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Abstract: Unusually rigid w-stacked porphyrifrspacef-quinone systems have been synthesized using an
approach that enables extensive control over the nature of electronic interactions between donor, aromatic
spacer, and acceptor. This new class of porphyrin-based structures is distinct from related assemblies designed
to probe electronic interactions between cofagistacked, aromatics: the donor (D), spacer (Sp), and acceptor

(A) components of the assembly are held fixed at sub van der Waals contact distances, restricting severely the
range of dynamical processes that modulate typically the magnitude of inter-ring separation and the extent of
the lateral shift between juxtaposed aromatic units in the condensed phase. NMR spectroscopic studies
demonstrate that these structures manifest disparate shielding environments which distribute uniformly the
aromaticH resonances for these diamagnetie —A compounds over spectral windows that exceed 9.0

ppm.

Introduction the construction of elaborate porphyrispacetquinone sys-

Fundamental issues regarding the role played by the mediumteéms*>® While there has been extensive interest in utilizing

(spacer) electronic structure in modulating donacceptor orlligc;nucleotide-ia(sjed scaffolds to buiId—Bp—_A COT%';;(;S
coupling in the charge tunneling regime, as well as the desire that féature stacked aromatic entities separating D fr ’

to control the magnitude of photoinduced charge separation andconstructs that manifest electr_on_lc interactions be_tween cofa-
thermal charge recombination rate constants in synthetic eonor cially a_Ilgned D_' Sp,_ and A moieties that differ radically from
spacer-acceptor (D-Sp—A) systems, motivate the design of depxyrlbonuclelc auq-t.)ased.systems have yetto be developed.
increasingly more complex electron transfer (ET) assemblies. 1S iS perhaps surprising, given the potential impact that both
Due to the long lifetimes and well characterized nature of both (€ magnitude of respective D, Sp, and A interplanar separations,
their electronically excited singlet and triplet states, porphyrinic and the nature of the quadrupolar interactions between these

components have figured prominently in such-Sp—A as- aromatics, may have on the regulation of the distance depen-
dence of D-A electronic coupling in such cofacially organized

semblies; as a result, a plethora of synthetic approaches,

including Diels-Alder cycloaddition}~> condensation of ap-
propriately substituted aldehydes and pyrréié8 self-assembly
of complimentary H-bonding componerfs!® and metal-
catalyzed cross-coupling scheniéd,'* have been applied to
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We describe in this work the syntheseswfusuallyrigid

mr-stacked porphyrirrquinone (P-Q) systems via an approach

vine et al.

either at the Microanalytical Laboratory in the Department of Chemistry
at the University of Pennsylvania or at Robertson Microlit Laboratories,

that enables extensive control over the nature of electronic Inc. (Madison, NJ).

interactions between D, Sp, and A. This work exploits metal-

mediated cross-coupling methodologi&s®® a valuable, new
porphyrinic synthort# and a 1,8-naphthyl pillaring motif, to

provide entry into a new class of porphyrin-based supramo-
lecular structures featuring cofacially aligned aromatic moieties

Instrumentation. Electronic spectra were recorded on an OLIS UV/
Vvis/NIR spectrophotometry system that is based on the optics of a Carey
14 spectrophotometer.

NMR Data. NMR Spectra were recorded on either a 500-MHz or
AC 250-MHz Bruker spectrometer. Chemical shifts#drNMR spectra
are relative to TMS{ = 0.00 ppm);*3C NMR spectra are referenced

fixed at sub van der Waals contact distances. The synthesesg geuteriochloroform solvent (CDgIé = 77.00 ppm), while those

and spectacular 1-EH NMR spectroscopic properties of four

such species are reported, and include@species,1, the
prototype complex of this new family of BSp—A assemblies

for 1°F NMR spectra are relative to fluorotrichloromethane ((6CH
= 0.00 ppm). ThéH NMR spectra of compoundzb, 8c, 9b, 9¢, 10b,
10¢ 2b, and2c were recorded as diastereomeric mixtures;syreand

designed to probe the electronic coupling modulated through anti components of the mixture were not separable using the chro-
compressed, stackedmanifolds, along with tri-level systems matographic media descnbgd abo\HzNMR_ data for these pompounds
2a—c, in which intervening phenyl, xylyl, and difluorophenyl ~ &€ therefore pre_sented in the f_oIIOW|_ng_ manner: (|)' resonances
units respectively separate the porphyryl and quinonyl moieties. attrlbutedotc[> thearzn |som)(]er(h;;1ve their multlpllct’y Iageledbwnh aprime
S P - - notation () [e.g., (3, 3 H)], (ii) resonances attributed to tegnisomer
These structures highlight the utility of this modular synthet_lc have their multiplicity doubly primed”) [e.g. (€, 3 H)L, and (ii)
approach to gerjerate supramolecular systems that man'feSFesonances that correspond to overlapping signalsyofand anti
unusual electronic structures and demonstrate the ease at WhicRyomers are denoted with unprimed notation [e.g., (s, 3 H)]. The

bridge electronic structure can be modulated in this class of giastereomeric ratio was determined by integration of well-resolved

m-stacked D-Sp—A systems.

1 2: (a) R=H, (b) R=Me, (c) R=F

Experimental Section

Materials. All manipulations were carried out under nitrogen

previously passed through an €crubbing tower (Schweizerhall R3-

anti andsynresonances in thtH NMR spectrum. The specifianti/
synresonance pair utilized to determine a diastereomeric ratio varied
from compound to compound.

1,4-Di(4,4,5 5 -tetramethyl[1’,3,2]dioxaborolan-2'-yl)benzene
(748).%” A 50 mL Schlenk reaction vessel was charged with pinacoldi-
boron ester (500 mg, 1.97 mmol), KOAc (263 mg, 2.68 mmol), and
PdChL(dppf) (20 mg, 0.027 mmol). A deoxygenated solution of 1,4-
dibromobenzene (211 mg, 0.89 mmol) in DMF (10 mL) was cannula
transferred into this flask; the mixture was heated at®@@or 2 h, and
subsequently cooled, filtered, and partitioned with benzene and saturated
aqueous NaCl. The organic layer was washed with saturated NaCl (3
x 75 mL) and HO (1 x 50 mL), following which it was dried over
CaCl, and evaporated. The recovered dark solid was washed repeti-
tively with 10 mL aliquots of coldn-pentane to remove unreacted
pinacoldiboron. Sublimation of the crude solid in vacuo at 12@ives
the product as a white crystalline material. Recrystallization of this
material from hexanes affords pure white crystals; isolated yie@8

11 catalyst) and a drying tower (Linde 3-A molecular sieves) unless mg (31% based on 211 mg 1,4-dibromobenzene): mp-236 °C.

otherwise stated. Air-sensitive solids were handled in a Braun 150-M 14 NMR (250 MHz, CDC}): 6 7.80 (s, 4 H), 1.35 (s, 24 H}3C NMR

glovebox. Standard Schlenk techniques were employed to manipulate(500 MHz, CDCY): ¢ 24.84, 83.83, 133.88. HRMS (QImfz 331.2252
air-sensitive solutions. All solvents utilized in this work were obtained (calcd for GgH2eB,04 (MH*) 331.2252). Anal. Calcd for GH2sB,0x:

from Fisher Scientific (HPLC Grade). Tetrahydrofuran (THF), and 1,2- ¢, 65.41; H, 8.55. Found: C, 65.31; H, 8.73.

dimethoxyethane (DME) were predried over 4-A molecular sieves and

then distilled from Na/benzoylbiphenyl undep,Nvhile CH,Cl, was
distilled from CaH under N. Anhydrous dimethylformamide (DMF)
(Aldrich Chemical Co.) was stirred over Mgg@rior to distillation

1,4-Dimethyl-2,5-di(4,4',5,5 -tetramethyl[1',3',2']dioxaborolan-
2'-yl)benzene (7b).A 50 mL Schlenk flask was charged with 1,4-
dibromo-2,5-dimethylbenzene (2.0 g, 7.6 mmol), dioxoboralane (4.4
mL, 30 mmol), EfN (6.3 mL, 45 mmol), and toluene (15 mL). This

under vacuum. Bis(pinacolato)diboron (Frontier Scientific) and halo-  sojytion was degassed via three freepamp-thaw cycles, following

genated reagents (Aldrich Chemical Co.) 1,4-dibromobenzene, 1,4-\yhich PdCH(PPh), (319 mg, 0.45 mmol) was added. The reaction was
dibromo-2,5-dimethylbenzene, 1,4-dibromo-2,5-difluorobenzene were heated at 80C for 12 h, cooled, and filtered. The solution was then

used as received. Ba(OfBH,O (Aldrich Chemical Co.) was recrystal-
lized from distilled HO. The catalysts, Pd[(PP) and Pd(dppf)CGl

diluted with additional benzene, washed with saturated NaG{ &
mL), H2O (1 x 50 mL), and subsequently dried over CaQiltered,

were obtained from Strem. 1,8-Diiodonaphthalene was prepared usingang evaporated, to give a tan solid. The crude material was refluxed in

the procedure developed by How8eChromatographic purification

(Silica Gel 60, ICN 32-630) of all newly synthesized compounds was

hexanes, filtered hot, and cooled to room temperature. The crystalline
product was collected by vacuum filtration; isolated yield..1 g (39%

accomplished on the benchtop. Elemental analyses were performedyased on 2.0 g 1,4-dibromo-2,5-dimethylbenzene): @60 °C. 1H
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NMR (250 MHz, CDC}): 6 7.52 (s, 2 H), 2.47 (s, 6 H), 1.32 (s, 24
H). 13C NMR (500 MHz, CDC4): 6 21.46, 24.87, 83.39, 136.90, 140.52.
HRMS (CI") m'z 359.2566 (calcd for &Hs3B.0, (MH™) 359.2565).
Anal. Calcd for GeH3:B204: C, 66.99; H, 9.00. Found: C, 66.81; H,
9.09.

