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Abstract: Tetraphenylporphyrins with varying degree of B-ethyl substitution were reduced with diimide
to the respective chlorins. Increasing nonplanarity of the parent porphyrins led to successively more
instable chlorins and the most nonplanar chlorins that could be isolated, were based on a tetra-f-ethyl-
tetra-meso-phenyl-macrocycle. Depending on the substituent pattern different isomers were formed and
crystal structure analysis showed the chlorins to possess varying degrees of conformational distortion
depending on the degree of peripheral substitution and the localization of the pyrrolenine ring. Highly
substituted free base chlorins exhibited a larger degree of ring distortion than their parent porphyrins.
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One of the most fascinating recent developments in porphyrin chemistry has been the study of nonplanar
macrocycle conformations.! The conformational flexibility of porphyrins has emerged as one of the most
intriguing potentially regulating factors for fine-tuning the physicochemical properties of a tetrapyrrole
macrocycle in vivo.? Tetrapyrroles with different macrocycle conformations differ with regard to their redox

chemistry, photophysics and reactivity® and conformational divergence would account for the observation that
chemically similar chromophores can catalyze quite different reactions when bound to different protein
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Synthetic work has concentrated on the preparation of nonplanar tetrapyrroles in which different
macrocycle conformations are brought about by sterically overloading the porphyrin periphery. Exampies
widely studied in this context include porphyrins with bulky meso-substituents (e.g. 6),>% and especially
dodecasubstituted porphyrins such as octaethyltetraphenylporphyrin (8).%” These compounds often show
striking degrees of nonplanarity with displacements of individual atoms from the mean-plane often exceeding 1
A. Despite their importance in photosynthesis, no specifically designed nonplanar chlorins have been studied in
this context and most studies have so far concentrated on the preparation of nonplanar porphyrins. The only

orbide derivatives related to
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1
factor Fa3. 0 However, these studies concentra

hexahydroporphyrins) and did not attempt to access specific conformations via peripheral substitution. The
degree of reductxon in these compounds was much higher than that found in chlorophylls (dihydroporphyrins)
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by adding successively more B-ethyl groups to the basic tetraphenylporphyrin macrocycle (1).'> Depending on
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the substituent pattern these porphyrins showed increasing macrocvele distortions in the order- 1 <9 < 10 < 11
i I T o (=] SAMVANL W VANV RRIDIVARAVIAAS R wiAW Wiuvi s e AN Az
< 12 < 8. Synthesis of the respective chlorins would yield a series of conformationally designed chlorins with

distorted chiorins from these and other nonplanar porphyrins.
RESULTS AND DISCUSSION
While addition reactions with the formal pyrrole double bond have HH Ph
been known for some time,'3 only few methods have gained practical H |
importance for the reduction of porphyrins. Treatment with sodium in H / = \/ /
seaamvlaleahall? sives framechlorng in low wvield while O 15 Toc N, _N
wualily 1aiCuLivL BLYCS rard-Celivrniidy 11l 10w yiCid wWilliC UbuUy gy Ph L/ ‘\M \ Ph
o A S . - ok 1 1 1.1 M ™ 21 N LG ) \ ra /
been used to prepare cis-2,3-dihydroxychiorins. Both reagents are able NT N=Z
to react with (3-substituted and unsubstituted pyrrole rings and would 4\ )\\ /Q />
give a large number of different regioisomers upon reaction with e.g. 9- ~ r
12. The third possible reagent, in situ generated diimide,'® gives chlorins Ph
from P-unsubstituted porphyrins in good yields. Recently, a new method 12 M =2H
has been described by Smith and coworkers, which utilizes active 14 M = Zn(ll)
methvlene comnounds for the nreparation of c¢vclonronachloring and
vyasy { g had et Dl wdaind o Y/ VAVPAVPWWALILE LIRS s
chlorins; however, this method is only applicable to B-nitro-tetraphenylporphyrins.'’ In the present study, we

conceniraied on using the diimide meihod for the preparation of the desired chiorins. This method gives the
highest yields with meso-aryl porphyrins and shows selectivity for B-unsubstituted pyrrole rings. First, we
utilized the series of porphyrins 1 <9 < 10 < 11 < 12 < 8 for our experiments. With the exception of 8, all

porphyrins have at least one f-unsubstituted pyrrole ring and should thus be amenable for diimide reduction.

HH Ph HH Ph
H A/ H
H—l(_ 7// \(/ /7’—-' H-A( 7// \(/ /7
N, N-—\ N,A /N—-\
Ph—\ M. p—Ph PA—\ _M._ —FPh
N" N— N~ N

h h N~
15 M=2H 16 M=2H
17 M =Zn(ll) 18 M =Zn(ll)

Reduction of tetraphenylporphyrin (1) with diimide has been described in the literature and gave the
respective tetraphenylchlorin 13 in 70 % yield.'®" Treatment of 9 with the same procedure gave two isomeric
chlorin fractions which were easily separated via column chromatography. The main product (46 %) was

opposite to the diethylpyrrole unit.
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16 (413 nm) showed a hypsochromic shift com-

