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. R 5,10-diacroleinylporphyrin in 55% yieltk For the preparation
Ni(OAc), . . . .
_ AcOH Q of porphyrins witha,8-unsaturated substituents in the 5,15-
— OMFrem M \ H positions, the Heck reaction has been employed to yield the
’ o] bis(2-methoxycarbonylethenyl)-substituted porphyrin in 72%
R R yield® Here, we report a new synthetic route to mono- and

. . . diacroleinylporphyrins in the meso position from allyl-
A new route to,S-unsaturated formylporphyrins begins with substituted precursors via a Ni-catalyzed reaction in up to 70%

the synthesis of allyl-substituted porphyrins via the Suzuki iey A series of allylporphyrins with different substitution
cross-coupling reaction of bromoporphyrins and allylboronic patterns in meso anf-positions have been prepared by the

acid pinacol ester in 5695% yield. Treatment of allyl-  gyzuki cross-coupling of bromoporphyrins with allylboronic
substituted porphyrins with nickel acetateNgN-dimethyl- acid pinacol ester.

formamide (DMF) then affords mono- and diacroleinylpor- ¢ introduce the allyl substituent into the porphyrin moiety,
phyrins in up to 70% yield. the Suzuki cross-coupling reaction was cho¥ewith high

regio- and stereoselectivity as well as tolerance toward a wide
grange of functional groups, this method provides a very straight-
forward approach for the introduction of various substituéhts.
Hence it has been widely used in porphyrin chemistry, mostly
with brominated porphyrins and organoboron reagents as
coupling partnef? but also as a powerful tool for the preparation
of porphyrin array43 Therefore the 5,15-substituted compounds
1-7'4"16 and the 5,10,15-substituted compouBd were
brominated according to standard conditioNsbfomosuccin-
imide, NBS, in chloroform in the presence of pyriditfp give

Porphyrins containing unsaturated side chains or extende
m-conjugated substituents are of growing interest due to their
potential applications in medicibéphotodynamic therapy, HIV
treatment, neutron capture therapy) and as optical devices in
material science%.* Allyl-substituted porphyrins can be em-
ployed in electronic devices and it has been shown that they
can be linked covalently to silicon wafer®revious syntheses
of meseallylporphyrins used the condensation of 5-allyldipyr-
romethane with a dipyrromethane-dicarbinol in 44% yfeld, . . ; )
while 2,3-diallylporph?/¥ins were prepared in 148% yie);Id the corresponding 5'15'd'br°m°P°rph{“9‘?16 in 62-90%
through Suzuki coupling reactiofis. ylelq anq the 5-bromoporphyn1p7 in 84% y|g|d. .

The acroleinyl group as a substituent in fBosition has leew|se, tetraphe.nylporphyrm9was brpmlnated according
been shown to be a useful precursor for the synthesis of to the literaturé® to yield the3-monobrominated analoguas.

benzochloring.One method for their synthesis involves three "€ Suzuki cross-coupling reaction of the bromo compounds
steps using a sequence of formylation and Wittig reaction to 9, 11-15, 17,and19was carried out under standard conditions

yield the nickel(Il) monoacroleinylporphyrin complex in 85%.
Alternatively, vinylogous Vilsmeier formylation may be used (8) Amold, D. P.; Gaete-Holmes, R.; Johnson, A. W.; Smith, A. R. P.;

; T O \si Williams, G. A.J. Chem. Soc., Perkin Trans.1B78 1660-1670.
to prepare the monoacroleinylporphyrin in 85% yield and the (9) Locos, O. B.: Arnold. D. POrg. Biomol. Chem2006 4, 902-916.