1,4-Difluoro-2,5-di(4,4',5,5 -tetramethyl[1',3,2]dioxaborolan-2'-
yl)benzene (7c)A 50 mL Schlenk reaction vessel was charged with
pinacoldiboron ester (616 mg, 2.4 mmol), KOAc (325 mg, 3.3 mmol),
and PdC(dppf) (40 mg, 0.055 mmol). A deoxygenated solution of
1,4-dibromo-2,5-difluorobenzene (300 mg, 1.1 mmol) in DMF (10 mL)
was cannula transferred into this flask; the mixture was heated at 80
°C for 15 h, and subsequently cooled, filtered, and partitioned with
benzene and saturated aqueous NaCl. The organic layer was washed
with saturated NaCl (3« 75 mL) and HO (1 x 50 mL) following
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which it was dried over Cagland evaporated. The recovered dark
solid was washed repetitively with 10 mL aliquots of celgpentane
to remove unreacted pinacoldiboron. Sublimation of the crude solid in
vacuo at 135°C gives a white crystalline material. Recrystallization
of this solid from hexanes affords pure white crystals of the product;
isolated yield= 158 mg (39% based on 300 mg of 1,4-dibromo-2,5-
difluorobenzene)*H NMR (250 MHz, CDC}): 6 7.33 (t, 2 H,J= 6.6
Hz), 1.35 (s, 24 H)C NMR (500 MHz, CDC}): 6 24.79, 84.27,
122.23, 122.34, 122.40, 122.50, 161.46, 161.49, 163.44, 168H8.
NMR (200 MHz, CDCH): 6 —111.52 (s, 2 F). HRMS (C) m/z
367.2068 (calcd for GH27B2F,04 (MH™) 367.2064). Anal. Calcd for
CigHo6B2F04: C, 58.98; H, 7.16. Found: C, 58.80; H, 7.03.
1-lodo-8-(2,5-dimethoxyphenyl)naphthalene (3)A 1.0 M THF

solution of (2,5-dimethoxyphenyl)magnesium bromide was prepared

from 1-bromo-2,5-dimethoxybenzene and Mg turnings. The Grignard
reagent (2.50 mL, 2.50 mmol) was diluted with THF (5 mL) in a 25
mL Schlenk flask and added dropwise to a solution of Z2r(CI02 g,

7.5 mmol) in THF (15 mL). After the solution stirred for 15 min, a

J. Am. Chem. Soc., Vol. 122, No. 36, 28010

yellow residue was chromatographed on silica gel (9:1 hexanes: THF),

giving a white solid; isolated yiele= 17 mg (35% based on 38 mg of

compoundda). 'H NMR (250 MHz, CDC}): 6 8.18 (d, 1 HJ = 6.8

Hz), 7.98-7.85 (m, 4 H), 7.66-7.51 (m, 3 H), 7.44 (dd, 1 H} = 1.3

Hz,J = 7.0 Hz), 7.37 (dd, 2 H) = 1.1 Hz,J = 7.05 Hz), 7.18 (d, 1

H,J= 7.6 Hz), 7.08 (t, 1L HJ = 7.7 Hz), 6.96-6.84 (m, 3 H), 6.62

(dd, 1 H,J= 3.0 Hz,J = 8.7 Hz), 6.58 (d, 1 HJ = 3.0 Hz), 6.30 (d,

1 H,J = 8.7 Hz), 3.67 (s, 3 H), 3.48 (s, 3 H¥C NMR (500 MHz,

CDCly): 6 55.03, 55.78, 92.19, 110.34, 112.83, 117.59, 124.80, 125.03,

125.07, 126.45, 127.78, 128.60, 128.71, 128.79, 128.84, 129.67, 129.79,

130.03, 130.19, 130.40, 130.67, 130.75, 131.35, 133.25, 134.93, 135.43,

136.59, 138.01, 140.79, 141.99, 142.26, 142.34, 150.24, 152.65. HRMS

(CI) m/izz 592.0898 (calcd for GH2s10, (MT) 592.0899).
[5-(8-[4"-(8"-[2"", 5""-Dimethoxyphenyl]-1"'-naphthylaphthyl)-

10,20-diphenylporphinato]zinc(ll) (10a). A 25 mL Schlenk tube

was charged wit®a (17 mg, 0.029 mmol), [5-(44',5,5 -tetramethyl-

[1',3,2]dioxaborolan-2yl)-10,20-diphenylporphinato]zinc(llg (31

mg, 0.048 mmol), Ba(OH)8H,O (16 mg, 0.050 mmol), distilled D

heavy white precipitate formed; the organozinc reagent was then (0.5 mL), and dimethoxyethane (DME) (5 mL). This solution was
transferred dropwise via cannula to a 100 mL Schlenk flask containing degassed via three freezpump—thaw cycles; following the addition

1,8-diiodonaphthalene (1.00 g, 2.63 mmol) and PdgrRA52 mg,
0.13 mmol) in THF (25 mL). The reaction was followed by TLC; after

12 h, no further changes were observed in the product distribution.

Silica gel chromatography (19:1 hexanes:THF) yielded three frac-
tions:

of Pd(PPB)4 (3 mg, 0.0026 mmol), the mixture was heated at’80

for 1 h. After partitioning the reaction mixture with benzene and
saturated NaCl, the organic layer was washed with saturated NaCl (3
x 50 mL) and HO (1 x 50 mL), dried over CaG] filtered, and

residual 1,8-diiodonaphthalene, the desired mono-coupled evaporated. The crude material was chromatographed on silica gel (17:3

product, and 1,8-bis(2,5-dimethoxyphenyl)naphthalene. The product washexanes:THF). A small fraction of (5,15-diphenylporphinato)zinc(ll)

dissolved in ethanol (10 mL) and cooledt®8 °C, yielding a white
precipitate, which was collected via filtration; isolated yietd695 mg
(61% based on 543 mg of 1-bromo-2,5-dimethoxybenzene): mp 97
99 °C. H NMR (250 MHz, CDC}): 6 8.19 (dd, 1 HJ = 1.1 Hz,J
= 7.3 Hz), 7.87 (m, 2 H), 7.47 (m, 2 H), 7.06 (t, 1 Bl,= 7.7 Hz),
6.96 (dd, 1 HJ = 3.0 Hz,J= 8.8 Hz), 6.85 (d, 1 H) = 8.8 Hz), 6.80
(d, 1 H,J= 3.0 Hz), 3.79 (s, 3 H), 3.65 (s, 3 HFC NMR (500 MHz,

CDCly): 6 55.92, 56.02, 91.82, 111.64, 114.18, 118.47, 125.23, 126.28,

eluted prior to the main product. The desired product eluted with a
trace amount of an orange porphyrinic impurity; rechromatographing
this material on silica gel gave pure compoutk isolated yield=
23 mg (81% based on 17 mg of compowda). *H NMR (500 MHz,
CDCls, see Figure 2 for proton labeling schemati¢)10.15 (s, 1 H,
Hmesd, 9.36 (d, 1 HJ = 4.5 Hz, K), 9.32 (d, 1 HJ = 4.4 Hz, H),
9.05(d, 1 HJ= 4.4 Hz, H),8.98 (d, 1 HJ = 4.4 Hz, H;), 8.77 (d,
1H,J=46Hz H), 870 (d, 1 HJ = 4.6 Hz, H), 8.67 (d, L HJ

129.53, 129.96, 130.98, 131.09, 131.50, 135.07, 137.63, 142.03, 152.94= 4.6 Hz, H;), 8.50 (d, 1 HJ = 4.6 Hz, H;), 8.35 (d, 1 HJ = 7.1 Hz,

153.39. HRMS (ES1) n/zz 390.011843 (calcd for {gH1510, (M)
390.011682). Anal. Calcd for 4H:s102: C, 55.38; H, 3.88. Found:
C, 55.53; H, 4.05.

1-(2,5-Dimethoxyphenyl)-8-[4-(4,4',5',5' -tetramethyl[1',3',2']-
dioxaborolan-2-yl)-1-phenyllnaphthalene (8a).A 25 mL Schlenk
tube was charged with compoud59 mg, 0.15 mmol), KPO, (48
mg, 0.23 mmol), compounda (100 mg, 0.30 mmol), and Pd(Ph
(9 mg, 7.8x 10" mmol). DMF (5 mL), that had previously been
deoxygenated via three freezpump-thaw cycles, was cannula

Hi1), 8.27 (d, 1 HJ = 6.8 Hz, Hy4), 8.21-8.19 (m, 2 H, Hz + Hortho,
10,20 phenyl}: 8.17-8.14 (m 2 H Hortho, 10,20 phenylsX 2)1 8.06 (d, 1HJ=
7.3 HZ, H)rtho, 10,20 phenyl}, 7.82 (t, 1 H,J =76 HZ, Hz), 7.74-7.67 (m,
6 H, Hmetapara, 10,20 phenylh 7-60 (t, 1 H,J = 7.6 Hz, Hs), 7.25 (d, 1 H,
J=8.1Hz, H),6.98 (t, LHJ=7.5Hz, H), 6.88-6.87 (m, 2 H, Hs
+ Hy), 6.64 (d, 1 HJ = 6.9 Hz, Hy), 6.20 (dd, 1 HJ = 3.1 Hz,d =
8.8 Hz, H3), 5.75 (d, 1 HJ = 8.8 Hz, Hs), 5.55 (d, 1 HJ = 3.0 Hz,
Hio), 5.29 (dd, 1 HJ = 1.8 Hz,J = 7.7 Hz, H), 5.18 (dd, 1 HJ =
1.8 Hz,J = 7.7 Hz, H), 4.95 (t, 1 H,J = 7.6 Hz, H), 4.08 (dd, 1 H,

transferred to the tube containing the solids. The reaction was heated) = 1.8 Hz,J = 7.7 Hz, H;), 3.86 (dd, 1 HJ = 1.8 Hz,J = 7.7 Hz,

at 100°C for 2 h, cooled, filtered, and partitioned with benzene and

Hs), 3.27 (s, 3 H, OMe), 2.85 (s, 3 H, OMe), 0.93 (d, 1H= 7.0 Hz,

saturated NaCl. The organic layer was washed with saturated NaCl (3Hs). Vis (CHxCly): 423 (5.54), 467 (3.74), 547 (4.26), 584 (3.33).

