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Summary - To mimic geochemical processes, several ulkylporpllyrins were heated in the presence of elemcntnl sulfur above 
200 oC, A variety of products were observed, and thiopyrano- and thienylporpllyrins as well as denlkylated, homolognted 
tmd dchydrogenntcd porphyrins were characterized. 
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R&mm6 - Interactions soul& 616montaire-porphyrines. Pour modbliscr certains processus gbochimiques, plusicurs 
nlkylporl,llyriircs out 616 chnuffhes en pihence de soufre 61hentaire h des tcrnpdratures supbrieures ii 200 “C. On observe de 
nombrellx produits purmi lesquels des thiopyrano- et tlli@nyll,orphyrincs, de mBme que des compos& d&ullcyl&, homologuks 
et dbsliydrog6ribs, ont 6th curact&is&s. 
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Introduction 

Sulfur is prcscnt in most dedimcnts containing organic 
matter and is involved in tlic tmnsforniation of organic 
molecules. These transformations include sulfur inqor- 
poration, dshydrogenation, reticulation, and lead to 
mncrolnolcc~rlnr entities. SuIfur-containing compouncls 
may represent as much as 75-80% of the total organic 
matter. Depending on the substrate and the conditions 
(deposition, diagenesis), the sulfur-cotlt;nliilIlg products 
observed (free as well as bound compounds) are 
thiols, thioethers, thiophenes, etc. The study of these 
compounds has been very useful in organic geo- 
chemistry, especially in paleoeiivironiiieiit reconstruc- 
tion [l-17]. The presence of porphyrins botmd to macro- 
molecules via carbon-sulfur bonds was demonstrated in 
oil shales, although the precise nature of the bonding 
still awaits further investigation [O-8]. 

In order to mimic the interaction of sulfur or sul- 
fur compounds with porphyrins we decided to react 
porphyriiis, natural or synthetic, with elemental sulfur. 
In this article we will describe the reaction of sulfur 
with simple synthetic alkylporphyrins as well as with 
a moderately functionalized natural porphyrin, proto- 
porphyrin IlS]. 

Results 

Model compounds 

Our first choice was to use nickel complexes of the se- 
lected porphyrins: nickel may protect the central part 
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of the molecules, in order to simplify the resulting mix- 
tures, but it is also a metal often present in the natu- 
ral porphyrins [19], in particular during the late stages 
of their transformation, when defunctionalization has 
occurred to a large extent. In addition nickel porphyrins 
are diamagnetic, while the complexes of the other metal 
often present in porphyrins from sediments, vanadium 
(IV), are paramagnetic, 

Since the simplest synthetic porphyrins, meso- 
tetraarylporphyrins [20], proved to be inert ‘in the 
presence of excess sulfur up to 200 “C, we turned 1 
to more reactive compounds, first tetraalkylporphyrins 
2-5, then octaethylporphyrin 6, these being accessible 
via pyrrole-aldehyde condensations [21, 221. These sub- 
strates are shown in figure 1. The tetraalkyl series was 
extended up to tetrsbutylporphyrin in order to facil- 
itate the formation of a thiophene ring, as in various 
terpenoid series [l]. In addition, one porphyrin from the 
natural series, nickel protoporphyrin IX dimethyl ester 
7, was chosen to test the reactivity of the vinyl group 
under sulfuration conditions. 

Reaction conditions and isolation of the products 

All reactions were run in sealed tubes under vacuum. 
A high-boiling solvent, benzyl acetate (bp 213 “C), was 
chosen. Although it had been used earlier in reactions 
involving elemental sulfur [23] - and accordingly we sup- 
posed that it was moderately reactive - benzyl acetate 
participated to a large extent in the formation of the 
products, as shown by mass spectrometry. However, the 
nuisance due to the higher complexity of the reaction 
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Fig 1. Starting porphyrins. 

mixtures was compensated by the observation of various 
unexpected C-C bond-forming reactions. 

A temperature of ca 200 “C wti necessary to bring 
into reaction the nickel porphyrins used in this study. 
The reaction period had to be chosen carefully to keep 
the conversion and the complexity of the mixture at 
levels compatible with the isolation of pure products 
(see experhnental section). 