(10) Miyaura, N.; Yamada, K.; Suzuki, Aetrahedron Lett1979 3437

(1) Pandey, R. K.; Zheng, G. Iiihe Porphyrin Handbogkkadish, K. 3440.
M., Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 2000; (11) Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457-2483.
Vol. 6, pp 157230. (12) Sharman, W. M.; Van Lier, J. BE. Porphyrins Phthalocyanines
(2) Hoffman, B. M.; Ibers, J. AAcc. Chem. Red.983 16, 15-21. 200Q 4, 441-453.
(3) Nevin, W. A.; Chamberlain, G. Al. Appl. Phys1991 69, 4324~ (13) Aratani, N.; Osuka, AOrg. Lett.2001, 3, 4213-4216.
4332. (14) Brickner, C.; Posakony, J. J.; Johnson, C. K.; Boyle, R. W.; James,
(4) Rao, D. V. G. L. N.; Aranda, F. J.; Roach, J. F.; Remy, DARplI. B. R.; Dolphin, D.J. Porphyrins Phthalocyanines998 2, 455-465.
Phys. Lett1991 58, 1241-1243. (15) Wiehe, A.; Shaker, Y. M.; Brandt, J. C.; Mebs, S.; Senge, M. O.
(5) Liu, Z.; Yasseri, A. A.; Loewe, R. S.; Lysenko, A. B.; Malinovskii, Tetrahedron2005 61, 5535-5564.
V. L.; Zhao, Q.; Surthi, S.; Li, Q.; Misra, V.; Lindsey, J. S.; Bocian, D. F. (16) Manka, J. S.; Lawrence, D. $etrahedron Lett1989 30, 6989
J. Org. Chem2004 69, 5568-5577. 6992.
(6) Jiao, L.; Hao, E.; Fronczek, F. R.; Vicente, M. G. H.; Smith, K. M. (17) Senge, M. O.; Feng, X. Chem. Soc., Perkin Trans200Q 3615~
Chem. Commur2006 3900-3902. 3621.
(7) (a) Vicente, M. G. H.; Smith, K. MJ. Org. Chem1991, 56, 4407 (18) Jaquinod, L. InThe Porphyrin Handbogkkadish, K. M., Smith,
4418. (b) Senge, M. O.; Vicente, M. G. H.; Parkin, S. R.; Hope, H.; Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 2000; Vol. 1,
K. M. Z. Naturforsch.1992 47h 1189-1202. p 204.
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SCHEME 1
R' R'
g
R! R'
9,11-15 2128

17
iz porphyrin (1 equiv.), boronic ester (10-20 equiv.), K3PO,4 (20-40 equiv.),
Pd-catalyst (0.1 equiv.), THF, reflux.

Entry R R’ R’ R’ M Product  Yield
9 Ph Br Br  Allyl 2H 21 88 %
11 3-MeOPh Br Br  Allyl 2H 22 95 %
12 3-MeOPh Br Br  Allyl Ni 23 55 %
13 4-MePh Br Br  Allyl 2H 24 86 %
14 4-MePh Br Br  Allyl Ni 25 88 %
15 n-CsHy3 Br Br Allyl 2H 26 50 %
16 n-CeHys Br Br  Allyl Ni 27 95 %
17 4-MePh  4-MePh  Br  4-MePh  2H 28 74 %

SCHEME 2
I I
R Br R R
" w " :\—BO l» w 2» - m )
R R R
20 29 30
R=Ph

i: porphyrin (1 equiv.), boronic ester (5 equiv.), K,CO3 (10
equiv.), Pd(PPh3)4 (0.1 equiv.),toluene, reflux; ii: porphyrin
(1 equiv.), Ni(OAc), (2 equiv.), AcOH (0.2 mL), DMF, reflux.

described in the literatuR®:22 The meso-brominated com-
pounds9, 11—-15, and17 were reacted with allylboronic acid
pinacol ester in the presence off0O, and a Pd catalyst under
reflux in tetrahydrofuran (THF). In the course of our ongoing
studies on the use of different Pd catalyStsyo different types
of catalysts were applied, namely, Pd(BRland Pd(dppf)Cl
Both resulted in similar yields, but use of the Pd(dppf)ClI
catalyst gave quicker formation of the product (Scheme 1).
Suzuki coupling of thgg-brominated porphyrir20 was carried
out with allylboronic acid pinacol ester in the presence ef K
CO; and Pd(PP¥)4 under reflux in toluene (Scheme 2).

