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Pd-Catalyzed
C-X Bond Formations

A procedure was developed for the preparatiofi-aionobromo-tetraphenylporphyrin (BrTPP) in a greatly
improved vyield from the selective bromination of tetraphenylporphyrin (TPP) by NBS. BrTPP was
successfully employed as a versatile synthon for convenient synthesis of a wide rgfgeoabfunc-
tionalized porphyrins with various heteroatom functionalities via palladium-mediated canbtaroatom

bond formations. Examples inclugeamino, -amido, -oxo, and -mercaptoporphyrins from reactions with
amines, amides, alcohols, and thiols, respectively. Applying the synthetic approach to chiral amides,
B-chiral porphyrins were effectively constructed.

Introduction synthon ismesetetrakis(2-aminophenyl)porphyrinOther sig-
. ) ] ) nificant examples includenesetetrakis(2,6-diaminophenyl)-

Ct_wal_ porphyrins have been e_mployed for various important porphyrin mesetetrakis(2,6-dihydroxyphenyl)porphyrfrand

applications such as asymmetric catalysis, chiral recognition/ mesetetrakis(2,6-dicarboxyphenyl)porphyrin Chiral  acids,

fsensri]r'lg,land er:lzymaticﬂr]nim%ic%yqrr}ontg dtitfferhent ari')prfoaches amines, and alcohols have been successfully attached to these
or chiral porphyrin synthesiscovalent attachment 0 properl porphyrin synthons through multiple amide or ester bond

hiral uni reform rphyrin synthon vi ripher . . .
chiral units to a preformed porphyrin syntho a peripnera formations!-? Despite these advances, there remains a need to

functional groups is considered to be the most general methodd | it " h that all il d effecti
with chirality economyt? The most widely used porphyrin evelop afternative synthons that aflow versatiie and etiective
assembly of chiral porphyrins with enhanced generality and

practicality.
*Fax: 813-974-1733.
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Synthesis off-Functionalized Porphyrins

Utilizing metal-catalyzed carberheteroatom bond forma-
tions we? and otherkhave established a powerful new strategy
for general and efficient synthesis of heteroatom-substituted
porphyrins from catalytic reactions of halogenated porphyrins
with soft, non-organometallic nucleophiles. In principle, these
catalytic reactions can be performed in high yields under mild
conditions and are suitable for a wide variety of amines, amides,
alcohols, thiols, selenols, and phosphines, resulting in the
formation of a diverse family of functionalized porphyrits.
Since various chiral amines, amides, alcohols, and thiols are
readily available, we envisioned the new synthetic stratégy
rendering halogenated porphyrins, especially brominated por-
phyrins, a new class of synthons for construction of chiral
porphyrins. For example, we demonstrated previously that 5,-
10-bis(2,6-dibromophenyl)porphyrins are versatile synthons for
modular preparation ajrtho-chiral porphyrins via Pd-catalyzed
amidation reactions with chiral amid&sFor various chiral
amide building blocks, the quadruple carbaritrogen bond
formation reactions were accomplished under mild conditions,
constructing a family oD,-symmetricortho-chiral porphyrins
in high yields8 Recently mesedibromoporphyrins were shown
to be useful synthons for general synthesesmasechiral
porphyrins from reactions with chiral nucleophiles via Pd-
catalyzed etheration and amidati®nThis synthesis could be
carried out under mild conditions and typically gave high yields.
It was employed for various combinations of porphyrin precur-
sors and chiral alcohols as well as amides, leading to the
formation of a series of novehesechiral porphyringd

As a part of our current research program of developing
catalytic carberfé8910 and nitrené! transfer processes by
metalloporphyrins, we showed that cobalt(ll) complexes of both
ortho-8109.10handmese®9 chiral porphyrins are active catalysts
for asymmetric cyclopropanation but exhibited different dias-
tereoselectivity and enantioselectivity. To further examine the
correlation between porphyrin structure and catalytic reactivity
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SCHEME 1. Palladium-Catalyzed Carbon-Heteroatom
Bond Formation Reactions of
f-Bromo-Tetraphenylporphyrin

Ph

in the cobalt(Il) porphyrin-based asymmetric cyclopropanation
system, we have a need to acc@sshiral porphyrins. To this
end, we set to expand the Pd-mediated carti@teroatom bond
formation strategy to includg-bromoporphyring2 We report
herein that a wide range g8-functionalized porphyrin?
including those containing amino, amido, oxo, and mercapto
substituents, were effectively prepared from catalytic reactions
of 5-bromo-tetraphenylporphyrin (BrTPP) with various amines,
amides, alcohols, and thiols, respectively (Scheme 1). Conse-
quently,3-chiral porphyrins could be conveniently accessed by
using readily available chiral building blocks such as chiral
amides. In this paper, we also describe a new procedure for the
preparation of BrTPP in a greatly improved yield.

Results and Discussion

The original selective bromination procedure developed by
Callot** has been successfully applied for synthesis of BITPP
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TABLE 1. Synthesis offf-Bromo-tetraphenylporphyrin via TABLE 2. Synthesis off-Heteroatom-Substituted Porphyrins 1-4
Selective Bromination of TPP with NBS via Palladium-Catalyzed C—N/C—0O/C—S Bond Formations of
Ph Ph BrTPP with Amines, Amides, Alcohols, and Thiol$

