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Novel bidentate bis-(benzimidazolium) receptor @ming pyrene as fluorescent signaling

DOI: 10.1039/x0xx00000x units has been synthesized. Fluorescent and NMBtispEopy studies reveal that this recepto.
exclusively recognizes sulphate and hydrogenpyrephate in the competitive water-DMSO
(1:9) medium; significant downfield shifts were @bbged for the C(2)-H protons of both the
imidazolium groups, and appreciable downfield shiftere also observed for the inner
naphthalene protons indicating their participatiorhydrogen bonding with anions along with
the C(2) imidazolium protons. The calculated asstieh constants fromtH NMR and
fluorescence titrations demonstrate that the rewepbinds sulphate stronger than
hydrogenpyrophosphate anions

www.rsc.org/

Introduction end capped with a photoactive pyrene ring. Thisrasensor
molecule only recognizes sulphate and hydrogenghosphate
The design and synthesis of receptors and sensanions has gnions in aqueous solvent media (DMS@9:1).
received considerable attention in recent yearscamtinues to Hydrogenpyrophosphate (H®,%) plays an important role in
be highly topical’! Anions play a very important role inenergy transduction in organisms. ATP hydrolysisthwhe
biology?, pharmac§’ and environmental process¥s. concomitant release of pyrophosphate, is centralm@any
Hydrogen bonding has been the most popular interactsed pigchemical reactiond” Telomerase (a biomarker for cancer
in the design of neutral anion receptors by thézation as diagnosis) activity is measured by evaluating theoant of
binding sites of ured$, thioureas amides! guanidine¥! yrophosphate in the PCR amplification of the tetcase
pyrroles® and imidazolds” moieties among others.glongation produdt®’ Furthermore, a high level of
Additionally electrostatic, Lewis acid-ba§¢ and more pyrophosphate in synovial fluids is correlated talcim
recently, anion interaction§? and halogen bondifig have pyrophosphate dehydrate disease (CPDD), a rheungitol
all been exploited in the construction of a wideriety of gisorder!® Therefore, the detection and discrimination o thi
highly efficient receptors for anions. anion has been the main focus of the effort of sBvwesearch
The combination of the electrostatic and hydrogemding groups. However, very few examples of effectiveestve
interactions have demonstrated to be a good syrdteganions flyorescent chemosensBPshave been reported so far. To date:
recognition. In particular, imidazolidf! and triazoliut®  several different heterocyclic ring systems coritajra pyrrolic
have proved to be potent CH hydrogen bonding domaiifs as  NH group have been reported in the literature agrdgen-
anion recognizing sites to be incorporated into evolar pond donors to anions, bis(imidazol&%), and imidazole
receptor framework by virtue of the positive cha@ed the gerivatived?d
presence of relatively acidic C-H groups. Howeverthe best The development of sulphate selective anion recspte
of our knowledge, receptors with pure neutral Ckbéiding cyrrently an area of intense interest due to thgoitant roles
donor motifs have not yet been exploited for theppse of this anion plays in biological systems and disB3sand the
oxoanions recognitioH?l In this context, we are interested irhppreciation of the role they could play in radibse waste
pursuing this goal to create receptors in whickedelity arises remediatiod? Considerable effort has been devoted to t'.=
from the combined intrinsic anion preference of tdistinct synthesis of receptors that might allow the remadasulfate
cationic and neutral CH hydrogen bond interactiois. report from the highly basic nitrate-rich mixtures proddcéy
here the synthesis and a comparative study ofrttenaensing pretreatment of the original radioactive waste wWithOH !
properties of a novel charge-assisted bis-(benzimulium) consequently, one of the current challenges in ranic

receptor where a naphthalene spacer group is dedowsith recognition chemistry involves the preparationexdaptors that
two arms containing as binding site benzimidazoliomotif,
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show high sulfate/nitrate selectivi®! Sulfate recognition in anions to solutions of the receptors in DMSO andSIVD;O
aqueous media is difficult because of its high hyidn energy 9:1. - B o o .
(AG= -1080 kd/mols -300 kd/mol for nitrate?” and extreme Receptor 5-2PFR;~ exhibits the characteristic signals

