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Reactions and Preparation of Formylporphyrins under Basic Conditions
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Despite an increasing number of technical, biomedicinal, and Scheme 1. Synthesis of 1,3-Dithianylporphyrins via Condensation

chemistry.

Current progreds toward unsymmetrically substituted tetra-
pyrroles, both with condensation or substitution methods, offers 5 R R R R 6
the possibility to introduce functional groups in a strategic and S
regiochemical manner provided that appropriate synthons are R = ___< :>
available* A classic synthon is the 1,3-dithiane-2-yl residue 9 R 7 S
developed by Seebach and Copedyerivatives thereof are useful

acyl anion equivalents and were used both as a functional and

protected formyl grouf.Thus, the lithio derivative of offers the o—

possibility to introduce latent formyl groups under nucleophilic OHC H OHC

instead of electrophilic conditions. 0—
The dithianyl synthon can be used in two different strategies for 8 9

the preparation of novel.porphyriﬁsk:.irst, reaction ofl wi.th.DMF a Conditions: (ay-BuLi, THF, —78°C, 1 h: then—10 °C, DMF, 2 h:
yields the aldehyd,® which we have used as a key building block  hen g°c, 16 h; then ice, 85%. (b) Pyrrole, BOE, rt, 40 min, then
for porphyrins via condensation reactions (SchemgAlehyde NaOH, 96%. (c) CHCl,, tripyrrane, pyrrole, 45 min, rt; then TFA, rt, 16
2 can be converted in quantitative yield into the dipyrromethane h; then DDQ; then NEg 3%. (d) CHCI,, dipyrromethane, TFA, 14 h, rt;
3,1%awhich in turn is a useful building block for various condensa- :292 BEDleDO mi”ﬁqfﬁ”‘i’éb/ 16%'C(S)CICZBIZ’rrp?/rr?BI%gE-OE% }t-ht'hrt;n
tions. Depending on the other_ reac_tants or the regct_ion conc_iitions, execess gDQle’ h, 4230’/0 _ (g;’ -glzlg;l8 eé’uﬁ’\)’ 0? giys(triﬂuortgacetbxil)iozo-
2was used to prepare porphyrins with two to four dithianyl residues. penzene (BTIB), 45C, 30 min, 62%. (h) CHG| 4 equiv of BTIB, rt, 30
For example, a 3+ 1 condensation gave the 5,10-disubstituted min, 30%.
derivative4 in low yield 1% while the 5,15-derivativé was obtained
by reaction with dipyrromethane and TFA catalysis in 16%.

More complicated were reactions aimed at the preparation of
the seemingly simple 5,10,15,20-tetrasubstituted porphyrin
Standard condensations, for example, reactiorB ofith 2 or

chemical applications of porphyrins, only few methods exist to Reactions?

introduce functional groups at the meso positions of the macrotycle. s s

Newer developments are transition metal-catalyzed coupling reac- v R

tions requiring use of halogenoporphyrfih@nd SAr reactions sq 1

using strong nucleophilég Historically, SAr reactions have been l a

used widely, notably Vilsmeier formylation and related reactins. N z cHO R
Formylporphyrins are excellent precursors for subsequent trans- \ NH HN / Py

formations; however, their utility is rather limited, as formylation 3 { §s7 s C -

requires use of acidic conditions and works well only with Nf K) 4
Cu' complexes and introduction of a CHO group deactivates the R d 2 \ R

system toward further formylations. Thus, no practical methods

exists formesepolyformylporphyrins® To overcome these limita- le

tions we have developed a new synthetic concept for functionalized

porphyrins using the 1,3-dithianyl residue as a synthon in porphyrin R R

by rapid workup gavé in 15% yield with respect t@. Isolated?
rapidly decomposed in solution in the presence of traces of acid
and air under intermediary formation 6f2

Porphyrins with both meso alkyl/aryl and dithianyl groups are

- : . much more stable. For example, standard-22 condensation
reaction of2 with pyrrole under BE-OEY, catalysis, afforded the reactions gave porphyrii2 with two dithianyl residues ac-

5,10,15-trisubstituted porphyrihin 56% yield, each. Presumably, companied byl0 (due to scrambling) in low yields (Scheme 2).