Br amine/amide P-ligand product
NBS entry alchohol/thiol Pd-comp time yield®?
P Ph ———— Fn Ph H BINAP 1
\ a
1 ,N‘Q Pd(OAc), 24N 48%
TPP BrTPP H
Ph Ph H
o0 ‘N NO. BINAP o4 h 1b
) , 2 Pd(OAc), 75%
entry solvent equiv add py TPP Br,TPP BIrTPP yield H
19 CHCN 10 - —  ++++++++ - - i H.
2 THF 10 — = bt - - - 3° '}‘/\© szgﬁg 5h A
3 DMF 1.0 — = + + =i H 2 °
4 MeGHs 10 — — ++++++ + + —i H
5 CICHs 1.0 — — ++++++ + + =i 4 N X BINAP 1d
6 CHCl 1.0 — — ++++ + A+ N Pd(OAC), 24h 71%
" CHCl, 1.0 - - 444+ + +++ i H
8 CHChk 10 — — ++++ + +++ i o]
9 CHChb 08 — — +++++ + ++ 20% 5 N Xantphos o4h 2a
10 CHChb 15 — — +++ + ++++ h Pd(OAc), 65%
11 CHCk 30 — — +++ ++ — H
12 CHCk 20 + — +++ + +H++ JOI\/\/\
13 CHCk 20 + + ++ + +H+++ 78% N Xantphos 28 h 2b
14 CHCk 30 + — +++ + ot 6 N Pd(dba)s 8 76%
15 CHCk 30 + + ++ + +++++  64% H
16 CHCk 50 + — +++ ++ -+ 33% o]
i ) ) 7¢ Ho JU Xantphos 5h 2c
aReactions were carried out at 6Q for 3—4 h with [TPP]= 0.4 mM. NT O Pd(OAc), 45%
b Equivalents of NBS¢ With (+) or without (—) slow addition of predis- H
solved NBS.4With (+) or without () the presence of pyridiné.The o Xantoh
distribution of TPP, its mono-brominated (BrTPP), and multi-brominated 8 H\Né Pgn(tgb:)s 24 h 7";‘3/0
(BrnTPP) products was estimated by TL(Xields represent isolated yields 2 3
in >95% purity as determined bYH NMR. 9 Carried out at 23C with DPEph
= i i = i d o phos 24 3a
[TPP] = 2.0 mM.hCamed out at 60°C with [TPP] = 2.0 mM.' No 9 / Pdy(dba)s 66%
isolation was attempted Carried out in large scale for 8 h; see Supporting H
Information for details. d DPEphos 3b
10° POF Pdy(dba), 20N 65%
H
PhoP PPh, Ph,P PPh, p DPEphos 3¢
OO o o 1 o Pdy(dba), 24N 77%
m OO ol
PPh,
J DPEphos 3d
OO BINAP Xantphos DPEphos 12 0 Pdy(dba); 20N 79%
H
FIGURE 1. Structures of chelating diphosphine ligands. 139 o\)F<F DPEphos w0h 3e
u’ F Pd,(dba), 71%
and relategB-monobromoporphyrin® The yields ranged from
30 to 47%, often requiring preinsertion of metal ion for yield 1400 s—@ BINAP 40h 4a
. 415 . : . ; Pd,(dba)s 35%
improvement#15 At the outset of this project, we decided to H
systematically investigate selective bromination of TPP by NBS p BINAP 4b
i i i i i s S OMe  pg,dba), 28N 24%
with an expectation to improve the yield of BrTPP formation o 2(dba)s °
(Table 1)_. Among the solvents tested, Cki@hve the b_est result, 169 S BINAP o8 h ac
as the highest BrTPP percentage was observed in the product H Pd,(dba)s 32%

distribution (Table 1, entries-16). Change in reaction temper-

atUI(’je anglor EPP Concentr?tior;)r]ad no Observablel effect on the a8 Reactions were carried out at 100 under N in THF with 1.0 equiv
roduct distribution in CHGI(Table 1, entries 68). Alteration : A ; ; :

I NBS equivalents, nowever, had a large ilience on he 20 mol o4 P-igand in the presence of 2.0 &quiv i, Concentation:

outcome. Although both substoichiometric amount of (Table 0.01 mmol BrTPP/mL THF? Yields represent isolated yields #95%

1, entry 9) and over excess (Table 1, entry 11) NBS gave lower purity as determined biH NMR. ¢ CsCOs (4.0 equiv) was used.Carried

yields, 1.5 equiv of NBS appeared to maximize the formation ©utin toluene.

of BrTPP (Table 1, entry 10) as a balanced decrease of both

unreacted TPP and multibromination products was reached. It

was found that slow addition of predissolved NBS allowed the

use of higher equivalents of NBS to enhance the reaction rate

without deterioration in yield (Table 1, entries 12 and 14). But

additional increase in the NBS equivalents led to a poorer yield

(Table 1, entry 16). In combination with slow addition of NBS,
using pyridine as an additive resulted in a significant improve-
ment of BrTPP yield. For example, BrTPP was isolated in 78
and 64% yields under the conditions when 2.0 and 3.0 equiv of
NBS were used, respectively (Table 1, entries 13 and 15).
With the greatly improved yield, BrTPP could be accessed
oF — | oo K Zhon 7y Wk T in gram scale. This allowed us to employ BrTPP as a viable
e e Trra (o) Fisicho . e, | PIEGUIsOr 10 synthesizg-functionalized porphyrins via Pd-
M. J.J. Am. Chem. So@002 124, 4298. (c) Shen, D.-M.; Liu, C.; Chen, ~ Catalyzed carbonheteroatom bond formations (Scheme 1). On
Q.-Y. Chem. Commur2005 4982. the basis of our previous results witmese and ortho-
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Synthesis off-Functionalized Porphyrins

SCHEME 2. Synthesis off-Chiral Porphyrins via
Palladium-Catalyzed Amidation of BrTPP with Chiral
Amides

Me

'13.}\“.._‘4»Me

N H
7N T sws
—_—
20 mol % Xantphos
10 mal % Pd{OAc)s
2.0 equiv Cs,COy4

Ph

Ph

20 mol % Xantphos

10 mol % Pd{OAe)»
2.0 equiv Cs,C05

2f. 45%

Fh  BITPP Ph

bromoporphyring,three chelating diphosphine ligands BINAP,

Xantphos, and DPEphos (Figure 1), in combination with Pd-
(OAc), or Pd(dba), were evaluated as potential catalysts for
carbor-heteroatom bond formation reactions of BrTPP with

amines, amides, alcohols, and thiols (Table 2). The combination

of BINAP and Pd(OAc) could effectively catalyze amination
reactions of BrTPP with different amines such as aniline,
substituted aniline, benzylamine, and pyridine-containing amine,
forming the correspondingg-aminoporphyrins in 4675%
yields (Table 2, entries-14). Using Xantphos/Pgdba} as the

JOC Article

rins that could find potential applications in areas such as
asymmetric catalysis.

Experimental Section

General Considerations.All reactions were carried out under
a nitrogen atmosphere in oven-dried glassware following standard
Schlenk techniques. Toluene and tetrahydrofuran were distilled
under nitrogen from sodium benzophenone kétyland3C NMR
spectra were obtained at ambient temperatures on either a Varian
300 MHz or a Bruker 250 MHz instrument. All amines, alcohols,
amides, and thiols were purchased from commercial sources and
used without further purification. Palladium(ll) acetate, tris-
(dibenzylideneacetone)dipalladium(0), bis(2-diphenylphosphinophe-
nyl)ether (DPEphos), 9,9-dimethyl-4,5-bis(diphenylphosphino)-
xanthene (Xantphos),H)BINAP, and cesium carbonate were
purchased commercially. All ligands, palladium precursors and
bases were stored in desiccators filled with anhydrous calcium
sulfate, and weighed in the ajf-Bromotetraphenylporphyrin was
prepared according to the method described below.

