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Octaarylethynyl and octaarylbutadiynyl
phthalocyanines

Clifford C. Leznoff and Bohdan Suchozak

Abstract: 4,5-Diphenylethynylphthalonitrile, 4,5-di{tert-butylphenylethynyl)phthalonitrile, 4,5-gi{
neopentoxyphenylethynyl)phthalonitrile, and 4,5geieopentoxyphenyl-1,3-butadiynyl)phthalonitrile were prepared via
4,5-diiodophthalonitrile and the appropriate alkyne in palladium-catalyzed coupling reactions. Condensation of the
above alkynylphthalonitriles with lithium 1-octanolate in 1-octanol afforded the desired polyalkynylphthalocyanines, but
only 2,3,9,10,16,17,22,23-octa-fieopentoxyphenylethynyl)phthalocyanine and 2,3,9,10,16,17, 22,23mcta (
neopentoxyphenylbutadnyl)phthalocyanine were soluble enough to be suitably characterized.

Key words phthalocyanines, phenylacetylenes, 1-phenyl-1,3-butadiynes.

Résumé: On a préparé le 4,5-diphényléthynylphtalonitrile, le 4,5d#&rt-butylphényléthynyl)phtalonitrile, le 4,5-dp{
néopentoxyphényléthynyl)phtalonitrile, le 4,5-gHiéopentoxyphénylbuta-1,3-diynyl)phtalonitrile en procédant au cou
plage catalysé par le palladium du 4,5-diiodophtalonitrile avec I'alcyne approprié. La condensation des alcynylphtaloni
triles mentionnés plus haut avec de I'octan-1-olate de lithium dans I'octan-1-ol permet d’obtenir les
polyalcynylphtalocyanines recherchées; toutefois seules la 2,3,9,10,16,17,22,23réctpéntoxyphényléthynyl)phtalo
cyanine et la 2,3,9,10,16,17,22,23-ogpangopentoxyphénylbutadiynyl)phtalocyanine sont suffisamment solubles pour
étre caractérisées de facon adéquate.

Mots clés: phtalocyanines, phénylacétylénes, 1-phénylbuta-1,3-diynes.

[Traduit par la Rédaction]

Introduction length alternations (11), including conjugated diynyl

2,3,9,10,16,17,23,24-Octa-substituted phthalocyanines a%\jstems (12) have also prompted our interest in butadiynyl

; Ye ; bstituted phthalocyanines. In this paper, the synthesis of
well-known (1), and have been studied for applications in &6 5 3 9 10,16,17,23,24-octa(phenylethynyl)phthalocyanines

Will be described. The synthesis of a 4,5-di(butadiynyl)-sub-
stituted phthalonitrile is also outlined and its condensation
eaction with lithium 1-octanolate will be discussed.

(3), nonlinear optics (4), and photodynamic therapy of can

cer (5, 6). Recently, poly(phenylalkynyl) benzenes (7) an

alkynylporphyrins (8) have been described as possible-com

pounds for use in nonlinear optics and arrays (8, 9). With

this in mind, a series of 2,3,9,10,16,17,23,24-octaalkynyl Results and discussion

phthalocyanines were prepared (10) and thdiNMR spee

tra studied with respect to their variation in chemical shifts Using catalytic quantities of Pd(PPKCIl, and Cul in

with concentration and temperature. Alkynyl-substitutedtriethylamine (TEA), 4,5-diiodo-phthalonitrilel] was cou

phthalocyanines (Pcs) have been found to be particulafly inpled with 2 molar equiv of phenylacetyleng)( to afford

teresting in that each alkynyl group causes a red shift of 44,5-di(phenylethynyl)phthalonitrile 3] in  70% vyield

6 nm in the Q-band region of the spectrum, and can hencécheme 1). Subsequent condensatiorB afith lithium 1-

be applied in “fine-tuning” a Pcs absorption spectrum. octanolate in 1-octanol gave, after work-up, a dark green
Not investigated in our original series of octaalkynyl solid which was extremely insoluble in most organic-sol

phthalocyanines were those substituted with phenylethynwents (see Scheme 3 below). Purification of this product,

groups, which would be expected to give a greater red shiftvhich is  believed to be 2,3,9,10,16,17,23,24-

due to more extensivae-electron delocalization. Reports of octa(phenylethynyl)phthalocyanind)( was made extremely

enhanced nonlinear effects in molecules with extreme bonddifficult due to its insolubility, and consequently failed tc af

ford satisfactory proton NMR or FAB mass spectra. A re

cently acquired MALDI-TOF mass spectrometer has

allowed us to record the parent ion cluster at (13144 of

However, a UV-vis spectrum of a probe from the reaction

Dedicated to Professor Brian James on the occasion of his  mixture at 20 h seems to suggest the formation of an MPc.
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be due to aggregation. In an attempt to minimize thesdle octaphenylethynyl Pc could be synthesized and full char-
intramolecular aggregative effects, the phenylacetylene moacterization might be facilitated. The synthesis was initiated
ety was functionalized with the bullkigrt-butyl group. Thus, with the tosylation of neopentyl alcoholl) in pyridine to
1-bromo-4tert-butylbenzene §) was coupled with give neopentyl tosylatel@), which was obtained in 85%
trimethylsilylacetylene &) using Pd(PP)),Cl, and Cul in yield. Tosylatel12 then reacted withp-iodophenol {3) to
TEA in a pressure bottle at 95°C, to give 1-trimethylsilyl-2- give p-iodoneopentoxybenzend4) in 82% yield. This was
(p-tert-butylphenyl)acetylene 7§ in 75% vyield. This com  subsequently coupled with trimethylsilylacetyler® (ising
pound was then deprotected by treatment with aqueous 5 Md(PPh),Cl, to give 1-trimethylsilyl-2-p-
NaOH in methanol to give-tert-butylphenylacetylene8] in neopentoxyphenyl)acetylene15) in 88% yield. The
98% vyield. This was subsequently coupled with 4,5-trimethylsilyl group was then cleaved frofd using 5 M aq
diiodophthalonitrile {), again using Pd(PRlCIl, and Cul, NaOH in methanol to give, in 97% vyield,p-

