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Abstract:  Bisphthaloaitriies lnked by 22disubstitusedpropan-1,3-diol
precursors  gave puwre  1,11,15.25substituted isomers of mononuclear
phthalocyanine derivatives upon homocyclization. Reasomable yields of these
phthalocyasines could be obtained with Emited polymeric side-products
utilizing modified cyclization methods. The 'H NMR spectrum of these
phikalocyanines exhibited the discrete doublet-triplet-doublet proton signals
expected of a pure isomer.

The cyclowstramerization reaction of monosubstituicd phthaloakriles yield
phthalocyaning (Pc) derivatives a3 mixtares of positional somers.!? Most
3- and 4-substituted phthalonitriles give statistical 1:2:4:1 mixtures of these
isomers', although a few exveptions exist in which & 2,9,16,23-isomer’ and 8
2,10,17,22-isomer! were prepared. Phthalouitriles substituted at the 3-position
by Iarge bukky groups can skew the isomer distribution favouring one isomer,
the 1,8,1522-komer, a5 a result of sicric interactions during the cyclization
process.  Nevertheless, Pc yiekds are usually low and parification of the pure
pigment isomers impaired due %0 low solubility of these symmetrical Pes
arising from molecular aggregation. The isolation of these type of pure Pc
isomers from a statistical mixterc has only reoeatly been achieved for a
specific swbetitucat using high performance Hquid chromatography (HPLCY,
and heace diroct methods sowards the synthesis of a single pure fsomer s a
desired goal.

Bisphthalosiiriles Bave traditionally been used in prepariag binoclear and
polyucicar Pcs.  Our Iaboratory has prepared a number of binuciear Pes
containing & wide variety of bridging groups via a mixed condensation method
fovolving the cyclizaion of a bisphthalomitrile with monosubstitused
phthalositriles.’?  Others have sucressfully homocyctized bisphthalonitriles
obtaining polymeric Pc derivatives® Our cument research has wsed
appropriascly linked bisphthalonitriles and modified the cyclization conditions
afiowing for the preparation of strocterally pure mononuciear Pe somers in
reasonable yields. Since somo aluminwm and zinc metalophthalocyanine
(MF) derivatives have exhibiied cyiosoaic activity in photodysamic therapy of
cancer (PDT)’, it was of interest o prepare a pure Pc isomer so that PDT
activity could be iavestigated wutilizing & pure Pc isomer rather than mixtures.
We beliove that such favestigations are important if Pcs arc to be used as
photoscasitiziag dregs.

NWM“WWIWMMWM
13diot linking groups 2a<c permitied us 0 architecturally constrain the
ssbsequent  bomocyclization of Dbisphthalonitriles  Jaclt, Recently,
bisphthalositriies contaising imsufficicatly “constrained bridging groups gave
tetrasubstituted phibalocyanines as mixtares of isomers.? Our choice of 2,2-
discbetitwiedpropan-1,3-diok as Yinking group precursors not only allowed ws
w wiiize commercially avaiable maverials, but ako custom-made diols
obuined from roduction of disubstituted malonic esters, Molecular modeling
and in computo favestigations suggesied that the five siom linking growp
mdwmmmwmmmammm
© 3 mosonwclear phthalocyanine. The short leagth of the link would also

preciude isomer mixtures. It was found that the resulting *bis-side-strapped”
mononuciear Pc products 4a-c cxistod as pure somors.!
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It is comvenient 0 syathesize mets] free Pes from which & variety of
mctaliophthalocyanine (MPc) derivatives cam be prepared.  Zinc MPc
mmmmmiymm“mmmmmgmm
Pcs 4ab. Cyclization of the bisphthalonitriles 3a-¢ by the 1,3-diiminoisoindole
method' or via Linsiead's method™ wsing Nthium jn amyl alcohol resulsed
mainly in polymerization evea under high dilution conditions. It was found,
however, that a high dilution sddition of the bisphihalonitrile at a high
wmperatore and short reaction time would yield desired mononuckear Pes
mmtmaammmmwm

Bulky substitueats on the Enking groups as in 4a,b resulted in emhanced Pe
mmhmmmmmmmnm&mmmorwﬂmm
and higher yiekds. The isolation of pure Pc isomers is cvident by their 'H
NMR spectra since Pc macrocycle atomatic protoss are observed as discreet
doublet-triplet-doublet signali*® in contrast 1o complex multiplet signals which
arise from mixtures of positional isomers.