Synthesis of$-Bromo-5,10,15,20-tetraphenylporphyrini4 To
a three neck round-bottom flask charged with 5,10,15,20-tetraphe-
nylporphyrin (61.4 mg, 0.10 mmol) and chloroform (60 mL) was
added 1 mL pyridine. After refluxing for 5 min, a solution of
N-bromosuccinamide (35.6 mg, 0.20 mmol, dissolved in 60 mL
chloroform) was added dropwise ovetr-8 h into the flask. The
solution was refluxed for an additional 30 min, quenched with
acetone (30 mL), and concentrated by rotary evaporator to dryness.
The residue was purified via gravity column chromatography (silica
gel, toluene: cyclohexane (v/# 1:1). The title compound was
obtained as purple solid (54.3 mg, 78% yieldj.NMR (300 MHz,

catalyst, amidation of BrTPP was also successfully achieved CDCl): 6 8.81-8.90 (m, 5H), 8.76 (m, 2H), 8.20 (m, 6H), 8.09

with both aromatic and aliphatic amides (Table 2, entrie§)

(d,J = 6.6 Hz, 2H), 7.747.76 (m, 12H)~2.84 (s, 2H)33C NMR

The amidation system could be applied to carbamates such ag75 MHz, CDCE): 6 142.0, 141.7, 140.8, 138.0, 134.6, 134.5,
methyl carbamate and cyclic amides such as pyrrolidinone as134-4,134.3,133.8, 129.6,128.8, 128.2, 127.9, 127.5, 126.9, 126.8,

well (Table 2, entries #8).

In addition to C-N bond formation, catalytic €O bond
formation reactions of BrTPP could be also accomplished. For
example, both aromatic and aliphatic alcohols were effectively
coupled with BrTPP employing Xantphoshfdba) as the
catalyst, forming the desiref-oxoporphyrins in good yields
(Table 2, entries913). Similarly, C-S bond formation between
BrTPP and different thiols could be carried out to produce
p-arylsulfanyl- and alkylsulfanyl-substituted porphyrins when
BINAP and Pd(dba} were used, albeit in lower yields (Table
2, entries 14-16).

With the establishment of BrTPP as a viable precursor for
Pd-catalyzed carberheteroatom bond formations, a straight-
forward access to differey:chiral porphyrins became achiev-
able by using readily available chiral amines, amides, alcohols,
and thiols. As a demonstration of its utility, BrTPP was
successfully coupled with commercially available chiral amides
S-(+)-5 and S-(-)-6 to provideS-chiral porphyrins2e and 2f
in 86 and 45% vyields, respectively (Scheme 2).

Conclusions

126.7, 126.6, 120.7, 120.3, 119.9, 119.6.-WWis, CH,Cl,, Amax
nm, (Loge): 421 (5.55), 517 (4.27), 552 (3.72), 593 (3.70), 648
(3.67). HRMS-EI ([M]"): Calcd for G4H29BrN4, 692.1576; found,
692.1544, with an isotope distribution pattern that is the same as
the calculated one.

General Procedures for Synthesis ofi-Substituted Porphy-
rins. An oven-dried Schlenk tube equipped with a stirring bar was
degassed on vacuum line and purged with nitrogen. The tube was
then charged with palladium precursor (10 mol %); phosphine
ligand (20 mol %);3-bromoporphyrin (0.050 mmol); amine, amides,
alcohols, or thiols (if it is solid, 4.0 equiv); and base (240
equiv). The tube was capped with a Teflon screwcap, evacuated
and backfilled with nitrogen. After the Teflon screwcap was
replaced with a rubber septum, solvent (3 mL) and amine, amides,
alcohoals, or thiols (if it is liquid, 4.0 equiv) were added via syringe
successively, followed by additional solvent (2 mL) to wash down
possible reactants on the tube wall. The tube was purged with
nitrogen (2 min) and the septum was then replaced with the
Teflon screwcap and sealed. The reaction mixture was heated in
an oil bath with stirring and monitored by TLC. After cooling to
room temperature, the reaction mixture was diluted with ethyl
acetate, washed with watex 8), and concentrated to dryness. The
solid residue was purified by flash chromatography.

2-Phenylamino-5,10,15,20-tetraphenylporphyrin (1a, Table 2,
Entry 1). The general procedure was used to coyplaromo-5,-

In summary, a new procedure has been established to prepar(;II.O,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol) with aniline

BrTPP in greatly improved yield from direct bromomination
of TPP by NBS. We have shown that BrTPP can be employed
as a versatile synthon for convenient synthesig§-ofonofunc-
tionalized porphyrins containing various heteroatom function-
alities via Pd-catalyzed carbeteteroatom bond formations.
Using readily available chiral building blocks, the synthetic
approach allows expedient entry into differ@athiral porphy-

(18 uL, 0.20 mmol), using Pd(OAg)(1.1 mg 0.0050 mmol) and
(£)BINAP (6.2 mg, 0.010 mmol) in the presence of,C8; (37.6
mg, 0.10 mmol). The reaction was conducted in THF (5 mL) at
100 °C for 24 h. The title compound was isolated by flash
chromatography (silica gel, methylene chloride: hexanes w/v)
3:2) as a purple brown solid (17.0 mg, 48% yiel. NMR (300
MHz, CDCL): 6 8.73-8.82 (m, 5H), 8.56 (dJ = 4.8 Hz, 1H),
8.30 (s, 1H), 8.198.22 (m, 8H), 7.837.91 (m, 3H), 7.7+7.75
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(m, 9H), 7.29 (tJ = 7.8 Hz, 2H), 7.02 (dJ = 8.1 Hz, 2H), 6.94
(t, J = 7.2 Hz, 1H), 6.61 (s, 1H)-2.56 (s, 2H).23C NMR (75
MHz, CDCL): ¢ 142.8, 142.2, 141.9, 140.8, 134.5, 134.4, 134.2,

Gao et al.