to afford 4,5-dip-tertbutylphenylethynyl)phthalonitrile 9 neopentoxyphenylacetylend §). Terminal alkynel6 was

in 88% vyield (Scheme 2). then coupled with 4,5-diiodophthalonitrilel)( again using

Condensation 09 to the corresponding PdQ) was per  Pd(PPR),Cl, as a catalyst, to give 4,5-¢
formed using lithium 1-octanolate in 1-octanol at 100°C (segeopentoxyphenylethynyl)phthalonitrilelq) in 70% yield
Scheme 3 below). A UV-vis probe of this reaction after 22 h(Scheme 4). Subsequent condensatiot in Li-DMAE at
revealed an absorption at 722 nm, believed to be the Q-bantD0°C (Scheme 3) vyielded 2,3,9,10,16,17,23,24-peta(
absorption of the intermediate dilithium Pc. An acid work- neopentoxyphenylethynyl)phthalocyanind8( as a dark
up of the reaction was performed to obtain the metal free Pgreen solid, after work-up. Although not exceedingly solu
10, but the dark-green product isolated from this reactionble, Pc18 was found to dissolve appreciably well in ben
was found to be just as insoluble in organic solvents ad.Pc zene, toluene, CHGl CH,Cl,, and THF. Purification of this
Similar difficulties were also encountered in trying to obtain compound was accomplished by column chromatography
satisfactory NMR and mass spectra, although a MALDI-using flash silica gel and C)&l, as eluent, followed by gel
TOF mass spectrum df0 exhibited a parent ion cluster at permeation chromatography using SX-2 Biob&adsd THF
1762 amu. If phthalocyanin&0 had indeed formed in this as eluent. This was followed by reprecipitation from ben
reaction, as suggested by the UV-vis spectrum, then izene—ethanol and then further chromatography, again using
seemed evident that theert-butyl groups did little to en  flash silica gel and CKCl,. After exhaustive purification] 8
hance the solubility of these Pcs in their metal-free state. was obtained in an overall yield of 8%.

Previous work in our laboratory has shown that The UV-vis absorption spectrum of phthalocyani&in
neopentoxy groups are highly effective at increasing the solTHF is shown in Fig. 1. A broad absorption band was ob
ubility of Pcs (13). It was therefore hoped that by replacingserved in the 600—-800 nm region with an absorption max at
the tert-butyl groups with neopentoxy groups, a more solu 678 nm and a shoulder at 720 nm. Neither dilution of the so
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Scheme 3. Phthalocyanine48 and 19 were also characterized BiA
R NMR spectroscopy in toluengs at 300 K, at a concentra
O tion of 1.0 x 10° M. The spectrum ofl8 exhibited three
F 3 R=H, R'=(CH}CH, broad signals in the aromatic region, one corresponding to
O 9 R=C(CHys, R =(CH,),CH, the protons on phthalocyanine itself, and the other twe cor
NC N 17 R= OCH,CCHYs R=(CHNCHy,  'E€SPONding to the protons on the peripheral neopento
xyphenyl rings. The outer neopentoxy groups were observed
R as a pair of broad singlets, one at 3.48 ppm, corresponding
to the OCH hydrogens and the other at 1.16 ppm, cerre
sponding to the hydrogens on the terminal CgzHyroups.
1) i/ ROH The two protons on the inner nitrogens however were not
2) H observed, and a series of high-temperafitteNMR expert
ments were subsequently conducted to determine whether
aggregation may have any effect in obscuring this signal.
The same sample was rerun at incrementally higher tempera
tures, ranging from 300 to 363 K, but the signal still re
mained absent. Only after extreme vertical expansion of the
spectra was a very broad singlet detected at —4.8 ppm.-Addi
tionally, the previously broad aromatic singlets at 300 K be
gan to sharpen, and eventually appeared as a pair of doublets
(Fig. 3). FAB-MS analysis of.8 exhibited the parent ion (M
+ 1, m/z = 2004), but the elemental analysis exhibited some
what low carbon values, typical of some Pc compounds. The
MALDI-TOF mass spectrum also exhibited a parent ion at
2002 amu. The FAB-MS spectrum fd did not show a
molecular ion peak, but exhibited rather, two ion clusters
that are consistent with the loss of one and two lithium at-
oms; (M — Li) centred aroundvz = 2010 and M — 2 Li)
centred aroundn/z = 2004.

