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A new Heck-type reaction under catalysis by Pd for obtaining polysubstituted arylvinylydene derivatives of porphyrin systems is reported. The
coupling between the Zn(ll)-protoporphyrin-IX dimethylester Zn-2 and several bromo-aryl and iodo-aryl compounds in the presence of a new
Pd catalyst has been studied. This coupling reaction, although providing moderate regioselectivity, gives quantitative conversion.

Porphyrin synthesis offers potential for a large number of
research endeavors in organometallic chemidigmimetic
reactions, photodynamic therapyand material sciencés.
Most porphyrins are usually synthesized via routes that
generate the macrocycles from monopyrroles, which nor-
mally entails low yield and tedious purifications. We
prepared new polysubstituted porphyrins using a com-
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mercially available porphyrin, hemih. We took advantage
of the two vinyl groups of hemir.

Several Heck-type reactions have been reported for the
functionalization and linking of porphyrirts!2 In most cases
these coupling reactions are between the halogenated por-
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Scheme 1. Porphyrinic Systems and Halo-Aryl Compounds Here Reported
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phyrin, either the iododerivative or the bromoderivative, and
an alkene® or an acetylene® compound, which may be
another porphyrin systeff.

Normally, palladium(0)-catalyzed coupling has been per-
formed either using phase transfer conditions, working with
5 mol % palladium(ll) acetate in DMF and tetnebutylam-
momium bromide as the phase transfer agénar in
homogeneous conditions, using either P{EIPhK),, Cul in
EtsN,”~° or tris(dibenzylideneacetone)-dipalladium(0) £Pd
(dba}) and the ligand AsPhin the absence of any copper
reagent® Moreover, metal-mediated cross-coupling with

(11) DiMagno, S. G.; Lin, V. S.-Y.; Therien, M. J. Am. Chem. Soc.
1993,115, 2513—1515

(12) Snow, K. M.; Morris, I. K.; Smith, N. W.; Smith, K. MJ. Org.
Chem.1990,55, 1231—-1236.
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brominated porphyrins and organic tin and zinc compounds
has also been reportéti.The yields described for these
reactions range from 40% to 90%. Furthermore, the reaction
between Zn-protoporphyrin-1X dimethylestén-2 and phe-
nylmercuric chloride in the presence of LiPdQ@rroduces
2,4-distyryldeuterioporphyrin-IX dimethyl estérin about
60% yield?*?

Here we present a Heck-type coupling reaction, in the
presence of a palladium(ll) catalyst, between the porphyrin
system with two alkene unitZ (-2 and2) and several halo-
aryl derivatives. We examine the best conditions for this
coupling and their influence on the yield and the regiose-
lectivity of the halo-aryl compound.

The starting materials used in the study of the Heck-type
reaction were the protoporphyrin-IX dimethyl esziand
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its Zn complexZn-2, which were obtained from hemihin We described our studies on the coupling between the
the conditions describé#!*with a global yield of 85% for porphyrin Zn-2 and iodobenzenel5. Factors such as
2 and 80% forzZn-2. temperature, time, and ratio between iodobenzEhand

Reaction between Zn-protoporphyrin-IX dimethylester Zn-2 were considered. Table 1 collects the results obtained
Zn-2 and iodobenzeng5 applying the previously published
conditions’~® PdCh(PPhy),, Cul in EgN, did not yield the I

ired final pr t, although under th nditions bromo-
gﬁz i?)(:io-r?orppﬁ%gs' ?ireoggscl:ib(l?j toerS:a?:(t) V\(/jithoa?::ty?lenoe Table 1. Experimental Assays for the Coupling Reaction
between Zn-Protoporphyrin Dimethylest@n-2 and

compounds. o lodobenzend5
On the other hand, when the Zn-protoporphyrin dimethyl-

esterzZn-2 and phenylmercuric chloride reacted in a pre- Tt 15~ conversion® yield  ratio®
formed solution of LiPdG? (2:1 molar ratio of PdGlto entry? (°C) () (equiv) (%) (%) 3456
phenylmercuric chloride; 1:2 molar ratio of Pd@b LiCl), 1 80 72 25 0 0

a mixture of disubstitute®, 4, 5, and6 and even trisubsti- 2 100 24 25 15 c

tuted porphyrins was obtained as detected by MALDI-TOF i Eg gj i ‘718 E

mass spectrometry of the crude. This mixture was demeta- g 120 72 25 20 88 1:1:1:2

lated by brief treatment with TFA and partially purified by 6 120 24 5 100 55 1:1:1:2

