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substrates printed with coded data, are described extensively in the cross-referenced patents and

patent applications above (the contents of which are herein incorporated by reference).

In the anticipation of widespread adoption of netpage and Hyperlabel® technologies, there
exists a considerable need to develop efficient syntheses of dyes suitable for use in inks for printing
coded data. As foreshadowed above, naphthalocyanines and especially gallium naphthalocyanines
are excellent candidates for such dyes and, as a consequence, there is a growing need to synthesize
naphthalocyanines efficiently and in high yield on a large scale.

Naphthalocyanines are challenging compounds to synthesize on a large scale. In US Patent
Nos. 7,148,345 and 7,122,076, we described an efficient route to naphthalocyanines via
macrocyclization of naphthalene-2,3-dicarbonitrile. Scheme 1 shows a route to the sulfonated

gallium naphthalocyanine 1 from naphthalene-2,3-dicarbonitrile 2, as described in US 7,148,345.
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Scheme 1

However, a problem with this route to naphthalocyanines is that the starting material 2 is
expensive. Furthermore, naphthalene-2,3-dicarbonitrile 2 is prepared from two expensive building
blocks: tetrabromo-o-xylene 3 and fumaronitrile 4, neither of which can be readily prepared in
multi-kilogram quantities.

CHBr; CN
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Accordingly, if naphthalocyanines are to be used in large-scale applications, there is a need

to improve on existing syntheses.

Summary of the Invention
In a first aspect, there is provided a method of preparing a naphthalocyanine comprising

the steps of:
(i) providing a tetrahydronaphthalic anhydride;
(ii) converting said tetrahydronaphthalic anhydride to a benzisoindolenine; and
(iii) macrocyclizing said benzisoindolenine to form a naphthalocyanine.

Optionally, the tetrahydronaphthalic anhydride is of formula (I):



Optionally, the tetrahydronaphthalic anhydride is of formula (1): 3
wherein: Ith R2, R3 and R4 are each independently selected from hydrogen,
hydr oxyl, Cl-20al kyl, C1-20 al koxy, am no, ClI-20al kyl am no,

di (CL. 20al kyDam no, hal ogen, cyano, thiol, Cl.20al kylthio, nitro,
Cl_20al | cyl car boxy, Ci1-20al kyl carbonyl, Cﬁ 20 al koxycar bonyl

Cl1- 20al kyl car bonyl oxy, C1-20 al kyl carbonyl am no, C520 aryl, C5-20
aryl al kyl, C5_20 aryl oxy, C5-20 arylal C5020 heteroaryl, C5.20

het er oaryl oxy, C5.20het eroaryl al koRy et eroaryl al kyl Optionally,
R, R, 1(3 and R4 are all hydrogen. Optdonal Iy, step (ii) conprises
a one-pot conversion fromthe tetrgah 2P al ic anhydride to a
benzi soi ndol eni ne salt. This one-pot cg Sr5|om facilitates synthesis of
napht hal ocyani nes via the route descrlbed above and greatly inproves yields
and scalability. Optionally, the benzisoindolenine salt is a nitrate
sal t althodﬁﬁ“ﬁfher salts (e.g. benzene sulfonate salt) are of course
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heteroaryloxy, Cs.yo heteroarylalkoxy or Cs. heteroarylalkyl.

Optionally, Ry, R, R; and R, are all hydrogen.

Optionally, step (ii) comprises a one-pot conversion from the tetrahydronaphthalic
anhydride to a benzisoindolenine salt. This one-pot conversion facilitates synthesis of
naphthalocyanines via the route described above and greatly improves yields and scalability.

Optionally, the benzisoindolenine salt is a nitrate salt although other salts (e.g. benzene
sulfonate salt) are of course within the scope of the present invention.

Optionally, the one-pot conversion is effected by heating with a reagent mixture
comprising ammonium nitrate.

Optionally, the reagent mixture comprises at least 2 equivalents of ammonium nitrate with
respect to the tetrahydronaphthalic anhydride.

Optionally, the reagent mixture comprises urea.

Optionally, the reagent mixture comprises at least one further ammonium salt.

Optionally, the further ammonium salt is selected from: ammonium sulfate and ammonium
benzenesulfonate

Optionally, the reagent mixture comprises a catalytic amount of ammonium molybdate.

Optionally, the heating is within a temperature range of 150 to 200°C.

The reaction may be performed in the presence of or in the absence of a solvent.
Optionally, heating is in the presence of an aromatic solvent. Examples of suitable solvents are
nitrobenzene, biphenyl, diphenyl ether, mesitylene, anisole, phenetole, dichlorobenzene,
trichlorobenzene and mixtures thereof.

Optionally, the benzisoindolenine is liberated from the benzisoindolenine salt using a base.
Sodium methoxide is an example of a suitable base although the skilled person will be readily
aware of other suitable bases.