The synthesis of a 4,5-di(butadiynyl)-substituted
phthalonitrile was achieved via a palladium-catalyzed cross-
coupling between a monosubstituted butadiyne and 4,5-
diiodophthalonitrile 1). This was accomplished first, by
treatment ofl6 with an ethyl Grignard and iodine to give 1-

NC

4 R=H M=H,
10 R=C{CHg)s, M=Hy

18 R= OCH,C(CHy)s M= Hy iodo-2-(-neopentoxyphenyl)acetylen€2d) in 26% vyield,

19 R = OCH,C(CHa)s. M = Li along with an undesired by-product, 1,4i(
neopentoxyphenyl)-1,3-butadiyn®1j. This was followed
by a palladium-catalyzed coupling with

trimethylsilylacetylene ) to give 1-(trimethylsilyl)-4-p-
lution, nor heating to 60°C caused any observable changgiopentoxyphenyl)-1,3-butadiyn@2) in 29% vyield. Subse
in its spectral patterns. Although the known metal-freequent desilylation usip 5 M aq NaOH in MeOH at room
octa@lkyl)ethynyl phthalocyanines show a pair of sharp Q-temperature afforded Ip{neopentoxyphenyl)-1,3-butadiyne
band absorptions in the same region (10), this is not the cad@3) in 95% yield. This was followed immediately by a pal
for 18. The corresponding dilithium Pd9) was formed by ladium-catalyzed cross-coupling withto give 4,5-di[4-p-
treating18 with lithium metal in THF at 50°C. The UV-vis neopentoxyphenyl)-1,3-butadiynyl]phthalonitrile 24f in
spectrum of this compound in THF, shown in Fig. 2,-dis 75% yield (Scheme 5). Slow heating of this compound on a
plays the same sharp Q-band absorption at 720 nm as obelting point apparatus showed no melting point below
served in the spectral probes for the condensation reactior@0°C, but the addition of a crystal on a hot Kofler block ex
of 3 and9. This result lends evidence supporting the forma hibited a sharp decomposition point at 223°C.
tion of Pcs4 and 10 in the aforementioned reactions. Condensation of24 to 2,3,9,10,16,17,23,24-octa[p-(

A comparison of the electronic spectrum @B with neopentoxyphenyl)-1,3-butadiynyl]phthalocyaningb)( was
unsubstituted dilithium phthalocyanine, which displays a Q-attempted using lithium 1-octanolate in 1-octanol at 80°C
band absorption at 688 nm (14), suggests that the eight p€Scheme 6). After 18 h, a UV-vis probe of the dark-green
ripheral p-neopentoxyphenylethynyl groups impart a red-reaction mixture in THF revealed a sharp absorption at
shift of approximately 32 nm. Further comparison with the 738 nm, which was believed to correspond to the Q-band ab
electronic spectrum of a representative atitglethynyl Pc,  sorption of the dilithium derivative a25. A standard workup
dilithium-2,3,9,10,16,17,23,24-octapentynylphthalocyanine, procedure was attempted whereby the reaction mixture was
which displays a Q-band absorption at 700 nm (15),-sugtreated with dilute aqueous acid, followed by several disso
gests that the eight peripheral phenyl groupslérhave the lution—-reprecipitation cycles from EtOH-B. Unex
effect of increasing the red-shift in dilithio- pectedly, upon contact with aqueous acid or water, the
octaalkynylphthalocyanines by an additional 20 nm. previously dark-green reaction mixture turned brown and
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Scheme 4.
HO- |
OH TsCI OTs 13 O 0
7R e~ X Ko THuPA™ =
1000C 1
1 4
e 3= )0 SMNaOH_
Pd(PPh,),Cl, | % MeOH
Cul, TEA 15
SN
NC 7
< > © Pd(PPh3 PA(PPh,),Cly O
Cul, TEA NC AN
" O
(0}
Fig. 1. The UV-vis absorption spectrum of AS. Fig. 2. The UV—vis absorption spectrum of RA®.
2.1061 « b4 1.5543- 4
1.6849 3 1.24344
% 1. 25364 \ 1/ \/{.\ /}\ § 0.93258 . ||
s Vs \ 4 s
E 0.842434 \\ \\ Z 0.821724 N N ’/‘- 1| L
= " = ¥
0.42122 \ \\ Dlalms‘vj]w\/\ *\/L} \
\ A
0.0000 -1 . . . . . ,\ c.oo00 . . >~ 7 - . A

7
200 300 400 S00 600 700 800 200 300 400 500 BOO 700 800
UAVELENGTH WAVELENRGTH

formed a highly insoluble precipitate. A UV—-vis spectrum of
this material showed almost no absorption in the Q-banrd reg
gion, a result which suggested to us that the Pc had decom
posed or polymerized. Attempts were, therefore, made at Unless otherwise noted, all reaction processes were per
isolating the intermediate dilithium P@€) under anhydrous formed using magnetic stirring methods under an inert atmo
conditions by precipitating the reaction mixture into hexane sphere of Matheson high-purity argon. All organic solvents
followed by gel permeation chromatography of the crudewere dried by appropriate methods and distilled before use.
product using dry THF and SX-2 BiobedtsA dark-green  Ultrasound activation was carried out using a Branson 1200
solid was isolated from the column after evaporation of thesonicator. Thin layer chromatography (TLC) was performed
solvent. An electronic spectrum of this material in THF is using Merck silica gel 60 fz, polyester-backed plates and
shown in Fig. 4. Proton NMR analysis of this material in column chromatography was performed using Caledon flash
pyridine-ds at 300 K showed a spectrum which was consis grade silica gel 60 of particle size 40—¢8n. Gel perme