ili ificati i 0
column On_smca Qe'- A_‘ft(_ar the Punﬂcatlon We_Obtamed 50% aTypical procedure: the porphyrin, the catalyst (0.011 equiv), the halo-
of the desiredanti-anti-disubstituted porphyrig and 25% aryl derivative, and an excess of NaAcO were added into a Schlenk with

of a mixture of disusbtituted porphyrirﬁs 4. and5. which a refrigerator, which had been previously purged with nitrogen. The system
' ! was purged again with Nand dissolved with nitrogen-saturated, dry DMF,

were determined byH NMR spectroscopy. Taking into giving a concentration in porphyrin of 0.018 M. The mixture was stirred
account these results, it seems that the reaction showsand heated for several hours under nitrogen to avoid oxidation of the catalyst.
; - At P Afterward, the crude was dissolved with @Fl,, washed three times in
regmselgcﬂwty fpr theanti-anti-substitution. water, dried over anhydrous b&0s, and evaporated. The resulting solid
The high toxicity of mercurated compounds and the large was dissolved again in Gl,, and TFA was added. The solution was stirred

mount of catalyst that this meth r ir rompt tofor 1 h atroom temperature and then washed three times in water to
amount of catalyst tha s method requires prompted us Oellmlnate the excess of TFA. The organic layer was dried over anhydrous

search for safer conditions to achieve the preparation of poly- na,sq,, filtered, and evaporated. The solid was purified by column either

substituted arylvinilydene derivatives of porphyrin systems. on silica gel or alumina? Determined byH NMR. ¢ No separation of the
crude was performed, although MALDI-TOF mass spectrometry revealed
the mass peak of unreacted, monosubstituted, and disubstituted porphyrins.

Ph. Bz g"'a
HG TN, 07RO : :
Pd\o\_/opd\ CHy in the coupling process. The temperature has a strong effect
K BZ/P\Ph on the kinetics of the reaction. No coupling reaction took
CHs place below 100°C. It was necessary to increase the

temperature and the time of reaction until ZDand 72 h,

Here we describe the coupling reaction between haloben-respectively, to obtain an 88% yield of a mixture of
zene compounds with the vinyl groups of the porphyrins disubstituted porphyrin8—6 (entry 5, Table 1). However,
Zn-2 and2 using the new reported catalystndi(u-acetate)- MALDI-TOF mass spectrometry of the cruQe still reveale_d
bis[o-(benzylphenylphosphyno)benzyl]dipalladium(il). The the presence of unreacted and monosubstituted porphyrins.
synthesis of this catalyst was performed in the following way. ~ Entry 6 (Table 1) shows similar experimental conditions
To a 0.045 M solution of palladium acetate in toluene was for the coupling reaction. A quantitative conversion of the
added 1.3 equiv of dibenzylphenylphosphine, and the result-starting materialZn-2 was detected giving a mixture of
ing mixture was stirred for 16 h at 5TC. Afterward the  disubstituted porphyrin$—6. After demetalation of the
solution was cooled to room temperature and concentrated.mixture with TFA, it was purified by column either on silica
The addition of hexane caused the precipitation of the desiredgel (entry 5, Table 1) or on alumina (entry 6, Table 1). The
product in 85% yield? purification on alumina allowed better separation. Thus, pure

This catalyst has several advantages over other systemgorphyrins3'® and 6'° were isolated from the inseparable
mentioned above:l® The amount of catalyst required is mixture of 4 and5, whereas the purificacion on silica gel
much smaller than in other catalytic systems, which makes let us separate only the porphyérfrom the mixture of3,
this reaction cheaper, and it avoids working with highly toxic 4, and5. Although the conversion of the reaction into the
mercury saltg? disubstituted derivative was estimated as quantitative from
the MALDI-TOF analyses, purification on alumina caused
(13) Kenner, G. W.; McCombie, S. W.; Smith, K. Miebigs Ann. Chem a degradation of around 30% of the material (entry 6, Table

1973, 1329-1338. 1)

(14) Fisher, H.; Orth, HDie Chemie des Pyrrols; Akademische Verlag: ) ) ) o ) )
Lel(r)le)I)géléS{ng}; \KI?\L.RII,( ggr(t: Il, (|So 401.) 636 (5), 45.1 (] = 4.2 Hz): H The reaction shows low regioselectivity for taati-anti

- 3, 0, ppm .6 (8), 4o. =4, 2); . . . . . )

NMR (CDCls, &, ppm) 2.23 (s, 6H, Me); 2:63.2 (m, Ch, 8H), 6.0—7.7 regioisomer, since we found no evidenceaafi-synor syn
(m, aromatic, 28H)*C{1H}-NMR (CDCl;, 8, ppm): 24,5 (s, Me), 336 synproducts.
37.2 (m, CH), 180 (s,C0OO0). Anal. Calcd for £4H4204P,Pch: C, 58.10; - .
H, 4.65. Found: C, 57.61: H, 4.54. IR (KBr, om-Y): 1559, 1409, 1096, These best conditions found for the Heqk-type reaction
698. were also assayed for the metal-free porphg@md forZn-2
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with other halo-aryl derivatives with different substitution
patterns 15—21.