Optionally, the benzisoindolenine is of formula (IT):



Optionally, the further amoniumsalt is selected from ammonium sul fate
and ammoni um benzenesul fonate Optionally, the reagent m xture conprises a
catal yti c anmount of ammoni um nol ybdate. Optionally, the heating is within a
tenperature range of 150 to 200C. he reaction may be perforned in

t he presence of or in the absence of a solfvent. Optionally, heating is in
the presence of an aromatic solvent. Exanples of suitable solvents are
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t he benzi soi ndol enine is of fornula (Ilf (4 wherein: R, R2, R3 and R4
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Optionally, the naphthalocyanine is of formula (III):
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wherein:

Ry, Ry, Rs, Ry, Rs, R, Ry, Rg, Ro, Rig, Ri1, Ri2, Ri3, Ry, Rys and Ry are each independently selected
from hydrogen, hydroxyl, C;.y alkyl, C;. alkoxy, amino, C;. alkylamino, di(C,_, alkyl)amino,
halogen, cyano, thiol, C;yalkylthio, nitro, Cy_ alkylcarboxy, C.5 alkylcarbonyl, C;.
alkoxycarbonyl, C;.y alkylcarbonyloxy, C;_5 alkylcarbonylamino, Cs_ aryl, Cs. arylalkyl, Cs.5o
aryloxy, Cs. arylalkoxy, Cs., heteroaryl, Cs.,o heteroaryloxy, Cs.oo heteroarylalkoxy or Cs.p
heteroarylalkyl;



wherein: R, R2, R3, Ra, R5, R6, R2, R3, RO,R10,R 1, R12, R13, R14, R15 and
R16 are each independently selected from hydrogen, hydroxyl, Cl-20 alkyl,
Cl 20 al koxy, ami no, Cl_20 allcylam no, al kyl )am no, hal ogen, cyano, thiol,
Cl 20 al kylthio, nitro, Cl1_20 al kyl carboxy, Cl1_20 allcyl carbonyl, Ci1-20

al koxycar bonyl , C1-20 al kyl car bonyl oxy, , 20 al kyl carbonyl am no, C5-20
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Optionally, R;, Ry, Rs, Rs, Rs, Re, R7, Rg, Ry, Ryo, Ri1, Rz, Ry3, Rig, Rys and Ryg are all
hydrogen.

Optionally, M is Ga(A"), such as Ga(OCH,CH,0CH,CH,OCH,CH,0OMe); that is where R?
is CH,CH,OCH,CH,OCH,CH,0OMe. For the avoidance of doubt, ethers such as
CH,CH,0OCH,CH,0OCH,CH,0Me fall within the definition of alkyl groups as specified
hereinbelow. Gallium compounds are preferred since they have excellent lightfastness, strong
absorption in the near-IR region, and are virtually invisible to the human eye when printed on a
page.

Optionally, step (iii) comprises heating the benzisoindolenine in the presence of a metal
compound, such as AICl; or GaCl; or a corresponding metal alkoxide. The reaction may be
performed in the absence of or in the presence of a suitable solvent, such as toluene, nitrobenzene
etc. When a metal alkoxide is used, the reaction may be catalyzed with a suitable base, such as
sodium methoxide. Alcohols, such as triethylene glycol monomethyl ether or glycol may also be
present to assist with naphthalocyanine formation. These alcohols may end up as the axial ligand of
the naphthalocyanine or they may be cleaved from the metal under the reaction conditions. The
skilled person will readily be able to optimize the conditions for naphthalocyanine formation from
the benzisoindolenine.

Optionally, the method further comprises the step of sulfonating said naphthalocyanine.
Sulfonate groups are useful for solubilizing the naphthalocyanines in ink formulations, as described
in our earlier US Patents Nos. 7,148,345 and 7,122,076.

In a second aspect, there is provided a method of effecting a one-pot conversion of a
tetrahydronaphthalic anhydride to a benzisoindolenine salt, said method comprising heating said
tetrahydronaphthalic anhydride with a reagent mixture comprising ammonium nitrate.

This transformation advantageously obviates a separate dehydrogenation step to form the
naphthalene ring system. The ammonium nitrate performs the dual functions of oxidation

(dehydrogenation) and isoindolenine formation.



Optionally, Mis Ga(Al), such as Ga( OCH2CH2OCH2CH2OCH2CH20Me); that is
where i s CH2CH2OCH2CH2OCH2CH20Me. For the avoi dance of doubt, ethers such
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speci fied hereinbelow Gallium conpounds &re preferred since they have
excel l ent |ightfastness, strong absorptioh in the near-lit region, and are
virtually invisible to the human eye when printed on a page.
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The method according to the third aspect surprisingly minimizes polymeric by-products
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and improves yields, when compared to literature methods for this reaction employing DMF as the
solvent. These advantages are amplified when the reaction is performed on a large scale (e.g. at
least 0.3 molar, at least 0.4 molar or at least 0.5 molar scale).

Optionally, Nal is used to catalyze the coupling reactions when X is Cl or Br.

Optionally, a metal carbonate base (e.g. Na,COs3, K,COs, Cs,CO;s eic) is present.

Optionally, the hydroxymethanesulfinate salt is sodium hydroxymethanesulfinate
(Rongalite™).

Optionally, R;, Ry, R3 and Ry are all hydrogen.

Optionally, the method comprises the further step of reacting the sultine (V) with an olefin
at elevated temperature (e.g. about 80°C) to generate a Diels-Alder adduct.

Optionally, the olefin is maleic anhydride and said Diels-Alder adduct is a

tetrahydronaphthalic anhydride.
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Figure 5 is a "H NMR spectrum of the benzisoindolenine 7 in d;-DMSO.