tent with the structure o26. Two singlets were observed at ation chromatography was performed with Bio-Rad SX-2
1.08 and 3.61 ppm, which would correspond to resonanceBiobead$, using THF as the eluting solvent. Infrared (IR)
arising from the protons of the eight neopentoxy groups. Thepectra were recorded on a Unicam Mattson 3000 FT IR
aromatic signals arising from the outer neopentoxyphenyspectrometer using samples prepared as KBr discs, unless
groups corresponded to two doublets centered around 6.3#therwise noted. Ultraviolet-visible (UV—-vis) spectra were
and 7.67 ppm, and the eight benzo protons on the Precorded on a Hewlett—Packard HP8451A diode array
macrocycle corresponded to a singlet observed at 9.98 pprspectrophotometer using THF as the solvent. Melting points
Although, this compound proved to be too unstable to givgmp) were determined using a Kofler hot stage melting point
either a satisfactory elemental analysis or FAB mass-spe@pparatus and are reported uncorrected. Nuclear magnetic
trum, MALDI-TOF mass spectrometry &f6 did provide a resonance (NMR) spectra for proton and carbon were re
parent ion minus one lithium ion at 2200 amu. corded on a Bruker ARX 400 high field Fourier transform

xperimental
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Fig. 3. The temperature dependefd NMR spectra of P8,
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instrument at room temperature unless otherwise statedbraska, U.S.A.). Microanalyses were performed by Guelph
Chemical shifts are reported in ppm relative to aChemical Laboratories Ltd., Guelph, Ontario, Canada.
tetramethylsilane (TMS) internal standard. Splitting patterns

of proton resonances are described as singlets (s), doubletss-Diiodophthalonitrile (1)

(d), triplets (t), quartets (g), doublet of doublets (dd), This compound was prepared in three steps according to a
multiplets (m), or as broad signals (br). Coupling constantgpublished procedure (10) (overall yield 50% from
for signals other than singlets and multiplets are reporteghhthalimide); mp 216-217°C (lit. value (10), 216 to 217°C).
in Hz. Resonances are reported as the proton decoupled

chemical shifts for'3C NMR spectra. Electron-impact mass 4,5-Di(phenylethynyl)phthalonitrile (3) general

spectral analyses (EI-MS) were performed by Dr. B. Khouwprocedure

(York University, Toronto, Ontario, Canada) and Ms. Lisa To a solution of 200 mg (0.53 mmol) of 4,5-
Nelson (York University, Toronto, Ontario, Canada). diiodophthalonitrile 1) dissolved in 30 mL of triethylamine
MALDI-TOF mass spectra were performed neat using aTEA) was added 36 mg (0.051 mmol) of Pd(RBEGI,,
Voyager Str instrument. Fast atom bombardment (FAB) and0 mg (0.051 mmol) of Cul, and then 0.13 mL (0.11 g,
high resolution mass spectrometric analyses (HR-MS) wer&.2 mmol) of phenylacetylene). The reaction was heated
performed by Dr. R. L. Cerny (Nebraska Center for Massto 60°C fa 2 h under argon and then allowed to cool to
Spectrometry, University of Nebraska-Lincoln, Lincoln,-Ne room temperature overnight. The reaction was analyzed by
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as a yellow solid (121 mg, 70% yield), mp 190-192°C. El-
MS m/z (%): 328 (M, 100). UV-vis (THF)A.x (hnm): 222,
276, 301, 345. IR (KBr) (cm): 2217 (G=N). 'H NMR
(CDCly) &: 7.93 (s, 2H), 7.59 (dJ = 7.1 Hz, 4H), 7.43 (m,
6H). lgC NMR (CDCL) & 136.34, 132.22, 131.09, 130.21,
128.92, 121.72, 114.90, 114.27, 100.70, 85.74. Anal. calcd.
for Cy,H1oN,: C 87.79, H 3.68, N 8.53; found: C 87.72, H
3.66, N 8.42.

2,3,9,10,16,17,23,24-Octa(phenylethynyl)phthalocyanine
(4)

Lithium metal (20 mg, 2.9 mmol) was added to 2 mL of
1-octanol at 60°C and allowed to dissolve over 20 h under
argon. After all of the lithium had dissolved, the mixture
was cooled to room temperature and then 50 mg
(0.15 mmol) of 3 was added. The reaction was heated to
80°C and allowed to stir at this temperature for 6 h. The re
action was monitored by TLC using benzene as the eluent.
After all of the starting material had disappeared, the teac
tion was stopped by the addition of 20% ethanol-water and
several dropsfol M HCI. The reaction mixture was cemnri
fuged, the precipitate was collected, and then washed several
times with methanol until the filtrate was colourless. The re
maining dark green solid was dried in vacuo to give 10 mg
of 4 in a crude yield of 20%. Due to its extreme insolubility
in most solvents, this material could not be further purified.
MALDI-MS m/z 1321.5 (M + Li), 1315.5 (M"). UV-vis
(pyridine) Ao (nmM): 726, 650, 396, 306.

