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Dendronizing and Metalating frans-2 Cg, Tetraaryl Porphyrins—A Versatile
Approach Toward Water-Soluble Donor-A cceptor Conjugates

Michaela Ruppert,'” Fabian Spinig,"”’ Mateusz Wielopolski,"” Christof M. Jiiger,'*!
Walter Bauer," Timothy Clark,*'! Andreas Hirsch,*'*! and Dirk M. Guldi*!"

Abstract: We have realized for the first time a series of truly water-soluble and

tightly coupled porphyrin/Cg, electron-donor—acceptor conjugates in which the
charge separation and charge recombination dynamics are controlled by modifying
the nature of the dendrimer and/or the choice of the central metal atom.

Introduction

The advent of dendronized porphyrins—also known as den-
drizymes—has led to considerable attention towards testing
their use as intriguing electron-transfer model systems for
heme proteins (such as cytochrome ¢ and hemoglobin).!'"*4l
Conjugates and/or hybrids of porphyrins and Cg, brought
together by either covalent!>?! or noncovalent interac-
tions,”'?! have emerged as outstanding photosynthetic reac-
tion-center mimics. Because of their intrinsic features in
energy and/or charge-transfer reactions, they have been re-
plicated in the basic steps of photosynthesis, that is, light
harvesting, transduction of excited state energy, charge
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transfer, and charge shift.”?] To this end, they have been in-
tegrated as active components into new prototypes of photo-
voltaic devices.) One of our own examples, a porphyrin/Cg,
electron-donor-acceptor conjugate (1) with a trans-2" addi-
tion pattern, possesses a unique face-to-face topography
with the porphyrin and Cg, moieties in van der Waals con-
tact. The formation of 1, start-
ing from the corresponding bis-
malonate precursor, is totally
regioselective because of the ri-
gidity of the  porphyrin
spacer.l”]

Water-soluble fullerenes are
essential for many emerging
biomedical technologies, which
exploit the unique chemical
properties and physical struc-
ture of Cg.*! Moreover, they
are also important for under-
standing the eventual fate and
environmental implications of fullerenes used in consumer
goods. Nevertheless, Cq4 by itself is insoluble in water,
which, in turn, necessitates the development of suitable syn-
thetic routes to overcome their hydrophobicity.™’

The subsequent addition of the Newkome-type dendrons
and the insertion of different metal atoms to porphyrins, re-
sulted in a full-fledged family of redox-active electron-
donor-acceptor conjugates with interesting charge-transfer
features.” In the current contribution, we wish to report
the development of dendronized porphyrins attached to Cy,
through a trans-2 addition pattern. Of utmost importance is
the facile deprotection of the terminal dendritic ester
groups, which, in turn, enabled a new class of truly water
soluble (solubilities larger than 10 mgmL ') and tightly cou-

1:M=2H, Zn
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pled porphyrin/Cy, electron-donor—acceptor conjugates to be
generated.

Results and Discussion

In the quest to form dendronized trans-2 electron-donor—ac-
ceptor conjugates, porphyrins 2 and 3, which contain first
and second generation Newkome dendrons in the meta posi-
tions of the malonate-free phenyl rings, were required. Sub-
sequent twofold cyclopropanation of these porphyrins af-
forded the corresponding conjugates involving a trans-2 ad-
dition pattern with complete regioselectivity. A common
precursor of 2 and 3 is porphyrin bis-malonate 5. To this
end, porphyrin 4 was synthesized under standard Lind-
sey® 1 conditions, namely, a statistical condensation of pyr-
role and the corresponding benzaldehydes.

The co-condensation of two equivalents each of pyrrole,
3-(2-hydroxyethoxy)benzaldehydeP” and tert-butyl-2-(3-for-
mylphenoxy)acetate! was carried out at high dilutions, fol-
lowed by oxidation with 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone (DDQ).
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Such a statistical approach leads to the formation of a
mixture of porphyrins (A,, A;B, A,B, cis/trans, AB;, B,),
from which the desired trans-substituted A,B, porphyrin 4
was isolated by column chromatography on silica. The sub-
sequent esterification with methyl-2-(chlorocarbonyl)acetate
yielded porphyrin §, which was obtained in 90 % yield after
column chromatography on silica and recrystallization from
n-pentane (Scheme 1). The next step was the formation of

Scheme 1. Synthesis of porphyrins 5 and 6. a) methyl 2-(chlorocarbo-
nyl)acetate, pyridine, CH,Cl,, 0°C—RT, 90 %; b) HCOOH, RT, 98 %.

the free acid 6 followed by coupling to the Newkome-type
dendrons H,N-[G1] 75%%! and H,N-[G2] 824 with N,N-dicy-
clohexylcarbodiimide (DCC) and 1-hydroxbenzotriazole
(HOBY).
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To remove the by-products of the reactions, the reaction
mixtures were subjected to flash column chromatography on
silica and precipitation from n-pentane. Finally, cyclopropa-
nation of Cg*>"! with the dendronized bis-malonates 2 and
3 in degassed toluene proceeded with the expected regiose-
lectivity to afford the target compounds H,-9 and H,-10
(Scheme 2). Purification was carried out by column chroma-
tography and recrystallization from n-pentane to yield the
trans-2 conjugates in 66 and 63 % yields, respectively.
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Hy-9: n=1
Hy-10:n=2

Scheme 2. Synthesis of dendronized porphyrin—fullerene dyads H,-9 and
H,-10. a) n=1: DCC, HOBt, DMAP, 7, DMF, 0°C— RT, 51%; n=2:
DCC, HOBt, DMAP, 8, DMF, 0°C—RT, 64 %; b) n=1: C, L,, 2, DBU,
toluene, RT, 66%; n=2: Cg, 1,, 3, DBU, toluene, RT, 63%. G'n=
number of generations (n=1: first generation, n=2: second generation).

The C,-symmetric trans-2 pattern is reflected by the 26
signals in the *C NMR spectrum of H,-9. In fact, two signals
are of double intensity due to a total of 28 paired, chemical-
ly equivalent sp? atoms (i.e., Cq)."”) Further confirmation of
the structure was provided by the presence of the four sig-
nals that relate to the carbonyl groups of the malonate unit
at 6=163.5 and 163.7 ppm, and to the sp*>-carbon atoms of
Cq at 0=70.0 and 70.7 ppm. Strikingly, both the fert-butyl
and the amide NH signals appear twofold in a ratio of 1:2 in
the '"H NMR spectrum. In fact, better spectral resolution re-
vealed a fourfold signal set in CDCI; and [D¢]DMSO.