In conclusion, we bave demomstrated that appropriawly liaked
bisphthalonitriles are feasible precursors i preparing structurally pure
mosoauciear P derivatives. Modification of existing cyciization methods by
wsing high dilution, high temperatures and short reaction times have allowed
uwaynﬁubemmndux?cmhwmbbm
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Ju mp 163-165°C. EI-MS ms (%) 552 (M+, 443), 523 (455), 509 (29), 495 (235),
465 (345), 409 (5), 145 (22), 43 (106). MR CD,CN & ppax: 7.7 (1, 2H, J=B.2tHr),
748 (m, 4H), 417 (3, 4H), 1.59 (m, 4H), 1.31 (m, 24H), 089 (4, 6H, Ju6SHz). Amal
cakd. for CuFLNOy C 7598, H 797, N 1014 Fowd: C 7592, H&SY, N 1627,
N mp 1HAUOC. BIMS mi (B) 469 (M+1, 17), 368 (42), 325 (M), 144 (100).
tHMR CDyON & ppes: 7.71 (1, 28, J=7.3Hz), 745 (m, 4H), 413 (s, 4H), 1.54 (m, @),
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1.3 (m, 12H), 086 (¢, 6, Im6.THr) Ansi. calod, for CuHuNO: C 7436, H 684 N
11.96; Found: C74.20, H 693, N 1200 3e: mp 216-218°C. EI-MS m (%) 384 (M°,
3), 259 (4), 241 (50), 145 (38), 97 (90), 55 (100). *HMR CDCN & ppm: 767 (3, 2H,
J=81Hz), 135 (4, 2, J=7.5Hs), 7.34 (4, 2H, J=BTH), 411 (s, 4H), 163 (g 4H,
J=15, 7.5Hz), 0.4 (4, 6H, J=7.5Hz) Anel calod. for CuHyuO;Ne C 7188 H S21 N
1458, Found: CT224 H4T8 N 1499,
Kobayashi, N.; Kobayashi, Y.; and Osa, T. J Am. Chem. Soc, 1993,
115, 10994,

4o Yield 21%. UV-VIS (THF) Awe am (log 8): 3525 (4.79), 613 (458). 646 (473), 675
(512), 709 (5.17). E1-MS mk (%) 1107 (M+1, 32), 1677 (5), 806 (5), 660 (18), 36
(100). THMR CD; & ppux: 792 (4, 41, J=695i2), 7.25 (1, 4H, J=THz), 688 (4, 4H,
J=72Hz), 444 (5, 8H), 1.58-183 (m, 64D}, 115 (1, 12H, Jm68Hz), -5.99 (5,24). Anal.
calod for CutlulNOs C 7591, H 819, N 1612 Fosnd: CTSS8 H 852 N 988
4 Yield 16%, UV-VIS (THF) A, s (log ¢} 2525 (476), 614 (4.53), 645 (476), 614
(5.10), W9 (5.24). FAB-MS mix (%) 940 (M+, 2), 869 (1.2), 799 (1), 614 (L.5), 460
(5) 307 (34), 154 (10). HMR CD; 3 ppac: 887 (4, 4H, J=2.7Ha), 838 (s, 4H.
J=19tk), 775 (4 4H, J=880H), 453 (5, 8H), 190 (m, 8H), 154 (m, 8h), LR (m,
16H), 080 (m, 12H), 4.5 (s, 2H) . Assl caled, for CodNOs C 7605 H 82 N
1014 Found: C75.92 H 852 N 10.27. 4c yield 7%, UV-Vis (bensenc) A, am (log
€ 352 (475), 614 (4.52), 646 (4.70), 672 (5.11), 08 (3.14). EIMS mix (%): 770 (M°,
35), 211 (10), 145 (31), 55 (108). HRMS required for CHN0; TI033290; Found:
77033220, *HMR CF000D 3 ppm: .05 (4, 4H, J=7.6k%), 849 (1, 4H, J=7.¢h).
8.03 (d, 4H, J=8.1Hz), 5.10 (s, 8H), 213 (g GH, JTH), 1.23 (1, 12H, J=7.20r).

S UV-VIS (THF) At (log ) 356 (463), 450 (311), 617 (4.49), 655 (6.46), 68S5.5
(517). FAB-MS m (%) 1171 (M+1, 108), 905 (34), 791 (36), 641 (85), 26 (23), 612
(66). Ansd. calod. for CoHNOZx: C 7181, H 7.58, N 9.5%; Fownd: C 7153, H 1.1,
N 993 S UV-VIS (THF) A am (kg &} 356 (AT4), 617 (462), 655 (456), 686
(3.42). FAB-MS m& (%): 1002 (M+1, 100), 932 (10), 821 (15), 648 (29), 634 (27), 610
(). Aml calod for CuuNOZa: C 6948, H 643, N 1118; Found: € 6051, H
€30, N 1692
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