L - . corresponding to the naphthalene ring: one sirafiét= 7.95
hydrophilicity according to the Hofmeister serfés. ppm and two doublets arouril= 7.5 -7.7 ppm and the end-
capped pyrene rings: complex set of signals irrdinged = 8.0
ppm & = 8.6 ppm. Additionally the methylene protons bét
two arms naphthalenekG-imidazolium ring and pyrenedy-
imidazolium ring appear as two different singletsda= 5.88
ppm andd = 6.57 ppm respectively, whereas the imidazolium
The bis-(benzimidazolium) target receptor derivai¢"-2PF,  Protons appear as a singletdat 9.83 ppm. Although théH
has been prepared in a 31% overall yield by a sspwNMR spectra of receptd®”- 2PR~ in DMSO-d; and DMSO-
procedure which involves initial reaction of H4 dG/Dzo 9:1 are Vel’y Similar, |t iS necessary to Underﬁhat in
benzo{j]imidaz(ﬂe 1 with 1_(Br0momethy|)pyrene2 in the aqueous SOIVent mixture the imidazolium prOt(Wm’e
acetonitrile in 1:1 molar ratio in the presenceaddlight excess absent.
of NaOH to give the pyrenemethyl benzimidaz8lén 73% The addition of increasing amount of $Canions to a solution
yield. Subsequent reaction of two equiv of compo@naith ©Of the receptoi5**-2PF;” in DMSO-d; promote an important
2,7-Bis(bromomethyl)naphthalene in acetonitrile miflux @and progressive downfield shifts for the signaresponding to
temperature afforded the bis-(benzimidazoliwtf) as bromide the imidazolium protons frord = 9.83 tod = 11.58 ppm4d =
salt in 42% yield, which was readily converted itite desired 1.75 ppm) and the Hprotons of the naphthalene central ring
5°*.2PFK; in quantitative yield by several washings wittirom & = 7.95 tod = 8.62 ppm 43 = 0.67 ppm) indicating a
aqueous NKPF; (Scheme 1). All the prepared compounds haglifect interaction of the SO anions with these protons. The
been fully characterized using standard technigliésNMR, naphthalene-By-imidazolium and pyrenedd,imidazolium
13C NMR and FAB mass spectrometry. protons were also downfield shifted although irslestension

(Ad = 0.1 ppm) (Figure 1). Similar changes were obsgafter
O addition of HRO;> anions although all the signals were
O’ considerably broader than 5" SQ,* (See SI).
L we O
N NaOH
by so
Qr :
1 2 /
N N d EE2
3 00 /b O S0
&
r
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Results and discussion

Synthesis

— A 0 equiv.

OO Br Br QC 0.2 equiv.

Q QO s - 0.4 equiv.
N + N* :
N Ny ——— 0.6 equiv.

. 0.8 equiv.
4%-2Br S =S 1\~ 11\
N 1.2 equiv.
NHPFs | CHyCly/H,0 18 114 110 106 102 98 94 90
O 5 (ppm)
PFe PFe’ . a
y 3~ s
| |
o S A s
N Ny I 'AJ.AJN\‘HP e 0.2 equiv.
52*-2PFg" - i\ MU‘J\"J ) K' .
. . I . —— - 0.6 equiv
Scheme 1 Synthesis of the bis-(benzimidazolium) receptor *J""h”“'mw‘f" - . 0.8 equiv
2 - i fif ’ .
52+, 2PF;. )\‘JL’W:“ i‘l"‘ﬁml S — 1.0 equiv.
M S o 1.2 equiv.
Anion binding studies "86 82 78 74 70 66 62 58
5 (ppm)

The anion binding properties of the recepsbt 2PR; toward

HP,0,*, H,PO,~, SO, HSQ, NOs~, F, CIT, Br, I, AcO,, Figure 1. IH NMR spectral changes observed in receptor

ClO,, BF,” and GHsCO,™ anions as tetrabutylammonium salb”" 2PFs” (¢ = 1 x 10° M in DMSO-dg) during the addition of

and the organic phosphate derivatives ATP, ADP AP as Up to 1.2 equiv of Sg" anions.

sodium salt, was initially investigated usifid NMR titration

experiments through the addition of aliquots of titfierent The sameH NMR titration experiments were also carried ou’
in the more competitive medium DMS@/D,0 9:1, the most
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noticeable changes upon addition of ;AF anions to a aqueous mixture DMSOM® 9:1 toward the previously
solution of5**- 2PR;” in DMSO-d¢/D,0 9:1 were the downfield mentioned set of anions.