x 75 mL) and HO (1 x 50 mL), following which it was dried over
CaCl, filtered, and evaporated, giving a light yellow solid. This material
was chromatographed on silica gel (CHCIThe product eluted after
residual compoun@; isolated yield= 40 mg (57% based on 59 mg of
compound3). *H NMR (250 MHz, CDC}): 4 7.92 (d, 1 H,J = 8.1
Hz), 7.91 (d, 1 HJ = 8.2 Hz), 7.56-7.45 (m, 3 H), 7.367.33 (m, 2
H), 7.28 (d, 1HJ=7.1Hz),7.16 (d, 1 H)=7.5Hz),6.85(d, 1 H,
J=7.7 Hz), 6.55 (d, 1 H) = 3.1 Hz), 6.38 (dd, 1 H) = 3.1 Hz,J
=9.0 Hz), 6.18 (d, 1 HJ = 9.0 Hz), 3.68 (s, 3 H), 3.45 (s, 3 H), 1.35
(s, 6 H), 1.34 (s, 6 HY*C NMR (500 MHz, CDC}): 6 24.66, 24.96,

HRMS (ESI") m/zz 1011.2655 (calcd for £gH44N4O2Nazn (M + Na)
1011.2653).
[5-(8'-[2",5'-Dimethoxyphenyl]-1'-naphthyl)-10,20-diphenylpor-
phinato]zinc(ll) (5). A 50 mL Schlenk reaction vessel was charged
with [5-(4',4',5,5 -tetramethyl[1,3,2]dioxaborolan-2yl)-10,20-diphen-
ylporphinato]zinc(Il) (250 mg, 0.38 mmolg (100 mg, 0.26 mmol),
Ba(OH)-8H,O (122 mg, 0.38 mmol), distilled water (1.0 mL), and
dimethoxyethane (DME) (10 mL). The solution was degassed via three
freeze-pump—thaw cycles, following which Pd(PR) (15 mg, 0.013
mmol) was added. The reaction mixture was heated &C3fbr 6 h,

54.93, 55.86, 83.45, 110.32, 112.78, 117.96, 124.72, 125.07, 127.62,quenched, and loaded onto a silica gel column (19:1 hexanes:THF).
128.66, 128.76, 129.87, 130.08, 130.12, 130.65, 132.69, 132.82, 132.95During the chromatographic separation, the eluant polarity was

133.87, 134.82, 136.57, 140.82, 145.53, 150.00, 152.77. HRMS (CI
m/z. 467.2394 (calcd for &H3,BO, (MH™) 467.2356).

1-lodo-8-[4- (8'-[2", 5"'-dimethoxyphenyl]-1'-naphthyl)-1'-phen-
yllnaphthaene (9a).A 25 mL Schlenk flask was charged wifta (38
mg, 0.082 mmol), 1,8-diiodonaphthalene (54 mg, 0.14 mmol), Ba{OH)
8H,0 (39 mg, 0.12 mmol), and Pd(P§h(8 mg, 6.9x 10-2 mmol).
A degassed solution of dimethoxyethane (DME) (6 mL) and distilled

increased gradually to (9:1 hexanes:THF); a small fraction of (5,15-
diphenylporphinato)zinc(ll) eluted prior to the main product. After
removal of the volatiles, the product was washed with hexanes and
isolated via vacuum filtration on a fine glass frit; isolated yield.85

mg (92% based on 100 mg of compouByd *H NMR (250 MHz,
CDCls, see Figure 3 for proton labeling schemati&)10.19 (s, 1 H,
Himes), 9.39 (d, 1 H,J = 4.5 Hz, H), 9.36 (d, 1 HJ = 4.4 Hz, H;),

water (1 mL) was cannula transferred to the reaction vessel. After 9.07 (d, 1 HJ = 4.4 Hz, H), 9.05 (d, 1 HJ = 4.4 Hz, H), 8.92 (d,

heating at 80°C for 1 h, the reaction mixture was partitioned with

1H,J=4.7Hz, H;),8.80 (m, 2H, H x 2),8.56 (d, 1 H] = 6.8 Hz,

benzene and saturated NaCl. The organic layer was washed withH;), 8.47 (d, 1 HJ = 6.6 Hz, Hytho, 10,20 phenyi}, 8.45 (d, 1L HJ = 4.5

saturated NaCl (3 75 mL) and HO (1 x 50 mL), following which
it was dried over Cag] filtered, and evaporated. The recovered oily

HZ, Hﬁ)1 8.34 (m, 2 H, Hrtho, 10,20 phenyls+ H4)1 8.13 (d, 1 H,J = 82,
H3), 8.07 (d, 2 H,J =6.9 HZ, H)rtho, 10,20 phenylsX 2), 7.89 (t, 1 H,.] =
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7.6 Hz, H), 7.74 (M, 6 H, Hhetpara, 1020 prenyd, 7.45 (t, 1 H,J = 7.6
Hz, Hs), 6.71 (d, 1 HJ = 7.0 Hz, H), 4.88 (d, 1 HJ = 3.1 Hz, H),
3.13(d, 1 HJ = 9.0 Hz, H), 2.43 (dd, 1 HJ = 3.1 Hz,J = 8.9 Hz,
Ha), 2.20 (s, 3 H, OMe), 1.26 (s, 3 H, OMe¥C NMR (500 MHz,
CDCl): 6 151.15, 150.09, 149.95, 149.70, 149.64, 149.55, 149.50,

vine et al.

2 H, N=H). Vis (CHCl,): 422 (5.37), 516 (4.18), 550 (3.85), 590
(3.85), 648 (3.78). HRMS (ES) m/z 919.3088 (calcd for EHagdN4O--
Na (M + Na) 919.3049).

5-[8'-(2",5'-Dimethyl-4"-[8"'-(2"", 5""'-benzoquinonyl)-1-naph-
thyl]-10,20-diphenylporphyrin (2b). A dry CH,Cl, solution of 10b

149.26, 147.96, 142.97,142.91, 139.34, 137.48, 135.59, 134.59, 13451(33 mg, 0.032 mm0|) was cooled te78 °C, f0||0W|ng which 10
13440, 13397, 13332, 13325, 13231, 13207, 13205, 13177, 131.72equiva|ents of BB§(324M|_ ofal.0OM C|—bC|2 SOlUtiOﬂ, 0.32 mm0|)
131.43,131.19, 130.86, 130.36, 130.28, 129.67, 128.79, 127.57, 127.40yyere added dropwise. The reaction was stirradifth at—78 °C and
127.34,126.72,126.57, 126.48, 125.29, 123.26, 121.22, 120.82, 119.63{hen s|ow|y warmed to room temperature. After stirring for two

114.90, 105.93, 105.53, 104.75, 53.59, 52.45. VisAQp): 423 (5.42),
549 (4.23). HRMS (FAByWz 786.1973 (calcd for §H3N4O.Zn (MT)
786.1996).

5-[8-(2",5"- Benzoquinonyl)-1-naphthyl]-10,20-diphenylporphy-
rin (1). A 25 mL Schlenk reaction vessel was charged \&i{{31 mg,
0.039 mmol) and dry benzene (5 mL). Ten equivalents of;8B80
uL of a 1.0 M CHCI; solution, 0.39 mmol) were added dropwise to
this solution. After stirring for 24 h at room temperature, the reaction
mixture was diluted with additional benzene (5 mL), washed with
saturated N£CO; (3 x 50 mL) and HO (1 x 50 mL), following which
it was dried over CagG] filtered, and evaporated. The recovered red
residue was chromatographed on silica gel (99:1,@FMeOH),
affording a separation of two major bands. The first non-fluorescent
band was the desired produ;tthe second band contained monode-
methylateds. The combined fractions @&were concentrated to dryness
and resubjected to the above reaction conditions; total isolated=yield
2 mg (7% based on 31 mg of compous)d*H NMR (500 MHz, CDC},
see Figure 3 for proton labeling schemati¢)10.19 (s, 1 H, khes),
9.33(d, 1 HJ=4.9 Hz, K), 9.30 (d, 1 HJ = 4.7 Hz, H), 9.02 (d,
1H,J=49Hz H), 897 (d, 1 HI=4.7 Hz, H), 8.83 (d, 1 H,J
= 5.1 Hz, K), 8.61-8.60 (M, 3 H, B} + Hortno, 10,20 phenyist Hz), 8.58
(d, 1 H,J = 4.9 Hz, H), 8.49 (d (br), 1 HJ = 8.1 Hz, Hytno, 1020
phenyly, 8.36 (d, 1 H,J = 8.5 Hz, Hy), 8.25 (d, 1 H,J = 4.9 Hz, H),
8.20 (d, 1 HJ = 8.5 Hz, H), 8.17 (d (br), 2 HJ = 7.7 HZ, Hyno, 1020
phenyly, 7.96 (t, L H,J= 7.8 Hz, ), 7.85-7.66 (M, 6 H, Hhetapara, 10,20
phenyd, 7.48 (t, 1 HJ = 7.7 Hz, H;), 6.78 (d, 1 H, 7.0 Hz, &), 4.97 (d,
1 H,J= 2.8 Hz, H—quinond, 2.02 (d, 1 H,J = 10.0 Hz, H:—quinong,
1.65 (dd, 1 HJ = 2.8 Hz,J = 10.1 Hz, H\—quinond, —3.35 (s (br), 2
H, N—H). UV—Vis (CH,Cl,): 414 (5.26), 500 (br) (3.92), 596 (3.66),
661 (3.39). HRMS (ESI) m/z. 695.2454 (calcd for g&H31N4O, (M +
H) 695.2454).