2-Benzamido-5,10,15,20-tetraphenylporphyrin (2a, Table 2,
Entry 5). The general procedure was used to coypleromo-5,-
10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol) with ben-

133.1,129.3,129.1, 128.5, 127.7, 127.6, 126.8, 126.7, 126.6, 121.5zamide (24.2 mg, 0.20 mmol), using Pd(OA¢}).1 mg, 0.0050

121.1, 119.7, 116.7, 116.3. UWis, CHCl,, Amax NM, (LOge):
409 (6.09), 446 (5.55), 529 (5.07), 571 (4.81), 601 (4.79), 657
(4.58). HRMS-MALDI ([M+H]*): Calcd for GoHsgNs, 706.2965;
found, 706.2948, with an isotope distribution pattern that is the
same as the calculated one.
2-(4-Nitrophenyl)amino-5,10,15,20-tetraphenylporphyrin (1b,
Table 2, Entry 2). The general procedure was used to couple
B-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)
with 4-nitroaniline (27.5 mg, 0.20 mmol), using Pd(OA).1 mg,
0.0050 mmol) and£)BINAP (6.2 mg, 0.010 mmol) in the presence
of CsCO; (65.2 mg, 0.20 mmol). The reaction was conducted in
THF (5 mL) at 100°C for 24 h. The title compound was isolated

mmol) and Xantphos (5.7 mg, 0.010 mmol) in the presence gf Cs
CGO; (37.6 mg, 0.10 mmol). The reaction was conducted in THF
(5 mL) at 100°C for 24 h. The title compound was isolated by
flash chromatography (silica gel, methylene chloride: hexanes (v/
V) = 8:2) as a purple solid (24.0 mg, 65% yieldHd NMR (300
MHz, CDCk): ¢ 9.61 (s, 1H), 9.11 (s, 1H), 8.78.88 (m, 5H),

8.44 (d,J = 4.8 Hz, 1H), 8.28-8.30 (m, 2H), 8.18-8.26 (m, 6H),
7.72-7.84 (m, 12H), 7.54 (1) = 6.9 Hz, 1H), 7.357.44 (m, 4H),
—2.76 (s, 2H)13C NMR (75 MHz, CDC}): 0 164.6, 142.3,142.1,
141.8,140.8, 134.6, 134.4, 134.3, 134.2, 133.8, 131.8, 130.3, 129.4,
128.6,128.3, 127.9, 127.8, 127.0, 126.9, 126.8, 126.6, 121.1, 120.4,
120.0, 116.1. UVwis, CHyCly, Amax nM, (Loge): 421 (5.34), 518

by flash chromatography (silica gel, methylene chloride) as a purple (4.30), 553 (3.82), 592 (3.86), 648 (3.58). HRMS-EI ([t] Calcd

solid (28.0 mg, 75% vyield)H NMR (300 MHz, CDC}): 6 8.87
(d, = 5.4 Hz, 1H), 8.83 (m, 2H), 8.75 (s, 2H), 8.64 (Bi= 5.4
Hz, 1H), 8.45 (s, 1H), 8.158.21 (m, 8H), 8.13 (dJ = 9.0 Hz,
2H), 7.81-7.92 (m, 3H), 7.73-7.77 (m, 9H), 6.86 (dJ = 9.0 Hz,
2H), 6.81 (s, 1H)~2.72 (s, 2H)3C NMR (75 MHz, CDC}): ¢

for CsiH3zsNsO, 733.2842; found, 733.2854, with an isotope
distribution pattern that is the same as the calculated one.
2-Hexanamido-5,10,15,20-tetraphenylporphyrin (2b, Table 2,
Entry 6). The general procedure was used to coypleromo-5,-
10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol) with hex-

148.3,142.3,142.0, 141.7, 140.8, 134.5, 134.4, 134.2, 133.0, 129.2 anamide (23.0 mg, 0.20 mmol), using,Riba} (2.3 mg, 0.0025
128.6, 128.0, 127.8, 126.9, 126.8, 126.7, 126.1, 121.3, 120.4, 116.5mmol) and Xantphos (5.8 mg, 0.010 mmol) in the presence gf Cs

114.2. UVwis, CHyCly, Amax NM, (Loge): 414 (5.12), 459 (4.81),
525 (4.35), 566 (4.07), 597 (3.95), 652 (3.37). HRMS-EI ([M]
Calcd for GoH34NgO2, 750.2743; found, 750.2732, with an isotope
distribution pattern that is the same as the calculated one.
2-Benzylamino-5,10,15,20-tetraphenylporphyrin (1c, Table 2,
Entry 3). The general procedure was used to coypleromo-5,-
10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol) with ben-
zylamine (22uL, 0.20 mmol), using Pd(OAg)(1.1 mg, 0.0050
mmol) and &)BINAP (6.2 mg, 0.010 mmol) in the presence of
CsCO0; (65.2 mg, 0.20 mmol). The reaction was conducted in THF
(5 mL) at 100°C for 5 h. The title compound was isolated by

CGQO; (37.6 mg, 0.10 mmol). The reaction was conducted in THF
(5 mL) at 100°C for 27.5 h. The title compound was isolated by
flash chromatography (silica gel, methylene chloride: hexanes (v/
V) = 6:4) as a purple solid (27.5 mg, 76% yieldH NMR (300
MHz, CDCk): ¢ 9.36 (s, 1H), 8.798.85 (m, 5H), 8.59 (dJ =

4.8 Hz, 1H), 8.178.24 (m, 8H), 7.837.93 (m, 4H), 7.76-7.76

(m, 9H), 1.97 (tJ = 7.2 Hz, 2H), 1.62 (9] = 7.5 Hz, 2H), 1.34

(m, 4H), 0.94 (t,J = 7.2 Hz, 3H),—2.82 (s, 2H).13C NMR (75
MHz, CDCk): 6 170.5, 142.2, 142.1, 141.8, 140.8, 134.5, 134.4,
134.3,133.3,129.3,128.3, 127.8, 127.7, 126.8, 126.7, 126.6, 121.0,
120.4, 119.8, 116.1, 37.7, 31.5, 25.1, 22.4, 14.0. 4B/-CH,Cl,,

flash chromatography (silica gel, methylene chloride: ethyl acetate Amax, NM, (Loge): 421 (5.47), 517 (4.40), 551 (3.88), 591 (3.94),