Figure 6 is an expansion of the aromatic region of the 'H NMR spectrum shown in Figure
5; and

Figure 7 is a UV-VIS spectrum of naphthalocyanatogallium methoxytriethyleneoxide in
NMP.

Detailed Description

As an alternative to dicarbonitriles, the general class of phthalocyanines is known to be
prepared from isoindolenines. In US 7,148,345, we proposed the benzisoindolenine 5 as a possible

precursor to naphthalocyanines.

However, efficient syntheses of the benzisoindolenine 5 were unknown in the literature,
and it was hitherto understood that dicarbonitriles, such as naphthalene-2,3-dicarbonitrile 2, were
the only viable route to naphthalocyanines.

Nevertheless, with the potentially prohibitive cost of naphthalene-2,3-dicarbonitrile 2, the

present inventors sought to explore a new route to the benzisoindolenine S, as outlined in Scheme



Optional ly, the tetrahydronaphthalic anhydride is used as a precursor for
napht hal ocyani ne synthesis, as descri bed herein. Optional ly, the
napht hal ocyani ne synthesi s proceeds via conversion of the

t et rahydr onapht hal i ¢ anhydri de to a benzi goi ndol eni ne, as descri bed herein.
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Scheme 3
Referring to Scheme 2, it was hoped that the conversion of naphthalic anhydride 7 to the
benzisoindolenine 5 would proceed analogously to the known conversion of phthalic anhydride to

the isoindolenine 8, as described in W098/31667.

NH

N

8 NH;

However, a number of problems remained with the route outlined in Scheme 2. Firstly, the
dehydrogenation of tetrahydronaphthalic anhydride 6 typically requires high temperature catalysis.
Under these conditions, tetrahydronaphthalic anhydride 6 readily sublimes resulting in very poor
yields. Secondly, the preparation of tetrahydronaphthalic anhydride 6 on a large scale was not
known. Whilst a number of small-scale routes to this compound were known in the literature, these
generally suffered either from poor yields or scalability problems.

The use of sultines as diene precursors is well known and 1,4-dihydro-2,3-benzoxathiin-3-
oxide 10 has been used in a synthesis of 6 on a small scale (Hoey, M. D.; Dittmer, D. A. J. Org.
Chem. 1991, 56, 1947-1948). As shown in Scheme 4, this route commences with the relatively
inexpensive dichloro-o-xylene 11, but the feasibility of scaling up this reaction sequence is limited
by the formation of undesirable polymeric by-products in the sultine-forming step. The formation

of these by-products makes reproducible production of 6 in high purity and high yield difficult.
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Scheme 4

Nevertheless, the route outlined in Scheme 4 is potentially attractive from a cost
standpoint, since dichloro-o-xylene 11 and maleic anhydride are both inexpensive materials.
Whilst the reaction sequence shown in Schemes 4 and 2 present significant synthetic

challenges, the present inventors have surprisingly found that, using modified reaction conditions,



NMP. Detail ed Description As an alternative to dicarbonitriles, the
general class of phthal ocyanines is known to be prepared from

i soi ndol enines. In US 7,148, 345, we proposed the benzi soindol enine 5 as a
possi bl e precursor to napht hal ocyani nes. 9 However, efficient

synt heses of the benzisoindol enine 5 were”unknown in the literature, and it
was hitherto understood that dicarbonitriles, such as

napht hal endhobenzigpipdoteningiStcan begeperatod op addrge ssalp gnd/indigheyigld leace, e present

napht hal ocYighihfiGiSenables the pGYEbA Bﬂaﬁﬁﬁaloéyaﬁinestm Rk Rt Adrin AL AN, bhd/ e
cost of naphthal ene-2, 3-dicarbonitrile 2, the present inventors sought to
expl ore a rieriesents e significank eosh iy waicAdPIAione sEitheses, which ptag frommagithadens-223-

8 Schenme 2 icarbonitrild@t r ahydr onapht hal i ¢ anhydride 6 was an attractive
starting point, because this is a known Di el s-Al der adduct which nmay be
synt hesi zed vi a RefuripgigiSehamotatherais sovarpgode to thobeeiseipdolgne S, which

incorporates two synthetic improvements in accordance with the present invention.
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Unexpectedly, it was found that by using DMSO as the reaction solvent in the conversion
of 11 into 10, the reaction rate and selectivity for the formation of sultine 10 increases significantly.
This is in contrast to known conditions (Hoey, M. D.; Dittmer, D. A. J. Org. Chem. 1991, 56,
1947-1948) employing DMF as the solvent, where the formation of undesirable polymeric side-
products is a major problem, especially on a large scale. Accordingly, the present invention
provides a significant improvement in the synthesis of tetrahydronaphthalic anhydride 6.