5-[8-(4"-[8"-(2"", 5""-Benzoquinonyl)-1"-naphthyhthyl]-10,20-
diphenylporphyrin (2a). A dry CH,Cl, solution of10a(11 mg, 0.011
mmol) was cooled te-78 °C, following which 10 equivalents of BBr
(111uL of a 1.0 M CHCI, solution, 0.11 mmol) were added dropwise.
The reaction was stirred fd. h at—78 °C and then slowly warmed to
room temperature. After stirring for an additional h, a small quantity

additional h, a small quantity of methanol was added, and the reaction
stirred for an additional 15 min. The reaction was partitioned between
CH.CI, and saturated N&Os;. The organic layer was washed with
saturated N£LO;, (3 x 20 mL) dried, and filtered; Pb(100 mg)
was added, and the heterogeneous@Hsolution was stirred for 30
min. After filtering and removal of the volatiles, the red material was
chromatographed on silica gel (@El;). After consolidation of the
product fractions2b was isolated as a glassy red solid; yieidl2 mg
(40% based on 33 mg of compoumh@b). anti:syn1.3:1*H NMR (250
MHz, CDCl see Figure 2 for proton labeling schematit)}t0.24 (8,
1 H, Huesd, 10.20 (§ 1 H, Huesd, 9.41 (d, 1 H,J= 4.7 Hz, H;), 9.37
(d',1H,J=50Hz,H;),9.33(d',1H,J=49Hz, H),9.25(d, 1
H,J=4.5Hz, H),9.04 (d, 1 H,J=4.7Hz, H),898 (d', 1 H,J=
4.2Hz, H),8.90 (d,1H,J=4.4Hz,H),885(d, 1H,J=55Hz,
Hg), 8.77 (d', 1 H,J = 4.0 Hz, H), 8.75 (d, 1 H,J = 4.0 Hz, H;),
8.66 (d, 2 H,J = 4.7 Hz, H;), 8.61 (d', 1 H,J = 4.9 Hz, H;), 8.54
(d", 1 H,J=4.7Hz, H), 8.49 (d', 1 H,J = 4.8 Hz, H;), 8.38 (d, 1
H,J= 7.8 Hz, Hy), 8.33 (d, 1 H,J = 5.0 Hz, H), 8.27-8.06 (m, 4
H), 7.99-7.90 (m, 2 H), 7.847.63 (M, 8 H, H2 + Humetdpara, 10,20 phenyls
+ His), 7.37 (d', 1 H,J=8.5Hz, H), 7.34 (d, 1 H,J = 8.4 Hz, Hy),
7.02-6.79 (M, 3 H, H + H; + Hig), 6.54 (d, 1 H,J = 7.0 Hz, Hy),
6.51 (d, 1 H,J = 7.3 Hz, Hy), 6.20 (dd, 1 H,J = 2.8 Hz,J = 10.0
Hz, Hi7-quinong, 6.15 (dd', 1 H,J = 2.7 Hz,J = 10.6 Hz, H7quinond:
5.98 (d, 1 H,J=9.8 Hz, Hg), 5.77 (¢, 1 H,J = 10.0 Hz, Hg), 5.56
(d,1H,J=2.7Hz, Hy), 553 (d', 1 H,J = 2.9 Hz, Hy), 5.42 (¢,
1 H, Ho'—xyiend), 5.19 (&, 1 H, He'—xyiend), 4.68 (t, 1 HJ = 7.6 Hz, H),
4.32 (¢, 1 H, Hy'—xyiend, 4.30 (8, 1 H, Hz'—xyiend, 1.47 ($, 3 H, Me),
1.37 (¢,3H,Me), 053 (,1H,J=7.6Hz, H),051(d 1HJI=
5.4 Hz, H), —0.89 (¢, 3 H, Me),—1.25 ($, 3 H, Me),—1.98 (s (br),1
H, N—H), —2.04 (s (br), 1 H, N-H). Vis (CHCl,): 422 (5.38), 516
(4.09), 552 (3.71), 591 (3.65), 646 (3.47). HRMS (BSt/z. 925.3498
(calcd for GeHasN4O, (M + H) 925.3543).
5-[8'-(2",5"-Difluoro-4"-[8"'-(2"", 5""'-benzoquinonyl)-I-naph-
thyl]-10,20-diphenylporphyrin (2c). A dry CHxCI, (5 mL) solution
of 10c (11 mg, 0.011 mmol) was cooled te78 °C, following which
10 equiv of BBg (100 uL of a 1.0 M CHCI, solution, 0.1 mmol)
were added dropwise. The reaction was stirrgdlfb at—78 °C, and

of methanol was added and the reaction stirred for 15 min. The reaction then slowly warmed to room temperature. After stirring for an additional

was then partitioned between @E, and saturated N€Os. The
organic layer was washed with saturated®@; (3 x 20 mL), dried,
and filtered; Pb®@ (100 mg) was added, and the heterogeneous CH
Cl, solution was stirred for 1 h. After filtering and removal of the
volatiles, the red material was chromatographed on silica geb{CH
Cly). The quinonyl compounda elutes first, followed by mono-
demethylated 0a After consolidation of the product fractiorzawas
isolated as a glassy red solid; yietd6.7 mg (67% based on 11 mg of
compound10g). *H NMR (500 MHz, CDC}, see Figure 2 for proton
labeling schematic)) 10.20 (s, 1 H, Kesd, 9.36 (d, 1 HJ = 4.5 Hz,
Hp), 9.28 (d, 1L HJ=4.5Hz, H), 8.99 (d, 1 HJ = 4.6 Hz, H;), 8.88
(d, 1H,J=4.3Hz, H),8.71 (d, 1 HJ = 4.8 Hz, H;), 8.67 (d, 1 H,
J=47Hz,H),858(d, 1HI=4.8Hz, H),838(d, LHI=7.7
Hz, Hi1), 8.35 (d, 1 HJ = 4.7 Hz, H;), 8.26-8.17 (m, 3 H, Hy + His

+ Hortho, 10,20 phenyl}. 8.15 (d (br). 1 HJ= 6.8 Hz, H)rlho, 10,20 phenyl}y
8.09 (d (bl’), 1 H,J =74 HZ, H.')rtho, 10,20 phenyl}y 7.95 (d (bl’), 1 H,J =
7.4 HZ, Hortno, 10,20 phenylls 7.83 (t, 1 H,J = 7.6 Hz, Hy), 7.77-7.65 (m,

7 H, His + Hmetdpara, 10,20 pheny, 7-34 (d, 1 HJ = 8.2 Hz, H;), 6.99 (t,
1H,J=7.6Hz H), 6.93 (d, 1 HJ = 6.8 Hz, Hg), 6.85 (d, 1 HJ

= 8.2 Hz, H), 6.55 (d, 1 HJ = 6.6 Hz, Hg), 6.11 (dd, 1 HJ = 2.6
Hz,J = 10.0 Hz, H-), 5.87 (d, 1 HJ = 7.5 Hz, Hg), 5.76 (d, 1 HJ
=8.8Hz, H),5.73(d, 1 HJ=7.6 Hz, H), 5.49 (d, 1 HJ = 2.5 Hz,
Hig), 4.65 (t, 1 HJ= 7.7 Hz, H), 4.23 (d, 1 HJ = 8.8 Hz, H)), 4.07
(d, 1 H,J=7.2 Hz, H), 0.62 (d, 1 HJ = 7.2 Hz, H;), —3.30 (s (br),

h, a small quantity of methanol was added, and the reaction stirred for
an additional 15 min. The reaction was partitioned betweenGEH
and saturated N&€O;. The organic layer was washed with saturated
N&aCQ0;, (3 x 20 mL) dried, and filtered; Pb{Y100 mg) was added,
and the heterogeneous @&, solution was stirred for 30 min. After
filtering and removal of the volatiles, the red material was chromato-
graphed on silica gel (C#€1,). The product was collected as the first
red band. After consolidation of the product fractioBswas isolated
as a glassy red solid; yield 3.9 mg (39% based on 11 mg of compound
109). anti:syn5.1:1'H NMR (500 MHz, CDC}, see Figure 2 for proton
labeling schematic)d 10.24 (8, 1 H, Hnesg, 10.22 (5 1 H, Hmes),
9.40 (d, 1 H,J = 4.5 Hz, H;), 9.37 (d', 1 H,J = 4.6 Hz, H;), 9.31
(d',1H,J=45Hz H),9.25(d, 1 H,J=4.7 Hz, H;), 9.04 (d, 1
H,J=4.6 Hz, H;), 9.00 (d', 1 H,J = 4.5 Hz, H), 8.90 (m, 1 H, H),
8.83(d, 1 H,J=4.5Hz H), 8.80 (d, 1 H,J = 4.8 Hz, H;), 8.73
(d',1H,J=48Hz H), 863 (d,1H,J=48Hz, H),858(d, 1
H,J=4.6 Hz, H), 8.51 (d', 1 H,J = 4.8 Hz, H;), 8.39 (dd, 1 HJ

