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Abstract 

A new multi-chelating ligand, cis-S,l5-bis(o-[~-alanylamido]phenyl)-2,8,12,l8-tetraethyl-3,7,13,17-tetra- 
methylporphyrin, cis-(ala),DPE, has been synthesized. Treatment of ci.r-(ala),DPE with methanol solutions 
of Ni(II), Cu(II) or Zn(I1) leads to the formation of mononuclear metal complexes in which the metal 
has inserted into the porphyrin core. An X-ray structure determination was carried out for [ci.r- 
(ala),DPE]Ni(II) . CHC&. CH,OH. Crystal data are as follows: monoclinic, P2Jn, a = 14.195(5), 
b=12.175(6), c=28.071(1) A, p-98.97(3)“, R=0.085, R,=O.O89. 

Introduction 

The importance of porphyrins and porphyrin de- 
rivatives is evident from the prominence of metallo- 
porphyrins in many biological functions [l]. The use 
of synthetic metalloporphyrins to model the activities 
of natural systems has stimulated the preparation 
of a variety of functionalized porphyrins with specially 
designed cavities for selective substrate binding and/ 
or ligating appendages for binding additional metals. 
A partial list of these porphyrins includes elegant 
molecules such as picket-fence porphyrins [2], pincer 
porphyrins [3], basket-handle porphyrins [4], gyro- 
scope porphyrins [5], triple-decker porphyrins [6] 
and bis-pocket porphyrins [7]. In addition, a number 
of binucleating porphyrins have been prepared for 
use in modelling the active sites of multi-metal 
proteins [S-lo]. The accessibility of multi-chelating 
porphyrin ligands should allow for the preparation 
of oligomeric metal complexes and capitalization of 
the chemistry that is unique to multi-metal systems. 
Of interest is the possibility of designing and pre- 
paring linear arrays of transition metals as a means 
of producing new materials with desired optical, 
magnetic or conductivity properties. However, the 
majority of the multi-chelating porphyrins such as 
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those reported by Reed and co-workers [3], Elliot 
and Krebs [ll], Gunter et al. [9] and Chang et al. 
[lo] have sufficiently bulky appendages or have struc- 
tures that limit these ligands to binding two metals. 
We have designed a more flexible ligand system in 
order to promote the formation of oligomeric com- 
plexes. 

In this paper, we report the simple synthesis of 
a new multi-chelating ligand, cis-5,15-bis(o-[/3-alanyl- 
amido]phenyl)-2,8,12,18-tetraethyl-3,7,13,17-tetra- 
methylporphyrin, ci.r-(ala)zDPE. This ligand consists 
of two chemically distinct metal bonding sites - the 
porphyrin unit and the terminal amines of the alanyl 
groups. As a means of preparing molecular building 
blocks for multi-nuclear metal arrays, we have me- 
tallated the porphyrin core of this ligand to form 
mononuclear complexes with Ni(II), Cu(I1) and 
Zn(I1). A single crystal X-ray structure determination 
has been carried out for the nickel complex. 

Experimental 

Preparations 
All reagents were of analytical grade. THF was 

freshly distilled from purple solutions containing 
sodium and benzophenone. 5,15-Bis(o-aminophenyl)- 
2,8,12,18-tetraethyl-3,7,13,17-tetramethylporphyrin, 
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(NH&DPE, was synthesized according to the method 
reported elsewhere [12]. 

cis-Bis(o-aminophenyl)-2,8,12,18-tetraethyl-3,7,13,17- 
tetramethylporphyrin (1) 

The cis and trans mixture of bis(o-aminophenyl)- 
2,8,12,18-tetraethyl-3,7,13,17-tetramethylpo~hyrin, 
(NH&DPE, prepared by the Chang procedure [12], 
was converted to the cti isomer by following Lindsey’s 
procedure with some modifications [13, 141. A me- 
chanically stirred mixture of toluene (1.5 1, dried 
over molecular sieves) and 300 g silica gel was heated 
at reflux for 2 h under nitrogen. A cisltrans mixture 
of (NH&DPE (8.5 g) was added and heating at 
reflux was continued for 4-7 days. After cooling to 
room temperature, the slurry was poured into a 15 
cm diameter coarse glass frit and rinsed with toluene 
until the washings were clear, to remove the tram 
isomer. cis-(NH&DPE was eluted from the silica 
gel with benzene/ether (1:l) and isolated by removing 
the solvent under reduced pressure to yield 5.1 g 
(60%) of purple solid. Purity of the ci.r and trans 
isomers was checked by analytical TLC (SiOz, 
CH,Clz-CH,OH; 98:2) and ‘H NMR spectroscopy. 
The ‘H NMR spectra agree well with literature 
values [ 121. 

