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Abshrrcl: The selective insertion of Ni(II) into the outer porphyrin subunits of a phenyl-linked 

trimeric porphyrin array allows for the examination, by steady-state absorption, of the relative contri- 

butions of the transition dipoles fo fhe ovemll electmcic coupliig bctwlrxn the porphyrin rnacmq~les. 

The optical properties of lied porphyrin arrays are of interest in tetms of the electronic cou- 

pling between the porphyrin subunits. Spectral shifts associated with subunit coupling have been 

di.r&%& 7nuc&a& 4~. %B & G&i& @X&&S +z&zu. -2 d q#i& Q, 7$kqC&&ti 

porphyrins by Freisner and Sessler* and recently by Maruyama.3 McLendon,4 and others.5 We have 

been interested in the effect of electronic coupling between porphyrin subunits in donor-acceptor sys- 

tem& in which the photoinduced electron transfer reactions are governed by the porphyrin-porphyrin 

interactions. In order to gain further insight into the specific nature of the electronic interactions within 

these systems, we required systems containing metal cation(s) selectively complexed to one or mom of 

the macmcycle subunits. Herein we report the preparation and static absorption properties of such a 

system incorporating Ni(II) into the outer porphyrin subunits of a uimeric array, NiQNi-1, as well 

as izs 3.u%~-z~9&42& 2%3-I, arnb zz2ad-k, 2,ftW isc~ms. 

1. M=M’=Hz 
N&l. M=M’=Ni3 

NlH2NL1. M = Ni; M’ = Hz 
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The choice of Ni(II) was dictated by the need to follow the regiochemistry of metallation by 

NMR spectroscopy. Thus, it was necessary to use a diamagnetic metal cation. So as to avoid the 

problems associated with the separadon of met&ted regioisomers, a further rquirement was that the 

metallation reaction proceed slowly enough to afford a sufficient degme of selectivity. Nickel@), in 

the form of NiCl2, fulfilled both of these requirements. In the event, two equivalents of NiCl2 were 

intmduced to a 5% McOIKHCl3 solution of 1 (containing a trace of NaOAc) and heated at mflux until 

no further changes could be observed by TLC and W-vis spectroscopy (see Rxpuimental Section). 

The desimd selectively metallated trimer, Ni&Ni-1. was isolated by chromatography on silica gel 

(45% yield) along with traces of uncharacterixcd rqiometallated isomus as well as the fully metallated 

Nip1 and unmmcd 1. T@ identity of NiHfli-1, containing metal cations in tlte outer porphyrin 

macrocycles, was oonfirmod by the combination of FAR-MS and *H NMR spectroscopy. The 300 

MHx tH NMR spectrum in the meso and phenyl regions for this compound unambiguously revealed 

tlte indicated mgiochemistry of metallation. For instance, the 2’ and 3’ positions of the linking phenyl 

groups, which resonate as a singlet in both 1 and Ni3-1, appear as a doublet of doublets in the 8.24- 

8.40 ppm region in the case of Ni&Ni-1 (c.f. Experimental Section). 

3;o 4io 5iO 6iO 

WAVELENGTH (nmj 

Rxcitonic interactions are more pronounced for the fully mkallated, Ni3-1, aud selectively 

metallated, Ni&Ni-1, systems than for the unmetallated trimer 1. The‘absorption spectra for these 

compounds in CHCls (see above) exhibit splitting in the Soret region (&ax = 402,420 nm for 

Ni&Ni-1 and Itttr~ = 405,419 nm for Nil-l). These splittings depend upon the interporphyrin 
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angles and the dircztion of the transition dipole moments of the monomer subunits. Ill the case of 

phenyl-linked porphms, two degenerate Soret transitions (B/I and B3 with m/j and rnA being the 

wmspmding transition dipoles must be considexed. According to the thuny, S/i will be red-shi&ed 

and BL bluashift@ due to the head-to-tail and face&~-face orientatiot~s of m// and mb rqectively. 

The result is a split in the Soret band. Notably, the selectively metalhued ,$yst&, I&Ni-1, gives 

rise to a split Soret with diminished intensity for the blue-shifted component. The intensity of the 

transition due to the head-to-tail dipole interaction (the red-shifted component) is unaffected by the 

absence of Ni(II) in the central porphyrin indicating that the presence of the metal cation may only 

serve to perturb the face-to-face dipole. Although further experimental support is lacking, this 

phenomenon may be unique to the phenyi linkage or may be a general M of coupled porphyrins. 

