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Abstract: N&e1 S,IS-B&p-substnutrd aryl)porphyruu havtng psubsttttbeNs CH3, NO2. N(CH3)z. OTosyl, were 
treated wtth 3-(dunethylammo)acroletn to produce the mckcl nrcso_(2”-fonnylvmyr)porphyn~ (I) - (4) These undergo 
cycltsaaon to the correspondmg mckel dtaryl bensochlortns (5) to (8) and thence to the correspondmgfrce bases All 
these denvattves show unusual electrome spectra wtth strong absorphons m the vtstble regwn around 700 nm. A 
crystal structure qf the p-dimethykammo bensochlonn (7) reveals a structure highly dtstortedfrom plananty, with the 
macrocycle havtng a dtstmct saddle shape The p-dtmethylammo betuochlorwt (70) ready protonates tn soluhon to a 
aimethylamtnoqtttnomethene motety An altanattve route to the benwchlortns vta decarbo&atwn ofmeso-acvlate 
aknvattves and formylatton of the formed vrnyl compowds. produced dunenc speues (15) and (16) whtch have been 
charactertsed by spectroscoptc methods. the darners are composed of a men-vtnyl porphyrtn ltnked to a porphodtmethene 
tout vta an ethylentc brtdge (I) - (4) under ba.nc condttwns cyclase to the correspondmg S,l5dmryl formyl pttrpunns 

In the burgeonmg field of photodynamic therapy (PDT) for the treatment of mahgnant tumours, the 
development of new photosensmsers that show strong absorptron m the red (600 - 700 nm) regton of the 
spectrum 1s an tmportant and challenging area of chemtstry Repmsentahve of such molecules am the tetrapyrmhc 
purpurmst, chlonns”, phthalocyamnes3 and benzochlonns 4 It has been estabhshed that the effictency of tumour 
necrosrs is dependent on the functtonahty of the photosensmser, as thts can determtne the extent of locahsauon at 
the tumour site? Currently the only drug bemg evaluated m phase III chmcal trials IS Photofrin II, which is a 
complex and poorly defined mixture of porphyrin dimers and htgher ohgomers This mixture displays httle 
absorption in the red regton of the vtsible spectrum, and has an unfortunate stde effect of skm photosensmvtty 
Thus there is a need for altemaave well charactensed photosensrasers whose chenucal. physical, and biological 
propemes can be rauonahsed In this paper, we report the synthesis of 5,15-(p-subsatntedkharyl benzochlonns 
and related fonnyl subsatuted porphynns which rhsplay major absorpaons m the 600 - 710 nm regton, that we 
believe may be suitable for photodynannc therapy studies Furthermore, the funcaonahty mcorporated tnto the p- 
posrtlons of the meso-aryl substttuents allows for flextbtltty of design to adjust for such properties as 
hydrophobictty, water solubthty, and elecuochemtcal and photophysrcal propemes, such a capabrhty 1s crucial for 
a systemauc study of the factors mfluencmg smtabthty as photodynanuc therapy agents 

Recently we reported the synthesis of a senes of p-substituted dnuyl purpurms whrch show myor 
absorpnons m the red (600 - 720 nrn) region 6 By a snntlar strategy we have now developed access to a serves of 
diary1 benzochlorms and draryl formyl porphyrms and purpunns A recent report by Smtth and coworkers7 has 
described the use of 3-(Qmethylammo)acrolem and POC13 to produce high yields of meso-(2”- 
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formylvmyl)porphyrinr and chlorms. Strong acid treatment of the mckel denvatives under simdar condltmns to 
those used by Arnold and coworkerss gave the correspondmg benzochlorms, benzorsobactenochlorms and 
benzobactenochlonns 

Thus, m this work, 5,15&s@-substituted aryl) porphyrmse were treated ~th 3-(&methylammo)acrlem 
and POC13 to give the correspondmg nickel meso-(2”-fonnylvinyl)porphyrms (1) - (4) m yields of 90 -100% 
These &splay unusual electronic spectra m that a smgle. broad Soret band at -460 nm and one broad Q-band at 
-650 nm are observed This represents a -60 nm red shift of the Soret band from those of the conqondmg 
mckel meso-(2”-fonuylvmyl) octaalkylporphyrms. although there is some &screpancy m the hterature as to 
whether the octaalkyl denvanves exhibit regular or perturbed spectra Arnold and coworkers* report spht Sorets 
for the mckel meso-(2’-formylvmyl) denvahves of octaethylporphynn and etloporphyrm, whereas Smtth7 reports 
a smgle Soret and three dlstmct Q-bands for the octaethylporphynn denvative In any case, It IS clear that 
mterrupuon of the porphyrm chromophore results from conJugatlon of the meso-(2’-formylvmyl) group mto the 
porphynn a-system 111 all of these denvauves, and this effect 1s further attenuated by the presence of the aryl 

groups m (1) - (4) Addmonally, the electromc spectra of these denvatives show large absorpuon bands m the 
300 - 370 nm region (E -16 - 23 x 103 M-lcm-1) The electronic spectral data 1s presented m Table 1 and the 

spectrum of (2) is shown in Figure 1A 

Table 1 Absorpaon Data (nm) for Nickel meso-(2”-formylvmyl) D~aryl Porphynns and Benzochlorms 

Compound Solvent Band I(@’ Band II(e)a Band II@’ Band IV(&)B Soret(qJ 

(1) CHC13 

$1 
CHC13 
CH2Cl2 

$1 Ei$E$ 

:;; 
CHC13 
CH2Cl2 

(8) CH2C12 
Nl(oeBC)b CHC13 

a Umts M-‘cm-* b From reference 

628 (8210) 
629 (10750) 
696 (27130) 
705 (32850) 
697 (28670) 
698 (27485) 
677 (36730) 