The present invention also provides a significant improvement in the conversion of
tetrahydronaphthalic anhydride 6 to the benzisoindolenine 5. Surprisingly, it was found that the
ammonium nitrate used for this step readily effects oxidation of the saturated ring system as well as
converting the anhydride to the isoindolenine. Conversion to a tetrahydroisoindolenine was
expected to proceed smoothly, in accordance with the isoindolenine similar systems described in
WO98/31667. However, concomitant dehydrogenation under these reaction conditions
advantageously provided a direct one-pot route from the tetrahydronaphthalic anhydride 6 to the
benzisoindolenine salt 12. This avoids problematic and low-yielding dehydrogenation of the
tetrahydronaphthalic anhydride 6 in a separate step. Subsequent treatment of the salt 12 with a
suitable base, such as sodium methoxide, liberates the benzisoindolenine 5. As a result of these
improvements, the entire reaction sequence from 11 to 5 is very conveniently carried out, and
employs inexpensive starting materials and reagents (Scheme 5).

The benzisoindolenine 5 may be converted into any required naphthalocyanine using

known conditions. For example, the preparation of a gallium naphthalocyanine from



Referring to Scheme 2, it was hoped that the conversion of naphthalic
anhydride 7 to the benzi soi ndol enine 5 woul d proceed anal ogously to the
known conversion of phthalic anhydride to the isoindolenine 8, as described
in W98/ 31667. NH 8 NH2 Fbmever,lg nunber of problens remained with
the route outlined in Schene 2. Firstly, he dehydrogenation of
tetrahydronapht hal i ¢ anhydri de ﬁplcall requires high tenperature
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chal | enges, the present”inv ntors have surpr|3|ng y tTound using
modi fied radeteiappropiaili t i ons,

The term “heteroaryl” refers to an aryl group, where 1, 2, 3 or 4 carbon atoms are replaced
by a heteroatom selected from N, O or S. Examples of heteroaryl (or heteroaromatic) groups
include pyridyl, benzimidazolyl, indazolyl, quinolinyl, isoquinolinyl, indolinyl, isoindolinyl,
indolyl, isoindolyl, furanyl, thiophenyl, pyrrolyl, thiazolyl, imidazolyl, oxazolyl, isoxazolyl,
pyrazolyl, isoxazolonyl, piperazinyl, pyrimidinyl, piperidinyl, morpholinyl, pyrrolidinyl,
isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, pyridyl, pyrimidinyl, benzopyrimidinyl,
benzotriazole, quinoxalinyl, pyridazyl, coumarinyl ezc. The term “heteroarylene”, of course, refers
to divalent groups corresponding to the monovalent heteroaryl groups described above. Any
reference to heteroaryl implicitly includes heteroarylene, where appropriate.

Unless specifically stated otherwise, aryl and heteroaryl groups may be optionally
substituted with 1, 2, 3, 4 or 5 of the substituents described below.

Where reference is made to optionally substituted groups (e.g. in connection with aryl
groups or heteroaryl groups), the optional substituent(s) are independently selected from C,salkyl,
C,.s alkoxy, —(OCH;CHz)dORd (wherein d is an integer from 2 to 5000 and R%is H, C,galkyl or
C(0)C,z alkyl), cyano, halogen, amino, hydroxyl, thiol, -SR”, -NR“R’, nitro, phenyl, phenoxy,
—CO,R’, =C(O)R", —OCOR", —=SO,R", “OSO,R", =SO,0R", -NHC(O)R", ~CONR"R’, -CONR"R’,
—SO,NR“R’, wherein R* and R” are independently selected from hydrogen, Cy.50 alkyl, phenyl or
phenyl-C, g alkyl (e.g. benzyl). Where, for example, a group contains more than one substituent,
different substituents can have different R* or R” groups.

The term “alkyl” is used herein to refer to alkyl groups in both straight and branched
forms. Unless stated otherwise, the alkyl group may be interrupted with 1, 2, 3 or 4 heteroatoms

selected from O, NH or S. Unless stated otherwise, the alkyl group may also be interrupted with 1,



9 the benzisoindol enine 5 can be generated on a |arge scale and in high
yield. Hence, the present invention enables the production of
napht hal ocyani nes from i nexpensive starting materials, and represents a
significant cost inprovenent over known %éhtheses which start from
napht hal ene- 2, 3- dicarbonitrile 2. eferring to Scheme 5, there is
shown a route to the benzisoindol enine 5 which incorporates two synthetic
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be perforned using o m as descri ent Nos and
7,122, 076. when compounds may exist in stereoisomeric forms, then all possible stereoisomers and mixtures

thereof are included (e.g. enantiomers, diastereomers and all combinations including racemic
mixtures efc.).

Likewise, when compounds may exist in a number of regioisomeric or tautomeric forms,
then all possible regioisomers, tautomers and mixtures thereof are included.
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For the avoidance of doubt, the term (or “an”), in phrases such as “comprising a”,
means “at least one” and not “one and only one”. Where the term “at least one” is specifically used,
this should not be construed as having a limitation on the definition of “a”.

Throughout the specification, the term “comprising”, or variations such as “comprise” or
“comprises”, should be construed as including a stated element, integer or step, but not excluding
any other element, integer or step.

The invention will now be described with reference to the following drawings and
examples. However, it will of course be appreciated that this invention may be embodied in many

other forms without departing from the scope of the invention, as defined in the accompanying

claims.



Hitherto, the use of tetrahydronaphthalic anhydride 6 as a buil ding bl ock
for napht hal ocyani ne synthesis had not previously been reported. However,

it has now been shown that tetrahydronaphthalic anhydride 6 is a viable
internediate in the synthesis of these iq&ortant conpounds. Moreover, it is
understood by the present inventors that the route shown in Schene 5
represents the nost cost-effective synthesis of benzi soi ndol eni nes 5.