After openhlg of the sealed tube (H2S evolution) the 
crude reaction mixtures were separated using TLC, then 
reverse-phase HPLC. Only the major peaks were se- 
lected and no attempt was made to quantify the amount 
of individual porphyrins. The composition of each peak 
was monitored by mass spectrometry and, if possible, 
the fractions further purified using analytical I-IPLC 
columns. Finally the products were cleaned from solvent 
residues on short silica gel columns under ‘geochemical’ 
conditions (all equipment rinsed and chromatography 
run with redistilled solvents). The structural assign- 

’ ments resulted from the recording of ‘UV-visible, NMR 
and mass spectra (including HRMS). 

In parallel, some reaction mixtures (from octaethyl- 
and protoporphyrin) were treated with nickel boride 
[24, 251 in order to cleave carbon-sulfur bonds and to 
simplify the reaction mixtures [G, 71. It is known that 
the porphyrin nucleus survives under these conditions 
while it is often destroyed by Raney nickel treatment [G], 
The resulting desulfurized mixtures showed an increase 
of the low-polarity fractions, which were separated into 
individual components as described above. 

Due to the complexity of the reaction mixtures, as 
well as the multiple separation and purification steps, 
the following remarks must be kept in mind: 
- only small amounts of a few pure porphyrins could 
be isolated and these are the only ones that will be 
presented; 
- a large number of products [2G] were detected and 
sometimes partially characterized, but will not be dis- 
cussed further; 
- it is thus clear that the discussion will be limited to the 
structural data, any quantitative interpretation being 
obviously meaningless. 

Structure of the products 

a Products from meso-tetraaI~ylporphT/Iins (fig 2) 
Most low-polarity fractions (eluent: hexane/dichloro- 
methane, 1:l) were red, as are the starting nickel 
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complexes, but each reaction mixture from tctraalkyl- 
porphyrins showed at least one green band. Structures 
of green compounds 8-11 are in agreement with the 
presence of only 7 pyrrolic protons and 3 intact side- 
chains, one olefinic proton at low field vicinal to a 
residue from the fourth side-chain (H, Me, Et, CsHh) 
and an additional sulfur atom. A bathochromic shift of 
the UV-visible spectrum (of magnitude 22 to 62 mn 
for the tetraalkyl series) is indicative of an extended 
conjugated system and a strong involvement of the ad- 
ditional thiopyran ring. Attempts to obtain crystals for, 
X-ray structural determination were unsuccessful, prc- 
eluding the measurements of the corresponding bond 
lengths. An additional coinpound 12 was isolated in the 
tetrapropylporphyrhl series. Its NMR data are compati- 
ble with that of the dilydro counterpart of compound 9. 

Two thiophene-containing products 13 and 14 were 
also isolated from the tetrabutylporphyrin-sulfur reac- 
tion. The NMR data for thiophene 13 are unequivocal 
and the structure assignment was confirmed by com- 
parison with a synthetic sample obtained by conden- 
sation of 2-formylthiophene, benzaldehyde and pyrrole. 
The symmetry eleme.lts for compound 14 are identi- 
cal, but the NMR spectrum indicated the presence of 
an additional phenyl group attached to a polar func- 
tional group. High-resolution mass spectrometry data 
confirmed the presence of an oxygen atom. Accordingly, 
we suggest the structure of a benzoylated thiophene for 
compound 14. 

Nickel tetraphenethylporphyrin yielded a product of 
low polarity which did not show sulfur incorporation. 
Structure 15 is in agreement with its NMR data, in 
particular the signals typical for the protons of an 
E-olefin (J = 16 Hz). ‘. 

‘, 

l Products from octaetlt?/lpolp~~~~‘~(~g 3) 
The complexity of the mixture obtained from nickel 
0ctaethyIporphyrin was even greater than in the case 
of the tetraallcylporphyrins. As a consequence, the iso- 
lation and structure determination of pure .compounds 
wcas more difficult, and this is why the desulfurization 
sequence was applied in this series. Some products were 
prQsent in both desulfurized (Dl?) and non-desulfurized 
porphyrin mixtures (SP), while others were only present 
in the desulfurized mixture, implying that in this hast 
case we will only be allowed to take into account the 
carbon framework for the discussion. Due to the nu- 
merous compounds whose peaks overlap in the HPLC 
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Pig 2. Products from the rcaclion of nickel tctranllcylporpllyrins and elemental sulfur. 
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16 17 18 

Ph 

Fig 3. Products from the reaction of nickel octoetl~ylporpi~y~it~ and elemental 

chromatograms, it is clear that, for minor compounds, 
detection may be a consequence of the efficacy of 
preparative isolation. Thus the presence of minor com- 
pounds may not always have been detected in the SP 
and DP mixtures. 