One possible rationale, exchange tautomerism is, howev-
er, rapid at room temperature as it led to averaged signals
for H,-9. The pyrrole B-protons coalesce, for example, at
—30°C and 500 MHz. In principle, a hindered or slow amide
rotation might be a more plausible explanation for the ob-
served NMR signals, since EE, EZ, and ZZ isomers could
then be observed.

Similar considerations apply for the aa, aff, and B atro-
pisomers, in which the two signals of the EZ isomer are ex-
pected to display identical intensities. Further insight was
gained from testing an isomer of H,-9 in which the dendritic
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substituents are in the para rather than in the meta positions
(see the Supporting Information). At room temperature in
CDCl;, the amide NH protons are seen in the form of two
broadened signals in an E/Z ratio of 4:96—confirmed from
an EXSY NMR spectrum—with the ZZ isomers prevail-
ing.’** The amide groups in H,-9 behave similarly. Here,
the slow rotation around the C(O)-N bonds occurs in
CDCl; at 22°C with an E/Z ratio of 4:96. To conclude, we
postulate for H,-9 a total of sixteen signal sets, however,
only those of the aa, af, and B atropisomers (each with
the ZZ configuration of the amide) are evident in the spec-
tra (Figure 1).
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Figure 1. a) Full '"H NMR spectrum (500 MHz, CDCl,, +22°C) of H,-9.
Note the presence of “two” signals each for the tert-butyl groups and the
amide NH protons. b) Signals of the amide NH protons with resolution
enhancement (Gauss window). The assignments for the atropisomers are
given by aa, af, af, Bp. Note that the signals for aff and aff inherently
must have identical intensities.

Next, NOE experiments of H,-9 were performed under
conditions in which amide rotations and atropisomer inter-
conversions are resolvable. At low temperatures and/or for
large molecules, “NOE zero crossing” imposes difficulties in
the form of the well-known negative NOE and spin diffu-
sion." Applying a “rotating frame” NOE, ROE, or a varia-
tion of ROE (DPFGSE-ROE) helped to circumvent these
difficulties."”*! In the context of probing H,-9, we chose the
successive irradiation of the “two” amide NH signals, that is,
low and high field. When setting the integral of the low-field
amide NH resonance line to —100.0%, a positive ROE of
4.1% is observed for the spatially close OCH, protons.
When exciting at the high-field amide NH resonance line, a
positive ROE of 6.2 % is found for the corresponding OCH,
group of the presumed of3 and P atropisomers (Figure 2).
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Figure 2. a) Magnified region of the M NMR spectrum (500 MHz,
CDCl;, —30°C, degassed) of H,-9. b) DPFGSE-ROE spectrum of H,-9,
conditions as in a), selective excitation of the low-field amide NH reso-
nance line. Numbers indicate percentage integrals, referenced to the irra-
diated signal=-100.0%. Mixing time 300 ms, measuring time 7.7 h.
c) same as b), selective excitation of the high-field amide NH signal.

Overall, these ROEs are of comparable magnitude. Note
that amide rotamers would cause larger intensity differences
in the ROE spectra.

The above observations taken together suggest that H,-9
gives rise to slow atropisomer interconversions (i.e., aa, of,
BP) as well as to slow amide rotations (i.e., EE, EZ, ZZ).
Our analysis, however, suggests that the ZZ amide rotamer
is the dominant species. The other amide rotamers, the EZ
or EE rotamers, are present, if at all, in minor amounts. In
other words, the origin of the observed “fourfold” signal set
must be the atropisomers of the ZZ-amide rotamer with the
“major” signals originating from the aa, aff, and Bf rota-
mers.

The compounds Zn"-9 and Zn"-10 were obtained in very
good yields by heating solutions of H,-9 or H,-10 in CHCl,
with an excess of Zn(OAc),2H,0.%>*! The peripheral tert-
butyl groups were deprotected by treating M-9 (Scheme 3)
and M-10 (Scheme 4) with formic acid to give the hexa- and
octadecacarboxylates M-11 (M=2H) and M-12 (M=Zn) in
quantitative yields.

The photoreactivity of Zn"-11, Zn"-12, H,-11, and H,-12
was then probed in aqueous solutions at pH 7, 10, and 12. In
the ground-state spectra, in addition to the porphyrin (400
and 500-600 nm) and C4 (300-700 nm) centered features,
absorption signals were observed in the range beyond
700 nm in which neither the porphyrins nor Cy are known
to absorb. We therefore postulate a redistribution of charge
density in the ground state, that is, from the electron-donat-
ing porphyrins (i.e., ZnP®* or H,P>*) to the electron-accept-
ing Cy (i.e., Cg>"). Support for such a charge transfer came
from electronic coupling matrix elements that are as high as
400 cm . Fluorescence measurements provided a first look
into the magnitude of ZnP/Cy, or H,P/Cq, interactions. At
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M-9: R ={Bu
HCOOHE M=2H, Zn
M-11:R=H

M = 2H, Zn

Scheme 3. Preparation of M-11.

Scheme 4. Preparation of M-12.

any pH, sizeable interactions result in the quantitative
quenching of the ZnP (i.e., @, =0.04) as well as H,P (i.e.,
®p,,=0.11) fluorescence in Zn"-11, Zn"-12, H,-11, and H,-
12 (i.e., ~107%) in the 600-750 nm range and the formation
of charge-transfer emission (i.e., ~107°) in the 750-850 nm
range (Figure 3).

Transient absorption spectroscopy confirmed that, indeed,
a charge-transfer mechanism is operative in water at any of
the selected pH values. Immediately after laser excitation at
387 or 420 nm, the formation of the ZnP or H,P singlet ex-
cited states is found for Zn"-11, Zn"-12, H,-11, and H,-12.
In particular, we note characteristic absorption changes in
the 500-810 and the 1000-1200 nm regions. These include a
net decrease of the absorption around 540 nm, a region that
is dominated by strong ZnP and H,P ground-state absorp-
tions.*”! Figure 4 and Figure S1 in the Supporting Informa-
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Figure 3. Charge-transfer absorption (solid line) and emission (dashed
line) spectra of H,-11 recorded in aqueous buffer solution (pH 10) at
298 K; the excitation wavelength was 720 nm with an optical absorption
of 0.06.