The meseallylporphyrins21—-28 were obtained in 5695%
yield and thes-allylporphyrin 29 was obtained in 66% vyield.
The crystal structure of compoun@4 shows the diallyl
substitution pattern (Figure 1). The C5€53 bond length is
1.313(2) A, clearly indicating the unsaturated bond character.
The molecular conformation is flat, with A24 of 0.03 A2
The allyl group is nearly perpendicular to the molecular plane
with a C5-C51-C52-C53 torsion angle of 2%6 Compound
26 gave the lowest yield of 50% in the coupling reaction of the

JOCNote

FIGURE 1. View of the molecular structure d24 in the crystal.
Hydrogen atoms have been omitted for clarity; thermal ellipsoids are
drawn for 50% occupancy.

SCHEME 3
R
— Ni(OAc),
= DMF, reflux
R
24
R=4-MePh R R R
o] O, o
- +H O\ +H N
_ \ H*H 4
o
R R R
25 31 32
20 % 44 % 8%

the electron density on the macrocyclespypack-bonding into
semifilled metal d-orbitals. However, compoun22 and 23
showed the inverse reactivity; here the free-base coupling
product could be obtained in 95% vyield while the nickel
analogue was formed in 55% yield.

Initially, we were interested in studying metathesis reactions
with the free base allyl compounds. However, no reaction was
observed upon treatment of compou@d with Grubbs |
catalyst®26 Thus, we intended to use related metal complexes
and observed surprising results during the insertion of Ni(ll).
The metalation was carried out with nickel(ll) acetate (3 equiv)
in N,N-dimethylformamide (DMF) using standard reaction
conditions?® The insertion of Ni(ll), monitored by thin-layer
chromatography (TLC), proceeded very slowly and the reaction
mixture was heated to reflux overnight. Surprisingly, in addition
to the expected red Ni(ll) derivative5, two additional green
fractions were obtained and identified as compou8tiand
32, the main product being the 5,15-diacroleinylporphyaih
(Scheme 3).

free-base porphyrins, due to the electron-donating effect of the Further investigation of this reaction involved the use of

alkyl substituent® The yield can be improved from 50% to

different quantities of Ni(OAg) Use of 4, 6, and 8 equiv of

95% by use of the nickel-chelated analogue, as Ni(ll) decreasesNi(OAc)2 (with respect to24) showed that the yield of

(19) Liu, C.; Shen, D.-M.; Chen, Q.-YChem. Commur2006 770-
772.

(20) shi, B.; Boyle, R. WJ. Chem. Soc., Perkin Trans2002 1397
1400.

(21) Zhou, X.; Tse, M. K.; Wan, T. S. M.; Chan, K. $. Org. Chem.
1996 61, 3590-3593.

(22) Esdalile, L. J.; Senge, M. O.; Arnold, D. @hem. CommurR006
4192-4194.

(23) Sergeeva, N. N.; Senge, M. Detrahedron Lett2006 47, 6169
6172.

(24) senge, M. OChem. Commurk006 243—256.

compound3l1remained stable. On the other hand, the yields of
compound25 and 32 decreased with more equivalents of Ni-
(OAc), to traces only. When less than 3 equiv of Ni(OAa)gs
used, no formation of the acroleinylporphyrins was observed.
To examine the role of the metal and the ligand, the reaction

(25) Vicente, M. D. G. H. InThe Porphyrin HandbogkKadish, K. M.,
Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 2000;
Vol. 1, p 152-155.

(26) Liu, X.; Sternberg, E.; Dolphin, DChem. Commur2004 852—
853.
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SCHEME 4 (1) acetate under standard conditions [4 equiv of Ni(QAin)
R’ Ni(OA R’ DMF heated to reflux] to obtain compourid,?® followed by
AL(OHC)Z Suzuki cross-coupling reaction with allylboronic acid pinacol
R? — DMF. refiux < \ H ester to obtein compoungb ie 88% yield. Treatment of the
0 preformed Ni(ll) complex25 with Ni(OAc), and glacial acetic
21’?‘22 3R1‘ acid in DMF gave3lin 70% vyield, which is identical to that
24:26-28 33-36 observed with the free bas&t. Due to the observation that
: . 5 . palladium(ll) reagents often react similarly to nickel(ll) re-
Entry R R R M Product  Yield 28 d2 d ith Pd(OAg)i h
21 Ph Allyl Acroleinyl  2H 33 50 % agents® compound25 was treated wit (OAg)in the
22 3-MeOPh  Allyl  Acroleinyl ~ 2H 34 52% presence of glacial acetic acid in DMF under reflux for 12 h.
24 4-MePh  Allyl  Acroleinyl ~ 2H 31 70 % Again, only decomposition was observed under these conditions.
26 n-Cgllj3 Allyl Acroleinyl 2H 35 20 % . i . i .
27 n-CeHs Allyl  Acroleinyl  Ni 35 20 % To investigate the mechanism the reaction was carried out
28 4-MePh  4-MePh  4-MePh  2H 36 26 % with 1 equiv of compoun@4 and 3 equiv of Ni(OAg)in DMF-