The spectral data for two compounds suggested an 
additional aromatic ring fused to the porphyrin macro- 
cycle. The first one was formulated as 16 (SP + DP), 
the meso protons appearing as 2 singlets and a AA’BB’ 
system being observed at ~5 8.11 and 9.36 ppm. These 
last data are in agreement with the chemical shifts 
recorded for the known benzoporphyrins [27-291. A 

sulfur. 

blue compound possessing the same symmetry elements 
(meso protons as 2 singlets) but containing a sulfur 
atom (HRMS) was tentatively formulated <as 17 (SF’). 
However, the instability of this compound precluded its 
retention in a pure state and the high-field NMR signals 
remained obscured by impurities. 

A thiophene-containing porphyrin 18 (SP) showed, 
in addition to 7 ethyl groups and 4 different meso 
protons, an aromatic singlet at 7.79 and the signal of 
two phenyl groups attached to a 7r system (low-field 
shift of ortho vs meta and para proton signals). The 
two structures shown are compatible with these data. 
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Fig 4. I~roduc1s from the rcactioll of uiclcel protoporphyriu tlimclhyl ester and clemcnlal sulli~r. 

Two groups of porphyrius showed little difference 
with the starting material, except for the incorporation 
of a plienyl group, and were ouly detected, and in 
some cases isolated, froin the desulfurized fractions. 
TIE simplest mcml~crs of the series, 19 (DP) am1 20 
(SP +- DP), are llomologous. In addition to NMR. data 
typical for the proposed structures their mass spectra 
sliow respectively an expected loss of 91 (-C&F%) and 
105 (-CH&X~I~l1). Both 19 md 20, wlicu isolated 
from the desulfurized fractions, were accompanied by 
it minor homolog in which one ethyl group was replacecl 
by a methyl group. In both cases, the typical -91 nncl 
-105 fragments were observed as well as the moclificcl 
side-chain NMR signals. The methyl group appears as 
a group of peaks (isomer mixture). A higher homolog 
of 20, also from a desulfurized fraction, in which two 
l~lienyl1n~opyl chains replaced two ethyl groups, was also 
isolated, the two singlets (2 + 2 H) of the nnzso protons 
still leaving the possibility of 4 isomers. 

A last compound was purified from the desulfurizecl 
octaethylporphyrin series. Signals typical for a pllenyl 
group close to a porphyrin (o?stho nnd mcta + pnla 
E-1 appearing as two multiplets), and a methyl and 
an olefinic H in allylic relationship, strongly suggest 
structure 21 (DP). 

Nickel mesoporphyrin dimethyl ester 22 was isolated as 
a major component from both the sulfurized and desul- 
furized mixtures from protoporphyrin 7 aucl was easily 
characterized by comparison with a SilIllpl~ prcparetl by 
hydrogenation of the same starting material. 111 addi- 
tion, a lower l~on~olog was isolatecl in low amount from 
the desulfurized mixture aud proved to be diester 23 
(one of two possible isomers). 

Discussion 

The products observed arise from different reaction 
sequences, involving both side-chains and porphyrin 
nucleus, but also additional fragments produced by the 
fragmentation of the solvent. Wc do not know by which 
mechanism benzyl acetate is transformecl, but it is clear 
that at some stage benzyl radicals are produced and are 
able to recombine with porphyrinic moieties. 

The initial step must involve sulfur radicals: a. 
significant reactivity was not observed below 200 OC, 
a temperature necessary for the honiolytic cleavage of 
S-S bonds [30]. Abstraction of hydrogen atoms from 
the benzylic positions of a porphyrin is a lmown reac- 
tion [31, 321. 

The discussion will be presented in the fol- 
lowing order: hydrogenation-dellyclrogellatioll, thio- 
plienes, thiol~yranogorphyrins and related compounds, 
plicnetliyl- and ~~l~e~~,ylylprol~yll~orpl~yrins. 

The least modilied compounds, 15 and 22, correspond 
respectively to a clehydrogenation of two benzylic posi- 
tions within the porphyrin and to the hydrogenation of 
a vinyl group. Hydrogen abstraction by sulfur-centered 
radicals as well as hydrogen transfer via thiols are both 
well documented [30, 33, 341. Benzoporpiiyrin 1.q may 
arise from succcssivc ~leliydrogcnati~i~ of twb $jgccnt 
ethyl groups. Radical or electrocyclk cycilzatlon can 
form the’G-membered ring, followed by irreversible de- 
hydrogenation into the benzene ring. 