tion illustrate that kinetically the ZnP and H,P singlet excit-
ed states of compounds M-11 and M-12 transform into new
sets of maxima over the course of 2 ps, unlike the ZnP and
H,P references. Such intrinsically fast deactivations reflect
the van der Waals separations between ZnP/Cg, and H,P/
Ce, which are augmented by strong electronic cou-
plings.[”"w’zz]

Spectroscopically, new features evolve in the visible
region (600-800 nm) and in the near-infrared region
(900 nm). The close resemblance of the near-infrared part
with the radiolytically and spectroelectrochemically generat-
ed spectrum of the one-electron reduced Cg, radical anion is
particularly important.*”! In the visible region, features be-
tween 600-800 nm relate to the one-electron oxidized ZnP
and/or H,P radical cations.[ "]

Time—absorption profiles corroborate that the radical ion
pair states are metastable regardless of whether ZnP (387
and 420 nm), H,P (387 and 420 nm), Cq, (387 nm), ZnP®*-
Cq~ (charge-transfer (CT) absorption), or H,P>*-Cy®>~ (CT
absorption) are excited. An interesting observation is that
the pH has no effect on the stability of ZnP'*-C4~ and
H,P't-Cq . But, unlike the assays in organic solvents (see
below) the decay depends strongly on the dendrimer gener-
ation and is multi-exponential. Two components are needed
to describe the H,P"*"-Cq'~ dynamics for H-11 (135 and
950 ps), H,-12 (50 and 520 ps), Zn"-11 (6 and 50 ps), and
Zn"-12 (25 and 275 ps).*™! These results imply that different,
concurrently formed MP'*-Cy,~ species with varying stabili-
ty are formed. A possible rationale involves the role of the
different dendrimer rotamers (i.e., first and second genera-
tion) as the NMR spectral characterizations suggest.

This led us to reexamine Zn"-9, Zn"-10, H,-9, and H,-10
by time-resolved transient absorption spectroscopy in organ-
ic solvents, exciting the samples at 387 or 420 nm. Through-
out the visible and near-infrared regions, the ZnP and H,P
singlet excited state fingerprints are discernable. The pres-
ence of Cy), nevertheless, causes a nearly instantaneous
decay of the ZnP and H,P singlet excited states. As the sin-

Chem. Eur. J. 2010, 16, 10797 -10807
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Figure 4. Top: differential absorption spectra (visible and near-infrared)
obtained upon femtosecond flash photolysis (420 nm, 100 nJ) of H,-11
(~107°wm) in argon saturated H,O (pH 10) with a time delay of 5 ps at
room temperature. Bottom: time versus absorption profile at 900 nm of
the spectra shown above, monitoring the charge separation and charge
recombination.

glet features fade, the signatures of the ZnP'*-C4~ and
H,P'*-C,,~ radical ion pair states arise in the visible (600
800 nm) and near-infrared (900 nm) regions. Likewise, excit-
ing the charge-transfer features, into the maximum of the
CT absorption, causes these to convert into those of the
ZnP'*-Cq'~ and H,P'*-Cy, radical ion pair states (Figure S2
in the Supporting Information). In organic solvents, the
decays of the radical ion pair states are strictly monoexpo-
nential and result in the quantitative regeneration of the
ground states."'”) Two factors (i.e., the nature of the donor
and solvent polarity) govern the dynamics. The longest life-
times are found, for example, for H,P"*-C4~ in toluene
(2200 ps for H,-9 and H,-10), whereas ZnP"*-C,~ exhibits
generally shorter lifetimes (375 ps in toluene for Zn"-9,
Zn"-10) and the shortest value in DMF (25 ps for Zn"-9,
Zn"-10).*) These values are in line with charge separation
and charge recombination dynamics in the Marcus-normal
and the Marcus-inverted regions, respectively.

Using the above information for Zn"-9, Zn"-10, H,-9, and
H,-10, we employed the relationship of radical ion pair state
lifetime, for the recovery of the ground state, versus polarity
to assess the solvent environment that the different dendri-
mer generations create in Zn"-11, Zn"-12, H,-11, and H,-12
(Figure 5).
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Figure 5. Dependence of dielectric constant versus charge recombination
rate constants in Zn"-9, Zn"-10 (o, solid line), H,-9, and H,-10 (e,
dashed line) to evaluate the environment of Zn"-11, Zn"-12 (w), H,-11,
and Hy-12 (@).

In doing so, we relate the long lifetime components to po-
larities of 3.6 (i.e., ZnP"*-Cy'~ in Zn"-11), 19.3 (i.e., ZnP'*-
Cg~ in Zn"-12), 6 (i.e., H,P""-C¢~ in H,-11), and 11 (ie.,
H,P'*-Cg'~ in H,-12). To address the question as to why the
first-generation dendrimer is apparently linked with a better
stabilization/lower “apparent” dielectric constant than the
second generation, we turned to quantum chemical calcula-
tions. Geometry optimizations suggest that the shielding ef-
fects of the electroactive moieties vary in the different con-
formers. The latter also affects the charge separation and
charge recombination dynamics. Due to the fact that the
photophysical studies were carried out in aqueous solution,
we have performed the molecular dynamics simulations in
an aqueous environment to shed light on the conformational
dynamics of Zn"-11 and Zn"-12.

These simulations reveal that atropisomerism is main-
tained in both Zn"-11 and Zn"-12, so that the atropisomers
are stable over the period of the simulations in water. More-
over, the position of the dendrimer relative to ZnP strongly
depends on the generation. In Zn"-11, the preferred confor-
mation brings both dendrimers above the ZnP plane and, in
turn, shields the latter. The distance between the mean por-
phyrin plane and central amide nitrogen atoms of the den-
drimer was wused to characterize the conformations
(Figure 6). In stark contrast, the size and the number of neg-
ative charges of the dendritic arms in Zn"-12 ensures inter-
actions with ZnP and Cg, in virtually all isomers. No prefer-
ence for either ZnP or Cg, shielding was, however, seen
throughout the entire simulation. Due to the high flexibility
of the second-generation dendrimer and the resulting inter-
actions with the hydrophobic sites, the formation of a cage-
like protecting shield around the molecule was found. The
compact arrangement forces donor-acceptor center-to-
center distances of around 6.0 A. Interestingly, this electron-
donor-acceptor distance is decreased by 1.0 A relative to
that in Zn"-11. The atropisomerism in Zn"-12 has no appre-
ciable impact on the relative conformation of the dendrim-
ers with respect to the ZnP plane. Shielding of ZnP or Cg,
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may thus occur independently of the position of the nitrogen
atoms relatively to the ZnP plane (Figure 7). Due to the in-
creased mean distance between the amide nitrogen atoms
and the ZnP plane, by almost 2 A, the formation of the
cagelike protecting shield around the whole molecule occurs
at the expense of shielding effects of the individual electro-
active moieties, that is, ZnP and C,.