shift of the H naphthalene proton€l¢ = 0.54 ppm), and the 115 absorpti -
. . . ption spectrum of recepi- 2PFR; in DMSO/H,0O
methylene protons in the arm naphthaleté&-@nidazolium 9:1 shows the characteristic pyrene absorption batd =

ring (Ad = 0.1 ppm). Unlike the shifts observed in DMS§)-d )
addition of HRO,* anions to the recept@z*-ZPFs' practically 268, 279, 316, 331 and 347 and are collected inTtdade 1.

does not affect to the pyrenddGimidazolium protons (See The addition of the above-mentioned set of aniona $olution
SI). As expected, addition of SO anions induces similar of the recepto5?*-2PFy (2.5 x 10° M in DMSO/H,O 9:1)
changes than those observed after addition gfxfPanions to proved that only the addition dfiP,0;> and SQ promotes
the receptoB®”- 2PF; in the same solvent. small changes in the UV-vis spectrum of receptohe T
Interestingly addition of even a large excess g¢f®,’, HSQ,,  apsorption bands of the recepgt-2PF, atA = 268, 279, 331
NO;', F, CI, Br, I, AcO, CIO,", BFy", GHsCO, ATP, ADP g4 347 nm gradually decreases during the addifidtiP,0,*
and AMP ions to a solution 08°"-2PF" in DMSOds Of ang SQ anions with concomitant increase of the band & 31
DMSO-de/D,0 9:1 did not induce significant changes in tHe ,m (Table 1), two clear isosbestic pointd at 282 and 326 nm
NMR spectra of the receptor. were observed during the titration, indicating tbemation of a
Job plot analysis of the titration data of the moe5**-2PR;" well-defined host-guest species (Figure 3). Duehi® small
with SO, and HRO,* anions in DMSQds and DMSO#l/D,0 changes observed in the UV-vis spectrum it wasponssible an

9:1 revealed a 1:1 receptor to anion binding stoimletry accyrate determination of the association constasitsg this

(Figure 2). technique.
0035 - Table 1. UV-Visible data of 5°*2PF, 5" HP,0,> and
' S 5**. SO in DMSO/H,0 9:1.
0.030 1 e [ Compound AmaxNM](1072 g[M - cm™])
_ 0.025 1 . | .
§ 0,020 1 ’ I 52*. 2Py 268 (74.92), 279 (101.16), 316 (22.84),
E 0.015 1 | 331 (51.32), 347 (73.60)
= 0,010 | | 52 PO 268 (65.08), 279 (88.12), 316 (26.72),
0.005 - | 2> 331 (49.84), 347 (66.36)
0.000 | l . 52", 50 268 (63.00), 279 (87.48), 316 (21.08),
0.2 0.4 0.6 0.8 1.0 331 (47.64), 347 (67.84)
X
Figure 2. Job Plot experiment with a maximum at 0.5
indicating 1:1 stoichiometry for receptst"- 2PF, and SQ* in i
DMSO-d¢/D,0. 25 1
The association constants were obtained by fittiegtitration
data to a 1:1 host-guest binding model using th 20 l
WInEQNMR?! program. The association constants obtaine
for the recepto5?- 2PR~ with SO and HBO;* anions in
DMSO-ds were above of the limits of the progragg > 10" M- 151
1 nevertheless titration data obtained in the nmoepetitive §
solvent medium (DMS@}/D,0 9:1) allowed the calculation of 10 T
the association constants of the recefor2PR;~ with SO,
anions K = 1835 + 167 M) and with HBO,> anions K = 374
+ 2 M?). Interestingly, it is noticeable that the resdlte 951
association constant for $Oanions is almost five times bigger
than for HRO;* anions. 00 . ' . . .
3lp spectral changes were also studied after addifidnequiv 260 280 300 320 340 360

2+ - ; 3 ; ; A (nm)
of the receptol5™ 2P to a solut|0n310f HEO,™ anions in Figure 3. Changes in the absorption spectra of recep.:
DMSO'd@ and DMSOdG/Dzo 91 The P NMR Spectrum Of 52+_2PF6- in DMSO/"'zO 91 (25>( 1(? M) Upon addition Of

the HRO;* shown a single peak in both solvents which wa$p,0,% anions at 20 °C. Arrows indicate the absorptidret t
shifted Ad = -1.80 ppm and\d = -2.48 ppm after addition of increase or decrease during the titration.