Reaction of 10 with diimide should yield only one isomer and

[ RPN W /
indeed, chlorin 19 was obtained in 30 % yield as the sole product. u o\ ,H r'ln [ /
n
Compound 19 was even more prone to reoxidation than 15 or 16 and could H ) ~ \/ )
only be separated from the starting material via thin layer chromatography. \:N\ P ,—//
Simple treatment with air reoxidized this chlorin to 10 Ph '—K\ /\ M /X—P. |
As reaction nraduct for the reduction of 11 we exnmected onlv the \—N '__—/
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. Nevertheless, the situation proved to be more complicated and r Y \\l/\//
three different products (21-23) were found. The main product of the !

reduction was the bacteriochlorin 23, which was formed in approx. 50 %
yield. The yield is only an estimate since the product 21 is so unstable that
most of it was lost during TL.C purification and only 3 % could be isolated

product 21 was again prone to reoxidation and was obtained only in minute amounts (3.2 %). The preference
for reduction of 11 at substituted pyrrole rings becomes evident when the third product is taken into account.
This was identified as the chlorin 22, where reduction again proceeded at a substituted pyrrole ring. Compound
22 was much more stable than 23 and was isolated in a yield of 19 %.
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21 22 23
All attempts to convert the more nonplanar porphyrins 12 or 8 to the respective chlorins failed. The

reaction products were too instable and could not be isolated. Reduction experiments with 12 gave the in situ
formation a compound with absorption bands at 440 and 685 nm. However, the exact constitution of this the
product is unknown. In general, the stability of the chlorins decreased significantly with increasing distortion of

the macrocycle.
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Table 1. Comparison of the Soret and long-wavelength absorption bands of the relevant B-ethylporphyrins and
hydroporphyrins in CH,Cl, with 1 % triethylamine.

Substituent no B-ethyl |2,3-diethyl |2,3,12,13- [2,3,7,8- 2,3,7,8,12,13-
pattern tetracthyl | tetraethyl hexaethyl
Porphyrins 1 9 10 11 12
417,647 (420,645 |426,649 433,672 444, 685
Chlorins 13 15 19 21
416,652 |421,652 422,657 |431,677 (440, 685)
16 22
413, 664 427, 663
Bacteriochlorins |- - - 23 -
377,755

The main absorption maxima of the new chlorins and the respective parent porphyrins are compiled in
Table 1. A comparison of the UV/vis spectra shows that with increasing degree of B-ethyl substitution the
absorption bands become progressively more shifted bathochromically. One of the recurring results of the work
on nonplanar tetrapyrroles is a direct correlation of red-shifted absorption bands with the degree of macrocycle
distortion.”® On the basis of the absorption maxima the same ordering of putative macrocycle distortion in
solution (from left to right in Table 1) is observed for the chlorins as was described by us for the respective
porphyrins.'? This includes the difference between 19 and 21, the latter showing significant bathochromic shifts
compared to the former. Both have the same number of substituents, however, the substituent pattern in 21
gives rise to more steric hindrance than the one in 19. Chlorin 22, in which reduction involved a substituted
pyrrole ring showed hypsochromically shifted absorption bands compared to 21. Thus, when chlorins with the
same reduction pattern are considered electronic absorption spectroscopy provides again a rough estimate of the
relative conformation.

In order to gain unambiguous information about the conformation we tried to crystallize all relevant
chlorins and prepared the zinc complexes 17 (from 15), 18 (from 16) and 20 (from 19) for comparative
investigation of metallo chlorins. Due to their relative instability no metal derivatives were prepared from the
other chlorins. Table 2 lists the relevant structural information for the crystallized chlorins and metallo chlorins
and compares selected conformational parameters with those of related porphyrins. Two compounds
[20(MeOH) and 21} showed crystallographically imposed disorder of the reduced pyrrole ring over all
positions and only averaged overall structural data are presented for these two compounds. Depending on the
crystallization conditions, the zinc complexes contained different axial ligands. Two different forms could be
crystallized for 17, one with an axial methanol [17(MeOH)] and one without (17). Compound 20 crystallized
with an axial methanol [20(MeOH)].

Relevant data for the description of nonplanar tetrapyrrole conformations are the A24 value (the average
deviation of all 24 macrocycle atoms from their least-squares plane), which is a measure of the overall degree
of nonplanarity, the displacements of the Cy-positions (large in saddle-distorted porphyrins) and the Cp,-
positions (large in ruffled porphyrins) from the 4N-plane. An inspection of these values shows that almost all
chlorins exhibit a higher degree of conformational distortion than the respective parent porphyrins.
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15
14
FRY)
Figure 1. View of the molecular structures of 15 and 16 in the crystal. Only selected hydrogen atoms are shown

The structures of the two isomeric chlorins from the reduction of 9 are shown in Figure 1. The two
chlorins 15 and 16 show average deviations from planarity for the 24 macrocycle atoms of 0.22 and 0.23 A,
respectively. Thus, both chlorins are more nonplanar than the respective parent porphyrin 9 (A24 = 0.10 A) and
positioning of the reduced unit opposite of the diethyl-substituted pyrrole in 16 leads to a more nonplanar
conformation. Interestingly, the diethylchlorin 16 is already more nonplanar than the respective

resented here can be described

?

a saddle conformation. This is evidenced by the significant displacements of the Cy-positions and an alternating
tilt of individual pyrrole rings above and below the mean plane. Some degree of ruffling is present in all
compounds as shown by the significant Cp,-displacements.”® Based on the limited number of structures
presented here, there seems to be a slight tendency towards larger Cp-displacements with increasing overall
macrocycle distortion in the sterically encumbered chlorins.