= 1.2 Hz,J = 8.1 Hz, H4), 8.31 (dd, 1 HJ = 1.3 Hz,J = 8.4 Hz,
H14), 8.28-8.26 (m, 1H, Hrtho, 10,20 phenyl)s, 8.21-8.20 (m, 2H, H: +
Hp), 8.15 (d (br), 2 H, Hortho, 10,20 phenyi}, 8.08 (d' (br), 2 H, Hono, 10,20
phenylé, 7.91 (d' (br), 1 H, Hthho, 10,20 phenyl}: 7.88 (d (br), 1 H, ertho.
10,20 pheny)s 7.84 (t, L H,J = 7.5 Hz, Hy), 7.83 (t', 1 H,J = 7.5 Hz,
H1o), 7.78-7.60 (M, 7 H, Hs + Hmetapara, 1020 phenylty 7-32 (dd, 1 HJ

= 1.1 Hz,J= 8.2 Hz, H), 6.98 (t, 1 H,J = 8.2 Hz, H), 6.95 (dd,
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1H,J=11HzJ=6.9Hz He), 6.93 (dd, 1 H,J=1.1Hz,J=
6.9 Hz, He7), 6.89 (dd, 1 H,J = 1.1 Hz,J = 8.6 Hz, Hgr), 6.85
(dd, 1 H,J= 1.1 Hz,J = 7.2 Hz, Hgp), 6.60 (d', 1 H,J = 1.1 Hz,
J=6.9 Hz, Ho), 6.57 (dd, 1 H,J = 1.1 Hz, 6.8 Hz, Hy), 6.25 (dd,
1H,J=2.5Hz,J=10.3 Hz, H7 quinond, 6.24 (dd, 1 H,J = 2.5 Hz,
J=10.0 Hz, H7-quinond, 6.00 (d', 1 H,J = 10.0 Hz, Hgquinond, 5.94
(d', 1 H,J=10.0 Hz, H8—Quinon9, 5.89-5.88 (m, 1H, H%Quinongy
5.64 (d', 1 H,J = 2.5 Hz, Hs ounond, 5.53 (dd, 1 H,J = 6.2 Hz,J
= 9.2 Hz, Hy—difiuoropheny), 5.43 (dd, 1 H, J = 6.0 Hz,J = 9.2 Hz,
He'_gifuoropheny), 4.60 (t', 1 H,J = 7.1 Hz, H), 4.50 (t, 1 H,J = 7.1
Hz, He), 3.95 (dd', 1 H,J = 6.0 Hz,J = 8.9 Hz, Hy—difiuoropheny), 3.85
(dd, 1 H,J = 6.0 Hz,J = 8.8 Hz, H—difiuoropheny), 0.56 (d (br), 1 H,
J=6.8Hz, H), 0.40 (dd, 1 H,J= 1.1 Hz,J = 6.9 Hz, H), —3.19
(s (br), 2 H, N-H). 1% NMR (200 MHz, CDC}): 6 —116.62 (4, 1 F,
J = 13.8 Hz),—117.90 (", 1 F), —121.77 (&, 1 F,J = 15.8 Hz),
—123.19 (d, 1 F,J = 16.2 Hz). Vis (CHCI,): 420 (5.40), 515 (4.08),
548 (3.64), 589 (3.64), 645 (3.49). HRMS (EBinz 933.3070 (calcd
for C64H39F2N402 (M + H) 9333041)

Results and Discussion

Design.Several criteria were considered in the design of these
D—Sp—A systems. For example, to potentially assess how the
nature of quadrupolar interactions and the magnitude of inter-
planar separations between stacked aromatic entities impact th
magnitude of B-A electronic coupling in these-cofacially
aligned ET systems, a rigorously rigid-£E5p—A assembly is
required. These BSp—A compounds stand in sharp contrast
to previously synthesized porphyrin- and quinone-based ET
systems in which flexible tethers hold porphyryl and quinonyl

moieties at distances greater than or equal to the sum of their

respective van der Waals ra@it!:153841 | ikewise, tethered
P—Q assemblies that are structurally reminiscent of archetypal
cyclophane compountfs#® do not preclude dynamical pro-

cesses that modulate the magnitude of inter-ring separation or

the extent of the lateral shift between aromatic units on the
photoinduced charge separation and thermal charge recombin
tion time scales and hence complicate detailed analyses of E
rate data obtained in such systems.

The synthetic challenge of covalently linking multiple Z)
arene units in a closely held cofacialstacked arrangement is
formidable; few molecular designs meet this requirement, which

a
rsterically driven deformations of the naphthalene bridge, it is
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In these assemblies, the arene-based electrophores are held at
an interplanar separation of 3.1 A, 0.3 A below the van der
Waals contact distang¥for two cofacial aromatics. While these
systems do in fact enforce a sub-van der Waals interplanar
separation between juxtaposed arenes, systematic modulation
of the electronic structure of the components of these assemblies,
as well as the expansion of this motif to multiple levels of
sr-stacking interactions, clearly define arduous synthetic tasks.
Due to the modular nature of the route exploited in the
fabrication of z-stacked compound$ and 2a—c, (Schemes
1-3) structure-function relationships that determine the mag-
nitude of D—A electronic coupling can be more readily probed.

Compoundsl and 2a—c highlight the utility of the simple

and versatile 1,8-diarylnaphthalene molecular scaffold in the
fabrication of D-Sp—A systems designed to interrogate how
electronic interactions that derive framstacking effects impact
D—A electronic coupling. Seminal work by Howéeand
Robert§2-5* detailed the molecular structure of 1,8-diphenyl-
naphthalene; X-ray crystallographic studies show that these
compounds typically manifest a structure in which the two aryl
rings are held in a cofacial arrangement with a torsional angle

f approximately 70 with respect to the naphthalene plane.

ecause these compact structures manifest considerable elec-
trostatic repulsion between the compressegtomatic systems,
the two aryl units splay outward, resulting in an enlargement
of the naphthalene C(3)C(9)—C(8) angle by approximately
5°. The effect of this splaying of the aryl moieties is also
apparent in the differing distances that separate the C(1) and
C(8) carbon atoms of the naphthalene ring (2.563 A), and the
C(2) aryl carbon atoms of the 1,8-diphenyl substituents (2.993
A). Congruently, the naphthalene carbon framework exhibits
distorted bond lengths and angles, the most notable of which
are the displacements of the C(BQ.012 A) and C(8)0.017
A) atoms from the naphthalene least-squares plane. Despite these

noteworthy that the inter-planar separation between thg C(l
atoms of the cofacial 1,8-aryl substituents~i6.4 A less than
the arene-arene van der Waals contact distance.

The substantial geometric constraints imposed by the 1,8-

is underscored by the fact that traditional routes to cyclophanic haphthalene skeleton make this unit an ideal scaffold upon which
architectures make difficult the design and synthesis of such to elaborate an extensive series of model compounds to probe
systems. Recent work by Wartini and Neugebauer exploited thethe nature of electronic interactionssirstacked arene systems.

[2.2] paracyclophane motif to investigate intramolecular charge AS @ case in point, Cozzi and Siegel have carried out detailed
delocalization between cofacial aromatic units using electro- huclear magnetic resonance studies that correlate the magnitude

chemical and electron paramagnetic resonance meffiods.
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size of the porphyrin macrocycle and the fact that multiple, Scheme %
substantial dynamical restraints are enforced by a 1,8-diaryl-

naphthyl backbone, it is expected that combination of a |
porphyrin basal unit with 1,8-naphthyl linkers should give rise + e
to D—Sp—A systems {, 2a—c) featuring structural rigidity that Q !

OMe

exceeds that evinced in analogous 1,8-naphthyl-linked phen- MeO  znCl
ylenes for identical levels aof stacking. 3

From a synthetic perspective, the availability of 1,8- MeO
dihalonaphthalenés>%-62 allows exploitation of metal-catalyzed P
cross-coupling strategies in the fabricatioistacked D-Sp—A Ph .O
systems that feature naphthyl scaffolds linking successive 3 - B,Oﬁ b @% '
aromatic moieties; notably in this regard, 1,8-diarylnaphthalene 0
syntheses have been accomplished previously via Ni(ll)- Ph
catalyzed coupling reactions utilizing Grignard reagéhs;>2.63 Ph 5
as well as by Ullmann couplin®:>>°6Corresponding Suzuki- .
type synthetic routes to such compounds have also appeared in c c
the literature?*~66 given both the versatility and facile reaction
conditions of the Suzuki reaction we chose to build structures
1 and 2a—c using a modular synthetic approach based on a S MeO,
family of aryl halide, porphyryl bromidé&!3>arylboronate’67.68 p O PH O
and porphyryl boronic acid ester reagetts. S

Synthesis. Schemes 43 highlight the reagents, coupling m ' v Q
protocols, and reaction conditions that were employed in the eh s
syntheses of compoundsand2a—c. Modified Suzuki condi- | .