To simplify the purification procedure, the Heck reaction
was also assayed with the metal-free porphgiWwhereas
the reaction usingZn-2 was quantitatively accomplished
(entry 6, Table 1), the use of porphyr, in the same
conditions, gave only 20% conversion (entry 1, Table 2).

Table 2. Coupling Reaction Using Different Halo-Aryl
Derivatives

aryl conversion® yield
entry2 porphyrin  derivative (%) (%) ratio?
1 2 15 20 c
2 Zn-2 20 100 91 4:6:6:74
3 Zn-2 21 100 49 4:7:7:.8¢°

aThe optimized conditions were used (entry 6, Table?Determined
by ™H NMR. ¢No separation of the mixture was performed, although
MALDI-TOF mass spectrometry revealed the mass peak of unreacted,
monosubstituted and disubstituted porphyrthRatio for the productZn-
7:Zn-8:Zn-9:Zn-10. ¢ Ratio for the productd1:12:13:14.

The Heck-type reaction also gave poor conversions,
between 10 %and 20%, when a bromo-aryl derivative was

The separation of the mixture @h-10' from Zn-7, Zn-

8, andZn-9 was carried out by preparative TLC on silica,
and in this case demetalation was not necessary. However,
to obtain the isolated 4,8 the crude was first demetalated
and then purified by preparative TLC on alumina, causing a
degradation of approximately 40% of the material, which
explains the low yields (entry 3, Table 2).

In summary, we have described a new method for the
preparation of substituted arylvinilydene porphyrins from
metalated protoporphyin derivatives and iodo-aryl com-
pounds.
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(17) Characterization oZn-10: mp 272-275°C; CCPA (SiQ, CHy-
Cl/MeOH (100:1.5))R = 0.26; IR (KBr,v, cm™1) 2925 (vib asym methyls
B), 2856 (vib sym methylg), 1739 (st CO)IH NMR (CDCls, 6, ppm)
9.10; 9.05; 8.81; 8.57 (48,iidso 4H); 7.87 (M, H and—CH=CH—-PhOCH,
6H); 7, 23 (m,—CH=CH—-PhOCH, 2H); 7.15 (m, H, 4H); 4.00 (m,
—CH,—CH,—COO- and PR-OCHj, 10H); 3.66 (s, COOCH;, 6H); 3.40;

used. We detected a 20% conversion when we performeds.20; 3, 14 (3s, Ckt-ring, 12H); 3.00 (m~CH,—CH,—COO—, 4H);13C

the reaction oZn-2 with the bromobenzen&6. Moreover,

neither electron-donor groupd,7 or 18, nor electron-
withdrawing groups19, in bromo-aryl derivatives improved
the reaction yield.

The reaction betweern-2 and the iodo-aryl derivatives
20 and21 were accomplished with quantitative conversions
(entries 2 and 3, Table 2), although the regioselectivity for
the anti-anti product decreases in both cases