d; at 115°C in a sealed Schlenk tube (in the absence of acetic
was carried out with different transition(ll) salts, namely, Pd- acid). The conversion of the starting material was followed by
(OACc)2, Zn(OAc), NiCly, and ZnCj. However, none of these  IH NMR measurements (see Supporting Information). Over a
salts resulted in the formation of mono- or diacroleinyl- or the period of 24 h, samples were removed from the reaction mixture
monoacroleinylmonoformylporphyrins. This led to the conclu- and analyzed at room temperature. After 1 h, the ratio between
sion that nickel(ll) as well as the acetate played a significant the starting materia4 and the nickel(ll) analogu@5 was
role in the reaction mechanism. It has been reported previouslya|ready 4:3, as indicated by the shift of thé NMR signals to
that acetic acid can promote the reaction of a nickel reagent|ower field. The signals for thg-protons, for example, appear
with an allylic group?’ Consequently, the reaction was carried  5t-.10.0 and~9.1 ppm for the free bas24, whereas the signals
out with the addition of 0.1 mL of glacial acetic acid (DMF/ ., the -protons of the nickel(Il) comple®5 appear at-9.6
glacial acetic acid 200:1 v/v) in an attempt to increase the yield. ;4. g g ppm. The first characteristic signal of compo&id
Indeed, this improved the yield 8fL to 60%. A further increase namely, the formyl-H signal of the acrolein system~at0.3
of the amount of glacial acetic acid in the reaction mixture to ppm Wes observed after 2 h, and consumption of the starting
0.'2 mL _(DMF/gIaci_aI a(_:etic aciq 100:1 v/v) gave the 5,15- material was complete aft® h,ata4:1ratio of 25to 31. After
d|acrole|nylporphyr|_r131 n 70% y|elel. . . a period of 24 h, compoun8il can be clearly identified as the

In horqler to texamlne If the g;ac;lgnzlj apzlg:g\blzeSfor other main product. Thus, conversion &1 occurs as soon &5 is
orphyrin systems, compoun@i—22, 24, and 26—28 were e "
Frearieg unde/r the optimizgd reaction conditions (Scheme 4). All 'Ecljrln;fg) T:vﬁigiaggﬁﬂj ‘gg??ﬁ:ﬁognvl\yh;nndoe?ntgigﬂi;?egdwgpes

reactions resulted in the formation of the respective nickel(ll) . .
acroleinylporphyrins in varying yields. The yields of the dihexyl- detected in measurements carried o_ut at room temperature: At
present only speculations are possible for the exact reaction

and tritolyl-substituted allylporphyrin85 and 36 were lower . - !
in comparison to the reaction of compoudl In the case of ~ Mechanism. In accordance with related studies that show that
compound36, the main product turned out to be [5-allyl-10,- Ni catalysts are sometimes more effective than their Pd
15,20-tris(4-methylphenyl)porphyrinato]nickel(I)8 in 28% analogues for the reaction of allylic systeffis3! the formation
yield, whereas no identified byproduct was formed in the ©f a nickel#'- and/or nickely®-allyl complex may be surmised
reaction of compound35. The remaining starting material ~as the first reaction st€f:3* The nickels*-allyl complex
underwent decomposition. Reaction2sfunder milder reaction ~ produces a partial positive charge at the carbon atoysn@
conditions, for example, lower temperature (€0 36 h), gave Cs of the allyl system, making it susceptible to nucleophilic

the same result. The more stable nickel(ll) deriva®ewas attacks (Figure 2). In one case, the experimental data indicated
also subjected to the optimized reaction conditions giving the that the reaction proceeds via a radical chain mechanism initiated
same result as the corresponding free B2&eCompound34 by heat, light, or a reducing age®tAll other reported reactions

has been reported previously but only as a byproduct in lessrequired a polar, coordinating solvent, such as DMF, as well as
than 5% yield®® Interestingly, treatment of the-allyl-substituted  stoichiometric amounts of the nickel reagent. This is in line
compound29 under the same conditions [Ni(OAC)n the with our observation that at least 3 equiv of Ni(OA) required
presence of glacial acetic acid in DMF under reflux for 3 days] for the reaction of free base porphyrins. One equivalent of
led only to the formation of the standard nickel(ll) complex pnickel(Il) acetate is required for metal insertion into the