The term"aryl" is used herein to refer to an aromatic group, such as
phenyl , nagﬂ&g¥klor triptycenyl. C6-12 aryl, for exanple, refers to an
aromatic group having from®6 to 12 carbon atons, excluding any
substituents. The term "aryl ene", of course, refers to dival ent groups

correspondungd%? 5@@;&9 &ﬁz@?ﬁ;ﬁéYb groups descri bed above. Any reference
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be int errumxglqpmzth I, 11 2 or 3 double and/or triple bonds. However, the
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white crystalline solid (75.4 g; 64% from 10) after drying under high vacuum at 60-70 °C for 4 h.



The term"arylallcyl" refers to groups such as benzyl, phenylethyl and
napht hyl met hyl. The term "hal ogen"” or "hal 0" is used herein to refer to any
of fluorine, chlorine, brom ne and iodine. Usually, however, halogen refers
to chlorlne or fluorine substltltents Where reference is made
herein to "a napht hal ocyani ne", "a ben2|§é|ndolen|ne "a

t et rahydr onapht hal i ¢ anhydri de" etc, this is understood to be a reference
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funnel and brine (1 L) was added. This caused nore sodiumchloride fromthe
product mxture to precipitate out. The addition of water (200 ni)

r edi ssol vedExampledodi um chl ori de. The mi xture was shaken and the organic

| ayer was s t ueous | ayer was extracted further with
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acetate (Figure 1). Exanple 2
completion of the addition, the reaction mixture was poured into cold water (2 x 2 L) in two 2 L

conical flasks. The mixtures were then filtered on sintered glass funnels and the solids were
washed thoroughly with water (250 mL; 200 mL for each funnel). The fine brown solids were air-
dried over 2 days and then further dried under high vacuum to give the benzisoindolenine 5 as a

fine brown powder (69.1 g; 73%).

Example 6



Tet r ahydr onapht hal i ¢ anhydri de 6 The crude sultine from above (126 g) was
diluted in trifluorotoluene (100 nL) and then added to a preheated (bath 80
C) suspension of maleic anhydride (86 g; 0.88 nol) in trifluorotoluene (450
mL). The residual sultine was washed with nore trifluorotoluene into the
reaction m xture and then the final volung was made up to 970 nL. The
reaction mxture was heated at 80 C for 15 h, nore nal eic anhydride (28.7
g; 0.29 nolNapikgloaudtedgadbiun tiadomtrécsipianepxides continued for a further 8 h
until TLC showed that the sultine had been consunmed. Wile still at 80 C,

t he sol vent was renoved by evaporation with a water aspirator and then the
resi dual solvent was renoved under high @ uum The noi st solid was
triturated with nmethanol (200 nL) and flred of f, washing with nore

met hanol (3 x 100 nl). The tetrahydronap 1al i ¢ anhydride 6 was obtained as

a fine white crystalline solid (75.4 g} |qfrom 10) after drying under

hi gh vacuum at 60-70 C for 4 h. @@ m sul ti ne was prepared

from di chl oro-o-xylene (31.9 g; O. as Scribed in Exanple 2, and
‘gr 0. 273 nol ) |ntoluene(300rrL

then reacted with mal ei ¢ anhydri de (26.
total volune) as described above. This prded the t et rahydr onapht hal c
anhydride 6 as a white crystalline solid 3.5 g; 64% . Exanple 4

1- am no- 3-i m nobenzgl i soi ndol enine nitrate salt 12 Urea (467 g; 7.78 nol)
was added to a mechanical ly stirred-dicxbasrceoofcrammoni um sul fate (38.6 g;
0.29 nol), ammoni um nol ybdate (1.8 g) and nitrobenzene (75 niL). The whol e
was heated with a heating mantle to ca. 130 C (internal tenperature) for 1
h causi ng tGuiun eldoride (18/7tg; 0/&89tnlnil)3wamdh§stolvtehen atygobius dﬁneﬁe (m mL)in 348k

g?l %I. \ggs ngﬂg%zﬂ)g?&%hﬁﬁ%c Sﬁgﬂljgt(?r%egﬁ%ﬁnaqtghglg ﬂglsgla%ton o(xt]‘e%G 4

acconpani edhbYesaltiag tsahtibi vag a@olaml ant ic@Waterl bgth teac t°Cde &mmdﬁhumethmse in

increased to 170-175 C over 45 held there for

vi scous br SWtharPkiiree 69\/&%”#1“0%@&% a‘GW&yomth sHrieg. Su%@a@hﬁh‘%}e‘iﬂgetﬁmﬁgﬁwgnﬁ?s
(400 n) wasmighined seldwnbs @@‘tlfé%ﬂ)y\&ﬁbxld%gsat Whifd fEbipithe TR ShikiutedPasSHEPEATIAGRAtINAS
poured on a sintered glass funnel, usi r}\gﬁsm)re met hanol (100 nmL) to rinse