1-(p-tert-Butylphenyl)-2-trimethylsilylacetylene (7)

Into a 100 mL pressure bottle was placed 0.87 mL (1.1 g,
5.0 mmol) of 1-bromo-4ert-butylbenzene §), 0.23 g
(0.32 mmol) of Pd(PP,Cl,, 19 mg (0.10 mmol) of Cul,
and 50 mL of TEA. This yellow suspension was degassed
with argon for approximately 5 min, and then 1.5 mL (1.0 g,

TLC using benzene as eluent, and judged complete by the0 mmol) of (trimethylsilyl)acetylene6} was added. The
disappearance of the starting material. The solvent was réottle was sealed and heated in an oil bath at 95°C-over
moved by rotary evaporation at 40°C, the residue was sushight. The reaction mixture was allowed to cool to room
pended in ethyl acetate, suction filtered through celite, andemperature and was then filtered through celite. The solids
then the solvent was removed from the filtrate in vacuo atvere washed with ethyl ether until the washings were
40°C. This brown residue was chromatographed with flastcolourless and the filtrate was evaporated to dryness under
grade silica gel using 98:2 hexane:ethyl acetate to afford reduced pressure. The residue was chromatographed with
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Fig. 4. The UV-vis absorption spectrum of P26. maining dark-green solid was dried in vacuo to give 30 mg

+ of 10in a crude yield of 15%. Due to its extreme insolubil
ity in most solvents, this material could not be further puri

111347 fied. MALDI-MS m/z: 1770.8 (M + Li), 1764.8 (M"). UV—

vis (pyridine)A,., (nm): 726, 656, 398, 316.

1.39174

0.83502+

o.55558 | +X . Neopentyl tosylate (12)
’ To a stirred, ice water cooled solution of 50 g (0.57 mol)
0.27834 of neopentyl alcoholX1) in 350 mL of pyridine was slowly
added a solution of 162 g (0.85 mol) pftoluenesulfonyl
o - g o oo o 200 chloride in 200 mL pyridine. The resulting cloudy brown
uavELEnCTH mixture was allowed to stir overnight at room temperature,
after which time the pyridine was removed by rotary evapo
flash grade silica ge| using hexane as the eluent to @iae ration at 45°C. To the remaining residue was added 300 mL
a pale yellow oil (898 mg, 78% yield). EI-M8vz (%): 230 of_ ice-cold water, and the mi>_<ture was stirred for 1 _h. The
(M*, 58), 215 (100).'"H NMR (CDCl,) & 7.40 (d,J = mixture was extracted three times with 200 mL portions of
8.6 Hz, 2H), 7.31 (dJ = 8.5 Hz, 2H), 1.31 (s, 9H), 0.25 (s, ethyl ether, and the combined organic layers were washed
9H). TheH-NMR spectrum matched that of the previously With successive 200 mL portions & M HCI, sat. NaHCQ,

ABSORBANCE
4~

0.0000

reported compound (16). H,O, and then brine. The extract was dried over MgSiD-
tered, and the solvent was removed in vacuo to leEas
p-tert-Butylphenylacetylene (8) an amber oil. This crude product was crystallized from

To a stirred solution of 200 mg (0.87 mmol) of fp-ert-  MeOH-H,O to afford a white crystalline solid (116 g, 85%
butylphenyl)-2-trimethylsilylacetylene 7| dissolved in Yield), mp 48 to 49°C (lit. value (17), 47 to 48°CH NMR
10 mL of MeOH was added 0.5 mL (2.5 mmol) of 5 M (CDCl) &: 7.76 (d,J = 8.4 Hz, 2H), 7.32 (dJ = 8.1 Hz,
NaOH. After 15 min, the reaction mixture was acidified with 2H), 3.63 (s, 2H), 2.42 (s, 3H), 0.87 (s, 9HC NMR
1 M HCI, extracted twice with hexane, and the extracts werdCDCl3) & 144.75, 133.20, 129.91, 127.97, 79.59, 31.71,
dried over MgSQ. Filtration, followed by evaporation of the 26.10, 21.69.
filtrate in vacuo gave8 as a pale yellow liquid (134 mg,
98%). IR (neat) (cmb): 2109 (G=C). *HNMR (CDCl;) &  p-lodoneopentoxybenzene (14)
7.44 (d,J = 8.6 Hz, 2H), 7.35 (dJ = 8.1 Hz, 2H), 3.03 (s, A mixture of 10 g (45 mmol) of 4-iodophenol ), 12.1 g
1H), 1.32 (s, 9H). ThéH NMR spectrum matched that of (50 mmol) of neopentyl tosylatel®), and 2.8 g (50 mmol)

the previously reported compound (16). of potassium hydroxide in 30 mL of hexamethylphospho-
ramide (HMPA) (Caution: Carcinogen) was vigorously stirred
4,5-Di(p-tert-butylphenylethynyl)phthalonitrile (9) at 100°C for 3 days. This mixture was then poured into