Finally, to corroborate the concept of different shielding
effects rather than formation of micellar structures, conduc-
tivity and dynamic light scattering (DLS) measurements
were carried out with H,-11, Zn"-11, H,-12, and Zn"-12
(Figure S6 in the Supporting Information). Since the con-
ductivity scales linearly with concentration, micellar aggre-
gation is ruled out. Likewise, the volume density distribution
of Zn"-11 and Zn"-12 in a concentration range from 107 to
10~*m at pH 10 identifies the monomeric species (Figure S7
in the Supporting Information).

Conclusion

We have realized for the first time a series of truly water-
soluble, tightly coupled porphyrin/Cg, electron-donor—ac-
ceptor conjugates through tether-controlled synthesis and
facile, covalent introduction of Newkome-type dendrimers.
Full control over the charge-transfer chemistry, that is,
charge separation and charge recombination dynamics, is
achieved by modifying the nature of the dendrimer and/or
the choice of the central metal. Stabilization of the radical
ion pair states is maximized in H,-11 upon 1) the shielding
of the most susceptible moieties (i.e., H,P/ZnP versus Cy),
2) the larger donor—acceptor separation (i.e., first versus
second generation dendrimers), and 3)the use of the
weaker electron donor (i.e., H,P versus ZnP), whereas mi-
cellar aggregation has been excluded. From a broader per-
spective, we hope that our finding will provide the impetus
for probing charge-transfer-induced reactions with Cq and
related fullerenes under biologically relevant conditions.

Experimental Section

General remarks and experimental procedures are given in the Support-
ing Information.

Compound 4: 3-(2-hydroxyethoxy)benzaldehyde (10 g, 60 mmol), tert-
butyl-(2,3-formylphenoxy)acetate (14 g, 60 mmol), pyrrole (8.50 mL,
120 mmol), PPh,Cl (157 mg, 0.40 mmol), and ethanol (20 mL) were dis-
solved in CH,Cl, (3.50L). After addition of BF;Et,0 (1.50mL,
12 mmol) the solution was stirred for 30 min. DDQ (20 g, 90 mmol) was
added, the solution was stirred for 1 h, and the solvent was removed by
distillation. The crude mixture was purified by passing through a silica
plug and adjacent multiple column chromatography (SiO,, CH,CL/
EtOAc 8:2). The product was obtained as a violet solid in 2.70 % yield
(820 mg). '"H NMR (400 MHz, RT, CDCl,): §=-2.80 (br, 2H; NH), 1.40
(s, 18H; rBu), 4.05 (s, 4H; CH,), 4.34 (s, 4H; CH,), 474 (s, 4H; CH,),
7.33-7.88 (m, 16H; Ar-H), 896ppm (br, 8H; B-H); “CNMR
(100.5 MHz, RT, CDCL): 6=28.0 (1Bu), 61.5 (CH,), 65.7 (CH,), 69.4
(CH,), 824 (qC), 113.8, 114.1, 1144 (Ar-C), 119.6, 119.7, 120.9, 121.1
(meso-C), 127.6, 128.0, 128.4, 129.7 (Ar-C), 131.2 (B-C), 143.4, 143.5,
156.3, 157.0 (Ar-C), 168.0 ppm (C=0); IR (ATR): 7=713, 746, 774, 789,

Chem. Eur. J. 2010, 16, 10797 -10807
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Figure 6. Relative position (i.e., the distance of the dendrimer’s central amide nitrogen atoms to the ZnP plane) of the dendritic side chains towards the
porphyrin as a function of time in Zn"-11 (left). Corresponding average structures are displayed as insets (right).

801, 978, 1044, 1083, 1153, 1233, 1287, 1383, 1474, 1574, 1605, 1735, 2341,
2361, 2878, 2944, 2971, 3489 cm™'; UV/Vis (CH,CL): A (loge)=419
(5.48), 515 (4.18), 550 (3.77), 589 (3.77), 642 nm (3.46); MS (FAB, NBA):
miz: 995 [M*], 939 [M*—Bu], 883 [M*—2Bu].

Compound 5: Compound 4 (820 mg 0.83 mmol) and pyridine (167 uL,
2.08 mmol) were dissolved in CH,Cl, (350 mL). The mixture was cooled
in an ice bath and a solution of (218 uL, 2.08 mmol) in CH,Cl, (40 mL)
was added dropwise. After stirring for 12 h the solution was washed with
water, dried over MgSO,, and purified by column chromatography (SiO,,
CH,CIL/EtOAc 9:1). After recrystallization from n-pentane the product
was isolated as a violet solid in 90% (890 mg) yield. 'H NMR (400 MHz,
RT, CDCl;): 6=-2.80 (br, 2H; NH), 1.45 (s, 18H; rBu), 3.56 (s, 4H;
CH,), 3.83 (s, 6H; OCH,), 4.47 (m, 4H; CH,), 441 (m, 4H; CH,), 4.74
(s, 4H; CH,), 7.33-7.78 (m, 16H; Ar-H), 8.96 ppm (br, 8H, p-H);
BCNMR (100.5 MHz, RT, CDCL): 6=28.0 (fBu), 41.1 (CH,), 52.6
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(OCHs;), 63.8 (CH,), 65.7 (CH,), 65.8 (CH,), 82.4 (qC), 114.2, 114.3, 114.4
(Ar-C), 118.5, 119.6, 120.8, 121.1 (meso-C), 127.6, 128.1, 128.4 (Ar-C),
131.4 (B-C), 143.4, 143.5, 156.3, 156.7 (Ar-C), 166.5, 166.8, 168.0 ppm (C=
0); IR (ATR): #=735, 778, 805, 915, 976, 1076, 1152, 1228, 1349, 1368,
1436, 1578, 1579, 1737, 2341, 2360, 2970, 3320 cm™'; UV/Vis (CH,CL): 4
(loge) =420 (5.40), 514 (4.10), 549 (3.74), 590 (3.67), 645 nm (3.49); MS
(FAB, NBA): m/z: 1195 [M*], 1139 [M*—Bu], 1083 [M*—2¢Bu].