637sh(7435) 580 (3725) 5 17sh<4980) 
646sh (9210) 583 (4160 522 (5820) 
640sh (8445) 578 (4120) 522sh (5360) 
643sh (7415) 521sh(4160) 521sh (4160) 
625 (9780) 566 (4190) 500 (5020) 

464 (93400) 
466 (68220) 
457 (69400) 
459 (80460) 
433 (67520) 
431(71100) 
434 (66325) 
434 (64105) 
416 (69250) 

8 

Figure 1 Absorption spectra m CHC13 
of A (2), B (6) 

The porphynns (1) - (4) undergo cyclisation to the 
correspondmg nickel diary1 benzochlonns on treatment with 
trlfluoroacetlc acid under a nitrogen atmosphere at room 
temperature (Scheme 1) The reachon progress IS convexuently 
momtored by a colour change from green to brown, and IS 
generally complete wlthm one hour. On basic workup, the 
porphynns (1) and (2) produced exclusively the nickel dlsryl 
benzochlorms (5) and (6), while porphynns (3) and (4) 
produced the correspondmg free base meso-(2’- 
formylvmyl)dmrylporphynns (9) and (10) m addmoon to the 
cychsed products The free base denvatlves (9) and (10) did 
not cycllse on further treatment with acid This substantiates 
the ckulm by Smith7 that the central metal ion IS necessary for 
the electrophlhc attack on the porphynn by the meso-group 
derived carbocatlon, metalloporphynns that are easily 
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demetallated do not form good yields of the benzochlonns presumably because of the compehng demetallahon 
No benzochlonn formauon was observed under less acldlc con&tions (e g refluxlng glacial acetic acui). 

CHO 

(9) RICHI (10) R-OTs 

Scheme 1 

(5) R-M3 PI R-WXJz 

(6) R-N4 (6) R.OTs 

-R 

Crystals of the nickel larylbenzochlonn (7) suitable for X-ray crystallographic analysis were grown from 
chloroform / methanol9 The atom numbenng scheme and a perspechve view of the structtnz are shown III Figure 
2 

Figure 2 The atom:umbermg scheme and molecular structure of (2) Hydrogen atoms are not shown 
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A comparison between this structure and that reported by Arnold et als for nickel octaethylbenzochlonn, 
Ni(oeBC). is mstruchve. Selected mteratotmc bond distances and angles are presented m Table 2, and selected 
unetplanar dthedral angles are compared III Table 3. 

Table 2. Selected Jntcratomx Drstances(A) and Bond ~rstances(A) m the Nrckel 
Dnuylbenzochlorm (7) and Ni(oeBC)* Denvattvcs 

N~(oeBc) (7) Nt(oeBC) (7) 
AtomGroup Dtstance Drstance AtomGroup Drstance Distana 
Ni. Nl 1.930(3) 1.9q6) Nl to N2 2 741 2.677 
NI N2 1.932(3) 1 90(O) Nl toN4 2 729 2.756 
Nr N3 1.930(3) 1 90(O) N2toN3 2.723 2.714 
NI N4 1 953(3) 1.92(6) N3toN4 2.775 2.653 
NttoC5 3 348 3 357 C6 C5 1 384(6) 1.40(l) 
NI to Cl0 3 381 3 292 C5 c4 1 361(6) 1.39(l) 
NI to Cl5 3 344 3.346 Cl4 Cl5 1371(5) 137(l) 
Nr to C20 3.414 3 321 Cl5 Cl6 1.364(6) 1 39(l) 

Table 3. Selected Dihedral Angles Between Mean Planes for Nr(oeBC)g and (7) 

N@eBC) (7) 

Planesa (0) Planesa (0) Planesa (0)’ Planesa (0) 
2, 1 15 8 - 
2: 11:4 10 8 

46 ’ 274 
318 19’8 

2 1 
::3 4.1 3; 1 

255 32 ’ 353 
22.7 25 2 z:: 40.0 53.9 

2: 20.6 17.8 4:s 24.0 28 1 2: 26.2 31 3 2: 39 6 

$4 
4: 5 

26 17.6 3 :: 255: d:: 507 324 5:6 
18.0 

2: 
38 5 791 831 

346.‘: 56 2 
73 8 

50 8 
a M Nt. N2 f-43. N4 thud Pyrrole Rmg Nl. Cl, C2. C3, c4 m Pyrrole Rmg ~2. 
C6. C7. C*. c9 M Pyrde Rmg N3. Cll. C12. C13. Cl4 Plane Pyrmle Rmg N4. C16. 
Cl7. Cl*. Cl9 k!hd Benzene Rmg Cl. C2 C23. C22. C21. C20 m Phenyl Rmg C36. ~41. 
C40. C39. Q8, C37 FZhn~8 Phyl Rmg C42. C43, C44, C45, C46, C47 

The perspective views of (7) show the macrocycle to be highly dtstorted and assummg a drstmct saddle 
shape The coordmahon geometry about the nickel ion IS essenhahy square planar m both compounds, wtth small 
devlanons from an nieal square planar geometry evident m both as best seen by comparmg the Nl--NI--N3 and 
N2--NI--N4 bond angles (173.5’ and 175 1’ respectively for Ni(oeBC). compared to 173 5’ and 175 1’ for (7)) 
and the devrauons of the mdtvrdual nnrogen atoms from the mean plane (plane 1) of the four nitrogen atoms 
(Table 3) The pyxrole, annelated benzene and meso-phenyl nngs are all essenaally planar 

A measure of the large dtstortron of the nickel drarylbenzochlonn rmg system compared to that of the 
Ni(oeBC) IS most easily seen by comparmg the perspecnve view of (7) with that of Nl(oeBC) taken from 
reference 8 and shown m Figure 3, or by companng the dihedral angles between plane (1) (defined by the four 
pyrrole mtrogens) and the mean planes of the pyrrole nngs (planes 2 to 5), the pyrrole nng correspondmg to plane 
5 in the Nl(oeBC) shows the largest drhedral angle with plane 1 of 20 6” compared to 31 3’ tn (7) The 
remammg pyrrole nngs m (7) also show substantially larger dihedral angles of -10’ more than the Nl(oeBC) 
denvatrve 
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Figure 3 Perspective mews of (7) (left), and mckel octaethylbenzochlonn, Nl(oeBC), (taken from reference 8) 