£
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17 20(MeOH)
Figure 2. View of the molecular structures of 17 and 20(MeOH) in the crystal. Only selected hydrogen atoms
are shown for clarity.

AR =N
e
o
=
=
&
=i
=
=
™
=
N>
c\
a
7]
Q
!
DY
~~

~ ~o

even shows siightly less distortion than ZnilG(pyr) (A24 = 0.28 A). Insertion of zinc appears to counteract the
conformational effect of reduction. However, a clear analysis of this phenomenon will have to await the
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analysis of more metal complexes. As was noted by us for the respective porphyrins,'? the diethyltetrapyrrole
macrocycle has a considerable degree of conformational flexibility. The structure of the axially uncoordinated
zinc complex 17 (shown in Figure 2, A24 = 0.36 A) is much more distorted than the almost planar zinc chlorin
which bears an axial methanol ligand (17(MeOH), A24 = 0.06 A). In fact, 17 shows larger displacements than
the sterically more hindered 20(MeOH). Thus, the relative degree of conformational distortion in sterically
encumbered chlorins can not be predicted as easily as in the respective porphyrin series. There, the degree of
nonplanarity always followed the number of B-ethyl substituents, i.e. the number of peripheral points of steric
hindrance.

The place of reduction significantly influences the conformation. Structural investigation of 21 and 22
(Figure 3) shows that chlorin 21 (A24 = 0.45 A) is more nonplanar than its parent porphyrin 11 (A24 = 0.38 A).
On the other hand, compound 22 (A24 = 0.31 A), where reduction involved an ethyl substituted C,-Cy-bond, is
much less distorted than chlorin 16 (A24 = 0.33 A), which has only one B-ethyl-substituted pyrrole ring, or it’s
isomer 21. Thus, reduction of unsubstituted pyrrole rings leads to higher conformational distortion while
reduction of B-ethyl-substituted pyrrole rings leads to slight decrease in conformational distortion compared to
the porphyrin. Reduction of ethyl-substituted pyrrole rings effectively moves the B-ethyl groups farther out of
the plane of the molecule and thus further minimizes B-ethyl-meso-pheny! steric interactions.

L

{,\ ] | &;'J

21 22

Figure 3. View of the molecular structures of 21 and 22 in the crystal. Only selected hydrogen atoms are shown
for clarity.

Another point of interest concerned the asymmetry of the distortion modes in nonplanar chlorins. For the
parent porphyrins we had shown, that the distortion is localized to a large degree in areas of the macrocycle
bearing the p-ethyl groups. This holds true to some extent for the chlorins. Again, B-ethyl substituted pyrrole
rings and the reduced rings show the largest deviations from planarity. However, the differences between
individual quadrants of the macrocycle have become smaller than in the respective porphyrins. Presumably, the
higher conformational flexibility of chlorins allows more redistribution of steric strain throughout the
tetrapyrrole system.

The individual structural characteristics like bond lengths and angles, especially those involving the
pyrrolenine ring are comparable to those of other chlorins®*>?* if the known effects of saddle distortion on
structural parameters are taken into account.®®'>? Similar results are obtained upon comparison of the
coordination about the zinc centers in the metallo chlorins with literature data.”>*>* Other results of the crystal
structure determinations agree with observations made before for nonplanar porphyrins. One example is the
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tendencv towards inclusion of solvent molecules in the cavities formed in the crvstal by the mare nonnlanar
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crystal packing arrangements are observed for both.

We also investigated the reactivity of B-unsubstituted porphyrins bearing meso-alkyl substituents of
different steric bulk. As pointed out above, highly hindered systems such as 6 exhibit severely ruffled
conformations.” Thus, compounds 2-6 were subjected to a diimide reduction and we hoped to gain access to
purely ruffled chlorins which would be interesting compounds for comparison with the nonplanar chlorins
described above. Reduction of porphyrins with no or small degrees of conformational distortion (2-5)

v &1 UISLOULL

nraceeded emanthlv and 1in each cace oave twan nradnete - the reenective chlarin and hacterinchlarin (9 > 24 +
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approximately 2 : 1 in each case under the reaction conditions used. All chiorins in this series were extremely
prone to reoxidation. Compounds 24 and 26 were so instable that they could only be handled for short periods
immediately after the synthesis and often-decayed under argon on the way to the respective analysis. In
difference to the results with tetraphenylporphyrin we never observed the formation of isobacteriochlorins upon
reduction of tetra-meso-alkylporphyrins.
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A different resnlt was obtained upon reduction of the hichlv ruffled porphyrin 6. Shortly after formation
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porphyrinogen 32. Due to the ruffled distoriion with large displacemenis of the meso-carbons in & an
chemical attack at the meso-carbons is greatly facilitated and atypical reactions to nonporphyrin type products
have been observed in several cases for this porphyrin.s’z"’ Thus, the high reactivity of 6 makes it unlikely that a

severely ruffled nonplanar chlorin can be prepared via any direct reduction attempt.
EXPERIMENTAL