(viv) = 9:1) as a purple solid (16.5 mg, 46% yieléhi NMR (300
MHz, CDCk): ¢ 8.70-8.76 (m, 4H), 8.65 (d) = 4.2 Hz, 1H),
8.44 (d,J = 4.5 Hz, 1H), 8.16-8.19 (m, 6H), 8.06 (dJ = 6.6 Hz,
2H), 7.56-7.73 (m, 11H), 7.48 (s, 1H), 7.317.34 (m, 3H), 7.19-
7.24 (m, 3H), 4.62 (s, 1H), 4.45 (d,= 4.2 Hz, 2H),—2.58 (s,
2H). 13C NMR (75 MHz, CDC¥}): ¢ 143.1, 142.4, 142.2, 140.8,

646 (3.69). HRMS-MALDI ([M+H]*): Calcd for GoH42NsO,
728.3384; found, 728.3393, with an isotope distribution pattern that
is the same as the calculated one.
2-Methoxycarbonylamino-5,10,15,20-tetraphenylporphyrin (2c,
Table 2, Entry 7). The general procedure was used to couple
f-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)

138.0, 134.5, 134.3, 134.2, 132.6, 131.0, 128.7, 128.4, 128.2, 127.8with methyl carbamate (15.0 mg, 0.20 mmol), using Pd(QAEtL

127.6, 127.5, 127.4, 126.8, 126.7, 126.5, 119.3, 50.48-U¥y,
CH_Cly, Amax NM, (Loge): 406 (5.47), 425 (5.27), 440 (5.18), 527
(5.27), 567 (5.18), 602 (4.06), 656 (4.11). HRMS-EI (f\t] Calcd
for Cs;H37Ns, 719.3049; found, 719.3047, with an isotope distribu-
tion pattern that is the same as the calculated one.
2-(Pyridin-4'-yl)methylamino-5,10,15,20-tetraphenylporphy-
rin (1d, Table 2, Entry 4). The general procedure was used to
coupleS-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050
mmol) with 4-(aminomethyl)pyridine (2&L, 0.20 mmol), using
Pd(OAc) (1.1 mg, 0.0050 mmol) andH)BINAP (6.2 mg, 0.010
mmol) in the presence of @80; (65.2 mg, 0.20 mmol). The
reaction was conducted in THF (5 mL) at 100 for 24 h. The
titte compound was isolated by flash chromatography (silica gel,
methylene chloride: ethyl acetate (v/%) 9:1) as a purple solid
(25.5 mg, 71% yield)!H NMR (300 MHz, CDC}): ¢ 8.77 (d,J
= 4.8 Hz, 1H), 8.7+8.74 (m, 3H), 8.66 (dJ = 4.5 Hz, 1H), 8.56
(dd,J = 1.5, 4.8 Hz, 2H), 8.47 (d) = 4.8 Hz, 1H), 8.178.19
(m, 4H), 8.09-8.13 (m, 3H), 8.07 (dJ = 4.8 Hz, 1H), 7.677.75
(m, 12H), 7.39 (s, 1H), 7.14 (dd,= 1.5, 4.2 Hz, 2H), 4.66 (tJ
= 5.1 Hz, 1H), 4.47 (d) = 5.1 Hz, 2H),—2.64 (s, 2H)13C NMR
(75 MHz, CDCE): 6 149.9, 140.9, 134.5, 134.3, 134.1, 132.7,
128.9, 128.4, 127.7, 127.4, 126.8, 126.7, 126.6, 122.5-U¥,
CH_Cly, Amax NM, (Loge): 406 (5.40), 430 (5.21), 525 (4.49), 598
(4.18), 653 (4.16). HRMS-EI ([M]): Calcd for GgHzeNs, 720.3001;
found, 720.3000, with an isotope distribution pattern that is the
same as the calculated one.
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mg, 0.0050 mmol) and Xantphos (5.8 mg, 0.010 mmol) in the
presence of GE€O; (65.2 mg, 0.20 mmol). The reaction was
conducted in THF (5 mL) at 10€C for 5 h. The title compound
was isolated by flash chromatography (silica gel, methylene
chloride) as a purple solid (15.5 mg, 45% vyielthi NMR (300
MHz, CDCL): ¢ 9.05 (s, 1H), 8.7#8.84 (m, 5H), 8.59 (dJ =
4.8 Hz, 1H), 8.158.20 (m, 7H), 7.8+7.90 (m, 3H), 7.727.75
(m, 9H), 7.25 (s, 1H), 7.14 (s, 1H), 3.74 (s, 3H)2.84 (s, 2H).
13C NMR (75 MHz, CDC}): ¢ 134.6, 134.4, 134.3, 133.0, 129.4,
128.3,127.7,126.8, 126.7, 126.5, 52.7. Wig; CH,Cl,, Amax, NM,
(Loge): 420 (5.56), 517 (4.50), 551 (4.00), 592 (4.07), 646 (3.84).
HRMS-EI ([M]*): Calcd for GeHssNsO,, 687.2634; found,
687.2636, with an isotope distribution pattern that is the same as
the calculated one.
2-(N-2'-Pyrrolidinone-yl)-5,10,15,20-tetraphenylporphyrin (2d,
Table 2, Entry 8). The general procedure was used to couple
f-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)
with 2-pyrrolidinone (15L, 0.20 mmol), Pg(dba) (2.3 mg, 0.0025
mmol) and Xantphos (5.8 mg, 0.010 mmol) in the presence gf Cs
CQO; (37.6 mg, 0.10 mmol). The reaction was conducted in THF
(5 mL) at 80°C for 24 h. The title compound was isolated by flash
chromatography (silica gel, methylene chloride: ethyl acetate (v/
v) = 9.5:0.5) as a purple solid (24.6 mg, 71% yielthi NMR
(300 MHz, CDC}): 6 8.75-8.85 (m, 5H), 8.66 (s, 1H), 8.60 (d,
J = 4.8 Hz, 1H), 8.16-:8.21 (m, 7H), 7.67#7.78 (m, 13H), 3.76
(s, 2H), 1.8-2.2 (m, 4H),—2.78 (s, 2H).13C NMR (75 MHz,



Synthesis off-Functionalized Porphyrins

CDCl): 6 175.7, 142.1, 142.0, 141.8, 140.9, 134.6, 127.7, 126.8,
126.7,126.2, 120.4, 118.6, 52.7, 30.9, 18.0. W¥/-CHyCls, Amax

nm, (Loge): 420 (5.69), 516 (4.38), 552 (3.92), 593 (3.84), 647
(3.75). HRMS-EI ([M]"): Calcd for GgH3sNsO, 697.2842; found,
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with 2-isopropylphenol (27L, 0.20 mmol), using Pgdba) (2.3
mg, 0.0025 mmol) and DPEphos (5.4 mg, 0.010 mmol) in the
presence of GE€0O; (37.6 mg, 0.10 mmol). The reaction was
conducted in toluene (5 mL) at 10C for 26 h. The title compound

697.2833, with an isotope distribution pattern that is the same aswas isolated by flash chromatography (silica gel, methylene

the calculated one.

