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A seriesof symmet ri cally sub sti tuted phthal ocyanines have been syn the sized from 3,6-dialkoxy-
phthalonitrileand thecor responding metal salts. All of thesecom plexesareex tremely sol ub leinchloroform.
Theirmeltingpointsvary greatly withtheir dif fer ent substituents. Their structuresareconfirmedby el emental

anaysis'H NMR, UV-VIS.

INTRODUCTION

Phthal ocyanines (Pcs) as newly rising func tional dyes
haveat tracted much at ten tion by many sci entistsfor 10-15
yearsrun ning. Phthal ocyanine dyesplay anim por tantrolein
optoel ectronicappli cationssuchasinformationrecording
media,** xero-graphy,®laser printing,*or ganicconductors,”
fuel cells,’solarenergy conversion,’ or ganic photo electro-
chemical cells,® sensors and goggles,® liquid crystal dis
plays,'°computers-to-plate, * catalysts,*? photosensitizer,”®
and photodynamicther apy.* Inthelast decade, alot of ef fort
hasbeen devotedtothesynthesisand char acterization of
new phthalocyaninederiv ativesap pliedtocom pact disks.
Phthalo cyaninesandtheir deriv ativesareknownto ex hibit
high durability and better solubility. The synthesis and
photo-properties of six metal (Zn, Ga, Ge, Sn, Ru and Pd)
1,4,8,11,15,18,22,25-octabutoxyphthal ocyanines were stud-
ied by Rihter et al.™ showingthat therelation ship between
the photo-propertiesof themetal com plexesandthepo si tion
intheperi odicchart of themet alsisap par ent. Thesynthesis
and ag gregation of cop per phthal ocyanineshaving dif fer ent
alkoxy sub stitu entswerein vesti gated by Huijun Xu & co-
workers.* Into luene-acetonesolution, theex istence of ag-
gregationsaredemonstratedin1: 10° mol/L to 1 x 10
mol/L con centrationrange. Recently the samegroup led by
HuiJun XU reportedthepreparationof 1,4,8,11,15,18,22,25-
octa-(isopentyloxy) phthalocyanatocobalt and 1,8,15,22-
tetraal koxy phthal ocyanatocobalt and thelat ter’ scom plex
with imidazole. Cook*® synthesized octa-u- al koxy phthal o
cyanines such as (-RO)sPcH: and (-RO)sPcCu and ex am-
ined the ef fect of the R length on the sol u bil ity and Amax. Sur-
vey andinvesti gation of thecon tent of the above-mentioned

papersled usto know that the em phasis of these paperswas
placed ontothe synthesisand char acter ization of tetra- or
octa--OR phthal ocyanines where most of R rep re sent nor-
mal R, CyHam1, n=1~12 and whosecentral metal iscop per or
cobalt. Inthispresent paper, wesynthesized and char ac ter-
ized octa-ti-OR phthalocyanine metal, where R is the more
branched alkyl groupsand whosemetal, pal ladium, isusedto
designtobenovel compoundsinvolved.

RESULTS AND DISCUSSION

Theinter medi atesand the phthal ocyanineswere syn
the sized by the route shownin Fig. 1 by there ac tion con di-
tions shown in Tableland Table2;thechar acterization of
thesecom poundsareshowninTablel, Table2and Table3.

Main intermediate

Themaininter medi ateusedin the pres ent study is
3,6-dihydroxyphthalonitrile(1). tsmolecular weight is 160.
Themostintensi fyingmv/zpeak of 160 (Fig. 2) (inac cor dance
withitsmolecular weight of 160) and the agree ment between
thecal culated andfound el ement anal y sistell of thefact that
thesynthesisof thismaininter medi ateissuccessful.