Two of the mtrogen-mtrogen mteratormc &stances, Nl N4 and N2 - N3. are similar for both 
benzochlonns. The mteratomlc dtstances Nl . N2 and N3. N4 however are slgmficantly shorter in (7) 
compared to Nl(oeBC). This results m an elonganon of the mckel duuylbenzochlonn along the 5,15 axis and a 
reducnon of the N2--Nl and N3--Nl bond lengths These bond &stances (1 WIA) are remarkably short for a 
porphyrm-hke macmcycle Sumlar bond &stances have been reported for the highly hstorted porphdmethene 
denvatlve 5,15-Qmethyl-5,15-~hydro-2,3,7,8,l2~l3,l7,l8-~taethylpo~h~nato-n~ckel(~)1o (1.921, 1 904, 
1902, 1.9MA) and two homoporphyrmsll (1 889, 1.883, 1 885. 196lA) Further, the phenyl substltuents at 
C5 and Cl5 result m a tendency towards an increase in the carbon-carbon bond lengths around these posmons 
compared to the Nl(oe.BC) denvanve. Thus the severe &stomon of the mckel dnuylbenzochlonn appears to be a 
ihrect consequence of these two factors 

The perspecuve view of (7) shown m Figure 2 shows that one of the meso-phenyl nngs 1s twisted 
considerably away from perpendlculanty with the mean plane of the benzochloM nng system Thus phenyl nng 
(plane 7) mamtams a dhedral angle of 56’ with plane 1 The other phenyl nng (plane 8) has a dihedral angle of 
73’ with plane 1 These twist angles are comparable to those observed in the highly distorted nickel 
homoporphyrm (46 - 78’)lo 

The non-reduced pyrrole nngs m the two benzochlonn denvatlves have bond lengths and angles smular to 
those found m other metalloporphynn complexes l2 In the reduced pyrrole nng, the bond lengths of C3--C4 and 
C2--C3 are longer as expected 

The nickel charylbenzochlonns (5) - (8) show strong Band I absorpnons at -699 nm (~-30000 M-‘cm-1) 
and a low intensity Soret band at -433 nm (~-70000 M-lcm-l) (Figure 1 and Table 1) This represents a 20 nm 

red shift in both the Band I and Soret peaks compared to the Nl(oeBC) denvatlve reported by Arnold and 
coworkerss (however, there are mconslstencies m the wavelengths and molar extmcnon coefficients as reported 
by Srmth er up and Arnold et ~1~) The large red shift IS a reflection of the dlstornon of the nickel 
&arylbenzochlonn macrocycles which allows twlstmg of one of the phenyl nngs resulang m increased 
conJugatlon with the benzochlonn nng system I3 The lH and l3C NMR data are consistent with the assigned 
structures and were asslgned by standard techniques 

The mckel benzochlonns can be efficiently demetallated wnh concentrated HzSO4 to produce the free base 
denvaaves (Sa - Sa) The absorpaon spectra agam show strong Band I absorpaons at -670 nm and broad Soret 
bands around 416 nm This represents a slgmficant red stuft of Band I compared to the alkyl benzochlonns, and 
mQcates that the dlstoraon of the &aryl benzochlonns 1s not reheved by removal of the central metal Ion 
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Protonation of the free base denvatlves results m an even larger nd shift of -80 - 90 nm and a spht Soret Also 

m&catlve of the devlatlon fmm plananty and assocmted decrease m aromatic nng current 1s the large downfield 
shift of the pyrrohc NH resonances m the 1H NMR spectra of the free base benzochlorms, compared to other 

PorphyImu: macrocycles. The NH protons m (Sa - 8a) appear as two &shnct smglets at G4.5 ppm, repmsenung 

a downfield sluft of -6 ppm from that observed in the free base 5,15-dnuylporphynns. Addmonally. slgmfiiant 

upfield shifts of -1 ppm are observed for the meso-H and methme protons of the annelated benzene nng 
compared to the alkyl benzochlonns reported by Smnh7 and Arnold et up, agam atmbutable to a decreased nng 

current m the more &storM duql benzochlonns 

Whde the free base benzochlonns and their mckel denvaaves are generally stable and xetiy isolable, the 
timethylammo-subsmuted benzochlonn (7a) IS particularly tiffcult to work urlth On slhca, and to varymg 

extent dependmg on the punty and identity of the solvent, this compound readily protonates to form the 
c.hmethyhmmoqumomethene tautomers (lla~llbc+llc), (Scheme 2), and further to the fully protonated tetra- 

canon (12), a vanable nuxtun of all three components 1s present m some solvents and solvent nuxtures These 

changes can be demonstrated by tltraaon of the free base m punfied chloroform with tnfluoroacettc acid, 
dlustrated 111 Figure 4 On aclticanon the formaaon of the dnnethylammoqmnomethene moeq IS accomparued 
by a colour change from green to brown and a large masse m the intensity of the Band I absorpaon at 723 nm, 
further acl&fxanon leads to the fully protonated benzochlonn (12). with a red-shtited Band I at 756 nm. Stiar 

behavlour has been reported before for the smnlarly subsatuted &methylammopurpuru&b, and indeed with the 
parent porphynnsl4. 

Scheme 2 

The free base meso-(formylvmyl) denvatives, obtamed by demetallatlon of the nickel complexes (1 - 4) 
can also be used for the synthesis of 22-formyl d~aryl purpurrns by refluxmg their respective free bases in 
methylamme / 1,2-bchloroethane in a sun&u manner to that described for the synthesis of 22-(methoxycarbonyl) 
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&aryl purpurm@. This IS demonstrated by the syntbesls of the purpunns (13) and (14). Thus route provides a 
convenient access to vanously functionalrsed purpurms which are also of part~ular intemst in photodynanuc 
therapy stu&es6b. 