General

All chemicals used were of analytical grade and purified before use by distillation. Methylene chloride
was dried before use by filtration through basic aluminum oxide (grade I); methanol was dried by refluxing
over magnesium turnings followed by distillation. All manipulations involving nonplanar chlorins were
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fraction was scraped off, extracted with dichloromethane and recrystallized under dry conditions from
CH,Cly/n-hexane yielding 15 mg (0.12 mmol, 30 %) blue 19. A second, more polar fraction contained 20 mg
(0.16 mmoi, 40 %) starting maierial.

7.8,17,18-Tetraethyl-5,10, 15, 20-tetraphenylchlorin, (19). M.p. 325 °C; 'H NMR (500 Mz, CDCly): & =
0.87 (s, 2H, NH), 0.80, 0.81 (each t, °J = 7.5 Hz, 12H, CH,CHj), 2.48, 2.61 (each q, *J = 7.5 Hz, 8H, CH,CHj),
3.77 (s, 4H, CH,CHy), 7.57-7.68 (m, 12H, Hm, Hp.pn), 7.85-7.88, 8.05 (each m, 8H, H,.py), 7.90 (s, 2H, 12-, 13-
H); BC NMR (126 MHz, CDCl): 6 = 17.34, 19.05, 19.45, 110.21, 121.48, 126.39, 127.44, 127.65, 127.99,
130.08, 130.66, 132.70, 133.67, 137.07, 137.28, 142.19, 142.35, 142.99, 152.75, 167.11; UV/Vis (CH,Cl; +
1% NEG): Amax (Ig €) = 426 nm (5.25), 527 (4.09), 565 (3.86), 604 (3.78), 657 (4.43); UV/Vis (CH;Cl, + 1%
TFA): Amax (Ig €) = 450 nm (5.23), 667 (4.62); MS (80 eV); m/z (%): 728 (100) [M'], 700 (29) [M" - CHa],
364 (34) [M?"]; HRMS [CspHasNy]: caled. 728.3879, found 728.3889; [CspHagN4#0.75CH,Cl,, 792.68 g mol']:
anal. calcd. C 79.73, H 6.29, N 7.07, found. C 79.96, H 6.37, N 6.84.

Reduction of 2,3,7,8-Tetraethyl-5,10,15,20-tetraphenylporphyrin

Compound 11 (310 mg, 0.43 mmol), 1.2 g (8.7 mmol) potassium carbonate and 480 mg (2.6 mmol)
tosylhydrazine were dissolved in 10 ml S-picoline and heated to reflux. After 2 and 4 h, respectively another 75
mg were added and heating under reflux was continued for a total of 6 h. The reaction mixture was taken up in
dichloromethane and washed once with water, once with 10 % aq. HCl, again with water and finally with 5 %
aq. sodium hydrogen carbonate solution. After removal of the solvent in vacuo in the cold the mixture was first
chromatographed on a basic aluminium oxide column (Brockmann grade III). Elution with neat toluene yielded
two fractions which were each subjected to another chromatographic purification step. The more unpolar
fraction could be separated by column chromatography on basic alumina. Elution with CH,Cly/n-hexane (1:1,
v/v) gave the stable 21 (10 mg, 0.014 mmol, 3.2 %) and the instable bacteriochlorin 23 (10 mg, 0.013 mmol, 3
%). TLC of the crude fraction prior to column chromatography showed the content of the bacteriochlorin to be
about 50 %. Thus, most of the bacteriochlorin decayed during the chromatographic work up. The second, polar
fraction from the first column chromatographic step contained starting material (50 mg, 0.07 mmol, 16 %) and
22 (60 mg, 0.08 mmol, 19 %) which were separated via preparative thin layer chromatography on neutral
alumina oxide plates using toluene as eluant. Compound 22 shows a tendency towards oxidation to 11. All
products were recrystallized under inert conditions from CH,Cly/n-hexane or CH,ClL,/CH;0H.

2,3,7,8-Tetraethyl-5,10, 15, 20-tetraphenyichlorin, (21). Purple crystals, M.p. 273 °C, "H NMR (500 MHz,
CDCl3): 8 =-1.22 (s, 1H, NH), -0.77 (1, 3)=17.5Hz, 3H, CH,CH3), -0.62 (s, 1H, NH), 0.73, 0.78, 0.80 (each t,
3y =17.5 Hz, 9H, CH,CH3), 0.87-0.97 (m, 2H, CHCH,CH3), 1.39-1.51, 1.54-1.63 (each m, 2H, CHCH,CH;),
1.99, 2.41 (each m, 2 H, CCH,CH3), 2.82 (m, 2H, CCH,CH3), 4.84 (m, 2H, CHCH,CH3), 7.56-7.73, 8.05-8.16
(each m, 20H, Hpy), 8.08, 8.20, 8.23, 8.36 (each d, °J = 5 Hz, 4H, 12-, 13-, 17-, 18-H); UV/Vis (CH,Cl, + 1%
NEt3): Amax (1g €) = 427 nm (5.28), 531 (4.11), 565 (4.04), 609 (3.88), 663 (4.39); UV/Vis (CH,Cl, + 1% TFA):
Amax (Ig €) = 450 nm (5.12), 665 (4.43); MS (80 eV); m/z (%): 728 (100) [M'], 364 (14) [M**]; HRMS
[Cs2HasNs): caled. 728.3879, found 728.3871; [CsyHagN4*0.5CH;0H, 745 g mol™']: anal. calcd. C 84.64, H
6.76, N 7.52, found. C 84.19, H 6.62, N 7.12.

