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Monomethyl, Monoethyl, Dimethyl, Trimethyl, and Tetramethylporphyrinogens
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prepared by N-alkylation of lithiated meso-octacthylporphyrinogens with alkyl iodides in the presence
of crown ether. The crystal structure of 3b was established by X-ray crystal structure analysis.
© 1998 Elsevier Science Ltd. All rights reserved.

Recently meso-octaalkylporphyrinogen has attracted much attention as a tetraanionic N, ligand, which
h oxidation state. It coordinates to a metal ion in
and/or x forms depending on the nature of the metal ion.' In order to serve as useful ligands for metal ions in
low oxidation state, it is essential to modify nitrogen atoms of porphyrinogen. However, Sessler has reported
that the reaction of N, N’, N”, N’” -tetralithioporphyrinogen with an alkyl halide results in selective S-alkylation
of the pyrrole ring without N-alkylation” Herein we report the synthesis of N-alkylated meso-
octaethylporphyrinogens (2-6).

=B -
- -
Z
==
l= %
z
= r
.é_;’
- ~.
Z
=
2 =i
® . ©®
%
\Us

meso-Octaethylporphyrinogen (1) was prepared in 52 % yield by the acid-catalyzed condensation of

pyrrole and diethylketone in ethanol.! In N-methylation attempted with n-butyllithium (4 eq.) and methyl
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R-methvlated nom vr!pgg ns was confirm h the intensitieg of f'L and N-H signals as
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absence of the N- -CH, mgnals in the 'H NMR specirum, Similar results were obtained with other mcuuatmg

agents such as NaH, KH and metal K. However, a mixture of N-methylated porphyrinogens was obtained by

using NaH and Mel in the presence of 18-crown-6 ether in THF, without formation of any 3-methylated one
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n-hexane = 1 : 3, then, toluene : n-hexane = 1 : 3) to give N-mono- (2), neighboring-N, N’-di-(3a), opposite-N,
N’di- 3b), N, N’, N”-tri- (4), and N, N’, N”, N'” -tetra- (§8) methylated porphyrinogens (Figure 1), which
were characterized by the 'H NMR and FAB-MS spectra.*® The distribution of the N-alkylated porphyrinogens
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was varled w1th the amount of Mel used as shown in Table 1. When leq. of Mel was used, the main product
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was isolated predominantly. The low isolated yields of 4 and

the eluent.

Table 1. Distributions of the products in the N-methylation of meso-octaethylporphyrinogen®

Reactant Product distribution / %
molar Recovery / %
_rato. 2 39 3h 4 5 1
Mel: 1 ~ = i h - B
1:1 29 0.8 5.0 <1 <1 66
2:1 0.6 (<1) 0.8 (<1) 37 (30) 23 (13) 22 (5) 17

® The reaction was conducted as described in the endnote.” b Product distributions were estimated on the basis of the 'H NMR (500
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Single crystals of 3b were grown in toluene solution at room temperature, and subjected to X-ray crystal
structure analysis.® Figure 1 shows the O TEP drawing of 3b, in which the four pyrrole rings are pointing up

and down alternately, like a saddle structure, in a conformation tilted by ca. 60 ° to the average plane defined
by four meso-carbon atoms. The two N-methyl groups are oriented toward the same direction. The distance

between the two carbon atoms of N-methyl groups is 3.930 A. Hydrogen atoms of the two N-methyl groups

ligation sites (V-H groups) produced by the non-methylated pyrrole nitrogens. On the other side, the cavity
with ca. 3 A diameter is provided, where the distance between the two non-methylated nitrogens was 4.971 A

N-Ethylation of 1 with ethyl iodide was carried out under similar conditions described above. Only

_monoethvlated norshvrinocen (6) was isolable in 16 % vield, which was characterized by the 'H NMR and
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dichloroethane, and m-xylylene dibromide caused the formation of complicated mixtures, which apparently

involved B-alkylated products from the 'H NMR spectra.



omitted for clarity.

Thus, the synthesis of N-polyalkylated meso-octaethylporphyrinogens were achieved in this work. It
was found that crown ether added to the reaction systems is indispensable. Besides their use as ligands, they
are promising building blocks for sophisticated supramolecules."® Further study on complexation of these

oens wi 101! tal ions 1 1
porphyrinogens with various metal ions is ongoing.
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3. The x-ray crystal structure analysis of N, N', N”, N""igiralithio-meso-ociacthylporphyrinogen revealed the formation ol
very tight ion-pair complex between lithium and the tetraanion, in which four lithium cations bind nitrogen and a-carbon
atoms strongly. It suggests that B-alkylation is likely to occur. We speculate that separation of the tight ion-pair in the
presence of crown ether resulted in N-alkylation.