400 500 600 760 800 nm 

Figure 4. Absorption spectra of the free 
base benzochlonn (7a) A, III CHC13; B, m 
CHC13 contauung 2 molar eqmvalents of 
TFA, I e (lla*llbHllc), C, 111 CHC13 
and excess TFA, i.e. (12) 

I (13) R-CH3 (14) R-OTs 1 

As an altematwe approach to these cllaryl benzochlonns, it was recogrnsed that the readdy available meso- 
acrylate denvanves such as (15) and (16) nught provide access to the meso-formylvmyl denvatwes (1) and (3), 
respectively via hydrolysis, decarboxylation, and Vllsmeler formylatlon, porphynns (15) and (16) have been 
unhsed m previous studies for the synthesis of 5,15&s-@-subsmuted aryl) purpuru@ Thus, poxphynns (15) 
and (16) were readily hydrolysed to the acids (1Sa) and (16a), but on attempted decarboxylanon III refluxmg 
glacial acetic acid, a second maJor product was obtamed m each case, m atitlon to the expected meso-vinyl 
denvanves (17) and (18) On the basis of extensive Nh4R studes, mass spectral data, and electromc spectra, 
these products have been assigned the dlmenc structures (19) and (20). essenually compnsing a meso-vmyl 
porphynn hnked to a porphodunethene-type moelty VU an ethylemc bridge acmss adJacent meso-poslnons 

(15) R-CH3, R’-CO&b 
(16) R - N(CH3)2 , R’ - CO@ 
(16a) R-CH3, R’.CO$l 
(16a) RI N(CH3):, , R’ - C@H 
(17) R-C&, R’=H 
(18) R - N(CH3)*, R’ - H 
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13.17 ten- b&4 mm 10 v&l 2 
usm~: porphynn-(1) (2.17 ii. Yield of (9) = 0.98g: (494). 

,, 

- - 
cad&&&&$ 

lH NMR (CDC13): 6 -0 28 (brs, 2H. NH), 1 39 (t, 6H, 2 x CH3). 1.52 (t, 6H, 2 x CH3), 2 02 (s, 6H, 2 x 
CH3). 2.17 (s, 6H, 2 x CH3), 2.66 (s, 6H, ArCH3). 3 45 (q, 4H, 2 x CH2). 3 66 (q. 4H, 2 x CH2). 6.18 (d of 
d, lH, vmyl HB), 7.49 (d, 4H, ArH), 7.81 (d, 4H, ArH), 9.39 (s, lH, meso H), 9.53 (d, lH, vinyl H), 9.90 
(d. 1H. CHO) Anal. Calcd. for QgHsN40 H20: C, 80 51 ; H, 7.47 ; N, 7.66. Found. C, 80.70, H, 7 75; 
N, 8.20 UV / Ws (J. max, CHC13). 361 (E 24790). 462 (lOOllO), 639 (8980) 
l3C NMR decoupled (CDC13). 6 13 78, 13 82, 15 86, 17 11, 19 34, 2163, 2178, 100 45, 105 24, 12180, 
128.67, 133.20, 135.55, 137.78, 138.09, 138.23, 141 48, 141 64, 142 55, 143.25, 144 20, 145 25, 146 37, 
150 08, 190.92 

8 Tetr 17 retr&vl 5.17 but4 , 

carbaldchvdc-- --- 
toluenesulfonvloxvDhenvl)Dolahvnn 10 n&J,_ -- - ” . 

Synthesised by method B using porphynn (2) (250 mg) Yield of (10) = 54mg, (21%) 
lH NMR (CDC13). 6 -0.64 (brs, W, NH), 141 (t, 6H, 2 x CH3), 154 (t, 6H, 2 x CH3), 1.95 (s, 6H, 2 x 
CH3). 2 11 (s, 6H. 2 x CH3), 2.53 (s. 6H, ArCH3). 3 46 (q. 4H. 2 x CH2), 3 66 (q, 4H, 2 x CH2). 6.15 (d of 
d, lH, vmyl H8), 7 33 (d, 4H, ArH), 7 42 (d, 4H, ArH), 7 86 (d, 4H, ArH), 7 89 (d, 4H, ArH), 9.45 (s, lH, 
meso H), 9 57 (d, lH, vmyl H), 9 93 (d, lH, CHO) Anal. Calcd. for C+jlHmNqO&: C, 71.46 ; H. 5 90 ; 
N, 5 46 Found C, 71.19, H, 6 01 ; N, 5 13 UV / Vls (h ,,,=I CHzCl,): 351 (E 27865). 455 (118970), 629 
(10060), 698 (6610). 
13C NMR decoupled (CDC13). 6 14 01, 15.84, 17 11, 19 36, 21 83, 100 24, 106.14, 119 63, 122 10, 128.88, 
129.88, 132 06, 134 44, 135 16, 137 18. 140 14. 142 02, 143 01. 143 34, 144 78, 145.71, 145 75, 149 85, 
150 19, 190 90 