one equivalent of the receptéf'-2PFRs to a solution of the

anions in DMSOdg; and DMSOe/D,0 9:1 respectively. Recept0t52+-2PF5' exhibits a weak fluorescence in DMSQUH
The Sensing properties of recept(ﬁz"'.zPFB' was also 9:1 when excited al\exc = 360 nm. The emission SpeCtI’urn

investigated by UV-vis and fluorescence measuresanthe SNOWs the typical pyrene monomeric emission bandsza, -
397 and 418 nm, and another broad red-shifted ar

structureless band with a maximum at 481 nm asdrtbethe

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3
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pyrene excimer emission. The calculated quantunidyier [a] Ratio between the fluorescence intensity lat= 481 nm
receptor5**-2PR; was ¢ = 0.024 and the ratio between thafter the addition of Hf®;*>~ and S@* anions to the receptor.
excimer and monomer emission bands wds, |= 0.29 (Table [b] Ratio betweend/,, after the addition of H®;*>~ and SGQ*
2). anions to the receptor. [c] Ratio of the quantumld/id after
Emission binding studies of the recept&* - 2PR  in the addition of HRO;>~ and SQ* anions to the receptor.
DMSO/H,0 9:1 (c = 2.5-18 M) with the same set of anions

were performed and a sizable fluorescence intens 307 HP0*

enhancement of the monomer and the excimer bandownlg

observed upon addition of H®;> and SQ* anions (Figure 4). E 25
§ 2,0
300 1 &
o 15
= ATPADP HPOS  g2e0pp- prcoor
250 4 10 HSO,/AMP  AcO BFy  ClO,NOy Br CI' I' p
Figure 5. Normalized fluorescence intensity g)/lof receptor
200 1 5°".2PFs atA = 481 nm in DMSO/EO 9:1, with respect to the
free receptor, after addition of up to 20 equiwseferal anions.
'5 150 4 Emission is monitored at,,. = 360 nm.
Specfif?!! analysis of the fluorogenic response53t-2PFR; in
100 DMSO/H,0O (9:1) with HBO;> and S@ anions reveal an
association constar¢ for SO (K = 2100 MY considerably
50 stronger than the calculated for #7° anions K = 357 M%)
which is in agreement with the association constaatculated
o _ previously by'H NMR.
T T T T T ' The calculated detection limits for B> and SG* anions in
400 450 500 550 600 650 DMSO/H,O 9:1 were: 2.69-10 M for HP,0O,*> anions and
A (nm) 1.22-10 M for SQ,? anions.

The receptos™ 2PRK; can be used as fluorescent “naked eye”
. . hemosensor molecule for HB*~ and SG* anions due to the
Figure 4. Changes in the fluorescence spectrum of recep : ] N
5. 2PFR; (2.5 x 10° M) in DMSO/H,0 9:1 upon addition of (F{:gr]iz::ee)of the fluorescence intensity of the ercirband
SO,2 anions at 20 °C. A\ = 360 nm ). Arrows indicate the '
emission that increase during the titration.

Addition of HRO;> and SQ@ anions promotes a clear
perturbation of the emission spectrum of the remefirstly, it
undergoes a remarkable increase of the quantund fyiem
0.024 to 0.058 and 0.042 after addition of 8 and SQ*
anions respectively. Secondly, the ratio betweenritensity of
the excimer and the monomer bands increases frdf, O.
corresponding to the free receptor to 0.41 fop® and 0.43
for SO;* anions. Thirdly, the ratio between the intensitythe
host-guest (HG) and the receptor (R)s(lg) atA = 481 nm for

HP,0,* and SQG increases 2.77 and 2.36 fold, respectivefydure 6. Visual changes in the fluorescence emission cf
(Table 2 and Figure 5). The increment of the flsoemce [€C€PIOS™ 2PF " (a) in DMSO/RO (9:1) after addition of (b)

3 5 - v
intensity, especially in the monomer emission barigsthe HP207, (c) SQ7, (d) ATP, (e) ADP, (f) HPO,", (9) HSQ
result of the rigidity effect causes by the aniwordination and (h) AMP anions
which reduces the number of available vibrationaid a

rotational non-radiative decay procesS8sin addition, the ' &KII 2 _ 2 3
presence of the anion induces a intramolecmarinteraction titrations data of the receptbr™- 2Pk, with SQ;” and HRO;

between the two pyrene units and as a consequemEe atnio_ns, we t_entatively propose binding mpdes likese
enhancement of the excimer band with the additibrthe Outlined in Figure 8. In the case of $Oanions the two

anions is higher than the monomer band (Table 2). nega_tiv_e oxygen atoms S-Oare bonded to the o
benzimidazolium rings of the receptor. The coopeeaaction