2-Phenoxy-5,10,15,20-tetraphenylporphyrin (3a, Table 2,
Entry 9). The general procedure was used to coypleromo-5,-
10,15,20-tetraphenylporphyrin (34.7 mg, 0.05 mmol) with phenol
(19.0 mg, 0.20 mmol), using R@ba}; (2.3 mg, 0.0025 mmol) and
DPEphos (5.4 mg, 0.010 mmol) in the presence of0Cy (37.6
mg, 0.10 mmol). The reaction was conducted in toluene (5 mL) at
100 °C for 24 h. The title compound was isolated by flash
chromatography (silica gel, methylene chloride: hexanes #/v)
1:1) as a brown solid (23.3 mg, 66% yieldd NMR (300 MHz,
CDCly): 6 8.88 (d,J = 4.8 Hz, 1H), 8.8%8.83 (m, 3H), 8.79 (s,
1H), 8.73 (d,J = 4.8 Hz, 1H), 8.178.23 (m, 6H), 8.15 (s, 1H),
7.99 (d,J = 8.1 Hz, 2H), 7.677.76 (m, 9H), 7.487.58 (m, 3H),
7.20 (t,J=7.5Hz, 2H), 7.02 (t) = 7.8 Hz, 1H), 6.90 (dJ = 8.7
Hz, 2H), —2.81 (s, 2H).13C NMR (75 MHz, CDC}): 6 158.1,

chloride: hexanes (v/vF 8:2) as a brown solid (29.5 mg, 79%

yield). *H NMR (300 MHz, CDC}): ¢ 8.86 (t,J = 4.8 Hz, 2H),

8.79 (m, 3H), 8.72 (d) = 4.8 Hz, 1H), 8.26-8.23 (m, 4H), 8.09

8.12 (m, 4H), 7.69-7.75 (m, 7H), 7.62-7.65 (3H), 7.55-7.57 (m,

3H), 7.29-7.32 (m, 1H), 7.16-7.19 (m, 3H), 3.15 (heptet] =

7.2 Hz, 1H), 1.13 (dJ = 7.2 Hz, 6H),—2.80 (s, 2H).13C NMR

(75 MHz, CDC}): 6 154.8, 142.2, 142.1, 142.0, 141.4, 139.7,

134.6,134.5,134.3, 133.0, 129.5, 127.7, 127.6, 127.3, 126.7, 126.6,

126.4, 124.3, 120.9, 120.1, 118.9, 118.4, 112.4, 31.6, 26.4, 23.2.

UV-uis, CH.Cly, Amax NM, (Loge): 420 (5.47), 515 (4.32), 549

(3.76), 590 (3.79), 645 (3.45). HRMS-MALDI ([MH]*): Calcd

for Cs3HaN4O, 749.3275; found, 749.3270, with an isotope

distribution pattern that is the same as the calculated one.
2-(o,0,0-Trifluoroethoxy)-5,10,15,20-tetraphenylporphyrin (3e,

Table 2, Entry 13). The general procedure was used to couple

142.2,142.1, 142.0, 141.0, 134.6, 134.5, 134.4, 133.1, 129.2, 127.7 5-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)
127.3, 126.72, 126.70, 126.6, 126.3, 122.7, 120.8, 120.2, 119.4,with a,a,o-trifluoroethanol (15«L, 0.20 mmol), using Pgdba)

118.5, 117.0. UVwis, CHCly, Amax NM, (Loge): 419 (5.28), 515
(4.09), 549 (3.55), 590 (3.55), 645 (3.25). HRMS-EI ([\t] Calcd
for CsoH3sN4O, 706.2733; found, 706.2725, with an isotope
distribution pattern that is the same as the calculated one.
2-(4-Fluorophenoxy)-5,10,15,20-tetraphenylporphyrin  (3b,
Table 2, Entry 10). The general procedure was used to couple
f-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)
with 4-fluorophenol (22.4 mg, 0.20 mmol), using &tba} (2.3
mg, 0.0025 mmol) and DPEphos (5.4 mg, 0.010 mmol) in the
presence of GE€0O; (37.6 mg, 0.10 mmol). The reaction was
conducted in toluene (5 mL) at 10C for 26 h. The title compound
was isolated by flash chromatography (silica gel, methylene
chloride: hexanes (v/vy 1:1) as a brown solid (23.5 mg, 65%
yield). *H NMR (300 MHz, CDC}): 6 8.72-8.89 (m, 6H), 8.14
8.21 (m, 6H), 8.06 (s, 1H), 8.00 (d,= 8.7 Hz, 2H), 7.68-7.75
(m, 9H), 7.56 (m, 3H), 6.876.89 (m, 4H),—2.82 (s, 2H).13C
NMR (75 MHz, CDCh): 6 160.0, 156.8, 142.2, 142.1, 141.9, 141.0,

(2.3 mg, 0.0025 mmol) and DPEphos (5.4 mg, 0.010 mmol) in the
presence of GE€0O; (37.6 mg, 0.10 mmol). The reaction was
conducted in toluene (5 mL) at 10C for 40 h. The title compound
was isolated by flash chromatography (silica gel, methylene
chloride: hexanes (v/vF 8:2) as a brown solid (25.2 mg, 71%
yield). IH NMR (300 MHz, CDC}): 6 8.88 (d,J = 5.1 Hz, 1H),
8.84 (d,J = 5.4 Hz, 1H), 8.79 (dJ = 4.5 Hz, 1H), 8.72-8.75 (m,
3H), 8.16-8.21 (m, 6H), 8.01 (ddJ = 7.5, 1.5 Hz, 2H), 7.65
7.79 (m, 13H), 4.55 (q) = 7.8 Hz, 2H),—2.90 (s, 2H)13C NMR
(75 MHz, CDC}): 6 142.4, 142.1, 141.9, 140.9, 134.5, 134 .4,
134.1,132.8,127.8,127.7,127.5, 126.8, 126.7, 126.6, 121.1, 120.2,
118.5, 118.4, 107.8, 68.4, 67.9. UNs, CH,Cly, Amax, M, (Log
€): 419 (5.55), 514 (4.36), 548 (3.88), 588 (3.86), 643 (3.45).
HRMS-MALDI ([M +H]"): Calcd for GeHsoFsN4O, 713.2523;
found, 713.2500, with an isotope distribution pattern that is the
same as the calculated one.
2-(o-Tolylsulfanyl)-5,10,15,20-tetraphenylporphyrin (4a, Table