Sytheslsed by general procedure B usmg porphynn (1) (217mg) Yield of (5) = 61mg, (29%). 
lH NMR (CDC13) 6 -0 05 (t, 3H, CH3 of 3-ethyl). 1 29 (t. 3H. CH3). 1.42 (s, 3H, CH3), 1.43 (t, 3H. CH3). 
1.52 (t, 3H, CH3). 1.73 (s, 3H, CH3), 1.81 (m, lH, CH2 of 3-ethyl) 1.83 (s, 3H, CH3), 1.89 (s, 3H, CH3). 
2 06 (m. lH, CH2 of 3-ethyl), 2 50 (s, 3H, ArCH3). 2 54 (s, 3H, ArCH3), 3 19 (m, 6H, CH2). 7.23 (brs, 2H, 
ArH), 7.34 (d, 2H, ArH), 7.43-7 52(m, 6H, ArH and ZxbenzoH), 8 22 (s, 1H. mew-H), 8.44 (d, lH, 
benzoH). Anal Calc for QgH5oNqNl 0 5CHC13: C, 73.09, H. 6 25 , N, 6 88. Found C. 73 23, H, 6.44, N. 
6 67. UV / Ws (h ,,,a~, CHC13) 344 (E 22190), 362sh (19860). 433 (67515), 517sh (4980). 580 (3725). 637sh 
(7435), 696 (27 125) 
W! NMR decoupled (CDCl3) 6 8 78, 13 49, 14 30, 14 67, 15 54, 16 43, 16 57, 18 75, 18 99,20 18, 2147, 
21 56, 28 15, 2969, 3475, 56.59, 97 14, 107 80, 112 11, 11630, 11969, 123.23, 127.16, 127.28, 128 51, 
13173, 133 52, 134 61, 134 80, 136 34. 137 64, 137 69, 137 77, 138 96, 139.70, 140.55, 14128, 142 14, 
146.00, 148 70, 164 53 

18 Tem&yl3.7.11.17 w 5.15 
Lultu&m- - - - 

b-1 ‘_ - - 3H b- 

Sythesised by general procedure B usmg porphynn (2) (94mg) Yield of (6) = 59mg, (64%). 

lH NMR (CDCl3) 6 -0 05 (t, 3H, CH3 of 3-ethyl), 1 31 (t. 3H, CH3), 141 (s, 3H. CH3), 1.43 (t. 3H, CH3). 
1 49 (t, 3H, cH3), 1 70 (s, 3H, CH3), 1 77 (s, 3H, CH3), 1 83 (s, 3H, CH3), 1.86 ( m, 2H, CH2 of 3-ethyl), 
3 18 (m. 6H, (X2), 7 51 (d, lH, benzo-H), 7 61 (t, lH, benzo-Hi), 7 85 (brs, 4H, ArH), 8.29 (s, lH, meso- 
H), 8 33 (d, 2H, ArH), 8 45(m, 3H, ArH and benzoH). UV / Vis (h ,,,ax, CHC13) 345 (E 26900), 359sh 
(253251,431 (71100), 522 (5830), 583 (4160). 646sh (9210), 705 (32850) 
13C NMR decoupled (CDCl3) 6 8 63, 13 86, 14 80, 15 07, 15 44 , 16 46, 16 55, 18 72, 19.01,20 15.28 17, 
34 87, 56 56, 98 30, 105 68, 111 91, 117 02, 120 43, 121.66, 123 02, 123 51, 124.79, 132 94, 134 84, 
135 38, 136 66, 137 26, 137 54, 13906, 139.25. 141 44. 141 58. 141.75, 14229, 145.08, 145.54, 147.25, 
147 48, 147 69, 147 81, 147 84, 163 55 

utckellli) (71, 
tre1 , - _ _ 7.15 bmdrmerhvlamrnobhenvl) 3H be- _ _ -L1 



7864 

Sythesised by general proccdum B usmg porphynn (3) (200mg). Yield of (7) = 116mg, (59%). 

k-I NMR CXl3). 6 -0.04 (t, 3H, CH3 of 3-ethyl), 1.30 (t, 3H, CH3), 1.43 (t. 3H, CH3), 1.47 (s, 3H, CH3). 
1.51 (t, 3H, cH3), 1.79 (s, 3H, CH3), 1.81 (m, H-I, CHg of 3-ethyl) 1.91 (s, 3H, CH3). 1.98 (s. 3H, CH3), 
2.16 (m, lH, CI+2 of J-ethyl), 3.07 (s, 6H, N(CH3)2), 3.10 (8, 3H, N(CH3)2), 3.22 (m, 6H. CH2). 6.79 (d, 
W, AW.6.90 (d, 2H. ArH), 7.38 (d lH, benzoH), 7 45 (6 4H, ArH), 7.55 (t, H-I, bermoH), 8.21 (s, lH, 
meso-I-I), 8.44 (d, lH, benzoH). Anal. Calc. for C~~HS&NI. H&k C, 73.82 ; H, 7.04 ; N, 10.12. Found C, 
73.56; H, 7.05; N, 9.72. W / Vrs (k ,,,sx, CHgClz). 341 (e 22870). 434 (66325), 522sh (5355). 578 (4115), 
640sh (8445). 697 (28670). 
13C NMR decoupled (CDC13): 6 8.84, 13.55, 14.36, 14.80, 15.59, 16.45, 16.58, 18.76, 18.99, 20.17, 28.19, 
3467, 40.62, 40.68, 5667, 9690, 108.06, 110.21, 110.33, 111.71, 112.29, 116.13, 11951, 121.96, 
123.16, 125.60, 128.30, 128.98, 132.59, 134.18, 135.48, 135.98, 136.56, 136.73, 138.01, 138.96, 139.03, 
139.72, 140.20, 141.31, 142.25, 142.34, 144.62, 145.61, 149.44, 150.14, 150.34, 165.24. 