tions 28:29.69.70developed for systems in which hydrolytic de- ,
boronation is a significant side reaction, were required for many

of the coupling reactions outlined herein. This cross-coupling c

protocol is carried out under anhydrous conditions, employing

a dry polar solvent (DMF) and weakly soluble baseRKy); 2Key: (a) Pd(Ph4, THF, rt (61%); (b) Ba(OH}8H,0, Pd(Ph)a,
all carbor-carbon bond-forming reactions involving the 1-iodo- DPME/Hz0, 80°C (92%); (c) (i) BBE, CeHe, rt; (ii) Na:CO; (aq).
8-arylnaphthalenic substrate were carried out under these

conditions, which effectively suppressed deleterious dehaloge- Aryl diboronic esterg'a—c proved to be key building blocks

nation an(_j deboronano_n_ processe_s. N ) in the fabrication of compound®a—c. Such diboronic acids
Interestingly, the modified Suzuki conditions described above and their respective ester derivatives have been exploited in the
were not effective in coupling reactions involving [3;(4.5,5- synthesis of terphenyl compounds, fused polycyclic aromatic
tetramethyl[1,3',2]dioxaborolan-2yl)-10,20-diphenylporphy-  compoundg! and sugar conjugatéd, and have typically
rinato]zinc(ll) 4 and dimethoxy-protected naphthyl halide peen prepared by transmetalation of a halogenated aromatic
substrates such a3 (Scheme 1) oa—c (Scheme 2). If,  starting material and subsequent reaction with trialkoxyboron
however, conventional Suzuki conditions that utilize strongly reagentd2-75 after hydrolysis, the conversion of the resulting
basic conditions (aqueous Ba(Qj{are employed, coupling  gihoronic acid derivative to the corresponding diboronic ester
proceeds in good yield. The presence of hydroxide ions, jg accomplished via simple esterificatiéh.
however, does result in observable deboronation of the por- Recently, Miyaura and Masuda have reported alternative
phyrinic transmetalating reagent in this sterically encumbered qytes to synthesize arene diboronic ester compotifdahich
cross-coupling reactiof?.*°In a typical experiment, itwas found  exploit Pd-catalyzed coupling reaction of bis(pinacolato)-
that an excess of porphyryl boronic estgl.5-2.0 equiv) was  giboror? or dialkoxyhyroboran® species with halogenated
sufficient to compensate for any loss of this reagent due to aromatics. This methodology not only provides a direct, one-
hydrolytic deboronation over the time scale of the metal- step conversion of dihaloaryl compounds to their corresponding

catalyzed cross-coupling reaction. diboronic ester derivatives; it enables the high yield preparation
(59) Kuroda, M. Nakayama, J.. Hoshino, M., Furusho. N.. Kawata, T.. of arylboronates in the presence of functional groups sensitive

Ohba, STetrahedronl993 49, 3735-3748. to strong base, and circumvents the need to isolate and
(60) Letsinger, R. L.; Gilpin, J. A.; Vullo, W. 1. Org. Chem1962 characterize the corresponding diboronic acid derivafi¥@se

27, 672-674. wide range of commercially available 1,4-dihalogenated arene

61) Kiely, J. S.; Nelson, L.; Boudjouk, B. Org. Chem1977, 42, 1480. . -
Eezg Fiesyer‘ L F.. Seligman. M. o Chem.gSo(L%Q oL 1326_142_ precursors coupled with Miyaura and Masuda methodology

(63) Cosmo, R.; Sternhell, Swust. J. Chem1987 40, 1107-1126. allows for the facile introduction of a variety of intervening

(64) Bahl, A.; Grahn, W.; Stadler, S.; Feiner, F.; Bourhill, G.; Brauchle, aromatic moieties that differ in their respective electronic and
C.; Reisner, A.; Jones, P. Bngew. Chem., Int. Ed. Endl995 34, 1485~

1488. (71) Goldfinger, M. B.; Crawford, K. B.; Swager, T. M. Am. Chem.
(65) Zoltewicz, J. A.; Maier, N. M.; Fabian, W. M. B. Org. Chem. So0c.1997 119 4578-4593.
1997 62, 3215. (72) Clement, R.; Champetier, G. R Acad. Sci. Paris (C1966 1398-
(66) Zoltewicz, J. A.; Maier, N. M.; Fabian, W. M. Fetrahedron 996 1400.
52, 8703-8706. (73) Musgrave, O. CChem. Ind.1957, 1152.
(67) Murata, M.; Watanabe, S.; Masuda, ¥.Org. Chem.1997, 62, (74) Nielsen, D. R.; McEwan, W. B. Am. Chem. So04957, 79, 3081
6458-6459. 3084.
(68) Todd, M. H.; Balasubramanian, S.; Abell, T&trahedron Lett1997, (75) Coutts, I. G. C.; Goldschmid, H. R.; Musgrave, O.X.Chem.
38, 6781-6784. Soc., C197Q 488-493.
(69) Suzuki, A.Pure Appl. Chem1994 66, 213-222. (76) Waas, J. R.; Sidduri, A. R.; Knochel, Petrahedron Lett1992

(70) Watanabe, T.; Miyaura, N.; Suzuki, Synlett1992 207-210. 33, 37173720.
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Scheme 2

9 a-c 4
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R=H (57%)
R=Me anti/syn (91%)
R=F antilsyn (47%)

R=H (35%)
R=Me anti/syn (64%)
R=F antilsyn (66%)

R=H (81%)
R=Me anti/syn (48%)
R=F antilsyn (57%)

10

aKey: (a) KsPQu, Pd(PR)s, DMF, 100°C; (b) Ba(OH)-8H.0, Pd(Ph)., DME/H,O, 80°C.

steric properties between porphyrin and quinone in compound
2-type structures. The one-to-one coupling of 1,4-diboronic ester
derivatives7a—c (Scheme 2) with 1-iodo-8-(2,5-dimethoxy-
phenyl)naphthalen8 gives compound8a—c, which notably
retain boronic acid ester functionality at thepbsition of the
naphthalene-1-aryl substituent, enabling further elaboration of
these building blocks to give compounéla—c.

The synthesis of the 1-iodo-8-(2,5-dimethoxyphenyl)naph-
thalene 8, Scheme 1) relies on the stoichiometric reaction of
1,8-diiodonaphthalene with 2,5-dimethoxyphenylzinc chloride,
employing standard Negishi cross-coupling protoésl¥he

reaction proceeds smoothly at ambient temperature and yields,

mono-aryl-substituted® in 57% yield. Under these reaction
conditions, significant dehalogenation of the starting material
does not occur, enabling any unreacted 1,8-diiodonaphthalen
to be recovered. After successful monoarylation of the naphthyl
peri position, the iodide remaining at the 1 position becomes
extremely labile, due likely to the substantial steric crowding
enforced by the naphthyl 8-dimethoxyphenyl substituent. Suc-
cessful Suzuki coupling of 1,4-diboronic estéta—c at this
sensitive position was only realized when the reaction was
carried out in anhydrous DMF in the presence of phosphate
base??69.700ther coupling protocof8 7 developed for arylbo-

ronic acid and arylboronate transmetalating reagents gave

dehalogenated 1-(2,5-dimethoxyphenyl)naphthalene as the sol
product for reactions involving and 7a—c.

As shown in Scheme 2, the coupling of substéteith 1,4-
diboronic ester§a—c under weakly basic conditions generates
m-stacked 1-(4-[44',5,5 -tetramethyl[1,3,2']dioxaborolan-2-
yllaryl)-8-(2,5-dimethoxyphenyl)naphthalene structuges-c.

As expected, the isolate®b and8c products exist as a mixture
of syn and anti isomers. Thesyn isomer (Figure 1a) is
characterized by an eclipsed orientation of the methoxy sub-

(77) Kowitz, C.; Wegner, GTetrahedronl1997, 53, 15553-15574.

Figure 1. Top-down representations of theyn (A) and anti (B)
diastereomers of 1,8-di[(2,5-disubstituted)aryl]naphthalenes.

stituents on the 8-aryl ring with the methy8k) or fluoro
substituents &c) of the phenyl ring attached to the naphthyl
1-position. Congruent with earlier reports that detail the

esyntheses of 1,8-diarylnaphthalenes featurih§-8ubstituted

phenyl group$25° the anti isomer (Figure 1b) is the major
component of the diastereomeric mixture due to the reduced
steric repulsions associated with a staggered orientation of the
naphthyl 1- and 8-aryl substituents.

Similar to that observed fa8b—c, compoundslOb—c, and
quinone product@b—c are isolated as a mixture afynand
anti diastereomers. The observauti:syndiasteriomeric ratios
for xylyl-spacer containing compound®b and2b are similar
1.8:1 and 1.3:1, respectively). The correspondargi:syn
diasteriomeric ratios for the analogous difluorophenyl-bridged
specieslOcand2c are 3.3:1 and 5.1:1, respectiveRy.

The conversion of compound)a—c (Scheme 3) to their
corresponding quinoidal derivatives was accomplished using the
standard deprotectieroxidation protocof?-8 Treatment of

(78) The degree to whickyrfanti diastereomerism affects conformational
dynamics as well as doneacceptor electronic coupling will be discussed
elsewhere.

(79) Vickery, E. H.; Pahler, L. F.; Eisenbraun, EJJOrg. Chem1979
44, 4444-4446.
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Scheme 3

10 2
a R=H a R=H (67%)
b R=Me anti/lsyn b R=Me antilsyn (40%)
c R=F antilsyn ¢ R=F antilsyn (39%)

aKey: () (i) BBrs, CHCly, rt; (ii) NaxCOs (aq); (i) PbQ, CH,Cl,,
rt.

porphyrin—spacer-dimethoxybenzene specigfa—c with the
demethylating agent BBfollowed by subsequent aqueous work

up affords the intermediate hydroquinone derivatives, which can

then be isolated and oxidized with PH@ contrast, this simple

deprotectior-oxidation sequence proved ineffective for com-
pound5 (Scheme 1), possibly due to a combination of factors
that include: (i) the limited allowed dynamical motions of the

two stacked aromatic moieties relative to each other that derives
from the sub van der Waals interplanar separation between the

2,5-dimethoxyphenyl group and the larger porphyrin ring

system, and (ii) the cavity like structure created by the three

flanking porphyrinmesosubstituents (2 phenyl rings and 1
naphthyl unit), which limits access to the methoxy group

oxygens by the demethylating reagent. Congruent with this latter

point, (Figure 3)H NMR chemical shift data (vide infra) for
the three highly shielded dimethoxyphenyl protodis<{ 4.88,
3.13, 2.42 ppm) and the two methoxy groups= 2.20, 1.26

ppm) indicate a time-averaged structure in which the dimethoxy-

phenyl ring is canted toward the porphyrin core, thereby
orienting one of the methoxy substituents in the porphyrin cavity

and causing the other such group to be more heavily solvated.