4. A THF (50 mL) suspension of meso-ocataethylporphyrinogen (1) (0.54 g, 1.0 mmol) and sodium hydride (60 % oil dispersion,
0.16 g, 4.0 mmol) was stirred under Ar atmosphere at 50 °C for 1 h, and cooled to room temperature. 18-Crown-6 ether (1.1

g, 4.0 mmol) was added to the mixture, and the mixture was stirred for 30 min. To this mixture was added methyl iodide (1.0
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was stirred for 3.5 h at room temperature. The mixture was poured inio sat.
NH,Claq. and extracted with ether. The extract was washed with sat. NaHCO,aq., H,0, and brine, dried over anhydrous
MgSO,, and evaporated to dryness. The residue was chromatographed over silica gel (eluent; toluene : n-hexane = 1 : 3,
then, toluene : n-hexane = 1 : 3) 1o separate N-methylated porphyrinogens: N-Monomethyl derivative (2): white crystals,
m.p. 215-219 °C; "H NMR (270 MHz, CDC,) §7.16 (1H, br s, NH), 6.88 (2H, br s, NH), 5.95 (2H, s, Hg), 594 (2H,d,J =2
Hz,Hp), 5.86 (2H, 1, /=4 Hz, Hy, 5.85 (2H, 1, J= 4 Hz, Hp, 2.55 (3H, 5, CH,N), 2.1-1.6 (16H, m, CH,CH,), 0.8-0.4 (24H,
m, CH,CH); FAB-MS (mNBA matrix): m/z 554.4 [M']. Neighboring-N, N’-dimethy] derivative (3a): white crystals, m.p.
232-235 °C; lHNMR(Z?OMHZ CDCL) §7.08 (2H, br s, NI/), 6.00-5.85 (8H, m, 11.) 246 (6H, s, CH.N), 2.1-1.6 (16H, m,

,,,,,, 237575 T

CH.CH) 0.7-05 (24H. m. CH_ CH ) FAR-MS (mNRA matrix): m/z 568.5 IM']. Onnosite-N N’-dimethvl derivative (3h):
SLTR Ry, VTV RS, R, LT AT ), SAASNRS RN EA Al myz 36823 (M L. SAPPVSILEY, oY TUlnVG Y GUIIVaQu Ve oW .
wmrhita ,.,...nari ~ 700 A07 oM. 11T WD MIN M. OV Y 8L 08 IIT he o NIN £ OQ fAIT o IF\ & QA FAYYT A T - LT
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Hp), 2.82 (6H s, CH,N), 2.0-1.6 (16H, m, CH,CH,), 0.7-0.4 (24H, m, CH,CH.); MS (mNBA matrix): m/z 568.5 [M'].

N, N', N"-Trimethyl derivative (4): white crystals, m.p. >300 °C; '"H NMR (270 MHz, CDCl,) § 7.05 (1H, br s, NH), 5.98
(2H,d,J =4 Hz, Hy, 5.94 (2H,d, J = 4 Hz, Hp), 5.90 (2H, 5, H,), 5.89 (2H, d,J = 4 Hz, H ), 2.82 (6H, 5, CH,N), 2.36 (3H, 5,
CHN), 2.1-1.6 (16H, m, CH ,CH,), 0.7-0.4 (24H, m, CH,CH,); FAB-MS (mNBA matrix): m/z 5824 [M"]. N, N', N”,
N'”-Tetramethyl derivative (5): white crystals, m.p. > 300 °C; '"H NMR (270 MHz, CDCL) §5.94 (8H, s, H p» 2.80 (12H, s,
CH,N), 2.1-1.8 (16H, m, CH,CH,), 0.57 (24H, 1, J = 8 Hz, CH,CH ,); FAB-MS (mNBA matrix): m/z 596.3 [M']; The simple
pattern in the 'H NMR spectrum indicates that § exists in a single conformer, either 1, 3-alternate or cone.

Cyclic oligomers such as § were not isolated by acid-catalyzed condensation of N-methylpyrrole and diethylketone. Similar

racnlt Ahtnlmad wsth M _emhanvlaveenla and anatnna wag rannrtad hy Qacolar 27 21 - lala D A Cagolar T T « Wadl U . T ginnk
TOOUIL VUKIIIRAL WIMLIVTPUCHYIPYIIUIUC dAliu AU wad | LA UY OUddIN CF Ui,y URIC, Ir. l‘\ DSUd3ICL, J. L., Ddal, V., LY,
V.J. Am. Chem. Soc. 1996, 118, 5140 - 5141 (Supporting Information).

Crystal data for 3b: C;H N,, M = 568.89, rriclinic, a = 12.979 (4), b= 13.296 (4), ¢ = 11.959 (4), a=95.20 (3), B = 63.45
(2),7=63.45 (2) V= 1714 (1) A’, space group P | (#2),Z=2,D__,= 1.102 g cm”, u (MoKa) = 0.64 cm’. A total of 6673
reflections (in the range 22.04 < 28 < 24.06°) were collected at room temperature on a Rigaku AFCSR diffractometer with
graphitc monochromated Mo-Ka radiation and a rotating anode generator. The structure was solved by direct methods (SIR

92) and refined with 1841 reflections ¢ > 3.00 o ()); GOF = 1.71, R = 0.045, Rw = 0.029. Further details of the crystal

struciure iﬁVéSﬁg&‘ﬁOﬁ can be obiained from the

Cambridge Crystallographic Data Cenier, 12 Union Road,
1EZ (UK) on quoting the full journal citation.

Monoethyl derivative (6); white crystals, 882 mg (1.6 mmol, 16 %), m.p. 170-173 °C; 'H NMR (270 MHz, CDClL) 6 7.15
(1H, br s, NH), 6.85 (2H, br s, NH), 5.98 (2H, s, H 9, 5.94 (2H, d, J= 3 Hz, Hp), 5.83 (2H,t, J=3 Hz, Hy, 585 2H, 1, /=3
Hz, Hp), 2.93 (2H, br s, NCH,CH,), 2.10-1.55 (16H, m, CH ,CH,), 0.75-0.50 (27H, m, CH,C1/,); FAB-MS (mNBA matrix):
m/z 598.5 [M'].
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