3,6-di-s-butoxyphthalonitrile (3b)

Fig. 3 givesthe MS of 3,6-di-s-butoxyphthalonitrile
(3b), oneof thetypi cal inter medi atesof 3,6-dialkoxy phthale
nitriles. Very good agreement betweenthecal culated andthe
found el ement anal y sisdata of com pound (3b) and the ap
pear ance of thelarg estm/z peak in Fig. 3 led us to be con
vinced that the syn the sis of the tar get com pound (3b) is cor-
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Table 1. Preparation of the Intermedi ates (3a~3Qg)
Temp Time Yield Calc.(%) Found(%)
NO. SM Formula
(*C) (hr) (9) (%) C H N C H N
3a CigHoN,O,  80~90 20 5.90 86.4 70.59 7.35 10.29 70.07 7.38 9.57
3b CiHooN,O,  80~90 20 5.46 80.0 70.59 7.35 10.29 70.59 7.15 10.24
3c 1(4g) CiH2oN,O,  90~100 48 1.05 15.4 70.59 7.35 10.29 69.84 7.82 9.91
3d 9 CigHN,O,  80~90 20 6.00 80.0 72.80 8.00 9.33 71.65 8.09 9.04
3e CigH2N,O,  80~90 20 6.50 86.7 72.80 8.00 9.33 71.55 7.95 9.69
3f CigH2N,O,  80~90 20 5.50 73.3 72.80 8.00 9.33 72.00 8.05 9.06
39 C,yH N, O,  80~90 20 7.25 755 75.00 9.38 7.29 75.32 9.50 6.96
SM = Starting material.
Table 2. Preparation of the Phthd ocyanines (4a~4j)
Temp Time Yidd Cdc. (%) Found (%)
NO. SM Formula
*C) (hr) (9) (%) C H N C H N
4a 3a  CgHggNgOsPd 110~115 20 0.35 159 6432 6.70 9.38 63.91 6.87 9.10
4b 3b  CgHgoNgOgPd 100~105 20 0.27 116 6432 6.70 9.38 63.95 6.91 8.95
4d 3d  CyHgeNgOgPd 110~115 20 0.30 138 66.16 7.35 8.58 66.14 7.35 8.37
de 3e  CpHgNgOgPd 90~100 20 0.20 91 6616 7.35 8.58 66.28 7.41 8.48
4f 3f  CpHgNgOgPd 110~115 20 0.30 138 66.16 7.35 8.58 65.50 7.15 8.67
49 39  CgoH112NgOgPd 110~115 20 0.32 149 6770 7.90 7.90 68.10 7.50 8.30
4 3b  CgHggNgOCu 100~105 20 0.40 189 66.70 6.95 9.73 65.89 6.70 9.44
SM = Starting material.
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Fig. 1. Synthesisroute of the phthalocyanines.

rect, whichlaidagoodfoundationfor further synthesis.

Phthalocyanine synthesis

Phthal ocyanine (4b) in the metal-free form is a com
pletely new com pound. Its'H NMR spectral dataaregivenin
Fig.4asatypi cal example. Assignment of dif fer ent peaksis
indi cated in Fig. 4; the "H NMR spec tros copy dataof all of
the Pc dyespre pared inthe present study isgivenin Table 3.
Terekhow'°investi gated theef fect of aseriesof concentra
tion (102~10° mol/L) and tem per atures (mostly 40~70=C)
onthechemi cal shift of theinter nal pro ton of metal-free Pc
andthechemi cal shift of ar o matic protonsof metal Pcs;itis
shownthat thereisastrong con centration depend encefor the
linear alkynyl Pcs, but that the'H NMR chemi cal shift of the
ar o matic pro tons of the more branched com pound, such as
tert-butylethynyl Pc, isonly slightly con centration de pend-
ent. Thisob ser vationwasex plained by thefact that the bulky
tert-butylethynyl groupsprevent ag gregationfar better than
thelinear alkynyl groups. A com pro miseismadeinthepres
ent study to use the con cen tration of 4.0~4.5 x 10" M in
CHD; for al the'H NMR stud ies, TheH NMR and el ement
anal y sisdatadem on strated thecor rect synthesisof all the
phthal ocyanines from 4a~4j, whose pal ladium che lates ex
cept 4aareall new com pounds. How ever, with thein crease of
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Table3. *H NMR Spectroscopy Dataof Dyes
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Dyes 'H NMR Spectroscopy Data
4a 7.10-7.57 (m, 8H) 4.89 (t, 16H) 223(m, 16H)  1.26(m, 16H)  1.00(t, 24H)
4b 7.12-7.56 (m, 8H) 4.72 (m, 8H) 227(d,24H)  1.63(m 16H)  1.03(t,24H)
4d 7.01-7.52 (m, 8H) 4.87 (t, 16H) 224(m, 16H)  1.60(m 16H)  149(m, 16H)  1.00 (t 24H)
4e 7.20-7.65 (m, 8H) 4.84 (t, 16H) 221(m 16H)  1.88(m 16H)  163(m 16H)  1.47 (m, 16H)
1.36 (m, 16H) 1.28(m, 16H)  0.87 (t, 24H)
4f 7.60 (M, 8H) 4.95 (t, 16H) 217(m, 16H)  2.06 (m, 8H) 1.15 (d, 48H)
4g 7.05-7.53 (m, 8H) 4.70 (m, 8H) 228(d,24H)  1.55(m,16H)  1.23(m,16H)  1.0L (t, 24H)
4 7.14-7.48 (m, 8H) 4.75 (m, 8H) 2.45(d,24H)  1.59(m, 16H)  1.07 (t, 24H)
160
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Fig. 2. Themassspectraof thestartingmaterial (1).

