cy», Cyr ); 115.8, 115.7 (Cy, Co); 115.5, 114.8 (Cy,
Cg); 108.8, 108.6 (Cyr, Cy); 69.5 (Cg); 60.3 (Cr); 56.5 (Cy); 34 (Cy); 28.4 (Cy);
25.4 (Cy); 24.5 (C5); 14.2 (Cy).

Microanalysis: (C7Hy0O4Ny, 316.3g.mol ™)

calculated: C, 64.54; H, 6.37; N, 8.85

found: C, 64.75; H, 6.43; N, 8.75

2-[5-(hexyloxycarbonyl) pentyloxy]-3-methoxy; 9,10; 16,17;
24-tris-(3,6,9 trioxaundecan-1,11-diyloxy)
dihydrophthalocyanine (1b, H,)

Synthesis of 1b, Mg.
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In a dry vessel are introduced: 115mg MgCl, (1.2mmole; 1.2 eq.), 955mg of
phthalonitrile 3 (3mmoles; 3 eq.), 317mg of 4 (Immole; 1 eq.) and 10ml distilled
n-hexanol. The reaction mixture is heated under reflux and then 450ul
(3mmoles; 3 eq.) of DBU are added. The heating 1s maintained during SH30 and,
after cooling, most of the n-hexanol is evaporated under vacuum. The substituted
magnesium phthalocyanines are precipitated and washed with pentane.

Four different products corresponding to la, Mg (Rf=04), 1b, Mg
(Rf = 0.75), 1¢. Mg and 1d, Mg (Rf=0.9) and le, Mg (Rf = 1) (see Figure 2) can
be detected by TLC on alumina (eluent: CHCl; / MeOH: 94/6%). In further reac-
tions, the mixture will be used. It is treated at 65-70°C in 40ml DMF containing
2.5 ml HC1 (36%) for 2 hours. After cooling, 100ml CHCI; and 25ml MeOH are
added. The organic phase is washed with 250ml distilled water. After evapora-
tion, the crude phthalocyanine compounds are filtrated over 200 g alumina (elu-
ent: CHCl3 / MeOH: from 2 to 5% alcohol). In this way 980mg of green powder
is obtained. The four products 1a, H, (Rf = 0.2), 1b, H, (Rf = 0.45), 1¢, H, and
1d, H, (Rf =0.75) and 1e, H; (Rf = 1) can be detected by TLC on alumina (elu-
ent: CHCl5 / MeOH: 97/3).

The crude product is separated by preparative thin layer chromatography on
alumina (eluent: CHCly / MeOH: 97/3; Rf = 0.45). The product is recovered
from the plate by using CHCl; / MeOH (90/10). 1b, Hj is then solubilized in
CHCl,, filtrated over sand to remove traces of alumina and the impurities are fur-
ther removed by a soxhlet extraction with methyl acetate (yield: 23.1 %).

The overall yield of preparation of la-f is estimated to be around 64 %.

IR: v (cm-1) (KBr pellet)

3386 (NH bound + OH, H,0); 3296 (NH free); 3074 (C,-H); 2926 (CH,, CHs);
2863 (CH,, CHa); 1731 (C=0); 1670; 1609, 1484, 1448 (C,=C,,, C,,=N); 1404,
1380; 1360 (C,-O-CH,); 1330; 1280 (C,-OCH,); 1204 (C,-H); 1130, 1098
(Cy-0-Cy); 1057 (C,,0-CH,); 1024; 937 (C,,-O-CH,); 856 (C,-H); 794; 744;
705.

UV-visible: &, nm (g, 1. mol~!. cm™)

700 (153 000); 662 (124 000); 644 (51 000); 600 (2 700); 422 (36 000); 349 (84
000); 295 (56 000).

Microanalysis: (CgoHgqO19Ng. H>0, 1329.5 + 18 = l347.5g.mol—l)

calculated: C, 61.50; H, 6.43; N, 8.32

found: C, 61.52, H, 6.27; N, 8.27

MS (FAB, m/z): matrix: m-nitrobenzyl alcohol

1351.4 (M+Na*); 1329.4 (M*); 1170.3 (MH*-CO,Hex-OCHj3).

MS (MALDI-TOF) matrix: 0. cyano-4-hydroxycinnamic acid

m/z = 1333.2 (M*); 1355.5 (M + Na*); 2663.5 (My)*; 3999 (M3)* — A system-
atic shift of 4 units is due to the use of standard calibration.
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NMR 'H and 3C: (8 (ppm),

For 1b, H; the best experimental conditions were in CDCl; at 50°C. The NMR
spectra have been shown to be sensitive to concentration: important chemical
shifts are noticed between 3x107> M and 5x 107 M.
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SCHEME 7

TABLE I 'H NMR Chemical shifts for 1b, H, and assignment of the peaks (CDCl3, 3 1073 M, 50°C)

atoms fy H, H; g Hyp Hy Hp Hys

& (ppm) 2.55 438 7.98-8.16 4.54 2.26 1.88 1.99

atoms Hyg Hy; Hig Hig0 Hy, Hy

8 (ppm) 4.18 1.70 1.36 1.36 090  -335
atoms H, Hy, H, Hy
4.60,4.54 4.23 3.98 3.98

The assignment has been carried out by comparison with model compounds
and COSY spectra of the corresponding 18-crown-6 derivative.