As shown in Scheme 1, treatment Bfwith excess BBy
generates monodemethylated compo6rahd a trace amount
of quinonel. Resubjecting the monomethoxy spedie® the

BBrs; deprotection (Scheme 1), enables small amounts of the

benzoquinonyl derivativelj of compound5 to be generated
(7%). The hydroquinone intermediate air oxidizes to the product
porphyrin—quinone compleA as it is formed; no attempt was

made to elucidate reaction conditions that would enable the

isolation of 5-[8-(2",5"- dihydroxyphenyl)-1-naphthyl]-10,20-
diphenylporphyrin.

Structural Comparisons with 1,8-Diarylnaphthalene Bench-
marks. Dynamical studies that probe the extent to which rotation
is hindered in 1,8-diarylnaphthalef&& and analogous asym-
metrically substituted spec®$566.84have been used as a tool
to probe the factors important in determining the strength of
a—mx interaction>758 The interconversion ofinti and syn
isomers requires a 180rotation by one of the aryl ring

substituents; the transition state for this process is generally
assumed to feature one phenyl substituent in the naphthalen

(80) Chan, A. C.; Dalton, J.; Milgrom, L. R. Chem. Soc., Perkin Trans.
21982 2.

(81) Mcintosh, A. R.; Siemiarczuk, A.; Bolton, J. R.; Stillman, M. J.;
Ho, T. F.; Weedon, A. CJ. Am. Chem. S0d.983 105, 7215-7223.

(82) Schmidt, J. A.; Siemiarczuk, A.; Weedon, A. C.; Bolton, JJR.
Am. Chem. Sod 985 107, 6112-6114.

(83) Zhang, Y.; Hoernfeldt, A.-B.; Gronowitz, 8. Heterocycl. Chem.
1995 32, 435-444.

(84) Zoltewicz, J. A.; Maier, N. M.; Fabian, W. M. B. Org. Chem.
1996 61, 7018-7021.

vine et al.

Naphthalene II

Naphthalene |
Figure 2. Proton labeling schematic for compouf@a

plane with the other aryl ring fixed orthogonal tc®itIn this
model, the outward splaying of the 1,8-diaryl groups serves to
reduce the steric interactions betweartasubstituents of the

juxtaposed phenyl groups, while unavoidable, severe steric

clashes occur ibrtho substituents are present on these rings.
Both calculated and experimentally derived rotational bapfieh%s
demonstrate that the magnitude®* for such a rotation in a
1,8-diarylnaphthalene structure is considerably higher when the
phenyl-ring substituents occumytho positions.

Because such rotational barriers are increased substantially
in simple ortho-substituted 1,8-diarylnaphthalenes (e 4G*
(1,8-di-o-tolylnaphthalene} 24.1 kcal/molj35relative to that
determined for 1,8-diphenylnaphthalene andtasubstituted
1,8-diarylnaphthalenes (e.gAG* (1-(3-isopropylphenyl)-8-
phenylnaphthalere 16.4 kcal/molf;*63steric arguments dictate
that compoundss and 10a—c should possess considerably
augmented barriers to aryl ring rotation relative to that elucidated
for 1,8-diphenylnaphthalenes, due to the presence of a basal
porphyrin unit in theser-stacked ET systems. Factors respon-
sible for the rigidifying effect that the porphyryl unit has in
these systems can be seen in the atom-lab&@zdstructure
shown in Figure 2. The positioning and relative orientation of
naphthalenes | and Il (Figure 2) function synergistically to
augment rotational barriers of their respective aryl and porphyryl
substituents. For example, from the perspective of the (porphi-
nato)zinc(ll) moiety, the ¢ carbon atoms that flank the
porphyrin mesocarbon fused to naphthalene I's 1-position
constitute effectivertho substituents; porphyryl ring rotations
are thus coupled to steric clashes involving the corresponding
porphyrin G protons with the H; atom of naphthalene I. While
such interactions would be expected to enforce rotational barriers
similar to that observed foortho-substituted 1,8-diarylnaph-
thalenes, it is crucial to note that naphthalene Il also serves to
restrict rotation of the (porphinato)zinc(ll) unit about thgts
to-Ci—naphthyi bONd; any porphyryl ring librating motion causes
enhanced steric clashes with naphthalene IEsRd H; atoms
with the macrocycle plane; consistent with such a conforma-
tional restraint playing a key role in restricting nuclear dynamics,

§t is worth emphasizing at this point that the time-averaged

positions of H and H account for two of the most dramatic
IH NMR signatures observed for compouris-c (vide infra).
NMR Spectroscopy.The 1-D'H NMR spectral data obtained
for the porphyrin-(protected quinone) complexsad 10a—
c) as well as the porphyrinquinone charge-transfer systems
(1 and 2a—c) are noteworthy (Figures 3 and 4). The rigid
geometry coupled with the sub-van der Waals interplanar
separations manifest in these porphyrin-base@®p-A systems
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Ha Hg He

6.95 6.90 6.85 6.80 6.75 ppm

f T

1 I I T T T T i i T T 1 T
5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 ppm
Figure 3. Upfield region of the 500 MHZH NMR spectrum of [5-(8(2",5"-dimethoxyphenyl)-Enaphthyl)-10,20-diphenylporphinato]zinc(8)
in CDCl; at room temperature. The inset shows tHeNMR spectrum of the dimethoxyphenyl region of precursor mole@ul&he 20-phenyl
substituent on the porphyrin ring has been omitted for clarity.

Region A B Pyrrolic Protons

A

9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 ppm
. Hs
Region B
cocis  Hisz Hig Hyo

] T T 1 1 T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 ppm
Figure 4. 500 MHz 'H NMR spectrum of [5-(8[4"'-(8"'-[2"", 5""-dimethoxyphenyl]-1)-1"-phenyl]-1-naphthyl)-10,20-diphenylporphinato]-
zinc(ll) (10a) in CDCls. The proton labeling scheme is described in Figure 2.

gives rise to disparate shielding effects which distribute the dimethoxyphenyl ring protons d& relative to the H, Hg, and
aromatic'H resonances for these species over wide spectral Hc proton resonances of 1-iodo-8-(2,5-dimethoxyplenyl)naph-
windows. thalene 8) which exhibit chemical shift values of 6.96, 6.85,
Such unusually large shielding effects are apparent in and 6.80 ppm respectively (Figure 3, inset). After cross-coupling
compounds's IH NMR spectrum, the upfield region of which  compound3 with the porphyryl boronate complek, the Ha,
is shown in Figure 3. This spectrum shows a number of Hg, and H: dimethoxy aryl proton signals & shift upfield to
signatures that differ from the analogott$ NMR spectra of 2.43, 3.13, and 4.88 ppm respectively; note that the shielding
compounds8a—c and related 1,8-diarylnaphthalenes. Most effect experienced by Hin 5 is particularly pronouncedAo
striking is the large upfield shift observed for the three = 4.53 ppm with respect to the analogous resonan&. dfote
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also that the methoxy protons are shielded by the porphyrin and include the signals corresponding to trého and meta
aromaticsr system; in the precursor molecude the methoxy paraprotons of the porphyrimesephenyl substituents, as well
resonances are locateddat 3.79 and 3.65 ppm, while in por-  as the resonances assigned to the naphthalene | pillar (Figure
phyrin compoundb they are observed to resonatedat 2.20 2). Note that each of the porphyifiaproton resonances exhibits
and 1.26 ppm. Congruently, thel NMR spectrum of the co- a unique chemical shift, and appears as a well-resolved doublet
facial porphyrin-quinone complexd shows that the three quin-  within the 9.36-8.50 ppm spectral domain. The naphthalenic
oidal protons resonate at chemical shift$yef 1.65, 2.02, and  signals displayed in region A of Figure 4 {HHis, Figure 2)

4.97 ppm, while the benchmatkl chemical shift value for 1,4-  resonate at chemical shift values close to that observed for
benzoquinone lies substantially downfielddat= 6.83 ppm. simple 1,8-disubstituted naphthalenes, as expected, given that
Given the relative structural simplicity & in this series of the protons on naphthalene | reside outside the porphyrin-

porphyrin-based stacked aromatic structures, variable temper-shielding region.

ature *H NMR spectroscopic studies (data not shown) were  |n contrast, the naphthalenic resonances highlighted in region
performed in order to estimate the minimum barrier height for B (naphthalene 1I, Figure 2) of compouridas H NMR
rotation of the 1,8-naphthyl moiety’s porphyryl and 2,5-  gpectrum lie substantially upfield from the naphthalene I protons
dimethoxyphenyl substituents. Compoundas eight assignable  and are observed over a large spectral window (Z(®93 ppm).
p-proton resonances (Experimental Sectlt_)n). Free rotation of The signal corresponding to protors KFigure 4) at 0.93 ppm
the porphyryl and aryl naphthalene substituents on the NMR g sifted upfield by approximately 6.5 ppm from the analogous
time scale would result in the coalescence of symmetry related ,gsonance of compour@h and approximately 6.4 ppm from
pairs of thesgs-proton signals to give four resonances. Interest- he corresponding resonance of compow@a few, if any,
ingly, the*H NMR spectrum ob recorded at 120C is virtually giamagnetic aromatic compounds manifest shielding effects of
identical to the ambient temperature spectrum; the only NMR {pis magnitude. The assignment of the 0.93 ppm doublet to the
time scale dynamics evident correlate with librations and . nycleus was verified by a 500 MHz homonuclear COSY
rotations of the porphyryl 10-and 20-phenyl substituéhts! oy erimengs this resonance displays a clear cross-peak to the
All of the S-proton resonances remain sharp, with their chemical triplet centered at 4.95 ppm g The unusually large upfield

shift values u_nperturb_ed relative to the spectrum recorded atgpst experienced by k(and the corresponding resonances for
30 °C. Selecting a pair of well-resolve@ proton resonances compoundsl0b—c and 2a—c) highlight the impact that the

that would be chemically equivalent in the advent of free rotation |5se sub van der Waals separation between the porphyrin and
of the 2,5-dimethoxyphenyl moiety that exhibited the smallest o eqge of the upright naphthalene Ii pillar has upon the local
chemical shift difference at 3TC provides an estimate for the magnetic environment sampled by these nuclei (Figure 4);