the branch ing of the alkyl group, there ac tion be tween the
3,6-dihydrophthal onitrile and the branched alkyl halide agent
isbecoming moreand moredif fi cult. Whenthealkyl halide,

such astri-ethylmethyl bro mide and 2,4-dimethyl-3-pentyl

bromideisused, no cor responding 3,6-dialkoxy phthal o ni-

trilewasfound in there acted mix ture un der our con di tions
tested in the present study. Thisisprob ably dueto the ex-

tremely high steric hin drance caused by these two alkyl hal-

ides, indi catingthat ob staclesinsynthesisof some(RO)sPc
whereRishighly branched groupsisvery dif fi cult to be over-

come.

Melting point-structure dependence

Themelting pointsdatumfor theinter medi atesandthe
phthalocyaninesare shownin Table 4. From Table 4, we ob-
served that themelt ing points de creased with thein creasing
of branching de gree of the substituent group (for ex ample:
3a,3b, 3c). Also, themelting pointsdescend withthead di tion
of the num ber of car bon atoms of the substituent group (for

in stance: 3a, 3d, 3g). These two cases above con firmed that
the melt ing point is greatly af fected by the nature of the
substituent group whichinflu encesthe self-assembly and the
ar range ment of the phthal ocyaninemol ecules. Itisworth not
ing that when the group is changed from pri mary (n-Bu),
through secondary (s-Bu) toter tiary (t-Bu), themelting point
of corresponding (= -OR)gPcPd drops from 158.5~160=C to
80~81.5=C. Thisim pliesthat the substituent struc ture mod i-
fi cation can beoneof the pow er ful measuresto tunethe sus
cepti bil ity of theCD-R dyeused.

Electronic spectroscopy-structure dependence
Table4andFig. 5givetheelectronicspectral datumfor
the phthal ocyanines ob tained in two kinds of sol vents. In
gen eral, the ab sorp tion peaks of all seven kinds of phthalo-
cyanines ob tained in propanol\butanol (1\9) are blue-shifted
incom par i sonwiththeab sorption peaksgainedinchlore
form. Themolar ex tinction coef fi cientsof thephthal o cy
anines ac quired in propanol\butanol (1\9) are much lower
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thanthemolar ex tinction coef fi cientsobtainedinchloro-
form. When thenum ber of thecar bonatominthelinear alkyl
isin creased from n-Bu, through n-pentyl to n-octyl, the A,
of cor responding (i-OCsHg)sPcPd, (-OCsHi1)sPcPd and
(-OCgH17)sPcPd is 734, 736 and 736 nm, respectively,
without essential dif fer ence. The sameten dency isalso ob-
served by MJ Cook, ™ show ing anearly con stant max of (&i-
OR)gPcPd, 734~738 nm upon the tran si tion of OR from OEt