Numerous compounds containing tlliophene units have 
been isolated from geological sources [3, 36-381. Most 
are derived from tcrpenic or linear structures. It was 
postulated that they originate from the reaction of 
i’lmctionalizcd substrates, olefins for example, with sul- 
fur or thiols, followed by cyclization and clellydrogcna- 
tiou [D, 381. However, a clircct reaction of sulfur with 
S~ltUlntCCl hydrocarbon chains may also occur, as shown 
by simulation experiments [I]. In our case an initial 
attack, H abstraction, at the benqylic ~~eso-CHs is 
expected, followed by either olefin formation or H trans- 
fer. In any case, successive H abstractions, S addition, 
and final dehydrogenation must end at the stable thio- 
phenc stage, viz compound 13 when a side-chain of 
appropriate length (butyl) is present. Tlliopbene 14 
obviously derives from 13. We propose the following 
sequence: benzylation by a solvent fragment, thiol~etone 
formation at the reactive bibenzylic position [30, 391 
and subsequent transformation into the ketone during 
the isofation procedure. The influence of the mechanism 
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ofteu observed in porphyrins extracted from sediments, 
formation of benzoporpl~yrit~s less frcqucntly; althougll 
suirtlr may not 1~ the 0nl.y factor responsilh for tlicse 
transforinutioiis, our study suggests that it is a good 
candid&e. 

on the substitution pattern of the thiophene is not con- 
sidered in detail because of the lack of an exhaustive 
product inventory. Thioplwne 18 (OEP series) may also 
arise from the addition of benzyl radicals to an activated 
porphyrin such as vinylporphyrin, produced by clehy- 
drogenntion of an ethyl side-chain. Similarly, addition 
of a sulfur-ccntcred radical to such a vinylporphyrin, 
followed by I-I abstraction from tlm neighboring ethyl 
group, may initiate the formation of 17. 

TIE formation of ti~lopyra1~opor1~l1yrins is best dc- 
scribed followiug the precccling scquencc for the first 
steps. After the addition of H2S to an olefinic intermc- 
dinte, a ring closure to a pyrrolic positioii takes place 
and results in the formation of the G-membered ring. 
Dehydrogenation of this ring and of the macrocycle lcad 
to the fully unsntr~ratcd con~pouncls 8-11. The seclllence 
might involve compound 12 and its l~n~ologs as intcr- 
mediates. 

Compound 20, and its hon~ologs bearing one or more 
pilenylpropyl side-chains, did not lose any carbon of the 
starting material but clearly incorporated a. benzyl frag- 
mciit fkolll the solvent. It is likely formccl by the addition 
of a benzyl radical to a vinyl group, itself produced by 
hydrogen abstraction from nn ethyl group. The result- 
ing radical could then abstract ario-ther Ii to give the 
l~lieiiyll~ropyl side-chain. OleRn 21 is best described as 
the product of the recombination of a bcuzyl radical 
with a l>cnzylic radical from the porphyrin, followed by 
deliydrogenatioii at both benzylic positions. 

The i~l~e~~c~l~ylporl~~~yrins, 10 and I~omoIogs, as well 
~1s methylporpllyrin 23, were only isolated from desul- 
furizcd Fractions. The. structures of both series imply at 
some stage a C-C I~oud clcavagc (by analogy with 20, 
one would expect the phenethyl group to arise from the 
reaction of ;I benzyl radical with a porphyrinyl-CHz 
radical). The clcavagc of such an ethyl C-C baud is 
classical under mass spectroinetry conditions, but not 
during radical rcsctious [31, 321. However, successive 
substitutions of H’ by S-R’ would favor a radical: a 
sequence of H abstractions followed by recombinations 
with an’HS or RS radical (or addition on a vinylic sub- 
stituent) would weaken the C-C bond by increasing the 
steric stress and the S atoms would stabilize a radical. 
Recombination (H’ or PI~CHQ’) followed by desulfuriza- 
tion would lead to the observed products. 