Compound 6: Compound 5 (890 mg, 0.74 mmol) was stirred overnight in
formic acid. After evaporation of the formic acid, the product was ob-
tained in 99% yield. 'H NMR (400 MHz, RT, [Dg]THF): 6 =—2.72 (br,
2H; NH), 3.42 (s, 4H; CH,), 3.83 (s, 6H; OCHs;), 438 (m, 4H; CH,),
451 (m, 4H; CH,), 4.82 (s, 4H; CH,), 7.37 (m, 4H; Ar-H), 7.65 (m, 4H;
Ar-H), 7.82 (m, 8H; ArH), 896ppm (m, 8H; B-H); CNMR
(100.5 MHz, RT, [Dg]THF): 6=41.3 (CH,), 52.2 (OCHj;), 64.3 (CH,),
65.5 (CH,), 66.9 (CH,), 115.0, 115.3 (Ar-C), 120.5, 120.7, 121.7, 121.8

www.chemeurj.org

— 10803


www.chemeurj.org

CHEMISTRY

T. Clark, A. Hirsch, D. M. Guldi et al.

A EUROPEAN JOURNAL

N\
el Nn.
oo Distance /A ol v b\‘/'/\\.r”h"\'\

2 -

(=]

o

n

op Distance/A

-2

4 6 8
Time/ns

BB Distance/A 0

2

10

-2 §
-4
P @ -« T
% . A
0 2 4 6 8 10
Time/ns

Figure 7. Relative position (i.e., the distance of the dendrimer’s central amide nitrogen atoms to the ZnP plane) of the dendritic side chains towards the
porphyrin as a function of time in Zn"-12 (left). Corresponding average structures are displayed as insets (right).

(meso-C), 1282, 128.4, 128.7, 128.8 (Ar-C), 131.3 (-C), 1442, 144.5,
157.9, 158.2 (Ar-C), 167.0, 167.2, 170.2 ppm (C=0); IR (ATR): #=735,
796, 900, 1216, 1228, 1365, 1435, 1507, 1738, 2341, 2360, 2970, 3015 cm™';
UV/Vis (THF): 4 (loge)=417 (5.56), 513 (4.27), 548 (3.93), 592 (3.75),
643 nm (3.75); MS (FAB, NBA): m/z: 1083 [M*].

Compound 2: Compound 6 (400 mg, 0.37 mmol) was dissolved in DMF
(150 mL). After cooling the solution in an ice bath, DCC (305 mg,
1.48 mmol), HOBt (200 mg, 1.48 mmol), and DMAP (9 mg, 0.08 mmol)
were added. The mixture was stirred for 1h before 7 (460 mg,
1.11 mmol) was added. After stirring for 24 h, the solvent was removed
by distillation and the residue dissolved in ethyl acetate. Precipitated
DCU was removed by filtration and the solution was washed with 10 %
citric acid solution, a solution of NaHCO; (8 %), brine, and water and
dried over MgSO,. Adjacent column chromatography (SiO,, CH,Cly/

www.chemeurj.org

10804 ——

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

ethyl acetate 8:2) gave the wine red product in 51% (360 mg) yield.
'HNMR (400 MHz, RT, CDCL): 6 =-2.81 (br, 2H; NH), 1.35 (s, 54H;
Bu), 2.05 (m, 12H; CH,), 2.25 (m, 12H; CHy,), 3.46 (s, 4H; CH,), 3.69 (s,
6H; OCH,), 439 (s, 4H; CH,), 4.58 (s, 4H; CH,), 4.61 (s, 4H; CH,), 6.81
(s, 2H; NH(C=0)), 7.33-7.88 (m, 16H; Ar-H), 8.87 ppm (m, 8H; -H);
BCNMR (100.5 MHz, CDCL,, RT): d=28.0 (Bu), 29.7, 30.0 (CH,), 41.1
(CH,), 52.5 (OCHL), 57.6 (CH,), 63.8 (CH,), 65.8 (CH,), 67.5 (CH,), 80.6
(10), 113.7, 114.3 (Ar-C), 119.3, 119.8, 121.0, 121.7 (meso-C), 127.6, 127.8,
1282, 128.9 (Ar-C), 131.1 (B-C), 143.5, 143.8, 155.5, 156.2, 156.7 (Ar-C),
166.5, 166.7, 167.1, 172.5 ppm (C=0); IR (ATR): #=777, 804, 847, 918,
997, 1101, 1150, 1216, 1229, 1366, 1435, 1524, 1599, 1736, 2341, 2361,
2970 ecm™'; UV/Vis (CH,CL): 4 (loge) =419 (5.56), 513 (4.24), 548 (3.90),
591 (3.75), 645nm (3.75); MS (FAB, NBA): 1876 [M*—2H], 1820
[M*—1Bu].
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Compound H,-9: Cq (123 mg, 0.17 mmol) was dissolved in toluene
(300 mL) and degassed with argon for 15 min. Compound 2 (207 mg,
0.11 mmol) and iodine (112 mg, 0.44 mmol) were then added. A solution
of DBU (66 uL, 0.44 mmol) in toluene (15 mL) was added dropwise and
the mixture was stirred for 2 d. The solution was concentrated and the
crude product was purified by column chromatography (SiO,, toluene/
ethyl acetate 7:3). After recrystallization from n-pentane the product was
obtained as a brown solid in 66% yield (190 mg). '"H NMR (400 MHz,
RT, CDCl,): 6=-3.04 (br, 2H; NH), 1.31 (s, 36H; rBu), 1.41 (s, 18H;
tBu), 2.00 (m, 12H; CH,), 2.20 (m, 12H; CH,), 3.91 (s, 6H; OCH,), 4.55
(m, 8H; CH,), 4.78 (m, 2H; CH,), 5.27 (m, 2H; CH,), 6.81 (m, 2H; NH-
(C=0)), 7.28-7.83 (m, 16H; Ar-H), 8.69 ppm (m, 8H; p-H); "C NMR
(100.5 MHz, RT, CDCl,,): 0=28.0, 28.1 (tBu), 29.6, 29.9 (CH,), 49.1
(CH,), 53.9 (OCH,), 57.6 (“C), 65.0 (CH,), 67.3 (CH,), 67.4 (CH,), 70.0,
70.7 (Cepsp’), 80.6 (UC), 113.5, 1154 (Ar-C), 119.5, 119.9, 121.0, 121.6
(meso-C), 123.8, 126.9, 127.8, 128.7 (Ar-C), 130.9 (p-C), 138.0, 138.1,
138.3, 139.0, 139.1, 139.7, 139.8, 139.9, 140.5, 140.6, 140.8, 141.0, 141.1,
141.3, 141.5, 141.6, 141.8, 141.9, 142.3, 142.4, 142.6, 142.8, 142.9, 143.1,
143.2, 143.3 (Cgy-sp?), 143.8, 143.9 (Ar-C), 144.2, 144.5, 144.7, 145.0 (Cg-
sp?), 155.3, 155.5, 156.7 (Ar-C), 163.5, 163.7, 166.9, 167.1, 172.5 ppm (C=
0); IR (ATR): #="735, 796, 900, 1092, 1216, 1228, 1365, 1435, 1508, 1738,
2341, 2360, 2970, 3004 cm™"; UV/Vis (CH,CL): 4 (loge) =260 (5.15), 320
(4.79), 426 (5.43), 518 (4.28), 594 (3.89), 651 nm (3.71); MS (FAB, NBA):
miz: 2595 [M*], 2539 [M*—tBu], 2483 [M*—2/Bu], 2427 [M*—-3(Bu], 720
[Ca'].