The same procedure was used as for the synthesg of 300 mL of H,O and extracted three times with 100 mL por-
using 1.0 g (2.6 mmol) of, 1.0 g (6.3 mmol) of8, 222 mg tions of ethyl ether. The combined ether extracts were suc
(0.32 mmol) of Pd(PP)),Cl,, 30 mg (0.16 mmol) of Cul, cessively washed with 100 mL portions of®, 1 M HCI,
and 30 mL of TEA to give 1.0 g 09 in 88% yield, mp 168 H,0, and then brine, followed by drying over Mgg@itra-
to 169°C. EI-MSm/z (%): 440 (M', 60), 426 (100). UV-vis tion and removal of the solvent by rotary evaporation. The
(THF) Aoy (NM): 214, 279, 309, 354. IR (KBr) (cth: 2213  remaining amber oil was chromatographed using silica gel
(C=N). 'H NMR (CDCly) & 7.91 (s, 2H), 7.53 (dJ = and hexane as eluent to affotd as a clear, colourless liquid
8.4 Hz, 4H), 7.43 (dJ = 8.6 Hz, 4H), 1.36 (s, 18H)**C  (10.8 g, 82% yield). EI-MSm/z (%): 290 (M, 60), 220
NMR (CDCly) & 153.81, 136.36, 132.09, 131.23, 125.96,(100). UV-Vis (THF)\ 4 (NM): 234, 282'H NMR (CDCls)
118.79, 115.04, 113.99, 101.09, 85.45, 35.27, 31.34. Anafx 7.54 (d,J = 8.8 Hz, 2H), 6.68 (dJ = 8.8 Hz, 2H), 3.55 (s,
calcd. for G,H,gN,: C 87.24, H 6.41, N 6.36; found: C 2H), 1.03 (s, 9H).»3C NMR (CDCk) & 159.65, 138.27,
87.25, H 6.42, N 6.12. 117.17, 82.50, 78.16, 32.05, 26.78. Anal. calcd. feiHzsO:

C 45.54, H 5.21; found: C 45.47, H 5.36.
2,3,9,10,16,17,23,24-Octpftert-
butylphenylethynyl)phthalocyanine (10) 1-Trimethylsilyl-2-( p-neopentoxyphenyl)acetylene (15)

Lithium metal (16 mg, 2.3 mmol) was added to 3 mL of The same procedure was used as for the synthess of
1-octanol at 80°C and allowed to dissolve over 20 h undewnsing 8.0 g (28 mmol) ofl4, 4.7 mL (3.3 g, 33 mmol) of
argon. After all of the lithium had dissolved, the mixture trimethylsilylacetylene &), 968 mg (1.4 mmol) of
was cooled to room temperature and then 200 mdPd(PPh),Cl,, 263 mg (1.4 mmol) of Cul, and 300 mL of
(0.45 mmol) of9 was added. The reaction was heated toTEA, except that the entire reaction was carried out at room
110°C and allowed to stir at this temperature for 15 h. Theemperature. The crude product was chromatographed using
reaction was monitored by TLC using benzene as the eluensilica gel and hexane as eluent to affdidlas a white solid
After all of the starting material had disappeared, the +eac(6.3 g, 88% yield), mp 78 to 79°C. EI-M&/z (%): 260
tion was stopped by the addition of 20% ethanol-water angM*, 40), 245 (20), 190 (50), 175 (100). UV-vis (THK)a
several drops fol M HCI. The reaction mixture was centri (nm): 214, 261. IR (KBr) (cmb): 2157 (G=C). 'H NMR
fuged, the precipitate was collected, and then washed sever@@DCl,) &: 7.39 (d,J = 8.4 Hz, 2H), 6.81 (dJ = 8.6 Hz,
times with methanol until the filtrate was colourless. The re 2H), 3.59 (s, 2H), 1.04 (s, 9H), 0.25 (s, 9HYC NMR
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(CDCly) & 160.02, 133.62, 115.17, 114.60, 105.63, 92.39]2,3,9,10,16,17,23,24-Octp{
78.08, 32.08, 26.80, 0.32. Anal. calcd. fors8,,0Si: C  neopentoxyphenylethynyl)phthalocyaninyl]dilithium (19)
73.79, H 9.29; found: C 73.40, H 9.23. To a suspension of 10 mg (0.72 mmol) of lithium metal in
2 mL of dry THF was added 2 mg (1.0 x Fommol) of Pc
18. The mixture was stirred at 50°C for 5 days, after which
p-Neopentoxyphenylacetylene (16) time the excess lithium was removed by filtration and the
The same procedure was used as for the synthes& of golvent was removed in vacuo at 40°C to git® (2 mg,
using 10 g (38 mmol) ofl5, 23 mL (115 mmol) of 5 M 1009 yield). FAB-MS: 2010 (M — Li), 2004 (M — 2Li).
NaOH, and 600 mL of MeOH to affordi6. The crude prod  yy_vis (THF)A,,., (") (loge): 720 (6.89), 686 (6.04), 648
uct was chromatographed using silica gel and hexane ag 07), 398 (6.52), 316 (6.40), 282 (6.35), 212 (6.4%9).
eluent giving the title compound as a clear, colourless OiNMVR' (pyridineds, 4.0 x 10% M, 333 K) & 8.86 (br, 8H),
(6.5 g, 95% yield). EI-MSwz (%): 188 (M', 10), 118 (100). 7,75 (br, 16H), 6.79 (dJ = 7.4 Hz), 3.53 (s, 16H), 1.12 (s,
UV-vis (THF) A (NM): 213, 252, 293, 318, 343. IR (neat) 72p),
(cnm?): 2107 (G=C). 'H NMR (CDCly) & 7.42 (d,J =
8.7 Hz, 2H), 6.84 (dJ = 8.6 Hz, 2H), 3.60 (s, 2H), 2.99 (s
1H), 1.04 (s, 9H).3C NMR (CDCk) & 160.21, 133.73,
114.71, 114.03, 84.05, 78.11, 75.81, 32.08, 26.78. Anal
calcd. for G3H.0: C 82.94, H 8.57; found: C 82.20, H
8.39.