134.6,134.5, 134.3, 133.1, 127.7, 127.4, 126.7, 126.6, 126.4, 120.82, Entry 14). The general procedure was used to coyplromo-

120.2,118.4, 118.2, 115.9, 115.6. Wi, CH,Cl,, Amax NM, (Log
€): 420 (5.69), 515 (4.57), 549 (4.18), 591 (4.18), 645 (4.01).
HRMS-MALDI ([M +H]*): Calcd for GoHzsFN4O, 725.2711;
found, 725.2704, with an isotope distribution pattern that is the
same as the calculated one.
2-(4-tert-Butylphenoxy)-5,10,15,20-tetraphenylporphyrin (3c,
Table 2, Entry 11). The general procedure was used to couple
B-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)
with 4-t-butylphenol (30.4 mg, 0.20 mmol), using fdba}) (2.3
mg, 0.0025 mmol) and DPEphos (5.4 mg, 0.010 mmol) in the
presence of GE€O; (65.2 mg, 0.20 mmol). The reaction was
conducted in toluene (5 mL) at 10C for 24 h. The title compound
was isolated by flash chromatography (silica gel, methylene
chloride: hexanes (v/vy 8:2) as a brown solid (29.5 mg, 77%
yield). '"H NMR (300 MHz, CDC}): 6 8.87 (t,J = 4.8 Hz, 1H),
8.80-8.83 (m, 3H), 8.79 (s, 1H), 8.72 (d,= 4.8 Hz, 1H), 8.17
8.24 (m, 6H), 8.16 (s, 1H), 7.998.02 (m, 2H), 7.6%7.79 (m,
9H), 7.50-7.60 (m, 3H), 7.22 (dJ = 9.0 Hz, 2H), 6.87 (dJ =
9.0 Hz, 2H), 1.29 (s, 9H);-2.80 (s, 2H).13C NMR (75 MHz,
CDCl): 6 155.6, 145.6, 142.3, 142.2, 142.0, 141.1, 134.6, 134.5,

5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol) with 2-me-
thylbenzenethiol (24.L, 0.20 mmol), using Pgdba} (2.3 mg,
0.0025 mmol) and%£)BINAP (6.2 mg, 0.010 mmol) in the presence
of Cs,CO; (65.2 mg, 0.20 mmol). The reaction was conducted in
toluene (5 mL) at 100C for 40 h. The title compound was isolated
by flash chromatography (silica gel, toluene: cyclohexane (/v)
1:1) as a brown solid (13.0 mg, 35% yieldHd NMR (300 MHz,
CDCly): 6 8.76-8.84 (m, 5H), 8.69 (dJ = 4.8 Hz, 1H), 8.17
8.20 (m, 4H), 8.07 (dJ = 6.6 Hz, 2H), 8.00 (dJ = 6.6 Hz, 2H),
7.92 (s, 1H), 7.767.79 (m, 9H), 7.53-7.61 (m, 3H), 7.32 (dJ =
7.5 Hz, 1H), 7.18-7.23 (m, 2H), 7.04 (m, 1H), 2.27 (s, 3H}2.72
(s, 2H).13C NMR (75 MHz, CDC}): 6 142.2, 141.9, 141.8, 140.9,
134.6,134.5,134.4, 134.0, 133.6, 130.6, 128.5, 128.2, 127.7, 127.4,
127.3, 126.7, 126.6, 126.5, 126.4, 20.3. Wig; CH,Cl,, Amax, M,
(Log€): 421 (5.40), 521 (4.43), 555 (3.98), 595 (4.01), 651 (3.82).
HRMS-EI ([M]*): Calcd for GiHzeN4S, 736.2661; found, 736.2673,
with an isotope distribution pattern that is the same as the calculated
one.

2-(4-Methoxyphenylsulfanyl)-5,10,15,20-tetraphenylporphy-
rin (4b, Table 2, Entry 15). The general procedure was used to

134.4,133.1,129.6, 127.7,127.6, 127.3, 126.7, 126.6, 126.5, 126.3 coupleS-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050

126.0, 120.8, 120.1, 119.3, 118.5, 116.5, 31.5. 4i&/-CH,Cl,,
Amax M, (LOge): 419 (5.60), 515 (4.45), 549 (3.92), 590 (3.93),
645 (3.66). HRMS-EI ([M}): Calcd for G4H4N4O, 762.3359;
found, 762.3356, with an isotope distribution pattern that is the
same as the calculated one.
2-(2-1sopropanylphenoxy)-5,10,15,20-tetraphenylporphyrin
(3d, Table 2, Entry 12).The general procedure was used to couple
f-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol)

mmol) with 4-methoxybenzenethiol (28, 0.20 mmol), using P4
(dba}; (2.3 mg, 0.0025 mmol) andH)BINAP (6.2 mg, 0.010 mmol)

in the presence of GEO; (37.6 mg, 0.10 mmol). The reaction was
conducted in toluene (5 mL) at 10C for 28 h. The title compound
was isolated by flash chromatography (silica gel, methylene
chloride: hexanes (v/vFE 8:2) as a brown solid (9.0 mg, 24%
yield). *H NMR (300 MHz, CDC}): o 8.76-8.83 (m, 5H), 8.66
(d,J=4.8 Hz, 1H), 8.1#8.20 (m, 4H), 8.11 (d) = 7.2 Hz, 2H),
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7.99 (d,J = 7.2 Hz, 2H), 7.727.79 (m, 10H), 7.537.61 (m,
3H), 7.48 (d,J = 8.4 Hz, 2H), 6.87 (d] = 8.7 Hz, 2H), 3.85 (s,
3H), —2.76 (s, 2H)23C NMR (75 MHz, CDCH): ¢ 160.0, 142.2,

Gao et al.