Gao et d.

to OCsH ;. Whenthe branchiing de greeisin creased from 4d
to 4e and 4f, the Amax of cor responding[a-O(n-CsHa1)]sPcPd,
[a-O(s-CsH14)]sPcPd and [ a-O(isoCsH;4 )] sPcPd re mains as
733, 734 and 734 nm, respectively. Thismeansnei ther lin ear
alky! length nor the branch ing de gree can tuneto alarge ex-
tent the’h . under thecondi tionsin present study. Thereason
issim ple. No mat ter how the struc ture of the alkyl groupis
modi fied, theef fect of themodi fied Rgroup onther-m* tran
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Fig. 3. Themassspectraof theinter medi ate (3b).
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Fig. 4. The'H NMR spec traof the phthal ocyanine (4b).
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Table 4. Physica and Photo-physca Properties Datafor the Intermediates and Phthalocyanines

Solubi ity (g/1) Homad N (107%/dmmol “em™)
IM mp. (*C) Pcs mp. (*C) in In propanol\ In CHCI In propanol\
CHCl;  butanol (1\9) 3 Butanol (1\9)
3a 183~184.5 da  158.5~160 0.111 734 (33.4) 727 (14.6)
3b 109~110 4  3155-317 30 0.054 733 (15.9) 729 (5.33)
3 82.5-835 4d  1095-1105 0.061 736 (19.9) 727 (9.53)
3d 164~165 de  264~265 l 0.077 734 (13.9) 732 (16.1)
3e 70~715 4 205207 736 (20.84) 727 (13.3)
3f 178~179 49  80-8L5 40 0.061 736 (16.9) 728 (10.0)
3g 145~146.5 4 319-320.5 0.074 754 (14.7) 749 (10.9)

IM = intermediate.

sitionof conjugatedsystemislimited. (Themolar extinction
coefficients, how ever, aregreatly in flu enced by both of the
factorsmentioned above. Forexample,inchloroform, the
molarextinctioncoeffi cients(=) decreased withthead di tion
of the car bon atom num ber of the substituent groups (for in-
stance: 4a, 4d, 4g) and also de creased with thein creasing of
thebranching degree of the substituent groups (for example:
4a, 4b; 4d, 4e). Thetwo ex am ples con firmed that the sub-
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(a) The ab sorp tion spec traof phthal ocyanines
chloroform. (b) Theab sorptionspectraof phth-
alo cyaninesin propanol\butanol (1\9).

Fig. 5.

stituent groups have an ef fect on thevi bration strength of the
phthal ocyaninemol ecul es.

Thermal losses-structure dependence

Fig. 6 and Table5 give the ther mal loss data for the
phthal ocyanine (4b, 4d, 4f); dur ing thether mal loss pro cess,
thetran si tiontem per ature of dyesisoneof theim por tant
char acteristicparametersof functional dyesusedinCD-R
manufacture. Theperipheral substituent OR containing 4~5
at omsof car bonismostly usedin practicetoim provethe sol
u bil ity of phthalocyanine. It is shown that Pc hav ing OCsH 1,
hasahigher transi tiontem per aturethanthat having OC4Ho;
their dif fer ence can be up to 24~33°C.

In our symmetrically alkoxy-substituted phthalo cy
anine, therearetotally eight alkoxy sub stituents. Itisvery in
ter estingto ex aminehow these 8 sub stitu entsde com pose
duringthether mal lossprocess. Thefol lowingparameters
such as G1 (% 40R/[OR]s PcPd, R = C4Hg, CsHu11), G2 (%
80OR/[OR]g PcPd, R = C,Hg CsHy,), thefound ther mal loss
AY (%) andthetransi tiontem per aturerangearesum marized
inTable5for compar i sonand discussion. Itisobvi ousthat
AY (%) isvery closeto Gy, not Ge. Itim pliesthat only 4 sub-
stitu ents of OR were de com posed within thetem per ature
rangeindi cated in Tableb5. It seemsthat the other 4 alkoxy
groupsprob ably continueto de composeal oneor to gether
withthePcmacrocyclewhilethetem per aturecontinuestoin
crease.