Conclusion 

Altl~ough it is clear that (I) quantitative conclusions 
could not be drawn, and (2) the laboratory conditions 
may differ significantly from that in the sediments, this 
study sliows that the reaction af clemental sulfur with 
various porphyrins illustrates the processes observed 
cluring the transformations of sedimentary organic 
matter. In particular the incorporation of sulfur was ob- 
served to yield thiopllenes, frequently observed in sedi- 
ments, but also a new series of modified porphyrins, the 
thiol~yranoporpllyrins. Side-chain C-C bond cleavage is 

Experimental section 

NMIt spcclra were run on l3rukcr AM 400 and ARX 500 
speclrotnelcrs in CDCla. unless otherwise indicated. Chni- 
cni shifts are expressed in ppm (6). UV-visible spcctrn were 
recorded on a I-Icwlctt-Pachrd 8452A spcctropllolornetcr in 
Cf&CI~. Mass specka (low resolution) were recorded on a 
Firmigan MAl’ TSQ 70 spectrometer (direct inlet; 12 eV; 12 
and 70 eV for 10 and 20). llRMS analyses were performed 
by Llic Lnboratoire de Spcctromdlric dc Masse du Service 
Ccntrnl d’hnalyses du CNRS (Vernaison). Microanalyscs 
were performed by the Service dc Micronnalysc du Ccntre 
dc Rccircrclrc Chimie, Univcrsil6 Louis Pastcur, Strasbourg. 

i\?ixlures wcrc first scparntcd on silica gel or alumina col- 
umn (Merck 70-230 Meshl and TLC t~ialcs (Merck Kiosel- 
gel Gd Fzo~). HPLC scpar&ons were berforlned on Waters 
GOOOA and Waters GOOMS equipmcnl (rcspcctivcly M440 
dctcctor SCL at 405 nnd 540 nm or 99~ diode-array dctec- 
tar; DuPont RF’-18 Zorbnx ODS 8~4 columns; eluenl: pure 
methanol to niethanol/C~12Cl~, 9:l). The last purification 
steps were rm1 under ‘geochcmicul’ conditions: redistilled 
solvents, and preliminary washing of all equipment (glass- 
wart, silica gel, elc) with redistilled solvents. Before NMR 
measurements nil fractions were first checked by mass spec- 
trometry, than run through a short silica gel column under 
gcochcmical conditions. 

Slnrting porphyrins 1 [20], 2-4 [21], 6 1221, ‘7 [40] were 
prcpnred nccording to literature procedures. Mck~llntion 
procccdad qunntilntivcIy on rcfluxing overnight tlic Ike ha.50 
with cxccss Ni(nctlc)z in benzene. The complex was porco- 
hlCd through n short silica gel column (hexnne/CI-l&12, 
1: I), cryslallizcd from CI-IzClz-methanol, dried and used a5 
SUCll . 

‘lb a slirred suspension of I<10 mor~lrnorillonite (1 g; 
Aldrich) in CH&12 was added 3-pflenylpropnna1 (1.32 mL) 
and pyrrolc (0.7 mL). After 1 h at 20 OC, chloranil (1.85 g) 
w.as added and the suspension brought to rellux for 1 II. 
Filtration (Celite; cluent AcOEt + 1% NE&) and purifica- 
tion (alumina column, CI-I$&) gnvc the porphyrinJrcc base 
(55 mg), which was quantitatively metnllatcd (Ni(ncac)z) LO 
give 5. 
UV-vis (nm; rel hit): 420 (O.l), 538 (0.07). 
NMR (CD&$): 9.35 (s, 8N, pyrrole); 7.37 (m, 20H, phenyl); 

4.80 and 3.64 (2m, 8 + 81-I, CH&Xl~). 
Anal cnlc For C.&ld4N4Ni: C, 79.70; I-l, 5.W N, 7.15. Four~d: 

C, 78.8; 14, 5.7; N, 7.0. 

Nickel-porphyrin (20 mg), clemental sulfur (20 mg), and 
benzyl acetate (0.7 mL) were placed in a glnss lube which 
was setlIed under vacuum. The tube was heated (200 “C) in 
an oven, then cooled and opened (strong 1-12s smcli). Excess 
solvent was ciiminatcd under vacuum (SO “C; 0.1 Torr). 

Depending on the complexity of t&e ronction mixtures 
~110 isolation proccdurcs varied slightly. The products from 
tctraalkylporphyrins were cleaned by successive TLC runs 
(eluent hexane + decreasing % CH&12), followed by MPLC 
separation. In the case of octacthylporphyrin two sequences 
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wore followed. EiLher tlte crude mixture was fraclioned on 
silicagel TLC, Lhett each individual band purilied by IIPLC 
(1i1et;ltat1ol/C1I~C1~, 9:I, Lhctt pure tiiotitano1), or the lotal 
liactiott of low polarity was purified by HPLC (same cott- 
tiiliotts) Tar cotttparison with Lltc corresponding desulfurized 
tttixt,ttrc (SW below). ‘l’lte products front proloporphyrin ap- 
peared as 3 bands of low polarity on a silicngcl column. 
IZaclt band was isoialeci and purilied individually (TLC, then 
III’LC). 