Sythesised by general procedure B using porphynn (4) (0.25g). Yield of (8) = 115mg. (45%). 

lH NMR (CDCl3): 6 -0.10 (t, 3H, CH3 of 3-ethyl). 1.28 (t, 3H, CH3), 1.36 (s, 3H. CH3), 1.46 (t, 3H, CH3). 
1.51 (t, 3H, CH3). 1.65 (s, 3H. CH3), 1.78 (s, 3H, CH3). 1.81 (s, 3H. CH3), 1.84 ( m, 2H, CHg of 3-ethyl), 
2.45 (s, 3H, TosylCH3), 2.46 (s, 3H, TosylCH3), 3.19 (m, 6H, CHg), 7.09 (d. 2H, ArH). 7 20 (d, W, ArH), 
7.35 (m, 4H, ArH), 7.54 (m, 6H, ArH and 2xbenzoH), 7.79 (m, 4H, ArH), 8.24 (s, lH, meso-H), 8.44 (d, 
lH, benzoH). Anal Calcd. for C6tHsgNiN406Sz. 3HzG. C, 65.41 ; H, 5.76 ; N, 5.00. Found C, 65.14 ; H, 
5 21; N, 4 93 FAB mass spectrum, m/z 1064 (M+l), tzqmres 1063(M+). W / Vis (n ruax, CHgClz): 345 (z 
20715). 357sh (19305). 434 (64105). 521sh (4160), 643sh (7415). 698 (27485). 
l3C NMR decoupled (CDCl3). 6 8.65, 13.65, 14.47, 14.77, 15.44, 16.42, 16.54, 18 73, 18.98, 20.14, 21.73, 
28 13, 34.74, 56.48, 97.66, 106.34, 111.93, 116.64, 120.09, 120.57, 12069, 122.00. 123.37, 125 84, 
128.79, 128 82. 129.75, 131.92. 132.96, 134.64. 135.46, 135.74, 135.92. 136.83, 13689, 137.06, 137.79, 
138.97, 139.32, 139.65, 141.14, 141.39, 141 68, 142.18, 145.00, 145 55, 147.63, 148.29, 149.70, 149.78, 
16409 

Synthesis of Free Base 3FibBanzo[at]porphyrins. General Procedure C. 
Nickel benzochlorm (-60mg) was dissolved 111 H2SO4 (cone, 5mL) and the solunon stirred at room 

temperatum for I-2hrs. Methylene chlonde (5OmL) and water (5OmL) were added and the solunon neutrahzed 
wrth sahuated hydrogen carbonate solution. The orgamc layer was washed well wrth water and dried over sodmm 
sulfate After evaporatron of the filtered solvent, the resrdue was chmmatographed on silica usmg methylene 
chlortde which removed a mmor green band and the major green band was eluted wrth methylene chhmde / 
acetone (1%). The benzochlorm was recrystalhred from methylene chlonde / methonol to gtve a dark green 
powder. 

1.17-m 5.15 brsN . - ‘_ methvlahcnvl) - _ 

Sythesrsed by general procedure C using benzochlorin (5) (55mg) Yield of (Sa) = 45mg. (89%). 

lH NMR (CDC13): 6 -0.03 (t, 3H, CH3 of 3ethyl), 1.32 (t. 3H, CH3), 1.40 (t, 3H, CH3), 1 41 (s, 3H, CH3), 
1.48 (t, 3H, CH3), 1.76 (s, 3H, CH3), 1 78 (s, 3H, CH3), 1.82 (s, 3H, CH3). 1.88 (m, lH, CH of 3-ethyl). 
2 03 (m, lH, CH of 3-ethyl), 2 55 (s, 3H, ArCHj), 2 58 (s, 3H, ArCH3), 3 02 - 3.23 (m, 6H, CHz), 4.48 
(brs, lH, NH), 4.67 (brs,lH, NH), 7.61 (t, lH, benzoH), 7.40 (d, 2H, ArH), 7.53-7.65 (m, 7H, ArH and 
benzoH), 7.80 (s, lH, meso-H), 8 62 (d, lH, benzoH). Anal Calc for C4gH52Nq. 2 5H20- C, 79 31 , H, 
7 74 ; N, 7 54 Found C, 79 47; H, 7 36, N. 7.13 UV / VIS (h max, Benzene). 418(z 80300). 618 (14470). 
670 (32000). 
13C NMR decoupled (CDC13) 8 8 62, 12 35, 13 32, 13 69, 15.67, 15.86, 16.29, 18 62, 18.88, 19.72. 21 51, 
21 59, 26.87, 33.21, 58.17, 93 88, 108 52, 114 90, 117.11, 120 45, 127 39, 127.49, 128 24, 128.75, 
128 98, 130.54, 131.74, 132.25, 132.41, 133 21, 133 56, 134.93, 135 12, 135 29, 137.80, 137.92. 138.27. 
138.42. 138 56, 14296, 144.53, 149 14. 14976, 156.51, 178 27 

II .I 7-tetrm f _ _ bd4 ‘. nrtrp _ _ 
Sytheslsed by general procedure C using benzochlonn (6) (62mg) Yield of (6a) = 46mg, (80%). 

lH NMR (CDC13). 6 -0 02 (t, 3H, CH3 of 3-ethyl), 1 33 (t, 3H, CH3). 1.39 (s, 3H, CH3), 1 42 (t, 3H, CH3), 
1 48 (t, 3H, CH3), 1 75 (s, 6H, 2xCH3), 177 (s, 3H, CH3), 1 92 ( m, 2H, CH2 of 3-ethyl), 3.04-3 23 (m. 





d, lH, ArH), 7.84 (d , 2H, TosylH)), 7.89 (d,4H, Tosyl H), 7.97 (d of d, lH, ArH), 8.13 (d, lH, ArH), 9.35 
(s, lH, ~socyclic nng-H), 9.46 (s, lH, meso-H), 10 16 (s, lH, CHO) Anal Calc for CtjlH~N407S2* C, 
7146; H, 5 90 ; N, 46. Found C, 7178; H, 5.89; N, 5.30. UV / VIS (A ,,,ax, Benzene): 336 (e 18410). 442 
(187140). 511 (6170). 546 (8880), 585 (24645), 653 (9015), 710 (54001). 
t3C NMR decoupled (CDC13). 8 7 49, 13.51, 13.59, 14 35, 14 72, 16 05, 17.12, 17.36, 19.22, 19.61, 2024, 
21 78, 26.88, 30.89, 5429, 68 34. 102 40, 106.22, 113.81, 121 51, 121 75, 121 98, 12203, 122.11, 
128.69, 128.83, 128.84, 129.86, 131.83, 132.02, 133.66, 132.82, 132.84, 133 45, 133 68, 134.95, 135.51, 
136 40, 136.47, 138 44, 139 48, 140 64, 14208, 143.38, 145 65, 145 68, 146.52, 148.37, 149.85, 150.09, 
15180, 155 37, 171 55, 182 20, 187 33 

Hydrolysis of the Carbomsthoxy Group in the Ni maso-Acrylate Diarylporphyrins. General 
Procedure D. 