30, on the basis of spectroscopic evidence. ~ porphyrin core. The remaining 2 equiv can then form two nickel-
To study the influence of the central metal in more detalil,

compound21 was metalated with Zn(ll) by a standard proce- (28) Tamaru, Y.J. Organomet, Chenl999 576, 215231

dure®to glve compound0 ',n 7% y',elld' This compound Was, (29) Kurosawa, H.; Ohnishi, H.; Emoto, M.; Chatani, N.; Kawasaki, Y.;

then subjected to the reaction conditions used for the formation Murai, S.; Ikeda, 1.Organometallics199Q 9, 3038-3042.

of diacroleinporphyrins. However, only decomposition took  (30) Nadal, M. L.; Bosch, J.; Vila, J. M; Klein, G.; Ricart, S.; Moreto,

place and small amounts of starting material were recovered.J- M- J- Am. Chem. S0@003 127, 10476-10477.

. . . o (31) Nakao, Y.; Yukawa, T.; Hirata, Y.; Oda, S.; Satoh, J.; Hiyama, T.
Thus, the inserted nickel(ll) must be crucial for the activation 3 Am. Chem. So@006 128 7116-7117.

of the meseallyl substituent. Hence, compour#b was syn- (32) Hegedus, L. S.; Thompson, D. H.R.Am. Chem. S0d.985 107,
; i i th i . 5663-5669.
thesized in larger amounts by treating compoti8evith nickel (33) Tsol, T. T Kochi, J. KJ. Am. Chem. Sod979 101, 7547-
7560.
(27) Yamamoto, T.; Ishizu, J.; Yamamoto, A.Am. Chem. S0d.981 (34) Dayrit, F. M.; Schwartz, 1. Am. Chem. S0d.981, 103 4466—
103 6863-6869. 4473.
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(42 mg, 0.074 mmol, 1 equiv) was placed into a round-bottom flask
and dissolved in DMF (20 mL). Ni(OAg¥4H,O (3 equiv) and
glacial acetic acid (0.2 mL) were added, and the reaction mixture
was heated under reflux at 128 for 12 h. The progress of the
reaction was followed by TLC. After consumption of the starting
material, the solvent was evaporated to dryness. The crude product
was purified by column chromatography on silica (ethyl acetate/
CeHi4, 1:2 viv) and the title product was obtained as the third
column fraction in 34 mg (0.052 mmol, 70%) yield as green
FIGURE 2. Possible structure of the intermediate during formation crystals: mp>300°C; R = 0.54 (ethyl acetateElys, 1:2 V/IV);
of the diacroleinylporphyrins. 1H NMR (400 MHz, CDC}) 0 = 2.65 (s, 6H, GH4CHs), 6.60

. (dd, 2H,J = 7.6, 15.8 Hz, CH=CHCHO), 7.49 (d, 4HJ = 7.6
n3-allyl complexes, which are subsequently attacked at the C Hz, Harom), 7.79 (d, 4H,) = 7.6 Hz,Harom), 8.73 (d, 4H) =
positions only as the {positions are shielded by the porphyrin 5.3 Hz, -pyrrole-H), 9.20 (d, 4H,J = 5.3 Hz, -pyrroleH), 9.51
macrocycle. (d, 2H,J = 15.2 Hz, (H{=CHCHO), 10.04 (d, 2H] = 7.6 Hz,