Table 2. Ratio of different parameters of the emission spec g:léheo;':yggfr gr__o(r)na:g:irﬂrc')ort:oen ?Iuteheb?r?cri)igéhaljel‘netk:g]grecepto

2+ - s 3— -
of receptor5~"-2PF,~ after addition of HEFO;” and S@ 52*.2PF;- with SQ2 anions. In the case of the p@2% anion,

Taking into account the results obtained frolid NMR

anions in DMSO/HO (9:1). we propose a similar binding mode in which, the two
Compound | Iye/Ir® | (e/tm)uc/(e/lvm)R™ | ®uc/®R | benzimidazolium rings are bonded to the two negatixygen
52+ atoms of the P P-O of the HBO;*>~ while the other oxygen
HP,O* 2.77 1.41 2.41 atom of the P=O group is simultaneously bonded dth b,
5. S0 536 148 175 inner aromatic protons of the naphthalene ring.

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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Figure 8. Proposed binding mode for recep&i: 2PR~ with
SO,% and HRO,> anions

Conclusions

The synthesis of a novel fluorescent bis-benzinotam
chemosensor molecule has been achieved where ¢habpte
spacer group is decorated with two arms contaiaisdpinding
site an unsubstituted benzimidazolium motifs, eagped with
a photoactive pyrene ring. UV-vis and

Organic & Biomolecular Chemistry

stated in the text and in the corresponding figuagtions, using
a dissolution cell with 10 mm pathlength, and thegre
recorded with the spectra background correctedrbefnd after
sequential additions of different aliquots of ar@orMass
spectrometry was recorded on an HPLC-MS TOF instntm
using positive ionization. Quantum yield values @&vareasured
with respect to anthracene as standapd=(0.27+0.01) using
the equationp,/d, = (S/Sy) [(1-10%%)/(1-10)](n/n,?), where

x and s indicate the unknown and standard solution
respectively, F is the quantum yield, S is the auader the
emission curve, A is the absorbance at the excrtati
wavelength and n is the refractive index. Mass spetetry
was recorded on an HPLC-MS TOF instrument usingtipes
ionization.

Synthesis

Synthesis of the 1-((pyren-1-yl)methyl)-H-
benzo[d]imidazole 3. (0.39 g, 73 %) To a solution ofHt

fluorescendenzof]limidazole (0.188 g, 1.61 mmol) in acetonitrile (60)

spectroscopic as well a81 NMR anion titration studies revealwas added dropwise an aqueous solution of 1M Na@H 1

that the receptob®"-2PRs shows a preferred association fommol)

sulphate and hydrogenpyrophosphate anions in thettive

and stirred during 10 min. 1-
(Bromomethyl)pyren€0,472 g, 1.61 mmol) was then added ir

DMSO/H,O 9:1 medium. Fluorescence measurements shewe portion and the resultant mixture was stirrédramm

higher enhancements of the excimer emission bandhef
pyrene units than the monomer emission bands. fddilly
H NMR titration studies demonstrate that the preseof the
naphthalene moiety in the receptor influences i@ #mions
recognition even through combinations of
(imidazolium) and neutral
bonding: significant downfield shifts were observat the
C(2)-H protons of both imidazolium groups, and auable
downfield shifts were also observed for the innaphithalene
protons indicating their participation in hydrogeonding with
anions along with the C(2) imidazolium protons.ehesstingly
the calculated association constant froldl NMR and
fluorescence titrations for sulphate anions is ad®-times
larger than for hydrogenpyrophosphate anions.
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Experimental Section

General comments

a

temperature for 16 hours. During the course of réection a
white solid was formed which was separated byafilbm and
washed with water and diethylether, affording thesiced
compound3. 'H NMR &y (400 MHz; CDC}) 8.26-8.23 (2H,

cationig), 8.18 (2H, ddJ = 9.3Hz,J = 1.8Hz), 8.14-8.11 (2H, m),
(naphthalene) C-H hydioges.08-8.04 (2H, m), 7.89-7.86 (1H, m), 7.86 (1H,&pB8 (1H,

d, J=7.88), 7.43-7.41 (1H, m), 7.35-7.26 (2H, m), 6(QR, S);
3¢ NMR 0c(100.61 MHz; CDGCJ) 144.9, 144.6, 144.1, 135.1,
132.5, 132.2, 131.5, 129.8, 129.5, 128.9, 128.8.2,2127.2,
126.9, 126.8, 125.9, 125.5, 124.1, 123.3, 122.9,4,2110.8,
47.9; MS (ESI):/z calc. for [M + HJ 333.14, found 333.14.
mp 190°C.