To the Nr meso-acrylate porphynn dissolved in tetrahydrofuran was added a KOH / methanol (10%) 
soluaon and the msultmg soluhon refluxed unnl hydrolysis was complete as Judged by tic (15mm). The solvent 
was removed by rotary evaporanon and the brown residue acr&fied with glacial acenc acud. Chloroform was 
added and the organic layer washed well wrth water. The organic layer wash dried over sodium sulfate, filtered 
and evaporated to dryness to gtve the crude carboxyhc acid porphyrin 

3. 7. IiL_l7-tetramahvlS.15 bd4 me-In 10 prs _ _ ‘_ - _ 
Synthesised using method G usmg porphynn (15) (0 2 g). tetrahydrofuran (7OmL). 10% KOH / methanol 
(lOmL), acehc acid (15 mL) Yield of (15a) = 0 19 g, (92%) 1H NMR (CDC13) 6 1.52 (t, 6H, 2 x CH3), 
1.54 (t, 6H, 2 x C!H3), 2 12 (s, 6H, 2 xCH3), 2 17 (s, 6H. 2 x CH3), 2.59 (s. 6H, ArCH3), 3 53 (m, 8H, 4 x 
CH2), 5.18 (d, lH, vinyl H8), 7.38 (d, 4H, ArH), 7 58 (brs, 4H, ArH), 9.07 (s, lH, meso-H), 9 56 (d, lH, 
vinyl H) 

I-2. 8. 12. Id-tetra&yl-3. 7. 13. 17-tetrp _ _ 

Synthesised using method G usmg porphynn (16) (0.5 g). tetrahydrofuran (75mL), 10% KOH / methanol 
(5mL), acenc acid (15 mL) Yield of (16a) = 0.48 g. (97%). 1H NMR (CDCi3). 6 1 50 (t, 6H, 2 x CH3). 1.56 
(t, 6H, 2 x CH3), 2 15 (s, 6H, 2 xCH3), 220 (s, 6H, 2 x CH3), 3 14 (s, 12H, N(CH$z), 3.56 (m, 8H, 4 x 
CH2). 5.28 (d, lH, vinyl H8). 6 95 (d, 4H, ArH), 7 56 (brs, 4H, ArH), 9 07 (s, lH, meso-H), 9.60 (d, lH, 
vntyl H) 

Synthesis of the Ni Diary1 Dimers and Ni meso-Vinyl Diaryporphyrins. General Procedure E. 
The crude NI carboxyhc acid porphynn was dissolved m glacud acenc acid and the soluhon bought to 

rapid reflux unnl the colour changed from green to brown (-lmm) The reaction was cooled qtnckly and 
methylene chlonde added The organic layer was washed well with water, dned over sodrum sulfate and the 
solvent removed by rotary evaporation The residue was dissolved in a nummum amount of 1.1 methylene 
chlonde /petroleum sptnt (bp 60-7o’C) or 1:l CC4 /petroleum spmt (bp. 60-7O’C) and chromatographed on 
silica usmg the same solvent system The first and second maJor brown fracttons were collected and evaporated 
to dryness to give the NI meso-vinyl dlarylporphyrm and draryl &mer respechvely 
recrystalhzed from methylene chlortde / acetonttnle, as brown round beads. 

The dnuyl dtmer fracnon was 

12.8. 12. 18 Terrwhvl3. 7.13. 17 tetra!%t&lS.lS bd4 t ttz&&kvl)m 
UZL- - - --- 

*- - -)lnicRel/ll) 

Synthestsed by method E using. porphynn (15a) (0 74 g), acenc acid (25nL). Flash column chromatography 
was camed out using 1 1 CC4 /petroleum spent (bp. 60-7o’C) as eluent The fist fracnon contamed the meso- 
vmyl duuylporphynn Yreld of (17) = 165 2mg, (22%) 
lH NMR (CDC13) 6 1.46 (t, 6H, 2 x CH3). 1 52 (t, 6H, 2 x CH3), 207 (s, 6H, 2 xCH3), 2 14 (s. 6H, 2 x 
CH3), 2 58 (s, 6H, ArCH$, 3 53 (m, 8H, 4 x CH2), 4 60 (d of d, lH, vmylrruns-Ha), 5 82 (d of d, IH, vinyl 
W-H@, 7 36 (d, 4H, ArH), 7 63 (d, 4H, ArH), 8 80 (d of d, IH, vinyl Ha), 9 12 (s, lH, meso-H) UV / 
vlsrble (h max, CHC13) 424 (E 110540) 549 (8390), 582 (8445) 

gf.fp-2. 8* 12* 18-terraethvll 
__ _ 
I0 vrnvl 

Synthesised by method E using porphynn (16a) (0 5 g), acetic acid (25mL) Flash column chromatography 
was carned out using 1 1 methylene chlonde / petroleum spu-tt (bp* 60-7o’C) as eluent The first maJor brown 
frachon contained porphynn (18) Yield of (18) = 0 16 g, (34%) 
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1H NMR (CDC13): 6 1.49 (t, 6H, 2 x CH3). 1.57 (t, 6H, 2 x CH3), 2 19 (s, 6H, 2 xCH3), 2.27 (s, 6H, 2 x 
CH$, 3 17 (s, 12H, N(CH3)g). 3 53 (m, 8H, 4 x CH2). 4.76 (d of d. lH, vmylfrans-Hg), 5.89 (d of d, lH, 
vinyl cis-Hg), 6.98 (6 4H, ArH), 7.64 (d, 4H, ArH). 8.87 (d of d, lH, vinyl Ha), 9.16 (s, lH, meso-H). 