In conclusion, we have used a straightforward and convenient CH=CHCHO) ppm; *3C NMR (150.9 MHz, CDCJ) 6 = 21.4,
method for the preparation of a series of new allylporphyrins 110.1,120.8,127.9, 131.4, 133.2, 134.0, 136.2, 138.0, 140.6, 141.7,
via the Suzuki cross-coupling reaction. Moreover, a novel 141.9,150.5,191.9 ppm; UV/vis (GBIo) Amax(Ig €) = 443 (5.2),
pathway to porphyrins witlx,-unsaturated substituents in the 622 (4.4) nm; LRMS (ES) [CagH2sNaNiO] calcd for [M + H]*
meso position has been demonstrated. To our knowledge, the655'4' founq 655.3. ) )
reaction of allylporphyrins with Ni(OAg)in the presence of [5-Acroleinyl-15-formyl-10,20-bis(4-methylphenyl)porphyri-

; . L : I . nato]nickel(ll) (32). The title compound was obtained as a side
lacial acetic acid in DMF to acroleinylporphyrins is the first . ; ; .
gxample of a Ni-catalyzed reaction f)(;rppoprp%yrins Both the product of the synthesis of [5,15-diacroleinyl-10,20-bis(4-meth-

. ) Iphenyl)porphyrinato]nickel(1131 as the second column fraction
allyl- and acroleinylporphyrins are useful precursors for further %/np8.3 %1); (Or_)oilg mm]ol, 13(§O)Byield as light green crystals: mp

attack

reactions’;3>-38 >300°C; R = 0.65 (CHCl,); *H NMR (600 MHz, CDC}) 6 =
2.65 (s, 6H, GH4CH3), 6.63 (dd, 2H,J = 7.5, 15.8 Hz, Ci¥=
Experimental Section CHCHO), 7.50 (d, 4HJ = 7.9 Hz,Harom), 7.80 (d, 4HJ = 7.9

Selected experimental procedures are presented. Full details o{l—l Z: IZ%r?_'n;)ﬂSp;ﬁélde 4_2|)H %zzs(i I;T_'L\?]p:yrdfr%leﬂ);pi(r)rc(;lﬂe _E';—I '

gll comp_ound? and (_)f general techniques used are provided in the9_55 (d, 2H,) = 15.8 Hz, GI=CHCHO), 9.72 (d, 2H) = 5.3 Hz
upporting Information. . | : S 7 — ‘AL ; ' .
'5,15-Diallyl-10,20-bis(4-methylphenyl)porphyrin (24).5,15- fﬁygﬂg;*gp#‘)gg (I(\jlll\/lzgzlﬁo.?ésl\:l_:-zfz Cg;&;'nggll_é'ggg_(?’
Dibromo-10,20-bis(4-methylphenyl)porphyrik8 (100 mg, 0.154 707 5 112’6, 121.5, 128.0, 131.6, 131.9, 133.3, 133.7, 135.6, 136.3
mmol, 1 equiv) was placed into a round-bottom flask under argon 120'5" 1401 141.6. 142.5 143.4. 143.8. 150.4. 192.0. 192.5 ppr.n',
atmosphere and dissolved in anhydrous THF (60 mL). Allylboronic UV/;/ié (CHZélg) l. ' (g '6)‘: 438 3 4') ’622 '(2' 6) nlml' HRMS '
acid pinacol ester (20 equiv),sRO; (40 equiv), and Pd(PRJa (0.1 (ESH) [C38H26N4NT82] caicd for [M o ’H]+ 629 1487 found
equiv) were added, and the reaction mixture was heated under reflux629 1491 ' '

at 80°C for 48 h. The progress of the reaction was followed by ' :
TLC. After consumption of the starting material, the solvent was
evaporated to dryness under reduced pressure and the residue w
dissolved in dichloromethane. The crude product was washed with 2 equiv). the product was obtained following the orocedure for
a saturated solution of sodium bicarbonate, water, and brine. The( g )’d32 p he third fraction in 11.6 %017p | 260
organic phase was dried with sodium sulfate and the solvent Wascprr:jpoug K as the thir lrgctlonllgs. : _nz)g4(8 ) C é?r/?;oﬁ 0)
evaporated to dryness under reduced pressure. Purification of theBZ/',e /as. lar green g(r)ysta S: Cr:npc 6’52_63; (3 H (Ei 62 g’
product was carried out by column chromatography on silica;{CH :1 viv), H NMR (4 MHZ'_ DCH) 6 = 2.63 (s, 3H, Gly), 2.64
Cly/CgH14, 1:1 v/v) and the title product was obtained in 75 mg (s, 6H, O__|3)’ 6.65 (dd, 1HJ = 8.2, 15.8 Ijz, CH-CHCHO), 7.47
(0.132 mmol, 86%) yield as dark purple crystals: mp00°C; R (t, 6H,J = 7.6 Hz,Harom), 7.83 (d, 6H) = 7.6 Hz,Harom), 8.62