7,8,12,13-Tetraethyl-5,10,15,20-tetraphenylchlorin, (22). Purple crystals, M.p. 322 °C; 'H NMR (500
MHz, CDCl;): & = -1.20, -0.49 (each s, 2H, NH), 0.39, 0.41, 0.55, 0.69 (each t, ’] = 7.5 Hz, 12H, CH,CHs),
2.01, 2.25, 2.37, 2.41 (each q, °J = 7.5 Hz, 8H, CH,CHj3), 3.83 (m, 4H, CH,CH,), 7.53-7.74, 7.83-7.93, 8.12.
8.24 (each m, 20H, Hpy), 7.87, 8.29 (each d, 3] =5 Hz, 2H, 17-, 18-H); UV/Vis (CH,Cl, + 1% NEt3): Amax (Ig €)
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=431 nm (5.19), 534 (4.09), 570 (3.98), 621 (3.81), 677 (4.41); UV/Vis (CH,Cl, + 1% TFA): Amax (Ig £) = 458
nm (5.21), 662 (4.44); MS (80 eV); m/z (%): 728 (100) [M'], 364 (18) [M>]; HRMS [Cs;HagNa]: caled.
728.3879, found 728.3868; [CsyHssN4+0.5CH;0H, 745 g mol™']: anal. calcd. C 84.64, H 6.76, N 7.52, found. C
84.94, H 6.78, N 7.47.

2,3,7,8-Tetraethyl-5,10,15, 20-tetraphenylbacteriochlorin, (23). Red-gray powder, M.p. 235 °C; '"H NMR
(500 MHz, CDCl3): & = -1.32, -1.06 (each s, 2H, NH), -0.59, 0.71, 0.76 (each t, *J = 7.5 Hz, 12H, CH,CH3y),
0.88, 1.41, (each m, 4H, CH,), 1.91, 2.09 (each m, 2H, CH,CH3), 2.68 (m, 2H, CH,CHj3), 3.97 (s, 4H,
CH,CH,), 4.29, 4.79 (each m, 2H, CHCH,CHj, 2-, 3-H), 7.42-8.02 (each m, 22H, Hpy, 17-, 18-H); UV/Vis
(CHCl; + 1% NEt3): Amax (Ig €) = 368sh nm (4.78), 377 (4.82), 418 (4.31), 522 (4.23), 538sh (4.10), 742
(4.52), 755sh (4.43); UV/Vis (CH,Cl, + 1% TFA): Amax (Ig €) = 396 nm (4.68), 433sh (4.42), 650 (4.12), 812
(4.38); MS (80 eV); m/z (%): 730 (100) [M*], 365 (15) [M**]; HRMS [CszHssN4]: calcd. 730.4036, found
730.4036.

Metallation

Zinc(II) insertion was performed by preparation of a saturated solution of the chlorin in THF (e.g. 10 mg
chlorin), followed by addition of 80 mg potassium carbonate and 40 mg zinc(II) bromide. The mixture was
stirred for 30-60 min and the solvent removed in vacuo. The residue was taken up in a small amout of
dichloromethane and filtered through potassium carbonate followed recrystallization from CH,Cly/n-hexane.
Use of a conventional extraction step with water for purification of the crude product often led to demetallation
and should be avoided.

(7.8-Diethyl-5,10,15,20-tetraphenylchlorinato)zinc(Il), (17). M.p. >325 °C; 'H NMR (250 MHz, CDCl;):

= 0.93, 0.94 (t, ’J = 7.5 Hz, 6H, CH,CH3), 2.41, 2.54 (each q, *J = 7.5 Hz, 4H, CH,CH3), 3.94 (s, 4H,

CH,CHy), 7.54-7.67 (m, 12H, Hy, Hp.pn), 7.76-7.80, 7.97-8.01 (each m, 8H, Hopy), 7.89, 7.97, 8.17, 8.33 (each

d, 3] = 5 Hz, 4H, 12-, 13-, 17-, 18-H); UV/Vis (CH,CL): Amax (Ig €) = 419 nm (5.38), 578 (4.00), 620 (4.55);

MS (80 eV); m/z (%): 734 (100) [M], 367 (9) [M*']; HRMS [C4sH3gN4Zn]: calcd. 734.2388, found 734.240;

[C4sH3sN4Zn*0.25CH;OH, 744.25 g mol™']: anal. caled. C 77.87, H 5.28, N 7.53, found. C 77.88, H 5.20, N
6.93.