With the same numbering, the assignment of the 3¢ NMR spectra has been
carried out.

TABLE Il "YC NMR Chemical shifts for 1b, Hy and assighment of the peaks (CDCl;, 3 107 M,
50°C)

atoms Gy G Cr9 Ciys Cos.7 Css6
4 (ppm) 56.9 152.2 1514 105.6,105.4,105.3 130.2,129.8 148.4
atoms Cy Co C3 Cpy Cis Cie Cp Cig
3 (ppm) 69.6 29.7 26.2 252 345 not det. 64.6 28.8 25.7
atoms Cyy Cyo Cyy C, Cy C. Cq

3 (ppm) 31.5 225 13.9 69.6 699 70.7 71.5
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Acetato {2-[5-(hexyloxycarbonyl) pentyloxy]-3-methoxy; 9,10; 16,17;
23,24 - tris — (3,6,9-trioxaundecan-1,11-diyloxy)
phthalocyaninato}lutetium (1b, Lu OAc)

Two solutions are prepared separately:

— 120mg of lutetium triacetate (0.34mmoles; 3 eq.) are dried at 160°C under
vacuum for 4H30, they then are dissolved in 2ml DMSO.

— 150 mg of 1b, H, (0.113mmole; 1 eq.) are dried at 100°C for 4 hours in a
stream of argon and then 8ml DMSQ are added and heated up to 180°C until
complete solubilization.

In the second solution 170! (0.272mmole; 2.4 eq.) of a 1.6M solution of BuLi
in hexane is introduced. After 20min of stirring at 180°C, 120mg lutetium triace-
tate in DMSO are added. After 30min at 190°C under argon, the reaction mixture
is cooled down to room temperature and diluted with 30ml CHCl,. The organic
phase is washed with 20ml distilled water, and partly evaporated to dryness. The
DMSO is removed by a strong air flow at room temperature during 24-48H. The
crude product 1b, Lu OAc is dissolved in a small amount of CHClsand precipi-
tated by adding 100m! of a solution of Et,O / AcOEt (90/10). 170 mg (yield:
96%) of 1b, Lu OAc are obtained in this way.

N.B. 1b, LuOAc cannot be purified by chromatography over alumina, it
decomposes with the loss of the lutetium ion.

IR: v (cm™Y), (KBr pellet)
3405 (OH, H,0); 3077 (C,,-H); 2924 (CH,, CHj);
2857 (CH,, CHy); 1719 (C=0, CO,Hex + OAc);
1606, 1494, 1453 (C,, = C,,, C, = N); 1401; 1379; 1357 (C,, — O — CH,)
1277 (C,~OCH,); 1202 (C,-H); 1128, 1085 (C,-O-C,);
1055 (C,,0-CH,); 984; 936 (C,-O-CH,); 862, 812 (C,-H); 769; 754; 734.
UV-visible: A, nm (g, 1.mol™'. cm™!), CHCI;.
679 (119 000); 614 (23 000); 356 (62 000); 291 (40 000).
Microanalysis: (C71HgsO,Nglu. 4H,0, 1561.5 +72=1633.5 g.mol™!, OAc
included)
calculated: C, 52.20; H, 5.74; N, 6.86; Lu, 10.71
found: C, 52.11; H, 5.52; N, 6.98; Lu, 10.11
1) MS (MALDI-TOF, m/z): matrix: o-cyano-4-hydroxycinnamic acid (M,
189.17 g. mol_l) 1691.04 (M*-OAc + | molecule of matrix, carboxylate form).

2) MS (MALDI-TOF, m/z): Cgg Hgy O9 Ng Lu (without OAc) M, = 1502.43
(monoisotopic mass: 1501.51).

Main peaks observed (monoisotopic peak): 1501.63 (M*); 1689.98 (M+
matrix)*; 1713.93 (M+matrix+Na*); 1729.14 (M+ matrix + K*).



Downloaded by [University of California, San Diego] at 02:55 16 August 2012

IONOELECTRONICS 475

The analysis of the isotropic distribution at m/z = 1689.98 when compared to
the calculated one shows the contribution of two ions, with and without H”.