the target compound is rather unstable. Related fragmentation Tpege compounds and those having not more than two dithiany!

reactions for nonporphyrinic systems have thus far been observedy,ps are reasonably stable toward chemical transformations. For
only in mass spectrometric studigdlowever,7 is accessible from

X = example, 10 could be metalated with zinc acetate at room
2 and pyrrole by using traces of BFollowed by neutralization  temperature in 60% yield and demetalated with SB50% yield4
with NEt; to afford the 5,10,15,20-tetrakis(1,3-dithianyl)-porphy-

) ; o anrls - Our initial results on the dethioacetylati®meactions mimic these
rinogen in 53% yield. Subsequent oxidation with DDQ followed  g¢apjjities. While10 and 12 could be quickly and quantitatively

T Universita Potsdam. converted into the formylporphyrinkl and 13 using DDQ?62 all
* Freie UniversitaBerlin. attempts with6 or 7 gave only partial deprotection and complex
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Scheme 2. 2 + 2 Condensation Reactions?
2 3

Ph Ph Ph

Ph

10 R = 1,3-dithianyl
c
11 R=CHO ) <13 R =CHO

aConditions: (a) CHCI,, 5-phenyldipyrromethane, catalytic TFA, 16
h, rt; then DDQ, 45 min103%, 12 2%. (b) CHCl,, benzaldehyde, catalytic
TFA, 16 h, rt; then DDQ, 45 minl0 2%, 12 4%. (c) CHCI,, DDQ,
BF3-OE, rt, 10 min, 97%.

R
12 R = 1,3-dithianyl

Scheme 3. Synthesis of Formylporphyrins via SNAr Reactions?

53 0. B30

aM=Ni" R=Ph
bM=2H, R=Ph

¢ M=Ni" R =3-MeOPh
d M = 2H, R = 3-MeOPh
eM=Ni" R=i-Bu

f M=2H,R=/-Bu

A -

R 16

aConditions: (an-BuLi, THF, —40°C, 2 h, 100%. (b) THF;-78 °C,
TMED, 15 min; then rt, HO, 15 min; then DDQ, rt, 15 minl5a 54%,
15b 47%, 15¢ 53%, 15d 4%, 15e 50%, 15f 10%. (c) CHCl,, DDQ, then
BF3-OE, rt, 45 min, 96-100%.
mixtures. A variety of different oxidants were tested wihand
reproducible results were obtained so far only with bis(trifluoroacetoxy)-
iodobenzenétl” Use of 4 equiv at 50C or 8 equiv at room
temperature resulted in formation of the monoformylporphgtfh
in 60% yield, while 4 equiv gave the dimethoxy derivat®e
Second, a potentially more useful strategy involves direct use
of the lithio derivative ofl as a nucleophile for the substitution of
porphyrins. We have shown that various alkyl and aryllithium

reagents can be used for the direct meso substitution of unactivated

porphyrins in high yield¢ These reactions are regioselective and
may be used for the substitution of all four meso positions, allowing
the synthesis of ABCD porphyrins. Indeed, conversiori afto

the lithio nucleophile and reaction with either'Nor free base
porphyrins gave promising results.

As shown in Scheme 3, both meso aryl or alky!l lorphyrins
and 5,15-diphenylporphyrib4b could be substituted in about 50%
yield (unoptimized). Substitution of other free bases (elg¢d'®
and14f) is possible but requires further optimization. All respective
formylporphyrinsl6, including the free bases, were easily obtained
with DDQ/BF;-OEb in quantitative yield.

In conclusion, we have shown the dithianyl residue to be a
convenient synthon in porphyrin chemistry, both for condensation

and substitution reactions. This opens a new access to formylpor-
phyrins under either mildly acidic or basic reaction conditions and
offers the potential to prepare all possible homologues and
regioisomers of polyneseformylporphyrins. Currently, we are
optimizing the reactions described herein and trying to develop
methods for the deprotection 6fand7. Additionally, the possibility

to use derivatives df as photocleavable linkers in supramolecular
multiporphyrin systems exists, as the photolytic cleavage of
dithianyl derivatives has been descriF&d.
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