(12,13-Diethyl-5, 10,15, 20-tetraphenylchlorinato)zinc(Il), (18). M.p. >320 °C; 'H NMR (250 MHz,
CDCLy): 8 =0.74 (t, °J = 7.5 Hz, 6H, CH,CHs), 2.36 (q, °J = 7.5 Hz, 4H, CH,CHj), 3.71 (s, 4H, CH,CHy), 7.51-
7.63 (m, 12H, Hp, Hp.pp), 7.01-7.14, 7.73-7.76, (each m, 8H, Ho.pn), 7.25, 7.94 (each d, 3] = 5 Hz, 4H, 7-, 8-,
17-, 18-H); UV/Vis (CH,Cly): Amax (Ig €) = 450 (5.24), 579 (3.89), 621 (4.44); MS (80 eV); m/z (%): 734 (100)
[M'], 690 (12) [M" - C3Hg], 367 (10) [M**]; HRMS [C4sH3gN4Zn]: caled. 734.2388, found 734.2368.

(7.8,17,18-Tetraethyl-5,10,15,20-tetraphenylchlorinato)zinc(ID), (20). M.p. >325 °C; "H NMR (500 MHz,
CDCly): § = 0.79, 0.81 (each t, >J = 7.5 Hz, 12H, CH,CH), 2.28, 2.41 (each q, *J = 7.5 Hz, 8H, CH,CHa), 3.73
(s, 4H, CH,CH}), 7.33-7.64 (m, 14H, Hy, Hypn, 12-, 13-H), 7.89-7.91 (each m, 8H, Ho.py), 7.25, 7.94 (each d, *J
= § Hz, 4H, 7-, 8-, 17-, 18-H); UV/Vis (CHyCh): Amax (Ig €) = 422 nm (5.32), 621 (4.43); MS (80 eV); HRMS
[CasH3sNaZn]: caled. 734.2388, found 734.2391.

Reduction of 5,10, 15,20-Tetraalkylporphyrins
A mixture of 0.47 mmol (approx. 0.25 g) of the respective porphyrin and 11.0 g anhydrous potassium
carbonate in 40 ml pyridine was heated to reflux. Then a solution of 8.5 g (45.6 mmol) of tosylhydrazine in 40
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ml pyridine was added. The mixture was heated under reflux for 2 h (15 min for compound 6), cooled to room
temperature and neutralized with aq. HCI (10%). The mixture was diluted with 200 ml dichloromethane and
was washed neutral with water. The organic layer was dried over Na;SO4 and evaporated to dryness. The
residue was purified via column chromaiography on silica gei first using CH,Ciy/n-hexane to eiute the
bacteriochlorin and then using CH,Cl; for the chlorin. Final purification of the bacteriochlorins necessitated a
recrystallization step to remove coeluting p-toluenesulfonic acid.

3,10,15,20-Tetra(n-butyl)chiorin, (24). Yield 100 mg (0.i9 mmol, 40 %) red-purple crystals from
CH,Cly/n-hexane; M.p. > 300 °C; 'H NMR (250 MHz, CDCL;): & = -1.55 (s, 2H, NH), 1.07-1.15 (t, J = 7.3 Hz,
12H, CH,CH,CH,CH3), 1.67-1.80 (sext, J = 7.3 Hz, 8H, CH,CH,CH,CHj3), 2.22-2.24 (quint, J = 7.3 Hz, 4H,
CH,CH,CH,CH3), 2.35-2.50 (quint, J = 7.3 Hz, 4H, CH,CH,CH,CH;), 4.05-4.12 (t, J = 7.3 Hz, 4H,
CH,CH,CH,CH3), 4.48 (s, 4H, CH,CH;), 4.65-4.75 (t, ] = 7.3 Hz, 4H, CH,CH,CH,CH3), 8.90-8.95 (d, J = 4.9
Hz, 2H, Hg.pyrro1), 9.15 (s, 2H, Hapyrro1), 9.25 - 9.27 (d, ] = 4.9 Hz, Hpyrote); UV/vis (CHaClL): Aax (el €) = 372
nm (0.36), 410 (0.47), 434 (1.0), 530 (0.11), 555 (0.11), 600 (0.05), 654 (0.23); MS (40 eV); m/z (%): 536 (47)
[M'], 493 (28) [M" - C3H5].

5,10,15,20-Tetra(n-butyl)bacteriochlorin, (25). Yield: 60 mg (0.11 mmol, 24 %) green crystals from
CH,Cly/n-pentane; M.p. 212-215 °C; 'H NMR (250 MHz, CDCl3): 6 = - 1.53 (s, 2H, NH), 1.08-1.14 (t, J = 7.3
Hz, 12H, CH,CH,CH,CHj), 1.66-1.80 (sext, J = 7.3 Hz, 8H, CH,CH,CH,CHs), 2.03-2.15 (quin, ] = 7.6 Hz,
8H, CH,CH,CH,CHj), 3.93-3.99 (t, ] = 8.7 Hz, 8H CH,CH,CH,CHj3), 4.30 (br s, 8H, CH.CHy), 8.71 (br s, 4H,
Hpyrrote); UV/vis (CHzClLy): Amax (1g €) = 369 nm (4.99), 534 (4.58), 731 (4.84); MS (40 eV); m/z (%): 538 (100)
[M%, 495 (13) [M" - C3H7], 452 (3) [M" - 2x C3Hy], 426 (4) [M" - 2x C3H; - CoHa).