out the reddethdeneralvegkmongmeghy! pherdTERYMBSIO0smL g thﬁ"étﬂﬁ’d’?‘mle Vi3p 1@%5@ fq distill
filtration,gt higghr ﬂwa&? lah&j tdiche %B‘%Edn{yﬁﬁxﬁﬂg &a@%ﬁkn"‘@y’%l&@% Wiol 1o MY ﬁntemal
met hanol (3 x 200 ni, m.), air-dried overnight and dried under high
vacuum in aemmmmhb)etem@amﬁ theoheatingsmpntleing thearth¢ baiziseinddeninesS Gamtthe] previgus
obt ai ned a ( o]
cont ai - ur S5P (5 TREMBYAGARCdlal o ey A0 WA YT alk o AR B
directly i meachen yrssel wstheip:tlwl etheuB0 mint Abe repetrqnfmlmrq a5, th%ﬁtppﬁ en @e preheated
1-am no- 3-1i benzf f dol h 5

wme. suspendenE AR kRl AHER WnfortlS o KGR Nl ERERE shec iy Sl
Sodi um net lvaxitica coathifed at 1Mt 18arral for 2 84thad 3 h dudngrohch tiak aatidegread/bralvy colour
dropwi se via a n unnel at such a . rate as to naintain i nt er nal
Femper ot ur @pepred 80 S GebHOT Sl aihomt robPithe T evRa T o I Hok i o
was pour ed ch.Ntod °CYetbri@ii@ing (WthXDMF )00 ALY Ma fatehng:mmwgala sfnkmgass"fmel under

m xtures were_then fijl tereé on_sintered glass funnels and the solids were

washed t hoBsEH Pyt Vﬁt@lst(fdtsbcaﬂftwa%m oA dry gpd adhed conspraftyely YE 1Lk 680
brown sol i gg WelkRn@{d x 60 BE), Mk (2x <i@o/§mrmf: bﬁnnip hiRme (SIk 'SQ%(LU'T@@fnLl)‘ bt

vacuum to give the benzi soi ndol eni ne as a fine brown powd g
73% . diethyl ether (100 mL) with suction. After brief air drying, the product was dried under high

vacuum at 60-70 °C to constant weight. Naphthalocyanatogallium methoxytriethyleneoxide was

obtained as a microcrystalline dark blue/green solid (60.7 g; 76%); Amax (NMP) 771 nm (Figure 7).



14 Napht hal ocyanat ogal | i um net hoxytri et hyl eneoxi de Rq
CH2CH2OCH2CH2OCH2CH20Me Gal i um chl oride (15.7 g; 0.089 nol) was dissol ved
i n anhydrous toluene (230 nL) in a 3-neck flask (1 L) equipped with a
mechani cal stirrer, heating mantle, therngneter, and distillation outlet.
The resulting solution was cooled in an ice/water bath to 10 C and then
sodi um net hoxi de i n nethanol (25% 63 nL) was added slowy with stirring
such that tHAIMS ernal tenperature was mai ntai ned bel ow 25 C t hereby
affording a white precipitate. The m xture was then treated with
triethylene glycol nononethyl ether (TEGWE; 190 nL) and then the whol e was
heat ed to di sti |4 methpd af prepaniag arnahthalsicyaning compuisirgth¢ geps)of: The mi xture was
t hen cool ed to 90-10Q; Ji RIRRSHRi .removi ng the heating
mant| e and then the 88 éég@?g%%ﬁgﬁﬁne.5t@§%%@%ﬁ§¥%revious.step (69.0

0.35 nmol) was added d¥i) caavergpg seidistrahydonspthalic snhydréde|te 8 benzisgindelemied;
washed into the reactgi: . WL j I eaction
m xture was then p|aé§§%W¥ﬁ?%§&B 8‘§3§gﬁkﬂ§§?ﬁﬁgsﬁant ggkﬁgﬁ tﬁgg an
internal tenperature of 170 C was established after 20 min. Stirring was
then cont i nued afnehichiok@Poffinl iyttt laldVeiardaldn it OOt if bFBmib @ k
green/ brown col our appeare anavtﬁe evol utron ammonf a took place.” The
reaction m xture was allowed to cool to ca. 100 C before diluting with DV
(100 nL) and filtering through a sintefad gl as® funnel under gravity
overnight. The noist filter cake w&s d.dry and washed consecutively
with DMF (80 nmlL), acetone (2 x 100 nL (@ x 100 m.), DVF (50 n),
acetone (2 x 50 nL; 100 nL) and di s 100 nmL) with suction. After
brief air drying, the product was drieqzw der i gh vacuumat 60-70 Cto
constant wei ght. hbphthalocyanatogalliuﬁ1 t hoxytri et hyl eneoxi de was
obtained as a mcrocrystalline dark blue/green solid (60.7 g; 76%; Al
(NVP) 771 e gure 7). 15 CLAIMS A method of preparing a

napht hal ocygnk DR, SANDakSia00 _inHE&n&qtn_ﬁ? Sel@ted fidn hyRERéh,ByBDxA, Crpalkyl, Crao

t et r ahydr onapht hal i ¢ _anh drlde;.gll converting said tetrahydronaphthalic
anhydri de 3%y, 384 SoioAblifiond(Cigrrdkyblamine, hlegencsyang, HiglgCiongligylthio, nitro,
benzi soi ndat enikyRatiRxd, ¥, N afcyRARBENAE O MRGE eﬁbor&n;ﬂ?.@g%?xgé??&xﬁt%m L

ua?,
wherei n said t et rahydronaphthal i c anhydrlge is o :
alkylcarbonylamino, Cs.y aryl, Cs. arylalkyl, Cs.q aryloxy, Cs.y arylalkoxy, Cs.p heteroaryl, Cs.o

heteroaryloxy, Cs_ heteroarylalkoxy or Cs_y heteroarylalkyl.