The preparation of selectively metallatcd systems such as NiHfl-1 pemits this aspect of electmnic 

couplingtobe~ 

ml = 
/ 

ml1 = - 
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Ni&Nid. A 50 mL round-bottomed flask was charged with 25 mg 16(b) (0.013 mmol), 6.6 mg 

NiCl2 (0.026 mmol, 2 eq.) and 20 mL 5% MeGH/CHCl~ (v/v) and heated at reflux. After 6 hours, 

TLC (silica gel, 2% A4eO?VCJK!l3) Micated the complete conversion of starting mat&l to products. 

The solvent was removed in vucw and the reaction mixture loaded onto a silica gel column. The 

desired product was &ted with 2% MeOH/CHCl3 &-&8, under conditions where the Rt of Nip1 

and 1 are ca. 1.0 and 0.4, mspectivcly) and purified further by recrystaUi&on from CHCl&exaIle 

(Yield 45%). UINMR (300 MHz, CDQ3) 8 -1.59 (2H, br. s, NH); 1.12 (12H. t (J - 7.34 Hz), 

2,8,l2,l8-CH2CH$H$&); 1.18 (12H, t (J = 7.36 Hz), 13”,17”-CH&H&H#&); 1.69-l.% 
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(16H, m, 2,8,12,18,13",17"-CH2CH2CH2CH3); 1.77 (8H, t (J = 7.42 Hz), 2",8"-CH2CI-I~); 2.1® 

(SH, quintet, 13",17"-C"I-12CI-I~CH2CH3); 2.29 (SH, quintet, 2,8,12,18-CH2CH~CH2CH3); 3.00 

(12H, s, 3,7,13,17-CH3); 3.06 (12H, s, 3",7"-CH3); 3.44 (12H, s, 12",18"-CH3); 3.85 (8I-I, t (J 

= 7.46 Hz), 13",I7,-CH~CH2CH2CH3); 3.95 (SH, q (J = 7.63 Hz), 4.12 (SH, t (J ffi 6.72 ), 

2,8,12,18-CI-I~CH2CHaCH3); 8.24-8.40 (SH, dd (J ffi 7.69 Hz), 2',3'-H); 9.53 (2I-I, s, 15"-H); 

9.64 (4H, s, 10",20,'-H); 10.38 (2H, s, 10,20-H) ppm. Mass Spectrum (FAB, 70 eV) m/z (relative 

intensity, %) 1922 (M + + 2H, 51%); 1921 (M + + H, 100%); 1920 (M +, 36%). Exact Mass for 

C124I-II47NI2Ni2: talc. 1920.0579, obsd. 1920.0549. 

Ni3-L The fully metallated isomer was prepared following the procedure above using an excess of 

NiCl2 (0.19 nm~l NiC12 for 0.014 mmol of 1). The yield of the metallated pmdact as a bright pink 

solid was esentially quantitative. 1HNMR (300 MHz, CDCI3) 8 1.12 (12I-I, t (J = 7.28 Hz), 13", 

17"-CH2CH2CH2CH3); 1.13 (12H, t (J ffi 7.31 Hz), 2, 8, 12, 18-CH2CH2CH2C/~); 1.72 (12H, t 

(J ffi 7.39 Hz), 2", 8"-CH2CH3); 1.77 (16I-I, m, 2, 8, 1, 18, 13", 17"-CH2CH2CI-I~CH3); 2.10 

(8I-I, quintet (J ffi 7.7 Hz), 13", 17"-CH2CI-I~CH2CH3); 2.18 (SH, quintet (J = 7.38 Hz), 2, 8, 12, 

18-CH2CI-I~CH2CH3); 2.83 (12H, s, 3, 7, 13, 17-CH3): 2.86 (12H, s, 3", 7"-CH3); 3.43 (12H, 

s, 12", 18"-CH3); 3.77 (8I-I, t (J ffi 7.62 Hz), 13", 17"-CH2CH2CH2CH3); 3.85 (8H, t (J = 7.63 

Hz), 2", 8"-CH2CH2CH2CH3); 3.86 (8H, t (J ffi 7.04), 2, 8, 12, 18-CH2CH2CH2CH3); 8.17 

'(SH, s, 2', 3', 5', 6'-H), 9.49 (2H, s, 15"-H); 9.53 (2H, s, 10, 20-H); 9.61 (4H, s, 10", 20"-H) 

ppm. Mass Spectrum (FAB, 70 eV) m/z (relative intensity, %) 1974 (M +, 46); 1975 (M + + 1, 48); 

1976 (M + + 2, 66); 1977 (M + + 3, 62); 1978 (M + + 4, 100); 1979 (M + + 5, 89); 1980 (M + + 6, 59). 

Exact Mass for C124H144N12Ni3: calc. 1974.9696, obsd. 1975.1535. 
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