5,10,15,20-Tetra(2-methyl-propyl)chlorin, (26). Yield: 100 mg (0.19 mmol, 40 %) red-purple crystals
from CH,Cly/n-pentane; M.p. > 300 °C; 'H NMR (250 MHz, CDCl3): 8 = -1.68 (s, 2H, NH), 1.07-1.18 (m,
24H, CH,CH(CH3)2), 2.35-2.74 (m, 4H, CH,CH(CH3)2), 4.14-4.53 (m, 8H, CH,CH(CH3)2), 4.61-4.63 (m, 4H,
CH,CHy), 8.99-9.01 (d, ] = 5.1 Hz, 2H, Hpyrowe), 9.15-9.20 (g, J = 4.4 Hz, 2H, Hyyrrole), 9.26-9.27 (d, J = 2.5 Hz,
2H, Hpyrrole). UV/vis (CH3Cla): Amax (Ig €) = 372 nm (4.45), 410 (5.34), 431 (5.27), 529 (3.91), 556 (4.13), 593
(3.50), 650 (4.31).

5,10,15,20-Tetra(2-methyl-propyl)bacteriochlorin, (27). Yield: 60 mg (0.11 mmol, 24 %) green crystals
from CH,Cly/n-pentane; M.p. 240-245 °C; '"H NMR (250 MHz, CDCly): § = -1.21 (s, 2H, NH), 1.02-1.05 (d, J
= 6.5 Hz, 24 H, CH,CH(CHs)), 2.31-2.40 (m, 4H, CH,CH(CH3);), 3.94-3.96 (d, J = 7.0 Hz, 8H,
CH,CH(CH,),), 4.36 (s, 8H, CH,CH,), 8.68 (s, 4H, Hyyrore); UV/vis (CH2Cla): Amax (1g €) = 370 nm (5.34), 535
(4.75), 736 (4.83); MS (40 eV); m/z (%): 538 (100) [M'], 495 (30) [M" - C3H4], 452 (13) [M" - 2x C;Hyl;
HRMS [C36HsoNs]: caled. 538.4036, found 538.4042.

5,10,15,20-Tetra(iso-propyl)chlorin, (28). Yield: 150 mg (0.31 mmol, 60 %) red-purple crystals from
CH,Cly/n-pentane; M.p. > 300 °C; 'H NMR (250 MHz, CDCls): 8 = -0.32 (s, 2H, NH), 1.89-1.92 (d, 12H,
CH(CHjs),), 2.13-2.15 (d, 12H, CH(CH3),), 4.08-4.17 (quint, J = 7.4 Hz, 2H, CH(CH;)), 4.95-5.06 (quint, J =
7.4 Hz, 2H, CH(CH;),), 4.26 (s, 4H, CH,CH,), 8.83-8.85 (d, J = 5.7 Hz, 2H, Hpyrote), 9.02 (s, 2H, Hpyrote), 9.08-
9.10 (d, J = 5.7 Hz, 2H, Hypymoie); UV/vis (CH2CLy): Amax (Ig €) = 378 nm (4.33), 419 (5.02), 532 (3.84), 562
(3.81), 606 (3.54), 661 (4.08); MS (40 eV); m/z (%): 480 (76) [M'], 465 (66) [M" -CHs]), 437 (8) M" -C3H/];
HRMS [C3;H4oN4]: calcd. 480.3253, found 480.3264.
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The free base structures were solved by Direct Methods while structures of the zinc(II) complexes were
solved via Patterson synthesis, followed by structure expansion using the SHELXTL PLUS program system
installed on a PC clone.”® The structures of 15, 16, and 21 were solved with the program SHELXS86°'* and
refined with the program XZ-93.°'® The other structures were solved with newer versions of Sheldrick's
programs.’? Missing atoms and/or solvent molecules were located in subsequent difference Fourier maps.
Refinements were carried out by full-matrix least-squares on |F* using the same program system. Hydrogen
atoms were included at calculated positions using a riding model with C-H = 0.96 A and N-H = 0.9 A. No
hydrogen atoms were included for disordered positions, Unless otherwise stated, all nonhydrogen atoms were
refined with anisotropic thermal parameters.

Data for 15. C4gHaoNy, irregular shaped green crystals from CH,Cly/n-hexane, crystal size 0.1 x 0.1 x
0.08 mm, T = 126K, FW = 672.84, triclinic, P 1, a = 10.933(4), b = 12.946(5), ¢ = 13.496(5) A, a = 96.20(3),
B = 90.24(3), y = 109.72(3)°, V = 1786.1(11) A% 2 = 2, p = 0.564 mm™, D.geq = 1.251 g.em?, 4714
independent reflections, 3030 reflections with F > 4.00(F), 356 parameters, Omax = 56.43°, R1 [F > 4.06(F)] =
0.0845, wR2 (all data) = 0.2418.