N-t-butoxycarbonyl-@alanine (BOGpalanine) 
This compound was prepared following a modified 

literature method [15]. BOC-ON (Z(t-butoxycar- 
bonyloxyimino)-2-phenylacetonitrile) (30.0 g, 0.12 
mol) dissolved in 66 ml 1,4-dioxane was added to 
a stirred solution of p-alanine (9.87 g, 0.11 mol) and 
triethylamine (24 ml) followed by a subsequent ad- 
dition of 66 ml H,O. After stirring the reaction 
mixture for 2.5 h, 80 ml saturated NaCl and 20 ml 
ethyl acetate were added. The aqueous layer was 
separated and washed several times with ethyl acetate. 
When the water solution became clear, it was acidified 
with 1 N HCl to pH 1 and was extracted with CHzC12 
(4 X 10 ml). The CHQ fractions were combined 
and evaporated to yield a viscous oil. After addition 
of 20 ml hexane, the flask was cooled to -30 “C. 
The precipitate was filtered and dried under vacuum 
at ambient temperature to yield 20.4 g (88%) of 
white solid. ‘H NMR (CDCls): 6.30(s, lH, OH), 
5.08(s, lH, NH), 3.36(t, 2H, CHZ), 2.54(t, 2H, CH2), 
1.41(s, 9H, t-butyl). 

cis-Bis(o-[N-t-butoxycarbonyl-~alanylamido]phenyl)- 
2,8,12, IB-tetraethyl-3,7,13, I7-tetramethylporphyrin (2) 

The method used to attach amino acid side chains 
to cis-(NH&DPE is based on the strategy described 
by Rose and co-workers [16]. Under nitrogen, N- 
methyl piperidine (1.98 g, 20 mmol) and isobutyl- 

chloroformate (2.10 g, 15.4 mmol) were added to a 
cold (-30 “C) solution of N-t-butoxycarbonyl-p- 
alanine (3.78 g, 20 mmol) dissolved in 300 ml THF. 
cz&(NH&DPE (1.32 g, 4 mmol) in 200 ml THF 
(cooled to - 30 “C) was added to this solution through 
a cannula. The reaction mixture was stirred at -30 
“C for 1 h and the temperature was slowly increased 
to ambient temperature over 10 h. The solution was 
filtered and the residues were washed with THF. 
The combined filtrates were evaporated to dryness, 
redissolved in 200 ml CHzClz and washed successively 
with HzO, 1% NaHC03, HzO, 0.1 N HCI and H20. 
After drying the organic layer over MgS04 and 
filtering, the solvent was removed under reduced 
pressure. The crude product was purified on a silica 
gel column (30X4 cm) eluting with CHzCl,/ether 
(95:5 to 9O:lO). Removal of the solvent under reduced 
pressure yielded 1.8 g of purple solid (90%). Trace 
amounts of free BOC-P-alanine were always present 
in the final product, but were readily removed in 
the subsequent deprotection step. UV-Vis (CHC&): 
408 (soret), 508,542,574,626 nm. FAB-MS (?&-I+): 
Found 1003.4; Calc. 1003.0. IR (nujol mull): 
vc,= 1680 and 1710 cm-‘. ‘H NMR (CDC&): 
-2.49(s, 2H, NH ryrrole), 1.19(s, 18H, t-butyl), 1.45(s, 
free BOC-P-alanine), 1.49(t, 4H, -CH,CH,), 1.77(t, 
12H, CH,cH,), 2.52(s, 12H, CH,), 2.85(t, 4H, 
-CH,C&), 4.04(q, 8H, CH,CH,), 4.87(s, 2H, 
NHBOC), 6.84(s, 2H, NH aryl), 7.53(t, 2H, aryl), 
7.85(m, 4H, aryl), 8.75(d, 2H, aryl), 10.27(s, 2H, 
meso-H). 