= 0.60 (CHCl/CeHis, 1:1, VAV);*H NMR (600 MHz, cDCyy o (@ 2H, J = 4.7 Hz, f-pyrroleH), 8.67 (d, 2H,J = 4.7 Hz,
_ _2.63() (g% S,ZZHG, ;;‘1), 574 (g, 6H. @440(H3)’ 5.14 (d, 2H,£J)= B-pyrroleH), 8.81 (d, 2H,J = 5.3 Hz, -pyrroleH), 9.26 (d, 2H,

17.2 Hz, CHCH=CH;), 5.21 (d, 2HJ = 10.3 Hz, CHCH=CH;), 3~ >3 Hz,f-pyrrolet), 9.60 (d 1HJ = 15.8 Hz, G=CHCHO),

5.73 (d, 4H.J — 5.1 Hz, G1,CH=CHy), 6.84 (m, 2H. CHCH= 10.05 (d, 1H,J = 8.2 Hz, CH=CHCHO) ppm;3C NMR (150.9

CH,), 7.57 (d, 4H,J = 8.1 Hz,Harom), 8.08 (d, 4HJ = 7.6 Hz, MHz, CDCkL) 6 = 21.4, 108.0, 120.0, 121.3, 127.8, 130.6, 132.3,

Harom), 8.90 (d, 4HJ = 4.8 Hz, B-pyrroleH), 9.41 (d, 4H,) = 132.9, 133.4,134.0, 137._1, 137.7,141.1, 141.3,141.5, 142.3, 143.2,

4.8 Hz, B-pyrroleH) ppm: 2°C NMR (100.6 MHz, CDG)) & — 151.6, 192.1 ppm; UVAVis (CBEI) Amax (Ig €) = 437 (5.1), 552

21.5,38.8, 115.6, 116.1, 119.3, 127.3, 127.8 (br), 131.9 (br), 134.4,(-1); 598 (4.1) nm; HRMS (B8) [CasHz.NaNIO] caled for [M +

137.3, 139.5, 141.5 ppm; UVAVis (GBl) Amax(Ig ) = 419 (5.3), T 691.2008, found 691.2025.

517 (3.0), 553 (3.9), 595 (2.8), 653 (3.9) nm; HRMS (BS _

[CagHaaNJ] caled for [M + H]* 571.2862, found 571.2872. Acknowledgment. This work was generously supported by
[5,15-Diacroleinyl-10,20-bis(4-methylphenyl)porphyrinato]- a Science Foundation Ireland Research_Profe;so_rs_h|p grant (SFI
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[5-Acroleinyl-10,15,20-tris(4-methylphenyl)porphyrinato]-
ickel(ll) (36). With 5-allyl-10,15,20-tris(4-methylphenyl)porphyrin
(40 mg, 0.065 mmol; 1 equiv) as starting material and Ni(QAc)

(35) Yeung, M.; Ng, A. C. H.; Drew, M. G. B.; Vorpagel, E.; Breitung,

E. M.; McMahon, R. J.; Ng, D. K. Rl. Org. Chem1998 63, 7143-7150. Supporting Information Available: Experimental procedures
24((5959)238)4'6, R. W.; Dolphin, D.J. Chem. Soc., Chem. Comma994 and spectroscopic data for all compounds and X-ray crystallo-

(37) Senge, M. OAcc. Chem. Re005 38, 733-743. graphic data (in CIF format fo21. This material is available free

(38) Mettath, S.: Shibata, M.; Alderfer, J. L.; Senge, M. O.; Smith, k.  Of charge via the Internet at http://pubs.acs. org.
M.; Rein, R.; Dougherty, T. J.; Pandey, R. B. Org. Chem.1998 63,
1646-1656. JO070550G
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