TABLE Il Assignment of the 'H NMR spectra of 1b, Lu OAc in CDCl3/ CD3;0D (95/5 %) 3 107° M
{reference taken: CHCl3 8=7.27 ppm) (notation as in Tables II and III)

atoms Hpy H Hiyg Hyg Hyy Hp, Hys
3 (ppm) 2.43 4.39 8.88 4.68 2.14 1.73 1.85
atoms Hig Hy; Hiy Hig00 Hy, Hy,
& (ppm) 4.09 1.62 1.29 1.29 0.85 /
atoms H, H, H, Hy
4.68 4.09 3.79 3.79

{2-[5-(hexyloxycarbonyl)pentyloxy]-3-methoxy; 9,10; 16,17;
23,24-tris-(3,6,9-trioxaundecan-1,11-diyloxy)phthalocyaninato}[2,3;9,
10;16,17,;23,24-tetrakis- (3,6,9-trioxaundecan-1,11-diyloxy)
phthalocyaninato]lutetium (lll) (2)

In a dry wessel, one introduces 160mg (0.102mmole; 1 eq) of phthalocyanine
derivative 1b, Lu QAc, 261mg (0.816mmole; 8 eq.) of crown-ether substituted
phthalonitrile (3) and 6.5ml n-hexanol. The reaction mixture is heated at 160°C
under argon until complete dissolution of 1b, Lu OAc and 3 before adding 90ul
(0.604 mmole; 6 eq.) of DBU. The reaction mixture is stirred under reflux for 8
hours. After cooling down to room temperature, the phthalocyanines are precipi-
tated by adding of 80 ml n-hexane in the solution. The suspension is filtered over
celite and rinsed successively with n-hexane, pentane / CHCl; (90/10 %), pen-
tane / CHCly (80/20%) and the product is finally extracted by a mixture
CHCI3/MeOH (95/5). The compound 2 is isolated by TLC (alumina;

eluent: CHCl; / MeOH: 97.5 / 2.5%; Rf = 0.7). The product is then filtrated
twice over 40g of Bio-Beads® SX3 (eluent: CHCl3) to remove the traces of
remaining alumina (Yield: 21 %).

For UV-visible studies, 2 is further filtrated twice on Bio-Beads® SX3 the end
fractions are discarded (green — yellowish colour). After redissolution in CHCl,,
the product is reprecipitated with Et,O.

IR: v (cm™") (KBr pellet)

3419 (OH, H,0); 3074 (C,-H); 2927 (CH,, CHy);

2864 (CH,, CHj3); 1730 (C=0);

1601,1499,1455 (C,,=C,,.C,=N); 1399; 1376; 1357 (C,,-O-CH,); 1324,
1278 (C,-OCH,); 1203 (C,-H); 1128, 1104, 1082 (C,-O0-C,);

1056 (C,,0-CH,); 982; 935 (C,-O-CH,); 858, 810 (Cy-H); 756.
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UV-visible: A, nm (e.1.mol™!. cm™"), CHCl,
666 (159 000); 603 (30 000); 476 (39 000); 367 (131 000); 291 (102 000).
Microanalysis: (C,33H;54039N gL, 2775.7g.mol ™)
calculated: C, 57.55; H, 5.59; N, 8.07: Lu, 6.30

found: C, 57.37;, H, 5.73; N, 7.54; Lu, 5.70
MS (MALDI-TOF, m/z): matrix: a-cyano-4-hydroxycinnamic acid (M,, = 189.17 g.

mol ™! )

M,, = 2775.38 g.mol~! monoisotopic mass: 2773.997

DIDIER PERNIN and JACQUES SIMON

Above approximately 1000, no other peak than the parent ion is observed

(Figure 8).
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FIGURE 8 Isotopic distribution of the parent ion observed for 2 (apparatus: Vestec)

TABLE IV Assignment of the 'H NMR spectrum of 2

atoms Hy Hyzs Hy Hy Hp; Hp; Hyy
3 (ppm) 3.78 broad 4.9-6.5 3.78 2.20 1.87 1.96 2.46
atoms Hig Hy; Hyg Hyg Hig 20 Hy Hy
4.11 1.65 1.32 / 1.32 0.89 /
atoms H, Hy He Hy He
3.78 4.11 391 391 /
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6.3 Complexation properties

The complexation properties have been determined by adding solutions of salt
(2.5)(10_3 M in MeOH or CHCl; / MeOH: 90/10) to chloroformic solutions
(107 M) of mono or bisphthalocyanine lutetium derivatives. The solutions are
stirred for 1-2 mn before UV-visible absorption measurements. The value of the
absorbance is corrected by the variation of the volume.

The amount of aggregated species is given by the formula given in the section:
« complexation properties of 1b, Hs.

The calculation of the equilibrium constants has been partly explicited in the
corresponding section. With the same notation, one can write:

x = [L]/L,; y = [LM]/Lg; 2z = [LaM;]/Lo; t = [LaMs]/Lo;
u = [LyMy)/Lo; m = [M]/L_; me = M,/L,
It then comes:
X+y+224+2t+2u=1
m+y+2z+ 3t +4u=M,

These equations represent the conservation of the mass of ligand and cation.
Further developments may be found in the literature in order to use them to cal-
culate the binding constants.?’
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