3. The method of claim 2, wherein Ry, R,, R3 and Ry are all hydrogen.

4. The method of claim 1, wherein step (ii) comprises a one-pot conversion from the

tetrahydronaphthalic anhydride to a benzisoindolenine salt.

5. The method of claim 4, wherein said salt is a nitrate salt.

6. The method of claim 4, wherein said one-pot conversion is effected by heating with a

reagent mixture comprising ammonium nitrate.

7. The method of claim 6, wherein said reagent mixture comprises at least 2 equivalents of

ammonium nitrate with respect to said tetrahydronaphthalic anhydride.

8. The method of claim 6, wherein said reagent mixture comprises urea.



wherein: R, R2, R3 and R4 are each independently sel ected from hydrogen,
hydr oxyl, Cl1_20 al kyl, C1-20 al koxy, am no, Cl 20 al kyl am no, di (Cl-20

al | cypam no, hal ogen, cyano, thiol, Cl1 20 alkylthio, nitro, Cl1.20

al kyl carboxy, Cl1_20 al kyl carbonyl, Cl1_20 al koxycar bonyl, C1-20

al I cyl carbonyl oxy, C1-20 al kyl carbonyl anil o, C3.20 aryl, C5-20 arylallcyl,
C3.20 aryloxy, C3.20 aryl al koxy, C5-20 heteroaryl, C5-20 heteroaryl oxy,
C520 het er dar y| alieavejhodof cI8inP@ wheredy ik igagght naiyriure cogpriggset leest prscfugerc| ai m 2,
wherein Rl gnd R4 are all hydrogen. 4. The nethod of claiml1,
wherein stegﬁ%} |‘F}§corrpr| ses a one-pot conversion fromthe

tetrahydronapht hal i ¢ anhydride to a benzisoindol enine salt. 5. The method
of claim 4, Svmerﬁler?neﬁﬁ)'d%f §l§iln{9 sthe?eup d aﬁtlee«‘ig%gé heradmnIJﬁﬁlnqgﬂthQQleQ{ed Glofd: M 4,
wherei n sai d one-pot conversion IS e ec e eatl ng wth a reagent :
m xture corpmaivrgsufaieend emmanipmbenzenesplfonpige net hod of claim 6, wherein
said reagent m xture conprises at |east 2 equivalents of anmmobniumnitrate
with respect to said tetrahydronaphthalic anhydride. 16 9. The nethod of
claim6, whidrei rilhsaicthodefiglemt 6.nhetairr widiorgsnt istiretonipeisesta colabytip ameure pf

anmoni um saaln{monm]n(pmd}g Jret hod of claim9, wherein said at | east one
further ammonium salt 1s selected from anmonium sul fate and amoni um
benzenesul fonate 11. The nmethod of claim®6, wherein said reagent m xture

conpri ses g,cat appulylnodTPUlin &fwl@m&ﬁ&%ﬂ&l iygﬂﬁi}n%'temperature range of 150 to
200°C.

13. The method of claim 12, wherein said heating is in the presence of solvent selected from
the group comprising: nitrobenzene, diphenyl, diphenyl ether, mesitylene, anisole, phenetole,

dichlorobenzene, trichlorobenzene and mixtures thereof.

14. The method of claim 4, wherein the benzisoindolenine is liberated from the

benzisoindolenine salt using a base.

15. The method of claim 1, wherein said benzisoindolenine is of formula (II):
R NH
R2
Uy
R3
NH
Re 1) 2
wherein:

Ri, Ry, R; and Ry are each independently selected from hydrogen, hydroxyl, Cixalkyl, Ci20
alkoxy, amino, C;.5 alkylamino, di(C,. alkyl)amino, halogen, cyano, thiol, C;.5 alkylthio, nitro,
Cixoalkylcarboxy, Cy5 alkylcarbonyl, C;.5 alkoxycarbonyl, Cy.5 alkylcarbonyloxy, Ci0
alkylcarbonylamino, Cs.y aryl, Cs.y arylalkyl, Cs. aryloxy, Cs.po arylalkoxy, Cs.,o heteroaryl, Cs.z
heteroaryloxy, Cs., heteroarylalkoxy or Cs.5 heteroarylalkyl.