cis-.5,15-Bis(o-[f?-alanylamido/phenyl)-2,8,12,18- 
tetraethyl-3,713, I7-tetramethylporphyrin (3) 

The BOGprotected porphyrin, 2, (0.5 g, 0.50 mmol) 
was dissolved in 40 ml 1:l CHzClJtrifluoroacetic 
acid (TFA) and the resulting green solution was 
stirred at ambient temperature for 1 h. After removing 
the solvent under reduced pressure, the resulting 
solid was washed with diethyl ether until no green 
color in the washing was evident. The residues were 
dissolved in a minimum of acetone and poured into 
400 ml of 1:l CH2Cl&vater. The solution was neu- 
tralized to pH 7 with 1% NaHCO, and extracted 
with CH2C12. After removing the solvent under re- 
duced pressure, the crude product was purified by 
chromatography on a 35X4 cm silica gel column 
eluting successively with 95:5, 9O:lO to 80:20 CH2C12/ 
MeOH solvent mixtures. The second band, a dark, 
slow moving component (9O:lO to 80:20 fractions) 
was collected and evaporated to dryness to yield 0.2 
g of purple solid (50%). UV-Vis (CHCL): 408 (soret), 
510, 544, 575, 625 nm. FAB-MS (MH+): Found 
803.2; Calc. 803.0. IR (nujol mull): vco = 1680 cm-‘. 
‘H NMR (CDCI,): -2.48(s, 2H, NHpyrrolc), - 1.35(s, 
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TABLE 2. Positional parameters and Be, for Ni- 

C1303N&2&1 

Atom x Y Z B,,” 

Ni( 1) 

W) 
C](2) 
Cl(3) 
O(1) 
O(2) 
O(3) 
C(52) 
N(1) 
N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
N(7) 
N(g) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
CW 
CV) 
C(Q) 
W3) 
C(14) 
C(l5) 
C(l6) 
W7) 
C(lg) 
C(19) 
C(20) 
W1) 
C(W 
~(23) 
~(24) 
W5) 
W6) 
c(27) 
C(2g) 
~(29) 
C(30) 
C(31) 
~(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
C(41) 
c(42) 
C(43) 
C(44) 
C(45) 

0.2040( 1) 
0.0229(3) 
0.0759(4) 

-0.1046(4) 
- 0.091(2) 
- 0.2735(9) 

0.7130(8) 
- 0.096( 1) 

0.2293(7) 
0.3386(7) 
0.1772(6) 
0.0693(6) 
0.5567(g) 

-0.1254(S) 
0.438( 1) 

- 0.098(2) 
0.1647(9) 
0.2125(S) 
0.3016(g) 
0.3145(g) 
0.410( 1) 
0.499( 1) 
0.482(l) 
0.3830(8) 
0.2421(9) 
0.197(l) 
0.1048(9) 
0.0916(8) 

- 0.0030(8) 
-0.0914(g) 
- 0.0755(9) 

0.0225(8) 
0.0678(9) 
0.3980(8) 
0.3391(9) 
0.0064(9) 
0.164(l) 
0.376(l) 
0.542(l) 
0.572(2) 
0.2474(9) 
0.272( 1) 
0.0311(9) 

-0.1807(9) 
-0.1450(8) 
-0.149(l) 
-0.0819(8) 

0.4779(9) 
-0.146(l) 
- 0.223( 1) 
- 0.243( 1) 

0.5558(9) 
0.627(i) 
0.63101 

-o.i9o(ij 
0.474( 1) 

-0.101(l) 
-0.180(l) 

0.592( 1) 
0.620( 1) 

- 0.149( 1) 