(16) Characterization o is reported in ref 12. Characterizati@ mp
75-78°C.; CCPA (AbOs, CH,Cly/hexa (6:4))R: = 0.39; IR (KBr,v, cm?)
3317 (st NH), 2925 (vib asym methyf8, 2856 (vib sym methylg), 1739
(st CO);™H NMR (CDCl, 6, ppm) 10.19; 10.09; 10.08; 9.96 (4Smdo
4H); 7.70 (m, K, 4H); 7.36 (m, H, and H,, 6H); 6.69; 6.65 (2d;-CPh=
Cﬂtransﬂcis, Jgem: 1, 6 Hz, 2H); 6.03; 5.97 (ZdTCPh=CHraanciSy Jgem:
1,6 Hz, 2H); 4.44; 4.40 (2t CH,—CH,—COO—,J = 8 Hz, 4H); 3.68 (s,
—COOCH;, 6H); 3.66; 3.54; 3.43; 3.32 (4s, GHring, 12H); 3.28 (2,
—CH,—CH,—COO—, J = 8 Hz, 4H); —3.56 (s5,—NH, 2H); 13C NMR
(CDCls, 6, ppm) 173.55 (CO); 143.53+CPh=CH); 142.38 (G—
porphyrin); 143.00—122.00 ((3); 128.54; 128.50; 127.40 (Cand G);
119.61; 119.50 (—CPh=GC#t 99.76; 99.03; 97.26; 96.13 ffes9; 51, 71
(—COOCHj); 36.97; 36, 90 { CH,—CH,—COO-); 21.93; 21.86 { CH,—
CH,—COO0~); 12.48, 12.24; 11.73; 11.48 (gHring); UV—vis (CH.Cl,,
A, nm) 404 (145500), 502 (11900), 536 (8000), 571 (5600), 625 (3600);
fluorescence (CbkCly, dexc = 400 nm)Aen(nm) = 627, 694; MS (MALDI-
TOF, DHB/THF) M+ H, 743.37. Anal. Calcd for £H4eN4O4: C, 77.60;
H, 6.24; N, 7.54. Found: C, 77.35; H, 6.22; N, 7.21.
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NMR (CDCls, 6, ppm) 173.60{ CO); 159.50 (G—OCHg); 147.40-132.00
(Cup); 146.77 (Gr—porphyrin); 135.74{ CH=CH—CgHs—OCH); 127.90
(Co); 120.08 (-CH=CH—CgHs—OCHg); 114.46 (G); 96.79 (Gresd; 55.51
(—CeHs—OCHg); 51.65 (—COOCH); 36.87 (—CH—CH,—COOCH);
21.65 (—CH—CH,—COOCH); 12.55; 11.48 (Chtring); UV—vis (CHy-
Cl, A, nm) 417 (167200), 547 (17200), 586 (31200); fluorescence{CH
Cl, Aexe = 400 nm)Aem (nM) = 595, 648; MS (MALDI-TOF, DHB/THF)
M — Zn, 803.63. Anal. Calcd for ZnggHagN4Os: C, 69.32; H, 5.58; N,
6.47. Found: C, 69.12; H, 5.59; N, 6.38.

(18) Characterization df4: mp 83-85°C; CCPA (ALOs, CH,Cly/hexa
(6:4)) Ry = 0.20; IR (KBr,v, cm™1) 3317 (st NH), 2925 (vib asym methyls
B), 2856 (vib sym methylg), 1739 (st CO);H NMR (CDCls, 6, ppm)
10.30; 10.23; 10.11; 10.05 (4s,mkte 4H); 8.53; 8.52 (2d/-CH=CH—
Ph(OG2H25)2), Jwans = 16.5 Hz, 2H); 7.68; 7.67 (2d--CH=CH—Ph-
(OCi12H25)2), Jrans= 16.5 Hz, 2H); 7, 50 (m, b 4H); 7.09 (d, Kh, Jo =
8.4 Hz, 2H); 4.42 (t,—CH,—CH,—COO—,J = 7.5 Hz, 4H); 4.25; 4.15
(2t, —OCH,—, J = 6.6 Hz, 8H); 3.79; 3.72 (2s;COOCH;, 6H); 3.66;
3.65; 3.63(3s, Cht-ring, 12H); 3.29 (tJ = 7.5 Hz,—CH,—CH,—COO-,
4H); 1.95 (q, OCH—-CH,—, J = 6.6 Hz, 8H); 1.30—1.26 (m;-CH,—,
72H); 0.88 (2t,—CH,—CHs, J = 6.6 Hz, 12H);—3.68 (s,—NH, 2H); 13C
NMR (CDCls, 6, ppm) 173.55 (CO); 154.60126.00 (G.,5); 149.68 (Gi—
OCioHzs); 135.43 (CH=CH—Ph(OG2Hz5),); 131.14 (G—porphyrin);
120.20; 120.03+CH=CH—Ph(OG2Hzs),), 114.22; 112.47 (€and Gy);
97.84; 96.94; 96.09 (Ges9; 69.76; 69.52 (—OCht-); 51.71 (—COOCH);
36.89 (—CH—CH,—COO-); 31, 95 {O—CH,—CH,); 29.70—26.15
(—CHy—); 22.67 (CH,—CHg); 21.82 (CH,—CH,—COO-); 14.09
(—CHo—CHg); 12.96; 11.73 (Cht-ring); UV—vis (CH,Cl,, 4, nm) 409
(175370), 508 (17400), 552 (18400), 582 (12700), 638 (9100); fluorescence
(CHCly, dexe= 400 nm)Aem (NmM) = 643, 694; MS (MALDI-TOF, DHB/
THF) M, 1480.27. Anal. Calcd for §H14N4Og: C, 77.90; H, 9.67; N,
3.78. Found: C, 77.95; H, 9.59; N, 3.88.
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