Compound Zn"-9: Compound H,-9 (100 mg, 0.04 mmol) and Zn-
(OAc),2H,0 (44 mg, 0.20 mmol) were dissolved in CHCl; (50 mL) and
heated at reflux for 3 h. Purification was carried out with column chro-
matography (SiO,, CH,Cl,/ethyl acetate 8:2) and recrystallization from n-
pentane. The product was obtained as a violet solid in 98% yield
(104 mg). '"H NMR (400 MHz, RT, CDCl;): §=1.28 (m, 32H; Bu), 1.29
(m, 24H; Bu), 1.85 (m, 6H; CH,), 1.87 (m, 4H; CH,), 2.07 (m, 10H;
CH,), 2.15 (m, 4H; CH,), 3.91 (s, 6H; OCH,), 4.35 (m, 4H; CH,), 4.48
(m, 4H; CH,), 4.76 (m, 2H; CH,), 5.15 (m, 2H; CH,), 6.56 (m, 1H; NH-
(C=0)), 6.63 (m, 1H; NH(C=0)), 7.36 (m, 2H; Ar-H), 7.59 (m, 6H; Ar-
H), 7.73 (m, 6H; Ar-H), 8.24 (m, 2H; Ar-H), 8.75 ppm (m, 8H; p-H);
C NMR (100.5 MHz, RT, CDCl,,): §=28.0, 28.1 (Bu), 29.6, 29.6 (CH,),
49.2 (CH,), 53.9 (OCH,), 57.7 (“C), 65.1 (CH,), 67.3 (CH,), 67.5 (CH,),
70.1, 70.7 (C%*-sp;), 80.6 (C), 113.5, 115.1 (Ar-C), 120.3, 120.5, 121.0,
121.3 (meso-C), 123.4, 126.8, 127.6, 128.6, 128.6 (Ar-C), 131.9 (B-C),
137.7, 137.9, 138.1, 138.4, 139.5, 138.7, 139.5, 139.6, 140.0, 140.7, 140.7,
140.9, 141.1, 141.2, 141.3, 141.4, 141.6, 141.8, 141.9, 142.0, 142.3, 142.6,
142.8, 143.4 (Cgy-sp?), 143.5, 143.9 (Ar-C), 144.1, 144.7, 145.0, 147.9 (Cg-
sp?), 149.9, 150.1 (a-C), 155.2, 155.4, 156.6 (Ar-C), 163.4, 163.5, 167.0,
167.1, 172.4 ppm (C=0); IR (ATR): 7=794, 845, 889, 935, 1001, 1029,
1060, 1093, 1108, 1153, 1216, 1228, 1366, 1434, 1508, 1523, 1737, 2341,
2360, 2944, 2970, 3004 cm™'; UV/Vis (CH,CL,): 1 (loge) =271 (5.28), 429
(548), 551nm (4.32); MS (FAB, NBA): m/z: 2657 [M*], 2320
[M*—6:Bu], 720 [Cst].

Compound 3: Compound 6 (500 mg, 0.05 mmol) was dissolved in DMF
(250 mL). After cooling the solution in an ice bath, DCC (380 mg,
1.84 mmol), HOBt (250 mg, 1.84 mmol), and DMAP (11 mg, 0.09 mmol)
were added. The mixture was stirred for 1h at 0°C before 8 (1.98 g,
1.11 mmol) was added. After stirring for 3 d, the solvent was removed
and the residual was dissolved in ethyl acetate. Precipitated DCU was re-
moved by filtration and the solution was sequentially washed with solu-
tions of citric acid (10%), NaHCO; (8%), brine, and water, and dried
over MgSO,. Adjacent purification by column chromatography (SiO,,
CH,Cly/ethyl acetate 8:2) and recrystallization from n-pentane gave the
red product in 64% (1.16 g) yield. "H NMR (400 MHz, RT, CDCl,): 6 =
—2.85 (br, 2H; NH), 1.35 (s, 162H; tBu), 1.92 (m, 40H; CH,), 2.14 (m,
56H; CH,), 3.44 (s, 4H; CH,), 3.67 (s, 6H; OCHj;), 4.39 (m, 4H; CH,),
4.55 (m, 8H; CH,), 6.10 (m, 6H; NH(C=0)), 7.32 (m, 2H; Ar-H), 7.33
(m, 2H; Ar-H), 7.60 (m, 6H; Ar-H), 7.66 (m, 6H; AR-H), 7.81 (m, 2H;
Ar-H), 8.84 ppm (m, 8H; B-H); "C NMR (100.5 MHz, CDCl,;, RT): =
28.0 (rBu), 29.8, 29.9 (CH,), 31.7, 31.9 (CH,), 41.1 (CH,), 52.5 (OCH,),
57.5,58.1 (qC), 63.8 (CH,), 65.9 (CH,), 67.4 (CH,), 80.5 (“C), 114.3, 115.3
(Ar-C), 119.5, 119.7, 120.3, 121.0 (meso-C), 127.6, 127.8, 128.1, 128.8 (Ar-
C), 131.0 (B-C), 143.6, 155.7, 156.8 (Ar-C), 166.5, 166.7, 167.1, 172.3,
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172.7 ppm (C=0); IR (ATR): #=735, 781, 900, 1092, 1152, 1216, 1228,
1365, 1435, 1508, 1522, 1738, 2341, 2361, 2945, 2970, 3015 cm™'; UV/Vis
(CH,CL,): 4 (loge)=418 (5.56), 513 (4.21), 547 (3.83), 592 (3.83), 647 nm
(3.83); MS (FAB, NBA): m/z: 3927 [M*], 3871 [M*—1Bu].