0.2075( 1) 
0.2223(5) 
0.0988(5) 
0.0689(6) 
0.497(3) 
0.389(l) 
0.378( 1) 
0.391(2) 
0.2352(9) 
0.197(l) 
0.199( 1) 
0.2029(9) 
0.330(l) 
0.331(l) 
0.451(l) 
0.545(2) 
0.277( 1) 
0.306( 1) 
0.274( 1) 
0.231(l) 
0.176(l) 
0.154( 1) 
0.178(2) 
0.206(2) 
0.220( 1) 
0.226(l) 
0.204( 1) 
0.185(l) 
0.163(l) 
0.150(l) 
0.192(l) 
0.225(l) 
0.272(l) 
0.189(l) 
0.222( 1) 
0.160(l) 
0.367( 1) 
0.290(l) 
0.027( 1) 
0.227(2) 
0.247(l) 
0.144(l) 
0.203(l) 
0.093(1 j 
0.204(l) 
0.105(2) 
0.139( 1) 
0.159(l) 
0.227( 1) 
0.212(2) 
O.llO(2) 
0.229(l) 
0.198(1 j 
0.397(l) 
0.405(2j 
0.063( 1) 
0.039( 1) 
0.020( 1) 
0.112(l) 
0.097(l) 
0.503(2) 

0.52757(6) 
0.8162(2) 
0.7384(2) 
0.7642(2) 
0.643(l) 
0.4198(5) 
0.6621(4) 
0.6863(S) 
0.5960(3) 
0.5278(3) 
0.4584(3) 
0.5281(3) 
0.6428(4) 
0.4172(5) 
0.5725(4) 
0.5439(S) 
0.6221(4) 
0.6698(4) 
0.6735(4) 
0.6271(4) 
0.5656(5) 
0.5483(5) 
0.5014(5) 
0.4876(4) 
0.4277(4) 
0.3794(4) 
0.3776(4) 
0.4271(4) 
0.4934(4) 
0.5129(4) 
0.5569(5) 
0.5671(4) 
0.6082(4) 
0.6136(4) 
0.4414(4) 
0.4448(4) 
0.7056(4) 
0.7173(5) 
0.7123(5) 
0.4608(9) 
0.3372(4) 
0.3134(5) 
0.3327(4) 
0.4911(5) 
0.5910(4) 
0.6230(5) 
0.4085(4) 
0.6534(4) 
0.3954(5) 
0.3602(5) 
0.3411(5) 
0.6670(4) 
0.7043(5) 
0.6406(6) 
0.4295(6) 
0.6758(5) 
0.3882(5) 
0.3542(5) 
0.5753(5) 
0.7259(5) 
0.4593(9) 

2.12(7) 
7.7(3) 

10.9(4) 
10.4(4) 

34(3) 
11(l) 
6.9(7) 

10(l) 
2.4(5) 
2.9(5) 
2.1(5) 
1.9(4) 
3.4(6) 
4.3(7) 
5.5(7) 

14(2) 
2.7(6) 
2.6(6) 
2.3(6) 
2.1(6) 
3.1(7) 
4.0(8) 

6(l) 
4.2(7) 
2.4(6) 
2.5(6) 
2.4(6) 
2.1(6) 
1.7(5) 
2.1(6) 
2.8(6) 
2.1(6) 
2.6(6) 
2.1(6) 
3.6(7) 
1.9(6) 
3.8(8) 
4.2(7) 
4.0(S) 

12(2) 
3.2(7) 
5.0(9) 
4.0(7) 
3.5(7) 
2.8(6) 

6(l) 
2.3(6) 
2.5(6) 
2.9(7) 
4.2(8) 
4.4(9) 
2.8(7) 
3.6(7) 
4.7(9) 

5(l) 
3.4(7) 
3.0(7) 
3.9(S) 
4.7(8) 
3.8(8) 

7(l) 

(continued) 

TABLE 2. (continued) 

Atom x Y L &la 

C(46) -0.143(2) 0.465(2) 0.514(l) 16(2) 

C(47) 0.165(l) 0.491(2) 0.7018(6) 6(l) 

C(48) - 0.009(2) 0.148(3) 0.767(l) 27(3) 

C(49) 0.560(l) 0.127(2) 0.451(l) 11(2) 

WO) 0.611(l) 0.492(2) 0.6071(6) 6(l) 
C(51) 0.546(2) 0.473(2) 0.5605(7) 10(l) 

“The equivalent isotropic temperature factor [24] is defined as 
-- 

follows: B,,= %f 2 &,,ai*qq~oj. 
3 i-l,-, 

perature as expected for magnetically dilute copper 
complexes. 