Dewlfurization reaction 

Tlte crude thertnal rcaclion mixture frotn 20 mg porpityrin 
was dissolved itt tnetltanol-THF (1:l: 10 mL1. cooled to 0 “C. 
nud slirrcd under argon for 30 &in. ‘Nickel kloride (1.04 gj 
followed by sodium boroitydride (0.5 g) were added slowly, 
and lltc sdlution stirred I& a ktrlker 2.5 min at 0 “C, tit&t 
3 II at 20 OC. Tltc rcsultinrr mixlurc was ftkered Iltrouait u 
shorl Cclile’fi’ columtt (25 thL, elucttl: CH&I2) and thered 
lkacliott collcclocl. 

UV-vis (titn; rel int): 420 (0.99), 438 (I), 540 (O.OG), 576 
(0.07), 610 (0*1(i). 

IIRMS: caic for C2sH2,tN,tNiS: 5OG.107. Found: 50D.107. 

NMR.: 9.2-!A3 (nt, 7H, pyrrole); 9.00 (d, 11-1, J = 8 Hz, 
LhiolJyratte 5’-I-i); 7.GG (cl, 11-1, J = 8 Hz, Ihiopyrane 
~/‘-I-I); 4.49 (4, mr, mmi2); 1.94 (e, 91-1, ELCII~). 

UV-vis (ttm; rcl int): 424 (0.92), 440 (l), 540 (0.08), 5715 
(0.08), G12 (0.17). 

HRMS talc for C321-132N.aNiS: 5G2.170. l?ound: 582.172. 

NMR: 9.15-9.25 (m, GII, pyrrole); 9.10 (s, II-I, pyrrole 2-H); 
8.62 (q, 111, J = 1 Hz, thiopyrane 5/-H); 4.40 (tn, GH, 
propyl CH2); 2.87 (d, 31-1, thiopyrnne .r.etityl); 2.26 (m, 
GlI, propyl CIIZ); 1.13 (t, 91-1, propyl CH3). 

UV-vis (rim; rel int): 420 (l), 438 (0.83), 538 (0.07), 574 
(0.0(i), G14 (0.13). 

HRMS talc for CsaHdoN,tNiS: G18.232. Found: 618.231. 

NMR: 9.2-9.3 (m, GH, pyrrole); 9.15 (s, lH, pyrrole 2-I-I); 
8.75 (t, 11-1, J = 1 Hz, thiopyrane 5/-H); 4.43 (tn, GH, 
bulyl Cl-12); 3.20 (dq, 21.1, thiopyrane CI-12); 2.21 (tn, GH, 
Inttyl C&); 1.05 (t, 31-I, thiopyrane Cl-Is); 1.5G (m, GH, 
btttyl cH2); 1.00 (t, 9kr, htyi cl-Is). 

UV-vjs (nm; rel int): 415 (sit), 450 (l), 534 (0.05), 574 (0.07), 
G22 (0.22). 

HRMS talc fob Ce:!I-I,taNsNiS: 810.232. Found: 810.232. 

NMR: 9.44, !).38,9.34, 9.33, 9.30, 9.27 (Gd, Gk, pyrrole); 9.33 
(s, I.H, pyrrolo 2-I-I); 9.25 (s, 11-1, thiopyrnne 5/-H); 8.09, 
7.06, 7.58 (d -I- m + m, 2 -!- 2 + 11-1, 5”-phenyl); 7.49, 
7.38, 7.28 (3tn, G + G + 3H, lo”, 15”, 20” phcnyl); 4.7G, 
3.63 (2m, G + GH, CH2-CH2). 

UV-vis (nm; rel hit): 422 (l), 542 (0.08). 

HRMS talc for C&H34N,tNiS: 564.185. F’outtd: 564.184. 

NMR: 9.24-9.29 (m, 51-1, pyrrole); 9.17 (d, 11-1, J = 5 Ha, 
pyrroIe 7-I-I); 8.88 (s, 11-1, pyrrole 2-H); 4.88 (dd, lH, 
J = 3.5, l&5, 5’-CH::), 4.80 (dd, lH, J = 10.6, 16.5 Hz, 
5’-CHZ); 4.45 (m, GH, propyl CI-12); 3.87 (m, II-I, 5”-1-I); 
2.2G (m, OH, propyi CHZ); 1.75 (d, 311, 5”‘-CI&); 1.12 
(3t, 91-1, propyl CHs). 