EXPERIMENTAL SECTION

General Method

UV-visible absorption spectra were measured on a
Hitachi 557 UV-visiblespectrometer. Massspectrawere per
formed on aVGTRIO-2000 and VG plat form IIESI. NMR
spectrawererecorded onaVARIAN GEM INI-300. Ther mal
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Table 5. Thermd Losses Data for Phthd ocyanines (4b, 4d, 4f)

Wt.%
NO. Onset Temperature (*C) Temperaure range (*C) ’
G, (40R) G, (BOR) AY
4b 346.19 300~420 24.46 48.92 25.19
4d 370.00 300~425 26.67 53.34 27.50
Af 379.07 320~450 26.67 53.34 29.05
Gl: (% 4OR/[ OR]g PCPd, R= C4H9, C5H]_1), Gz: (% SOR/[OR]g PCFU, R= C4Hg’ C5H]_1), aAY (%) the found thermal
lossinFHg. 6.
losseswere per formed on aPERKIN-ELMER TGA-1. p-quinonewassuspended in 750 mL an hy drouseth anol and
was stirred at 20 =C for 30 min. Then a70 mL solution of
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Fig. 6. Thepictureof ther mal losses of the phthal ocyanine.
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within45min. Theresulting solutionwasstirred for 3 hours
at 20=C.Themix turewascon centrated un der reduced pres
sureto distill most of the sol vent. Then 70 mL so lu tion of
H2>S0, (2.5 M) was added dropwise into the ves sel, and the
mix turewas stirred for 30 min. The mix ture was poured into
500 mL distilled water andfil tered; theresi duewaswashed
withdistilled water until it becameneutral. Yield: 17.5g
(73%). Mp. 229~230 *C. MS (Fig. 2). Anal. GH4N20x,
Calcd.: C, 60.00; H, 2.50; N, 17.50. Found: C, 59.96; H, 2.71;
N, 17.19. MS (Fig. 2).

Prep aration of 3,6-dialkoxyphthalonitrile (3a~3i)**
Prep aration of 3,6-di-s-butoxyphthalonitrile (3b)
Inavessel equipped with astir rer, areflux con denser
andani trogeninlettube, 4 g (25 mmol) of the above-obtained
phthalonitrile (1), 25 mL of dried dimethyl-formamide (DMF)
and 17 g(120mmol) of anhy drouspotassiumcar bon atewere
charged, fol lowed by heat ing to 60=Cinani trogenat mo-
sphere. 30 min later, 9.4 g (70 mmol) s-butylbromide was
added, fol lowed by heat ing to 80~C and stir ring for 20 hours.
Theresulting mix turewas poured into 250 mL of distilled
water andfil tered; theresi duewaswashed with distilled wa-
ter until it becameneutral. Yield: 5.46 g (80%) Anal. (Table
1). MS(Fig. 3).

Prep aration of 3,6-di-t-butoxyphthalonitrile (3c)

Inavessel equipped with astir rer, areflux con denser
and ani trogenin let tube, 4 g (25 mmol) of 3,6-dihydroxy-
phthalonitrile (1), 25 mL of dried dimethyl-formamide (DMF)
and 17 g (120 mmol) of anhy drouspotassiumcar bonatewere
charged, fol lowed by heat ing to 60~Cinani trogenat mo-
sphere. 30 min later, 9.4 g (70 mmol) t-butylbromide was
added, fol lowed by heat ing to 90~1007C and stir ring for 48
hours. Theresulting mix turewas poured into 250 mL of dis-
tilledwater andfil tered; theresi duewaswashed with dis-
tilled water until it becameneutral. Yield: 1.05 g (15.4%)
Anal.(Tablel).