Compound H,-10: Cg, (110 mg, 0.15 mmol) were dissolved in toluene
(300 mL) and degassed with argon for 15 min. Compound 3 (400 mg,
0.10 mmol) and iodine (105 mg, 0.40 mmol) were then added. DBU
(62 uL, 0.40 mmol) dissolved in toluene (20 mL) was added dropwise
over 30 min. After stirring for 2 d, the solution was concentrated and pu-
rified by column chromatography (SiO,, toluene/ethyl acetate 1:1). Adja-
cent recrystallization from n-pentane yielded the product in 65%
(308 mg) yield. 'H NMR (400 MHz, RT, CDCl,): 6 =—3.05 (br, 2H; NH),
1.33 (m, 162H; rBu), 1.89 (m, 35H; CH,), 2.13 (m, 61H; CH,), 3.90 (m,
6H; OCH;), 4.51 (m, 8H; CH,), 4.77 (m, 2H; CH,), 5.15 (m, 2H; CH,),
6.04 (m, 6H; NH(C=0)), 7.26 (m, 2H; Ar-H), 7.55 (m, 2H; Ar-H), 7.63
(m, 6H; Ar-H), 7.74 (m, 6H; Ar-H), 8.23 (m, 2H; Ar-H), 8.67 ppm (m,
8H; B-H); CNMR (100.5 MHz, RT, CDCl;): 6=28.0 (1Bu), 29.8, 29.9
(CH,), 31.7, 31.9 (CH,), 49.1 (CH,), 53.8 (OCH,), 57.5, 58.1 (“C), 65.0
(CH,), 67.4 (CH,), 67.6 (CH,), 70.0, 70.7 (Cg-sp’), 80.5 (C), 115.0, 115.4
(Ar-C), 119.6, 120.4 (meso-C), 123.8, 126.9, 127.8, 128.7 (Ar-C), 130.8 (-
C), 137.8, 138.0, 138.3, 139.1, 139.7, 139.9, 140.4, 140.9, 145.0, 141.1, 141.3,
141.5, 141.6, 141.8, 142.0, 142.3, 142.3, 142.4, 142.6, 143.2, 143.3 (Cg-sp?),
143.6 (Ar-C), 143.9, 144.1, 144.5, 144.9, 147.8 (Cg-sp®), 155.5, 155.9, 156.7,
156.9 (Ar-C), 163.5, 163.6, 167.7, 172.3, 172.7, 173.0 ppm (C=0); IR
(ATR): 7=734, 797, 846, 900, 1105, 1152, 1216, 1228, 1366, 1455, 1508,
1523, 1737, 2341, 2360, 2945, 2970, 3004 cm™'; UV/Vis (CH,CL): 4
(loge) =260 (4.95), 320 (4.64), 426 (5.15), 517 (4.02), 551 (3.81), 592
(3.81), 645 nm (3.68); MS (FAB, NBA): m/z: 4643 [M*], 4586 [M*—(Bu],
720 [

Compound Zn"-10: Compound H,-10 (150 mg, 0.03 mmol) and Zn-
(OAc),2 H,0O (35 mg, 0.10 mmol) were dissolved CHCl; (50 mL) and
heated to reflux for 3 h. After purification by column chromatography
(SiO,, CH,Cl,/ethyl acetate 6:4), the violet product was recrystallized
from n-pentane and obtained in 73% (103 mg) yield. 'H NMR
(400 MHz, RT, CDCl;): 6=1.15 (s, 28H; rBu), 1.27 (s, 102H; Bu), 1.39
(s, 32H; CH,), 1.67 (m, 32H; CH,), 1.93 (m, 52H; CH,), 2.14 (m, 12H;
CH,), 3.90 (m, 6H; OCH,), 4.51 (m, 8H; CH,), 473 (m, 2H; CH,), 5.16
(m, 2H; CH,), 5.77 (m, 1H; NH(C=0)), 5.94 (m, 4H; NH(C=0)), 6.02
(m, 1H; NH(C=0)), 7.27 (m, 2H; Ar-H), 7.54 (m, 2H; Ar-H), 7.54 (m,
2H; Ar-H), 7.62 (m, 2H; Ar-H), 7.70 (m, 2H; Ar-H), 7.72 (m, 4H; Ar-
H), 8.19 (m, 4H; Ar-H), 8.69 ppm (m, 8H; p-H); *C NMR (100.5 MHz,
RT, CDCLy): 6=27.8, 27.9, 28.1 (rBu), 29.2, 29.5, 29.6, 29.8 (CH,), 30.9,
31.7, 32.1 (CH,), 49.1 (CH,), 53.4 (OCH,), 57.5, 57.7, 57.8 (“C), 65.0
(CH,), 67.2 (CH,), 67.3 (CHy,), 67.0, 70.7 (Cg-sp*), 80.5 (1C), 115.0, 115.4
(Ar-C), 120.2 (meso-C), 123.8, 127.0, 127.4 (Ar-C), 131.4 (B-C), 137.9,
138.3, 138.8, 139.7, 140.0, 140.5, 140.9, 141.1, 141.3, 141.6, 141.8, 142.0,
142.3, 142.3, 143.0 (Cyy-sp?), 143.3 (Ar-C), 144.2, 144.4, 144.9, 145.1, 147.7
(Cgosp?), 149.7 (a-C), 155.2, 156.5 (Ar-C), 163.6, 163.7, 168.1, 172.3,
172.5, 172.7 ppm (C=0); IR (ATR): 7=794, 847, 952, 1000, 1106, 1152,
1216, 1228, 1366, 1435, 1455, 1522, 1737, 2341, 2360, 2944, 2970 cm™;
UV/Vis (CH,CL): 4 (loge)=260 (5.09), 318 (4.75), 433 (5.44), 555 nm
(422); MS (FAB, NBA): m/z: 4706 [M*], 4640 [M*—Bu], 4594
[M*—2:Bu], 720 [Cqt].

Water-soluble derivatives: General procedure for the synthesis of the
water-soluble dendritic porphyrin-fullerene dyads: Dyads M-9 (M=2H)
or M-10 (M =Zn) were dissolved in 99 % formic acid and stirred at room
temperature for 24-36 h. The acid was evaporated, the residue was dis-
solved in THF or DMF, respectively, and recrystallized from n-pentane.