Data for 16. C4gHsoN4, brown parallelepipeds CH,Cl,/CH3;0H, crystal size 0.52 x 0.35 x 0.33 mm, FW =
672.84, T = 126K, monoclinic, P2)/n, a = 17.064(3), b = 10.858(2), ¢ = 21.362(4) A, B = 113.11(3)°, V =
3640.5(13) A'3; Z=4,u=0553 mm™, Deated = 1.228 g.cm'3, 4917 independent reflections, 4144 reflections
with F > 4.06(F), 471 parameters, Oy = 57.14°, R1 [F > 4.00(F)] = 0.0507, wR2 (all data) = 0.1373.

Data for 17. C4sH38N4Zne0.5CH,Cly, red parallelepipeds from CH,Cly/n-hexane, crystal size 0.6 x 0.12 x
0.12 mm, FW = 778.66, T = 129K, triclinic, P 1, a = 10.813(6), b = 12.436(8), ¢ = 16.119(10) A, a =
103.99(5), B = 98.64(5), y = 101.26(5)°, V = 2018(2) A>; Z =2, p = 1.745 mm™, Dcgeq = 1.282 g.cm™, 5327
independent reflections, 3905 reflections with F > 4.0o(F), 497 parameters, Onme = 56.35°, R1 [F > 4.0a(F)] =
0.1173, wR2 (all data) = 0.3893. The structure contained a heavily disordered methylene chloride of solvation
which was refined with 50 % occupancy and isotropic thermal parameters. Some residual electron density
(1461 e. A ) was located 1.3 A distant from the central Zn atom.

Data for 17(MeOH). C4oH42N40Zn, blue parallelepipeds from CH,Cl,/CH30H, crystal size 0.80 x 0.58 x
0.28 mm, FW = 768.24, T = 298K, triclinic, P 1, a = 12.188(7), b = 13.631(9), ¢ = 13.714(8) A, a = 84.00(5),
B =72.47(5), 7= 64.74(4)°, V = 1964(2) A% Z = 2, p = 0.668 mm”, Degica = 1.299 g.cm™, 9019 independent
reflections, 7236 reflections with F > 4,00(F), 497 parameters, Omax = 27.50°, R1 [F > 4.06(F)] = 0.0475, wR2
(all data) = 0.1316.

Data for 20(MeOH). Cs3HsoN4OZneCH,Cl,eCH;0H, irregular shaped blue crystals from
CH,Cl1,/CH;0H, crystal size 0.8 x 0.8 x 0.7 mm, FW = 905.86, T = 126K, tetragonal, P4,/ncm, a =19.153(4), b
=19.153(4), ¢ = 13.019(6) A, V =4776(3) A*; Z =4, p=1.576 mm™, Daicq = 1.260 g.cm™, 1585 independent
reflections, 1439 reflections with F > 4.00(F), 161 parameters, Omax = 56.85°, R1 [F > 4.00(F)] = 0.0851, wR2
(all data) = 0.2243. Crystallographically required disorder of the reduced pyrrole ring, the axial methanol and
the solvent molecules. Residual electron density (1.504 e. A *) was located in the solvent region.

Data for 21. Cs;HagNa, green parallelepipeds from CH,Cly/n-hexane, crystal size 0.52 x 0.38 x 0.22 mm,
FW = 728.94, T = 126K, triclinic, P 1, a = 10.642(6), b = 13.061(11), ¢ = 15.733(7) A, o = 113.34(5), B =
91.99(4), ¥ = 99.34(6)°, V = 1964.4(22) A>; Z =2, p = 0.548 mm”, Deateqg = 1.229 g.cm™, 5317 independent
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reflections, 3552 reflections with F > 4.05(F), 472 parameters, 8max = 57.03°, R1 [F > 4.00(F)] = 0.1041, wR2
(all data) = 0.2856. The pyrrolenine was found to be disordered over two positions. C72 was disordered over
two positions and refined with occupancies of 0.65 and 0.44, respectively. C104 and C105 each were refined as
disordered over two positions with equal occupancies.

Data for 22. Cs;HysN4e1.75CH,Cl#0.5CH30H, brown blocks from CH,Cl,/CH;0H, crystal size 0.8 x
0.7 x 0.32 mm, FW = 893.59, T = 129K, triclinic, P 1, a = 13.281(4), b = 13.734(4), ¢ = 14.559(5) A, a =
112.09(2), B = 99.42(2), y = 99.26(2)°, V = 2354.7(12) A3, Z =2, p = 2.344 mm™", Deyeq = 1.260 g.cm>, 6117
independent reflections, 5040 reflections with F > 4.00(F), 578 parameters, Oy, = 56.06°, R1 [F > 4.06(F)] =
0.1081, wR2 (all data) = 0.3040. The structure contained several disordered solvent molecules which could not
be modelled satisfactory. Three sites were found for methylene chlorides which were refined with total
occupancies of 1, 0.5, and 0.25, respectively. A methanol molecule of solvation was refined with 50 %
occupancy. Some residual electron density (1.003 e. A %) was located in the solvent region.
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