Prep aration of 3,6-di-(2,4-dimethyl-3-pentoxy)-
phthalonitrile (3h)

Inavessel equipped with astir rer, areflux con denser
andani trogeninlet tube, 2 g (12.5 mmol) of 3,6-dihydroxy-
phthalonitrile (1), 12 mL of dried dimethyl-formamide (DMF)
and 8.5g (60 mmol) of anhy drouspotassiumcar bonatewere
charged, fol lowed by heat ing to 60=Cinani trogenat mo-
sphere. 30 min later, 6.2 g (35 mmol) 2,4-dimethyl-3-penty!
bro midewas added, fol lowed by heat ing to 90~100 =C and
stir ring for 48 hours. There sulting mix turewas poured into
120 mL of distilled water and fil tered; noresi duewas ob-
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tained, thefil tratewas deep green.

Preparation of 3,6-ditrimethylethylphthalonitrile (3i)

Inavessel equipped with astir rer, areflux con denser
and ani trogeninlet tube, 2 g (12.5 mmol) of 3,6-dihydroxy-
phthalonitrile (1), 12 mL of dried dimethyl-formamide
(DMF) and 8.5 g (60 mmoal) of an hy drouspo tassium car bort
atewere charged, fol lowed by heat ing to 60~Cinani trogen
at mo sphere. 30 minlater, 6.2 g (35 mmol) trimethylethyl bro-
mide was added, fol lowed by heat ing to 90~100~C and stir-
ring for 48 hours. Theresulting mix turewaspoured into 120
mL of distilled water and fil tered; noresi duewasob tained,
thefil tratewasdeep green.

Otherinter medi atesweresynthesized with4.00 g of
3,6-dihydroxyphthalonitrile (1) inthe sameway, and their re-
spectiveyieldsandel emental anal y sisdata are shown in Ta-
blel.

Preparation of palladium1,4,8,11,15,18,22,25-octa-
alkoxyphthalocyanine (4a~4j)?

Preparation of palladium1,4,8,11,15,18,22,25-octa-(s-
butoxy)phthalocyanine (4b)

Inavessel equipped with astir rer, areflux con denser
and a nitrogen in let tube, 2.00 g (7.5 mmol) of 3,6-di-s-
butoxyphthalonitrile (b), 20 mL of pentanol, 1.14 g (7.5
mmol) DBU were charged, fol lowed by heat ing to 100~105
=Cinanitrogenat mosphere. Atthesametemper ature, 0.34g
(1.9 mmol) of PdCI. were added, fol lowed by re ac tion at
100~105 =C for 20 hours. Af ter the com pletion of there ac
tion, thereaction mix turewascooled andinsol ublemat ter
wasremoved by fil tration. Thefil tratewascon centrated un
der reduced pressuretodistill off thesol vent. Theresi duewas
purifiedby col umnchromatography onsil icagel usingpetro
leum ether: ethanol (30:1) as eluent , whereby 0.27 g of the
tar get com poundwasob tained. Yield: 11.60%,"H NMR (Ta-
ble3). Anal. (Table2).

Preparation of copper 1,4,8,11,15,18,22,25-octa-(s-
butoxy)phthalocyanine (4j)

Inavessel equipped with astir rer, areflux con denser
and a nitrogen in let tube, 2.00 g (7.5 mmol) of 3,6-di-s-
butoxyphthal onitrile (b), 20 mL of pentanol, 1.14 g (7.5
mmol) DBU were charged, fol lowed by heat ing to 100~105
=Cinanitrogenat mosphere. Atthesametemper ature, 0.199
(1.9 mmol) of CuCl were added, fol lowed by reactionat
100~105 =C for 20 hours. Af ter the com pletion of there ac
tion, thereaction mix turewascooled andinsol ublemat ter
wasremoved by fil tration. Thefil tratewascon centrated un
der reduced pressuretodistill off thesol vent. Theresi duewas
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purifiedby col umnchromatography onsilicagel usingpetro
leum ether: eth anol (30:1) as eluent, whereby 0.40 g of the
tar get com pound wasobtained. Yield: 18.90%. 'H NMR (Ta-
ble3). Anal. (Table2).

Other phthal ocyanineswere syn the sized with 2.00 g of
their respectivestarting materi alsinthesameway, and their
yieldsandel emental anal y sisdataarein Table2; their 'H
NMRdatumareshowninTable3.

Received March 14, 2001.
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