16. The method of claim 1, wherein said naphthalocyanine is of formula (III):



12. The method of claim®6, wherein said heating is within a tenperature
range of 150 to 200C. 13. The nethod of claim 12, wherein said heating is
in the presence of solvent selected fromthe group conpri sing:

ni trobenzene, di phenyl, diphenyl ether, nesitylene, anisole, phenetole,

di chl orobenzene, trichl orobenzene and ni ¥fures thereof. 14. The method of
claim4, wherein the benzisoindolenine is |iberated fromthe
benzi soi ndol eni ne salt using a base.Rs15.Rikhe nethod of claiml, wherein
sai d benzi soi ndol enine is of fornula % . wherein: R, R, R3 and R4 are
each i ndependently sel ected from Ry 1!5} Ragdr oxyl, Cl-20 al kyl, Cl1-20

al koxy, am no, Cl.20 al kylam no, di(C Q alkyl)anlno hal ogen, cyano,
thiol, Cl-20 alkylthio, nitro, Cl_20 ‘-@ | car boxy, Cl_20 al kyl carbonyl,
Cl1- 20 al koxycarbonyl, Cl1_20 al kyl car bgny{ oxy, Cl1-20 al kykar bonyl am no,
C5-20 aryl, C5-20 aryIaIkyRﬂ C5- 20 pg =N C5. 20 aRwIaIkoxy, C5- 20
heteroaryl, C5-20 heter /. et eNoaryl al Qr C5_20

het eroaryl al kyl . 17 ‘ g RIN-Bf—BY R 6/ R7/ RS/ RS, R10/
R11, R12/ R13, R14, RL5 and RRE & each i nyepene el ected from
hydrogen hydroxyl, C1-20 am no, @alkylanlno
di(C1.20aIkyI)anino, hal oge Cl. 20a|$%y|th nitro,

Cl. 20al | cyl car boxy, C1.20al kyl car bonyl 1-20 alkoxycarbonyl Cl. 20

al kyl car bonyl oxy, Ci1 20a|ky|carbony|a\ , C5.20 aryl, C5-20 aryl al kyl,
C5-20 aryl oxy, C5-20 arYl al koxY, C5-20neteroaryl, C5-20heteroaryl oxy, C5-20
het er oaryl al koxy or C5-20 heteroaﬁ% Rs

wherein:

Ry, Ry, Rs, Ry, Rs, Re, Ry, R, Ro, Ryo, Rii, Rig, Ris, Rug, Ris and Ryg are each independently selected
from hydrogen, hydroxyl, Ci alkyl, C; alkoxy, amino, Cy alkylamino, di(C alkyl)amino,
halogen, cyano, thiol, C; alkylthio, nitro, Cy, alkylcarboxy, Ci.5 alkylcarbonyl, C;
alkoxycarbonyl, Cy.5 alkylcarbonyloxy, C;.5 alkylcarbonylamino, Cs. aryl, Cs.pg arylalkyl, Cs.
aryloxy, Cs.y arylalkoxy, Cs.p heteroaryl, Cs. heteroaryloxy, Cs. heteroarylalkoxy or Cs.
heteroarylalkyl;

M is absent or selected from Si(A')(A?), Ge(A)(A?), Ga(A'), Mg, Al(A"), TiO, Ti(A')(A?), ZrO,
Zr(A")(A?), VO, V(A)(A?), Mn, Mn(A), Fe, Fe(A"), Co, Ni, Cu, Zn, Sn, Sn(A')(A®), Pb,
Pb(A')(A%), Pd and Pt;

A' and A? are axial ligands, which may be the same or different, and are selected from —OH,
halogen or —ORY;

RY is selected from Cy_j6 alkyl, Cs.50 aryl, Cs. arylalkyl, C;.5 alkylcarbonyl, C,. alkoxycarbonyl
or Si(R)(R*)(R*); and

R*, RY and R* may be the same or different and are selected from C;.5 alkyl, Csoaryl, Csao
arylalkyl, C.o alkoxy, Cs.po aryloxy or Cs. arylalkoxy;

17. The method of claim 16, wherein R], Rz, R3, R4, Rs, Rﬁ, R7, Rg, Rg, R]o, R“, R]z, R13, R14,
R;s and Ry are all hydrogen.

18. The method of claim 16, wherein M is Ga(A®).



Mis absent or selected fromSi (Al) (A2), Ge(Al)(A2), Ga(Al), My, Al(Al1),
TiO Ti(Al)(A2), zZrO, Zr(Al)(A2), VO V(ALl)(A2), M, M(Al), Fe, Fe(Al),
Co, Ni, Cu, Zn, Sn, Sn(Al)(A2), Pb, Pb(Al)(A2), Pd and Pt; Al and A2 are
axi al ligands, which may be the sane or gifferent, and are selected from
-OH, halogen or -OMRq is selected from £ 16 al kyl, C5.20 aryl, C5-20
arylallcyl, Cl.20 al kyl carbonyl, Cl1_20 al koxycarbonyl or Si(Rx)(RY)(le);
and le, BY and BY may be the same or different and are selected from Cl-70
al kyl, C5.2Q ar - I : ; -

! al kO 17 Tl Flviin S b vl RPNy Rlenigae e,
R7, R8, R9,pr@ence oRpmeRicympral. R14, R15 and R16 are all hydrogen. 18. The
nmet hod of claim 16, wherein Mis Ga(Al). 18 19. The method of claiml,
wherein step (iii) conprises heating said benzisoindolenine in the presence
of a metal 2Ponpolhsdneting of Fiaien hethigesin sid m¢thodfunther\wprapriseniths sfepiofret hod f ur t her

conprises the step Of('iv)gﬁll’c)naé{é'sgﬂ%%ﬂtﬁh@oc%ﬂige.napht hal ocyani ne.