UV-vis (tttn; rel inL): 420 (1), 538 (0.047). 
HRMS talc for C&IasN.iNiS: GlG.217. l~ound: GlG.214. 
NMR: 9.29 (s, 4l-I, pyrroic); 9.20, 8.90 (Zd, AB, 2 -+- 21-1, 

pyrrole); 7.72 (dd, II-I, J = 5 and I Hz, Iitiophette); 7.GG 
(dd, II-I, J = 3.5 attd 1 Hz, titiophenc); 7.40 (dd, II-I, J = 5 
and 3.5 I-Ix, lhiopitene); 4.52, 2.19, 1.51 (3tn, G f G -t_ GH, 
butyi CI-12); 1.00 (t, 91-1, butyl Cl&). 
Tlte same producl was prepared in CH2Cl2 from 

2-fortnyithio~hene (1.43 x 10 _a *M), pentanal (8.6 x 10-s M), 
pyrrole (lo- M), attd triIIuoroacetic acid (5 x 10s3 M). Af- 
Ier 2 It al 20 OC, cltlorattii (7 x lo-’ RI) wns added and 
the tnixlure rellttxed for 1.5 It. After cvnporation oI’ t,itc 
solvcttt, tlte crude residue was tnelalla~cd with Ni(acac)a 
attd cltromat,ograpited on silica gel (ehtcnl: CII~Cl~/i~exatt~, 
1:2). Purilication of the fract,iotts was cotttnicted bv HPLC 
(Rkl8/MeOlI), followed by prepnrative ‘l&Z. One”pt&luct 
proved Lo be idettlical Lo litiottylporphyrit~ 13 (UV-vis; MS; 
NMR; IIPLC). Duo Lo Lite purification steps Llte yield is very 
low (< 1%). 

UV-vis (ttm; rel inI,): 420 (1), 538 (0.07). 
HRMS talc for C4sH42N4NiOS: 720.243. Found: 720.250. 
NMR (CD&la): 9.37 and 9.34 (2d AB, 2 f 21-1, pyrrole); 

9.32 and 9.04 (2d AB, 2 + 21-1, pyrrole); 7.7G (tn, 21-1, 
phcnyl 0-H); 7.G9 and 7.52 (2d AB, 1 + 11-1, thiophenc); 
7.50 (m, 31-1, phenyi m+p- I~); 4.53 (broad q, GH, butyl 
CI-12); 2.26 (tn, GH, butyl CX12); 1.57 (ttt, GH, bulyi CI-Iz); 
1.03 (t, 91-1, butyl Cl-13). 

UV-vis (nm; rel int): 434 (l), 552 (0.08), 598 (O.OG). 
HRMS talc for CG&t2N4NiS: 780.276. Found: 780.276. 
NMR (CD&&): 9.34 (d, 21-1, pyrrole); 9.27 (tn, GH, pyrrole); 

9.20 and 6.78 (2d, 1 + 111, olefin, J = 15.9 He); 7.80, 7.51 
and 7.38 (d -l- L + t, 2 f 2 + lH, conjugated pitenyl o-, 
m- and p-l-1); 7.45 (broad d, GH, pitenyl o-1-I); 7.37 (t, 
GH, phenyl m-H); 7.2G (t, 31-I, pitcnyl ~~-11); 4.75 and 3.59 
(2tn, G f GH, CH2-CH2). 

Benzopoqhyrin 1 G 

UV(;v~g)(ntn; rel inL): 398 (l), 52G (O.OG), 5G2 (0.18), 570 
. . 

HRhlS talc for C3eH3sN4Ni: 584.244. Found: 584.243. 
NIvIR (CD&&): 10.24 and 9.87 (2s, 2 + 2H, meso); 9.36 

and 8.11. (2tn, 2 + 2I-I, benzo); 4.0 and 1.8 (2m, obscured 
by impurit;ies). 

Compound 17 

Frticl~o+ ct.&&it-g t&e blue compound 17 showed a spc- 
ckfi$ absor]&$ ‘& Q,\O 
kiirl f$Y$‘\{/l\~ ‘J’]lri 

$nd &ilioid ileaks at 4OG, 522 
&so showed two specific 

siiij&ts 111 iite W~YL) region at 9.48 and 9.GO ppm. High- 
resolution gpss spectrnl qlalysis allowed us Lo measure a 
compos!ticj{i W~rI.~s)~ott~!~g to a thienylporphyrin: talc for 
C~sHjsN4Nl! G18.232. Wund: 618.230. 