Synthesis of the Bis-benzimidazolium receptor as bmide
salt 42*.2Br. (0.13 g, 42.3%) To a solution of 1-[(pyren-1-
yl)methyl]-1H-benzof]imidazole 3 (0.2 g, 0.6 mmol) in
paeetonitrile (125 ml) was added dropwise a solutdn2,7-
fPis(bromomethyl)naphthalene (40 ml) in acetonit(e094 g,
Qd3 mmol) and the resultant mixture was heated efiux
temperature for 3 days. The resulting precipitasédswas
collected by filtration and washed with diethylathgiving the
desired compoundH NMR d, (300 MHz; DMSO) 9.85 (2H,
s), 8.45 (2H, dJ = 9Hz), 8.38-8.31 (8H, m), 8.26 (2H, 3=
9Hz), 8.21 (2H, dJ = 9Hz), 8.15-8.05 (6H, m), 7.97 (2H, s),
7.95-7.89 (4H, m), 7.66-7.55 (4H, m), 7.49 (2H, dd&; 9Hz,J

= 3 Hz), 6.54 (4H, s), 5.86 (4H, SFC NMR o (75.46 MHz;
DMSO) 142.9, 132.3, 132.3, 132.3, 131.6, 131.5,1,3130.7,
130.1, 128.8, 128.7, 128.7, 128.2, 127.8, 127.4,2,2126.9,
126.7, 126.1, 126.0, 126.0, 125.8, 125.2, 124.3,7,2122.3,
114.3, 114.0, 50.0, 48.5; MS (EShHvz calc. for [M" + Br]*

All reactions were carried out under, Mnd using solvents 899-3, found 899.3; mp 248 decomposes.

which were dried according to routine procedureseltidg
points were determined on hot-plate melting poippaaatus
and are uncorrected. NMR spectra were recorded0fn 400
and 600 MHz apparatus. The following abbreviatidios

Synthesis of the Bis-benzimidazolium receptor as
hexafluorophosphate salt 3-2PFR~. A solution of bis-
(benzimidazolium) derivative as bromide s#it- 2Br (0.100g,

stating the multiplicity of the signals in the NM#pectra were 0-1 mmol) in CHCl, (20 ml) was washed with a saturatec
used: s (singlet), d (doublet), dd (double doublegriplet), m solution of NHPF; in H,O and stirred during 20 mlnutgs (5 x
(multiplet). Chemical shifts refer to signals ofreanethylsilane 20 ml). The organic solvent was collected and dreith
in the case ofH and *3C spectra. UV-vis and fluorescencénhydrous NzSO,. The solid was separated by filtration ana

spectra were carried out in the solvents and cdrmtigns the solvent was removed under reduced pressurgiveothe

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5
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PR salt in quantitative yielddH NMR J, (600 MHz; DMSO)
9.83 (2H,s), 8.46 (2Hd, J = 6 Hz), 8.39-8.37 (6H, m), 8.34
(2H, d, J = 6 Hz), 8.27 (2Hd, J = 6 Hz), 8.23 (2Hd,J =6
Hz), 8.16-8.12 (4H, m), 8.09 (2Hl, J = 6 Hz), 7.98 (2H, s),
7.96-7.92 (4H, m), 7.67-7.60 (4H, m), 7.50 (2H, dd; 6 Hz, J
= 1.7 Hz), 6.57 (4H, s), 5.88 (4H, SfC NMR Jc (150.903
MHz, DMSO) 142.7, 132.3, 132.3, 132.2, 131.6, 1313%1.1,
130.7, 130.1, 128.8, 128.7, 128.7, 128.2, 127.7,3,2127.2,
126.9, 126.6, 126.1, 126.0, 125.9, 125.8, 125.8,2,2123.6,
122.2, 114.2, 113.9, 50.0, 48.4; MS (ESt)z calc. for [M
+PR]* 963.31, found 963.31; mp 210 °C decomposes.
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