- . ; .
acnvstlc?n Earner for rcl)(taélon odit Ieastﬁz kcal/mclﬂ‘ in these ] importantly, the assignment of the 0.93 ppm doublet t H
porphyrin-basedr-stacked systems. Three conclusions can be ¢, jieq with the clear trend with respect to the degree of

drawn from this analysis: (i) the barrier to rotation5ns at a shieldin :
o . g experienced by the naphthalene Il protons>tHs
minimum comparable to that elucidated by Clough and Roferts "} "%, "1} Hio) provide important structural information

as well as Siegel and CoZzifor 1,8-di-(0-tolyl)-naphthalene regarding the orientation of naphthalene Il relative to the

derivatives; (ii) replacing a simple phenyl ring with a porphyryl porphyrin plane

group in 1,8-diarylnaphthalene systems augments the rotational ) . .

barrier height by at least 6 kcals/mol; and (jii) use of NMR  COmpoundslOa—c (2a—c) were engineered to provide a

techniques (such as 2-D EX& will likely not be useful probes cofamal arrangement of porphyrln,_ spacer, and dlmethoxy arene

of rotational barriers in compounds related structurallp.to (qu_|nor_1e_) at sub van d_er Waals interplanar separations while
More dramatic shielding effects are manifest in the spectra maintaining an approxmgtely ort_hogonal arrangement of the

planes of naphthalene pillars with respect to the porphyrin

observed for tri-levelr-stacked structure$0a—c and 2a—c. . .
As a case in point, note that compouta possesses a total of macrocycle. In such a structure, electronic interactions between
’ 4 the porphyrin, spacer, and dimethoxyarene (quinone) ring

44 protons, of which 38 are aromatic; remarkably, 38 of the 4 . § . X
proton resonances are directly assignable in the 1-D spectrum SYSIEMS are presumably extensive, while electronic coupling
Note that only the signals fometaand para protons of the between the naphthalene pillars and the cofacial aromatic
porphyrin 10- and 20-pheny! groups overlap (Figure 4). The gnmetles is mlnlmlzed_due to unfa_vorableoverlap. The 1-D
aromatic resonances fdi0a have chemical shift values that 1+ NMR spectroscopic d_ata obtame_d for compoudda—c
range from 0.93 ppm (&in Figure 4) to 10.15 ppm (the por- and 2a_—c is consistent with expectations based on molec_ular
phyrin mesaproton). Note the extraordinary spectral resolution Modeling that nalphthalene I will be forced to adopt an upright
evident in Figure 4, and the fact that analogous spectroscopicPrientation. The’H NMR data for these species manifest a
features are manifest in the 138 NMR spectra of the related distribution of resonances over a wide spectral window that
10b—c and 2a—c structures as well (Experimental Section: derives from radically different magnetic environments sampled
Supplementary Material). " by their respective aromatic protons. Certainly, if the structure
probed on the NMR time scale for molecults—c and10a—c

Figure 4 divides théH NMR spectrum of compoundOa : . ; .
into two regions labeled A and B: resonance assignments arevere consistent with a relatively small dihedral angle between

denoted using the labeling scheme of Figure 2. Region A of the porphyrin and naphthalene Il least squares planes, one would

the spectrum highlights primarily the porphyrinic resonances, €XP&ct to see a more clustered pattern of chemical shifts due to
similar shielding effects experienced by the-HH;o nuclei; this

36é%5) Eaton, S. S.; Eaton, G. R. Am. Chem. Sod975 97, 3660~ is inconsistent with the data presented in Figure 4 (compound
(8é) Eaton, S. S.: Eaton, G. R. Am. Chem. Sod977 99, 6594 109 and a_nalogous tab_ulated spectroscopic data presgnted in
6599. the Experimental Section and Supplementary Material for
(87) Noss, L.; Lidell, P. A.; Moore, A. L.; Moore, T. A.; Gust, D. compound®a—c and10b—c. Because both naphthalene pillars
Phys. Chem. B997, 101, 458-465. ; ; i i ; ;
(88) lovine, P. M.; Veglia, G.; Furst, G. T.; Therien, M. J. Manuscript manifest an gssentlally perpendlCUIar. orlenta}tlon W.Ith r?Sp.eCt
in preparation. to the porphyrin least-squares plane, highly anisotropic shielding

(89) Perrin, C. L.; Dwyer, T. JChem. Re. 199Q 90, 935-967. environments for these ring systems are assured, thereby
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enabling facile and unambiguous assignment of theNMR D—Sp—A system components in photoinduced electron transfer
spectra of compound&a—c and 10a—c. and thermal charge recombination reactions.
Additional aspects of the 1-EH NMR spectrum of Figure 4 The 1-D'H NMR experiments described herein evince that

deserve further comment; note that the region B NMR signals the 1,8-naphthyl moieties cofacially align aromatic D, Sp, A
feature resonances that are ascribed to the spacer moigty (H units and constrain the nuclei to reside in unusual and diverse
H,) and the dimethoxyphenyl ring g#H1g) protons. The H local magnetic environments. The quality of the NMR data
H», Hs, and H, phenyl protons are shifted significantly upfield obtained for these assemblies of stacked aromatic residues is
by 2.09, 1.98, 3.41, and 3.19 ppm with respect to the proton unusually high, due in part to the fact that diamagnetic aromatic
resonance frequency of benzene (7.27 ppm). Importantly, proton NMR signals are spread over spectral windows that
resonances H-H, are extraordinarily sharp, indicating that the exceed 9.0 ppm; these exceptiotel NMR spectra enable
centralzr -stacked phenyl ring of compouridaremains static straightforward assignment of a high percentage of the aromatic
on the NMR time scale. The dimethoxypheny! ringifHH1q) resonances in these-ISp—A assemblie§?

protons, likewise, by virtue of the sub van der Waals, cofacial ~ The modular synthetic approach outlined herein, that exploits
arrangement of the phenyl and dimethoxyaryl ring systems, aremetal-catalyzed cross-coupling methodolog¢fie® and the
shielded relative to analogous aromatic resonances of compoundorphyryl boronate synthdfiis well suited for systematic

3 by 0.76, 1.10, and 1.25 ppm, respectively. These shielding modification of electronic and steric properties of the donor,
effects derive from the respective magnetic contributions of the bridge, and acceptor components of these cofacial ET as-
neighboring cofacial phenyl spacer and the aromatic porphyrin semblies. Of equal importance, this synthetic strategy allows
moiety, as well as conformational constraints that limit nuclear for control over the absolute energetics of the spacer bonding
dynamics of the 2,5-dimethoxyphenyl moiety 19a relative and antibonding states, as well as the nature of the quadrupolar
to simple 1,8-aryl-substituted naphthyl derivatives. Comparison interactions that exist between adjacent aromatic entities in these
of the relative resonance frequencies for the dimethoxyphenyl n-stacked assemblies; this flexibility to engineer a wide range
arene protons of compoun@s, 3 and10ademonstrates that  of electronic factors in these systems while simultaneously
the approximate shielding contribution from the phenyl moiety enforcing sub van der Waals contacts and eliminating lateral
only accounts for 0.58, 0.67, and 0.25 ppm of the upfield shifts shift between juxtaposed, cofacial aromatic moieties, distin-
manifest byl0ds respective hi;, Hig, and Hg hydrogen atoms. guishes these BSp—A compounds from other classes of
Perturbations to the local magnetic environment that emanaten-stacked structures synthesized and probed to date.

from the porphyrin ring current and a more rigid structure
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manifest by the analogous nuclei in compoBal ous financial support of this work, and thanks the Alfred P.
Sloan and Camille and Henry Dreyfus Foundations for research
Summary and Conclusions fellowships.

A prototype series of rigidr-stacked porphyrifspacer ) . )
quinone (P-Sp-Q) systems have been synthesized; these Su_ppo_rtlng Information Available: Syntheses and char-
systems differ in key respects from assemblies designedacterization data for compoun@b—c, 9b—c, and10b—c, as
previously to probe the extent of electronic coupling afford by Well as*H NMR spectra for compounds 2a—c, 5, and10a—c
cofacial alignment of aromatic donor, bridge, and acceptor &€ available (PDF). This material can be obtained free of charge
moieties. The 1,8-diarylnaphthalene pillaring motif, coupled with Via the Internet at http://pubs.acs.org.
the presence of a basal porphyryl moiety, ensures significant
molecular rigidity in these BSp—A systems and limits JAO0O759A
conformational heterogeneity in solution. These constructions (90) These facts, coupled with the observed sHatpesonances and

fix sub van der Waals separations between juxtaposed donor,th€ Plethora of short through space protgumoton distances manifest in
‘these structures, allow rigorous solution-phase structural determinations for

spacer, and acceptor units; as such, these systems will likelyinese species as a function of temperature via modern NMR methods. See
manifest increasedr orbital electronic mixing between the  ref 88.