Compound H,-11: The brown product was isolated in 97% yield.
'HNMR (400 MHz, RT, [Dg]THF): 6=-2.96 (br, 2H; NH), 2.06 (m,
12H; CH,), 2.25 (m, 12H; CH,), 3.89 (m, 6H; OCHj;), 4.58 (m, 8H;
CH,), 478 (m, 2H; CH,), 5.07 (m, 2H; CH,), 6.82 (s, 1H; NH(C=0)),
6.99 (s, 1H; NH(C=0)), 747 (m, 6H; Ar-H), 7.64 (m, 4H; Ar-H), 7.78
(m, 2H; Ar-H), 7.84 (m, 2H; Ar-H), 8.28 (m, 2H; Ar-H), 8.73 ppm (m,
8H; B-H); "CNMR (100.5 MHz, RT, [D]THF): 6=27.8, 30.5 (CH,),
50.6 (CH,), 54.0 (OCH,), 58.1 (CH,), 71.2, 71.8 (C-sp’), 114.4, 115.7
(Ar-C), 120.7, 122.0, 122.4 (meso-C), 127.3, 128.3, 128.6, 129.0 (Ar-C),
131.7 (B-C), 138.3, 138.7, 138.8, 138.9, 140.2, 140.4, 140.6, 140.7, 141.4,
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141.6, 142.1, 142.4, 142.6, 142.6, 142.9, 143.2, 143.3, 143.6, (Cq-sp?), 143.7,
143.9 (Ar-C), 144.5, 144.6, 145.4, 145.6 (Cg-sp®), 157.2, 158.2 (Ar-C),
163.7, 167.3, 167.6, 174.5, 174.6 ppm (C=0); IR (ATR): #=728, 798, 917,
977, 1053, 1107, 1181, 1233, 1348, 1381, 1430, 1531, 1576, 1650, 1705,
1740, 2156, 2239, 2341, 2360, 2879, 2954, 3029 cm™'; UV/Vis (H,0): 1
(loge) =322 (4.67), 425 (5.14), 522 (4.07), 558 (3.80), 589 (3.75), 644 nm
(3.51); MS (FAB, NBA): m/z: 2258 [M*], 720 [C4*].

Compound H,-12: The product was obtained in 96% yield as a brown
solid. '"H NMR (400 MHz, RT, D,0/[D¢]DMSO): ¢ =1.73-2.00 (br, 96 H;
CH,), 3.80 (br, 6H; OCH,), 4.66-5.51 (br, 12H; CH,), 7.02-8.63 ppm (br,
26H; Ar-H, B-H); *CNMR (100.5 MHz, RT, D,0/[Ds]DMSO): §=29.6,
30.3, 31.2 (CH,), 57.7 (“C), 70.5 (Cgy-sp>), 143.7 (Ar-C), 174.0, 176.8 ppm
(C=0); IR (ATR): #=729, 797, 887, 977, 1055, 1108, 1217, 1266, 1349,
1381, 1431, 1526, 1575, 1601, 1645, 1698, 1741, 2168, 2341, 2360, 2580,
2922, 2954, 3030 cm™'; UV/Vis (H,0): 4 (loge) =318 (4.49), 425 (5.04),
520 (3.93), 556 (3.75), 587 (3.62), 642 nm (3.45).

Compound Zn"-11: The product was gained in 98% yield as a violet
solid. '"HNMR (400 MHz, RT, [Dy]THF): 6=2.05 (m, 12H; CH,), 2.25
(m, 12H; CH,), 3.92 (m, 6H; OCH,), 4.54 (m, 8H; CH,), 4.79 (m, 2H;
CH,), 5.12 (m, 2H; CH,), 6.79 (s, 1H; NH(C=0)), 6.89 (s, 1H; NH(C=
0)), 7.36 (m, 6H; Ar-H), 7.60 (m, 4H; Ar-H), 7.77 (m, 2H; Ar-H), 7.86
(m, 2H; Ar-H), 8.25 (m, 2H; Ar-H), 8.73 ppm (m, 8H; f-H); C NMR
(100.5 MHz, RT, [Dg4]THF): 0=28.5, 304 (CH,), 50.5 (CH,), 53.9
(OCH,), 58.1 (CH,), 71.1, 71.8 (Cg-sp®), 114.0, 115.2 (Ar-C), 121.2, 121.3,
122.4 (meso-C), 127.5, 127.7, 127.9, 129.0 (Ar-C), 132.0 (B-C), 138.4,
138.8, 138.9, 139.0, 139.9, 140.6, 140.7, 141.5, 141.6, 142.1, 142.2, 142.3,
142.5, 142.6, 142.6, 142.9, 143.2, 143.6, (Cg-sp?), 143.7, 143.9 (Ar-C),
144.6, 145.3, 145.4, 145.6, 145.7, 145.8, 146.0 (Cg-sp?), 151.0, 151.1 (a-C),
156.8, 156.9, 157.9 (Ar-C), 162.1, 163.8, 167.2, 167.6, 174.5 ppm (C=0);
IR (ATR): 7=795, 888, 932, 1001, 1061, 1092, 1216, 1229, 1365, 1434,
1541, 1738, 2341, 2359, 2943, 2970, 3015 cm™'; UV/Vis (H,0): 4 (loge)=
262 (5.25), 322 (4.77), 435 (5.25), 561 nm (4.19); MS (FAB, NBA): m/z:
2321 [M*], 720 [Cg]-

Compound Zn"-12: The product was obtained in 99 % yield as a violet
solid. '"H NMR (400 MHz, RT, D,0): 6=1.85-2.41 (br, 96H; CH,), 3.95
(br, 6H; OCH;), 7.25-9.33ppm (br, 26H; Ar-H, B-H); “CNMR
(100.5 MHz, RT, D,0): 6=30.4, 31.1, 31.8, 32.0 (CH,), 58.7 (“C), 120.4
(meso-C), 128.5 (Ar-C), 131.9 (Ar-C), 140.8, 141.2, 141.6 (Cgysp?), 143.2
(Ar-C), 150.0, 150.1 (a-C), 165.3, 175.2, 175.4 ppm (C=0); IR (ATR): =
735, 793, 897, 999, 1093, 1206, 1216, 1228, 1365, 1455, 1488, 1557, 1647,
1738, 2341, 2360, 2945, 2970, 3016, 3446 cm™'; UV/Vis (H,0): 1 (loge)=
262 (5.17), 317 (4.66), 435 (5.32), 559 nm (4.09); MS (FAB, NBA): m/z:
3695 [M™].
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