X-ray structure of the Ni(II) complex 
The molecular structure of [cis-(ala),DPE]Ni(II) 

is shown in Fig. 1 along with the atom numbering 
scheme. Table 2 presents a listing of fractional 
coordinates for non-hydrogen atoms and Table 3 
gives selected bond distances and angles. The large 
thermal parameters associated with some of the atoms 
on the periphery of the molecule would explain the 
rapid fall-off in observed intensities. The average 
dihedral angle between the mean planes of adjacent 
pyrrole rings is 25.4” and indicates that the porphyrin 
core of this complex is ruffled in a manner similar 
to the S,-ruffling of the tetragonal form of octa- 
ethylporphyrinato nickel(H), Ni(OEP). The average 
Ni-N,,i, distance of 1.92 A is at the lower limit 
for Ni-N distances in other Ni porphyrin structures 
[25-301. The N-Ni-N bond angles range from 88.1(4) 
to 92.3(4)” and indicate that the Ni environment is 
square planar, An unusual difference in the ruffled 
porphyrin core of [cti-(ala),DPE]Ni(II) relative to 
that of the tetragonal form of Ni(OEP) involves the 
displacement of the meso carbons from the mean 
porphyrin plane. In Ni(OEP) these atoms are dis- 
placed alternately above and below the mean por- 
phyrin plane by 0.51 A. Although the meso carbons 
in [cis-(ala),DPE]Ni(II) are also positioned alter- 
nately above and below the mean porphyrin plane, 
one of the atoms, C2a, bearing a phenyl group, is 
only displaced 0.19 8, from the plane while the other 
three atoms show a more typical displacement av- 
eraging 0.55 A. The smaller displacement of CZO 
does not appear to be due to any unusual non- 
bonding interactions involving the appended alanyl 
arm. There is clearly no intramolecular interappen- 
dage II-bonding as the two terminal nitrogen atoms, 
N, and Ns, are separated by 7.61 A. This is in 
marked contrast to the structures of monometallic 
pincer porphyrins in which the orientation of the 
benzimidazole arms is influenced by intramolecular 



TABLE 3. Selected intramolecular distances (A) and bond 
angles (“) involving the non-hydrogen atoms’ 

Atom Distance Atom Distance 

Ni(l)-N(1) 1.93(l) C(9)-c(lO) 
Ni(l)-N(2) 1.91(l) C(9)-c(19) 
M(l)-N(3) 1.922(9) C(lO)-C(ll) 
Ni(l)-N(4) 1.914(9) C(lO)-C(25) 
Cl(l)-C(48) 1.65(2) C(ll)-C(12) 
C1(2)-C(48) 1.65(2) C( 1 l)-C(27) 
C1(3)-C(48) 1.66(2) C(12)-C(20) 

W)_C(52) 1.80(4) C(l3kW4) 
0(2)_C(39) 1.19(2) C(13)-C(20) 
O(3)-C(38) 1.25(2) C(14)-C(15) 

N(l)-(W) 1.36(l) C(14)-C(28) 

N(l)-C(4) 1.38(l) C(15)-C(16) 

N(2)-W) 1.37(2) C(15)-C(29) 

N(2)-W3) 1.38(l) C(16)-C(17) 

N(3)-C(9) 1.38(l) C(18)-C(32) 
N(3)-C(12) 1.40(l) C(20)-C(31) 
N(4)-C(13) 1.39(l) C(21)-C(47) 
N(4)-C(M) 1.39(l) C(23)-C(40) 
N(5)-C(36) 1.41(2) C(23)-C(44) 
N(5)-C(38) 1.34(2) C(24)-C(49) 
N(6)-C(33) 1.41(2) C(25)-C(26) 
N(6)-C(39) 1.37(2) C(29)-C(30) 

N(7)-C(51) 1.64(3) C(31)-C(33) 

NWC(46) 1.38(3) C(31)-C(41) 

C(lF(2) 1.45(2) C(32)-C(36) 

CU)-c(17) 1.37(Z) C(32)-C(40) 

C(2)-C(3) 1.31(2) C(33)-C(34) 
C(2)-C(21) 1.50(2) C(34)-C(35) 