' 1-lodo-2-(p-neopentoxyphenyl)acetylene (20)

To 11.5 mL (35 mmol) of ethylmagnesium bromide
(3.0 M solution in ether) was slowly added a solution of
5.0 g (27 mmol) ofp-neopentoxyphenylacetylend g in
15 mL of anhydrous ether. The reaction mixture was then
heated to reflux as 6.7 g (23 mmol) of powdered iodine was

4,5-Di(p-neopentoxyphenylethynyl)phthalonitrile (17) slowly added through the top of the condenser. The solution
The same procedure was used as for the synthess of was refluxed for another hour, allowed to cool to room tem

using 760 mg (2.0 mmol) of, 791 mg (4.2 mmol) ofL6, perature and then poured into 150 mL of®4 The mixture

147 mg (0.32 mmol) of Pd(PRRC,, 40 mg (0.16 mmol) of was acidified with glacial acetic acid, the ether Iaygr was
Cul, and 25 mL of TEA to give 700 mg df7 in 70% yield, separated, and the aqueous layer was extracteql twice with
mp 168—170°C. EI-MSn/z (%): 501 (M, 18), 500 (55), 360 50 mL portlons_of ether. The combined organic extracts
(100). UV-vis (THF)A,q, (NM): 214, 252, 284, 325, 366. IR Were washed with sat. N&,0s, sat. NaHCQ, H;0, and
(KBr) (cm™): 2209 (G=N). 'H NMR (CDCl,) & 7.87 (s, brine, then dried over MgSpfiltered and evaporated under
2H), 7.51 (d,J = 8.6 Hz, 4H), 6.92 (dJ = 8.7 Hz, 4H), 3.64 red'uced pressure. The t|tlg co_mpouﬁ@)(was obtained as a
(s, 4H), 1.06 (s, 18H)}C NMR (acetoned) & 162.37, white solid after recrystallization from MeOH-B (2.2 g,
137.24, 134.80, 131.70, 116.33, 116.03, 114.91, 114.6@07 yield), mp 54 to 55°C. EI-MSnz (0): 314 (M, 35),
10151, 86.12, 79.12, 32.69, 27.02. Anal. calcd. for244 (100), 118 (85). UV—yis (THF)na (nm): 214, 262. IR
CaHaN,0y C 8157, H 6.44, N 5.60; found: C 81.00, H (KBY) (cmm): 2166 (G=C). "H NMR (CDCly) & 7.36 (d,J =
6.45 N 5.44. ’ ’ ’ " 8.7 Hz, 2H), 6.83 (dJ = 8.7 Hz, 2H), 3.59 (s, 2H), 1.03 (s,
' 9H). 13C NMR (CDCL) & 160.26, 133.94, 115.45, 114.62,
94.38, 78.13, 32.08, 26.79, 3.56. Anal. calcd. fQgHG5lO:

2,3,9,10,16,17,23,24-Oct( C 49.70, H 4.81; found: C 50.06, H 4.78.
neopentoxyphenylethynyl)phthalocyanine (18) The by-product, 1,4-digtneopentoxyphenyl)-1,3-