NMR (75 MHz, CDC}): 6 168.7,142.2, 142.1, 141.8, 140.9, 134.5,
134.4,134.3,133.4,133.2,129.2, 128.4, 128.2, 127.8, 127.7, 126.8,
126.7,126.6, 121.0, 120.3, 119.7, 116.0, 30.22, 27.05, 22.86, 20.50,

142.0, 141.9, 140.7, 135.9, 134.6, 134.5, 134.4, 134.1, 129.9, 128.7.18.78. UVis, CHCl, Amax NM, (Loge): 421 (5.60), 518 (4.57),
127.7,127.5,127.3, 126.7, 126.6, 126.3, 120.8, 119.8, 119.5, 118.2552 (3.92), 591 (4.01), 646 (3.66). HRMS-EI ([N¥)] Calcd for

114.9, 55.4. UVwis, CHCly, Amax NM, (Loge): 413 (5.44), 521
(4.51), 556 (4.06), 595 (4.10), 651 (3.91). HRMS-MALDI ({\H] *):
Calcd for GiH37N40S, 753.2683; found, 753.2649, with an isotope
distribution pattern that is the same as the calculated one.
2-Propylsulfanyl-5,10,15,20-tetraphenylporphyrin (4c, Table
2, Entry 16). The general procedure was used to coyplEomo-
5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050 mmol) with 1-pro-
panethiol (18«L, 0.20 mmol), using Pgdba) (2.3 mg, 0.0025
mmol) and &)BINAP (6.2 mg, 0.010 mmol) in the presence of
CsCOs; (37.6 mg, 0.10 mmol). The reaction was conducted in
toluene (5 mL) at 100C for 28 h. The title compound was isolated

CsoH3oNs0, 725.3155; found, 725.3137, with an isotope distribution
pattern that is the same as the calculated one.
(S)-(—)-2-Methoxy-N-(5,10,15,20-tetraphenyl-porphyrin-2-yl)-
propionamide (2f, Scheme 2)The general procedure was used
to couples-bromo-5,10,15,20-tetraphenylporphyrin (34.7 mg, 0.050
mmol) with (S)-()-2-methoxypropionamide (20.6 mg, 0.20 mmol),
Pd(OAc) (1.1 mg, 0.0050 mmol) and Xantphos (5.8 mg, 0.010
mmol) in the presence of @80z (37.6 mg, 0.10 mmol). The
reaction was conducted in THF (5 mL) at 100 for 24 h. The
titte compound was isolated by flash chromatography (silica gel,
methylene chloride: hexanes (v/¥) 6:4) as a purple solid (16.1

by flash chromatography (silica gel, methylene chloride: hexanes mg, 45% vyield)."H NMR (250 MHz, CDC}): ¢ 9.49 (bs, 1H),

(v/v) = 8:2) as a brown solid (11.0 mg, 32% yield NMR (300
MHz, CDCL): 6 8.75-8.87 (m, 5H), 8.64 (dJ = 5.4 Hz, 1H),
8.31 (s, 1H), 8.188.22 (m, 6H), 8.03-8.06 (m, 2H), 7.76-7.82
(m, 12H), 3.05 (tJ = 7.5 Hz, 2H), 1.78 (m, 2H), 1.01 (§=7.5
Hz, 3H), —2.73 (s, 2H).13C NMR (75 MHz, CDC}): 6 142.5,

9.08 (bs, 1H), 8.788.86 (m, 5H), 8.48 (dJ = 4.9 Hz, 1H), 8.16-

8.25 (m, 8H), 7.8%7.88 (m, 3H), 7.747.76 (m, 9H), 3.79 ()

= 6.7 Hz, 1H), 3.27 (s, 3H), 1.36 (d,= 6.7 Hz, 3H),—2.79 (s,

2H). 13C NMR (75 MHz, CDC}): 6 171.3, 142.3, 142.1, 141.8,
140.3,134.5, 134.4, 134.3, 133.5, 133.1, 129.5, 128.2, 128.1, 127.8,

142.2,141.9, 140.8, 134.5, 134.4, 134.3, 134.0, 128.6, 127.7, 127.5127.7, 126.7, 126.6, 120.9, 120.2, 119.8, 116.8, 78.36, 57.23, 17.94.
126.7,126.66, 126.61, 120.9, 119.8, 119.3, 117.6, 36.7, 21.3, 13.7.UV-sis, CHCh, Amax NM, (Loge): 421 (5.69), 518 (4.36), 552

UV-uis, CHCly, Amax NM, (Loge): 412 (5.29), 521 (4.34), 555
(3.77), 595 (3.84), 651 (3.49). HRMS-MALDI ([MH]*): Calcd
for C47H37/N,S, 689.2733; found, 689.2760, with an isotope distribu-
tion pattern that is the same as the calculated one.
(S)-(+)-2,2-Dimethyl-cyclopropanecarboxylic Acid (5,10,15,-
20-Tetraphenyl-porphyrin-2-yl)-amide (2e, Scheme 2).The
general procedure was used to coypleromo-5,10,15,20-tetraphe-
nylporphyrin (34.7 mg, 0.050 mmol) with (S}-2,2-dimethyl-
cyclopropanecarboxamide (22.6 mg, 0.20 mmol), Pd(QAE)1
mg, 0.0050 mmol) and Xantphos (5.8 mg, 0.010 mmol) in the
presence of GE€0O; (37.6 mg, 0.10 mmol). The reaction was
conducted in THF (5 mL) at 108C for 24 h. The title compound
was isolated by flash chromatography (silica gel, methylene
chloride: hexanes (v/vy 6:4) as a purple solid (31.1 mg, 86%
yield). 'H NMR (250 MHz, CDC}): 6 9.31 (bs, 1H), 8.758.84
(m, 5H), 8.60 (dJ = 4.9 Hz, 1H), 8.24-8.28 (m, 2H), 8.148.21
(m, 6H), 7.99 (bs, 1H), 7.767.91 (m, 3H), 7.7£7.76 (m, 9H),
1.20 (s, 3H), 1.19 (s, 3H), 0.78.84 (m, 3H),—2.82 (s, 2H)13C
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(3.82), 592 (3.88), 647 (3.55). HRMS-EI ([M}: Calcd for
CugH37Ns0,, 715.2947; found, 715.2950, with an isotope distribu-
tion pattern that is the same as the calculated one.
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