,, , , , , ‘_ 
~~_~~;~~~~-~;;~~~;~~~,~,~~~!~~~~~~~ 

Synthesrsed by method E usmg: porphynn (l&r) (0.74 g). aceuc acrd (25mL) Flash column chromatography 
was carried out usmg 1.1 CC4 / petroleum spmt (bp. 60-7@C) as eluent. The second fracuon contamed the 
drarylporphyrm w. Yield of drmcr (19) = 105 lmg, (15%) 
lH NMR (CDCl3) (see text for symbols) 6 0.71 (t. 3H. A or A’CH$, 0 74 (t, 3H. A or A’CH3). 0 81 (t, 3H, 
A or A’C!H$, 0.91 (t, 3H, A or A’C!H$, 1 09 (s, 3H, B or B’CH$, 1 14 (s, 3H, B or B’C!H$, 1.18 (s. 3H, 
B or B’CH3). 1 23 (t, 6H, ECHs), 1 26 (s. 3H, B or B’CH3), 1 55 (t. 9H, FCH3, G CH3). 2.05 (s, 6H, D 
CH3), 2 00-2 26 (m, 8H. A or A’CHz), 2 16 (s, 6H. C CH3). 2 41 (s, 6H. porphdmethene ArCH3). 2 43 (s, 
6H, porphodtmethene ArCHs), 2 58 (s, 6H, porphyrm ArCH$, 3.57 (q, 4H. FCH2). 3 81 (m. 4H, ECHz), 
4 67 (d, lH, methine H proton), 5 39 (d of d, 1H. H vmylH8), 5 88 (q, lH, G H), 6 92 (t, W, ArH), 7 17 (t, 
2H, ArH). 7 27 (m, 2H, ArH). 7 34 (d, 6H. Ar H), 7 61 (brs. 4H, ArH), 9 05 (s. lH, meso-H), 9 08 (d, 1H. 
H vmyl Ha) FAB mass spectrum, m/z 1482 (M+2), requtres m/z 1480 (M+) UV / vrsrble (h ,,,ax, CHC13) 
434,561 nm 
13C decoupled NMR (CDC13) 6 12 82, 12 97, 13 18, 13 34, 14 51. 14 58, 15.29, 15 35, 15 46, 15 60, 
15 62, 17 07, 17 24, 17.46, 17 55, 17 64, 18 19, 19 35, 21.41, 21 57, 21 89, 40 48, 95 75, 109.60, 117 12, 
126 15, 128 08, 128 17, 128 23, 129.09, 129 35, 129 44, 129.61, 13007, 130 88, 131 33, 131.38, 13171, 
13252, 13308, 133 17, 133 61, 13550, 135 65, 13749, 138 12, 13820, 13824, 138 34, 138 90, 13933, 
139 57, 139 72, 140 98, 142 31, 142 43, 144 98, 147 36, 148 30, 15134, 153.24, 153 98, 154 35 

Synthestsed by method E using porphynn (16a) (0.5 g), acetrc acid (25mL) Flash column chromatography 
was camed out using 1 *l methylene chlonde / petroleum spurt (bp. 60-70(C) as eluent The second major 
brown fracnon contamed the porphynn drmer (20) Yield of drmer (20) = 0 24 g, (50%) lH NMR (CDCl3) 
(see text for symbols) 6 0 72 (t, 3H, A or A’CH3). 0 75 (t, 3H, A or A’C!H$, 0 83 (t, 3H, A or A’CH$, 
0 91 (t. 3H. A or A’CH$, 1 18 (s. 6H, B or B’CH$, 123 (t, 6H, ECH$, 1 27 (s, 3H, B or B’CH$, 1 28 
(s, 3H, B or B’CH$, 154 (t, 6H, FCHs), 158 (d, 3H, G CH3). 2 12 (s. 6H, D CH3), 2 00-2 30 (m, 8H, A 
or A’CH2). 2 23 (s, 6H, C CH3), 2 98 (s, 6H, porphodlmethene ArCH$, 2 99 (s, 6H, porphodtmethene 
ArCH3). 3 12 (s, 6H, porphynn ArCH$, 3 57 (q, 4H, FCHz), 3 81 (m. 4H, ECH2). 4 71 (d, 1H. methme H 
proton), 5 48 (d of d, lH, H vmylH8), 5.89 (q, lH, G H), 6 70-7 00 (brm, lOH, ArH). 7 28 (brm, 2H. ArH), 
7.55 (brs, 4H, ArH), 9 04 (s, lH, meso-H), 9 09 (d, lH, H vmyl Ha) FAB mass spectrum, m/z 1598 (M+2), 
requires m/z 1596 (M+) Anal Calcd for ClouHt 12Nt2Nt2 Hz0 C, 74 25, H. 6 99, N, 10 38 Found C, 
74.00, H. 7 28, N. 10 10 UV / vlstble (h maxI CHCl3). 434 (E 156295) 561 (28350) 
l3C decoupled NMR (CDCl3) 6 12 98, 13 14, 13 33, 13 56, 14 55, 14 69, 15 27, 15 37, 15 51, 15 65, 
17 09, 17 28, 1759, 17 67, 18 24, 19 35, 21 89, 40 48, 4057, 40 80, 95 45, 109 85, 111 46, 11240, 
117 39, 125 86, 126 64, 126 82, 129 00, 129.47, 130 10, 13025, 13057, 130 97, 13109, 131 15, 13143, 
132 87, 133 27, 133 66, 133 80, 134 25, 138.35, 138 40, 138 47, 139 02, 139 15, 139 40, 139 78, 140 33, 
14100, 142 89, 143 03, 144 55, 147 07, 147 98, 150 16, 150 26, 151 19, 153 10, 153 76, 154 07 
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