To 2.5 mL of dimethylaminoethanol (DMAE) was added butadiyne 21), was obtained in 59% yield (2.9 g) as a white
30 mg (4.3 mmol) of lithium metal. After the metal had solid, mp 189-191°C. UV-vis (THF)yay (nm): 214, 269,
completely dissolved, 200 mg (0.4 mmol) b7 was added 282, 300, 320, 343. IR (KBr) (cm): 2388, 2139, 1601,
to the well-stirred alkoxide solution, and the reaction mix 1503, 1291, 1247, 1166, 1016, 83'H NMR (CDCL,) &:
ture was heated to 100°C for 15 h. After this time, the reac7.44 (d,J = 8.7 Hz, 2H), 6.85 (d)) = 8.7 Hz, 2H), 3.60 (s,
tion mixture was cooled to room temperature and diluted?H), 1.04 (s, 9H).™*C NMR (CDCL) & 160.50, 134.19,
with 10 mL of 20% MeOH-HO. After being allowed to 114.89, 113.85, 81.59, 78.16, 73.10, 32.09, 26.78. EI-MS
stand for 90 min, the reaction mixture was centrifuged andWz (%): 374 (M, 50), 234 (100). Anal. calcd. for
the crude Pc was collected, dissolved in THF and precipiCasH300,: C 83.38, H 8.07; found: C 82.90, H 8.40.
tated from hexane. This crude pigment was
chromatographed using silica gel and £}, as eluent, fol ~ 1-(Trimethylsilyl)-4-( p-neopentoxyphenyl)-1,3-butadiyne
lowed by gel permeation chromatography using SX-2(22)
Biobead$ and THF as eluent. This material was further pu  To a solution containing 200 mg (0.64 mmol) 20 dis-
rified by reprecipitation from benzene—ethanol and then bysolved in 5 mL of THF were added 22 mg (0.032 mmol) of
chromatography using silica gel and gH, as eluent to Pd(PPhR);Cl,, 3.0 mg (0.016 mmol) of Cul, 0.16 mL
give 18 as a dark green solid (64 mg, 8% yield). FAB-MS: (116 mg, 1.15 mmol) of diisopropylamine (DIPA), and then
2004. MALDI-MS m/z: 2003.9 (M). UV-vis (THF) A, 0.36 mL (250 mg, 2.55 mmol) of trimethylsilylacetyleng.(
(nm) (loge): 716 (6.08), 678 (6.19), 390 (6.18), 330 (6.41), The reaction mixture was allowed to stir overnight at room
258 (6.14), 216 (6.23)*H NMR (toluenedg, 1.0 x 103 M, temperature, after which time the solvent was evaporated in
363 K) &: 8.71 (br, 8H), 7.71 (dJ = 7.8 Hz), 6.81 (dJ =  vacuo, the residue was suspended in hexane and then filtered
8.1 Hz), 3.58 (s, 16H), 1.14 (s, 72H), —4.81 (br, 2H). Anal.through a bed of celite. The filtrate was concentrated under
calcd. for G3gHi30NgOg: C 81.49, H 6.54, N 5.59; found: C reduced pressure, chromatographed using silica gel and hex
80.06, H 5.80, N 5.27. ane as eluent, and then recrystallized from EtOL3Ho
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give 22 as a white, crystalline solid (53 mg, 29% yield). El- luted with 10 mL of hexane and then centrifuged. The
MS m/z (%): 284 (M, 65), 214 (65), 199 (100). UV-vis supernatant liquid was discarded, the crude pigment was dis
(THF) Aoy (NnM): 214, 240, 275, 291, 309. IR (KBr) (cfx: solved in anhydrous THF, reprecipitated into 5 mL of hex
2203, 2103, 1603, 1509, 1299, 1249, 1172, 1108, 104&ne and centrifuged again. This cycle was repeated four
1014, 847, 760, 694'H NMR (CDCly) & 7.41 (d,J = times until the octanol was removed and the supernatant lig
8.7 Hz, 2H), 6.83 (dJ = 8.7 Hz, 2H), 3.59 (s, 2H), 1.03 (s, uid was colourless. The remaining crude Pc was dissolved in
9H), 0.23 (s, 9H).13C NMR (CDCk) & 160.72, 134.49, 2-mL of anhyd THF and loaded onto a gel permeatior col
114.89, 113.06, 90.03, 88.41, 78.13, 77.48, 73.13, 32.08mn consisting of SX-2 Biobeaflsand anhyd THF as the
26.77, —0.10. Anal. calcd. forgH,,0Si: C 76.00, H 8.50; eluting solvent. A single green band was collected in five,

found: C 76.07, H 8.20. 2 mL fractions, each of which were analyzed by UV-vis
spectroscopy. The fractions containing the least intense ab
1-(p-Neopentoxyphenyl)-1,3-butadiyne (23) sorptions in the 200500 nm region of the spectrum were

To a stirred solution of 1.0 g (3.5 mmol) o22) dissolved combined and the solvent removed in vacuo to give what is
in 50 mL of MeOH was added 2.1 mL (11 mmol) of 5 M believed to be26 as a dark green solid (7 mg, 28% yield).
NaOH. After 15 min, the reaction mixture was acidified with MALDI-MS m/z: 2202 (M" — Li). UV—vis (THF) A (nm):

1 M HCI, extracted twice with hexane, and the extracts were214, 304, 408, 660, 738+ NMR (pyridine-ds, 4.53 x 10* M,
dried over MgSQ. Filtration, followed by evaporation of the 300 K)&: 9.98 (br, 8H), 7.67 (dJ = 8.4 Hz, 16H), 6.92 (d)
filtrate in vacuo gave a grey solid, which after chromategra = 8.4 Hz, 16H), 3.60 (s, 16H), 1.08 (s, 72H).

phy through a plug of silica gel using hexane, afforded
709 mg of23 as a white solid, which rapidly darkened on
exposure to light and air (95% yield). (This material was

used immediately in the synthesis 24). EI-MS m/z (%): We have demonstrated that it is possible to prepare
212 (M, 20), 142 (100). UV-vis (THF Ny (nM): 214,  octaarylethynyl and octaarylbutadiynyl phthalocyanines, but
281, 298. IR (KBr) (cm'): 2204, 1896, 1602, 1562, 1509, that solubility and stability problems may make their use in
1473, 1400, 1364, 1295, 1255, 1170, 1109, 1048, 1017, 92honlinear optics and other applications difficult. Solubilizing
834, 624."H NMR (CDCl;) & 7.45 (d,J = 8.6 Hz, 2H), 6.85 groups on the aryl groupsrtho to the alkyne groups may

(d, J = 8.7 Hz, 2H), 3.61 (s, 2H), 2.46 (s, 1H), 1.04 (s, 9H). provide the dual goal of solubilization and stabilization.
13C NMR (CDCL) & 160.86, 134.59, 114.93, 112.74, 78.18,

75.99, 72.50, 70.87, 68.69, 32.09, 26.76. .
Note added in Proof

4.5-Di[4-(p-neopentoxyphenyl)-1,3- One different octaarylethynylphthalocyanine has recently

butadiynyl]phthalonitrile (24) been reported (see R. Faust and F. Mitzel. J. Chem. Soc.
The same procedure was used as for the synthesg of Perkin Trans. 1, 3746 (2000)).

using 631 mg (1.66 mmol) af, 740 mg (3.49 mmol) oR3,

122 mg (0.174 mmol) of Pd(PRBCl,, 33.2 mg

(0.174 mmol) of Cul, and 40 mL of TEA, except that the en Acknowledgement
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