"_l'hienylporphyrin 18 

UV-vls (ran; rel int): 392 (1), 520 (0.06), 560 (0.15). 
HRMS calc for Cn0HsoN4NiS: 796.311. Found: 796.310. 
NMR (CD2CI2): 10.20, 9.99, 9.86 and 9.85 (ds, 1 q- 1 q- 1 Jr 

1H, meso); 7.79 (s, 1H, thiophene); 7.62 and 7.60 (2dd, 
2 -b 2H, pheuyl o-H); 7.d3 and 7.42 (2t, 2 q- 2H, phenyl 
m-H); 7.36 (broad t, 2H, plmnyl p-H); d.21 and 3.97 
(q q- m, 2 ÷ 12H, etlwl CH2); 1.94 and 1.82-1.86 (t q- m, 
3 + 18H, ethyl CHa). 

Heptaethyl(phenethyl)poTThyrin I 9  

The fi'action described here contains ca 65-70% 19, the 
remaining being the homolog in which one ethyl group is 
replaced by a methyl (mixture of isomers, signal for the 
methyl groups as an m at ca 3.25-3.30 ppm). 
UV-vis (nm; tel int): 392 (1), 516 (0.05), 552 (0.16). 
HRMS talc for CJ4uH4sN4Ni: 666.323. Found: 666.320. 
NMR (CD2C12): 9.85, 9.8d, 9.83 (3s, 2 d- 1 ÷ 1, meso); 7.d0 

(d, 2H, phenyl o-H); 7.32 (t, 2H, phenyl m-H); 7.20 (t, 
1H, pheny] p-I-l); 4.23 (t, 2H, 2'-CI-I2); 3.95-3.85 (m, ethyl 
CI-I2); 3.54 (t, 2H, 2"-CH2); 1.85-1.75 (m, ethyl CHa). 

Heptaethyl(phenylpropyl)poTphyrin 20  

This h'action contains ca 75% 20, the remaining being a 
lower homolog. This homolog corresponds to an ethyl group 
being replaced by a methyl group, not being 19, 8.s shown 
by the absence of any signal between 4.1 and 4.5 ppm. 
UV-vis (urn; rel int): 392 (1), 516 (0.06), 552 (0.15). 
HRMS calc for CaaHaoNaNi: 680.339. Found: 680.340. 
NMR (CD2CI2): 9.84, 9.69 (2s, 3 & 1H, meso); 7.38, 7.26 

(2m, 4 q- 1H, phenyl); 4.01 (t, 2H, 2'-CI-I2); 3.96-3.94 
(m, 12H, ethyl CH2); 3.86 (q, 2H, ethyl CI'Iu); 3.08 (t, 
2H, 2"'-CI12); 2.57 (q, 2H, 2"-CH2); !'78-1.81 (m, 21H, 
ethyl CHa). 

Iteptaethyl(f~-methylsty~/l)poTThyT~n 21 

UV-vis (nm; rel int): 394 (1), 516 (0.06), 552 (0.16). 
HRMS calc for CaaH4aN4Ni: 678.320. Found: 678.323. 
NMI~ (CD2CI2): 9.88, 9.86, 9.83, 9.7d (ds, 1 + 1 -t- 1 q- 1, 

meso); 7.37 (q, 1H, J ---- 1 Hz, vinyl H); 6.96 (d, 2H, phenyl 
o-H), 6.71-6.69 (m, 3H, phenyl m- and p-H); 4.0-3.8 (m, 
14H, ethyl CH2); 2.80 (d, 3H, J ---- 1 Hz, 2"-methyl); 1.86, 
1.81, 1.71, 1.63 (m q- 3t, 12 -b 3 q- 3 -b 3H, ethyl CHa). 

3-(or 8-)Desethyl-3-(or 8-)methylmesoporphyrin 23 

UV-vis (nm; rel int): 392 (1), 516 (0.06), 552 (0.17). 
HRMS calc for CaaHasN4NiO4: 636.225. Found: 636.225. 
NMr~ (CD2CI2; 'due to the presence of isomers, all signals 

appear as multiplets whose chemical shift for the highest 
peak is indicated): 9.87 (meso); 4.27 (13' and 17' CH2); 
3.95 (ethyl CH2); 3.65 (ester CHa); 3.52 (porphyrin (SHa); 
3.18 (13" and 17" CI-I2); 1.78 (ethyl CHa). 
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