C(3)-C(4) 1.44(2) C(35)-C(42) 

C(3)-c(22) 1.50(2) C(36)-C(37) 

C(4)-c(W 1.39(2) C(37)-C(44) 

C(5)-c(6) 1.45(2) C(38)-C(50) 

C(5WW) 1.45(2) C(39)-C(45) 

C(6)-c(7) 1.33(2) C(41)-C(42) 

C(6)-c(43) 1.52(2) C(45)-C(46) 

C(7)-(V) 1.44(2) C(5O)-C(51) 

C(WC(l9) 1.36(2) 

Atom Angle Atom 

1.41(2) 
1.37(2) 
1.33(2) 
1.50(2) 
1.45(2) 
1.51(2) 
1.41(l) 
1.45(2) 
1.39(l) 
1.32(2) 
1.49(2) 
1.43(2) 
1.48(2) 
1.36(2) 
1.51(2) 
1.51(2) 
1.51(2) 
1.37(2) 
1.39(2) 
1.25(3) 
1.48(2) 
1.51(2) 
1.41(2) 
1.36(2) 
1.40(2) 
1.33(2) 
1.37(2) 
1.36(2) 
1.42(2) 
1.39(2) 
1.38(2) 
1.49(2) 
1.52(2) 
1.37(2) 
1.59(3) 
1.50(2) 

Angle 

N(l)-Ni(l)-N(2) 
N(l)-Ni(l)-N(4) 
N(2)-Ni(l)-N(3) 
N(3)-Ni(l)-N(4) 
Ni(l)-N(l)-C(l) 
Ni(l)-N(l)-C(4) 
C(l)-N(l)-C(4) 
Ni(l)-N(2)-C(5) 
Ni(l)-N(2)-C(S) 
Ni(l)-N(3)-C(9) 
Ni(l)-N(3)-C(12) 
Ni(l)-N(4)-C(13) 
Ni(l)-N(4)-C(16) 
C(36)-N(5)-C(38) 

N(l)-C(l)-C(2) 

88.7(4) 
91.7(4) 
92.3(4) 
88.1(4) 

124.5(S) 
129.3(8) 
106(l) 
129.0(8) 
125.1(8) 
125.1(8) 
131.2(S) 
129.4(8) 
126.9(8) 
129( 1) 
109(l) 

C(l)-C(2)-c(3) 108(l) 

C(2)-C(3)-c(4) 107(l) 
N(l)-C(4)-C(3) 1 IO(l) 
C(l)-C(17)-C(16) 126(l) 
C(4)-C(lS)-C(5) 123(l) 
C(4)-C(18)-C(32) 117(l) 
C(S)-C(19)-C(9) 124(l) 
C(12)-C(20)-C(13) 124(l) 
C(lS)-C(32)-C(36) 122(l) 
N(5)-C(36)-C(32) 118(l) 
N(5)-C(36)-C(37) 123(l) 
N(5)-C(38)-C(50) 116(l) 
C(38)-C(50)-C(51) 117(2) 
N(7)-C(51)-C(50) 109(2) 

“e.s.d.s. in the least significant figure are given in paren- 
theses. 
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H-bonding with an adjacent pivalamido group [3]. 
However, H-bonding does occur between the terminal 
amine (N,) and the amido group (Ns) of the same 
appendage. The N7N5 distance is 2.80 A. The 
distance between the terminal amine, Ne, and the 
amide, N6, of the other arm is 4.38 A. A key feature 
to note is that the insertion of Ni into the porphyrin 
core has not caused atropisomerization of the 
alanyl appendages. Thus the chelating ability of the 
terminal amines is retained and further metallation 
is possible. 

Conclusions 

The attachment of ligating appendages to por- 
phyrins to form multi-chelating ligands is a relatively 
straightforward procedure using amino acid peptide 
coupling methods. It should be possible to vary the 
length of these ligating appendages by choosing amino 
acids with different numbers of methylene units 
between the amine and carbonyl group. The initial 
studies reported here indicate that molecular building 
blocks for multi-chelating arrays can be readily pre- 
pared and structurally characterized by X-ray crys- 
tallography. The extension of this study to form 
trinuclear complexes will be reported elsewhere [23]. 
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