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Highlights

A series of triazole based imidazo[1,2-a]pyrazine-benzimidazole analogs has been
synthesized.

e Compounds were synthesized through click and Suzuki reactions.

e Quantum yields of the synthesized compounds were determined.

e FRET efficiency of the molecule has been used for the ratiometric detection of

pyrophosphate.

Abstract

Triazole tethered imidazo[1,2-a]pyrazine-benzimidazole conjugates 13-38 has been synthesized
by click and Suzuki-Miyaura cross coupling reactions at C-8 and C-6 positions, respectively. The
research findings clearly predicted that by modification of electronic structure of the receptor, the
sensitivity of the recognition process could be modified. Compound 24 with hydroxyphenyl
substituent, showed stronger binding to the pyrophosphate than other compounds. Compound 24
has been used as selective probe for ratiometric detection of pyrophosphate amongst the other
anions. The binding event of compound 24 toward PPi has been successfully evaluated by
absorption and emission spectroscopy as well as NMR titration method. The compound 24

showed H-bonding assisted facilitation of FRET phenomenon in the presence of PPi.

Keywords: Imidazo[1,2-a]pyrazine, benzimidazole, click reaction, Suzuki reaction, FRET,
pyrophosphate.

1. Introduction

Phosphate-containing anionic species [1] are ubiquitous in biological systems and play important
mediatory roles in signal transduction pathways, and carrying genetic informations [2]. For
example, pyrophosphate ions (PPi) are involved in energy transduction in organisms, and
controlling metabolic processes via participation in enzymatic reactions [3]. Various important
biochemical reactions like DNA polymerization, synthesis of cyclic AMP and formation of

activated intermediates in protein synthesis, are catalyzed by DNA polymerase, adenylate



cyclase and aminoacyl-tRNA synthetase, respectively. While the hydrolysis of ATP with
concomitant release of PPi is an important factor in biochemical pathways [4-6]. Therefore,
several research groups have focused on the detection of this biological anion. The design of
fluorescent chemosensor for detection of pyrophosphate ion remains a challenge [7-9]. Most of
the developed phosphate anion sensors are based on transition metal complexes where the cavity
formed by the metal ion with the receptor provides a cooperative binding site for phosphate
derivative [10]. In this context, Zn(Il) complex has been frequently used for detection of PPi [11-
16]. But complexes with other metal ions like Tbh(I1l) [17], Cd(IT) [10], Mn(ll) [18], Cu(ll) [19-
25] and Eu(lll) [26] have also been employed. Some of these sensors displayed remarkable
selectivity and sensitivity. However, considerable synthetic efforts are required for their
preparation. Moreover, sensing molecules for detection of PPi are limited in literature and the
potential for the development of these PPi sensors are at the primitive stage for bioanalytical
applications. Until now, few chemosensors are reported for detection of PPi in the absence of
metal ions [27-30].

Amongst different approaches proposed for ratiometric ion sensing, Forster resonance energy
transfer (FRET) is a non-radiative energy transfer process in which the excitation energy of the
donor is transferred to nearby acceptor via long-range dipole—dipole interaction and/or short-
range multipolar interaction. FRET is generally designed as fluorescence sensor to adopt the
photophysical changes produced on complexation [31-33]. Recently, FRET based probes [34-35]
have been used in cell physiology, optical therapy and selective as well as specific sensing
toward target analytes [36-38]. However, despite many advantages, ratiometric sensing of PPi
using FRET phenomenon is not known. Imidazo[1,2-a]pyrazine is known to exhibit fluorescence
properties such as chemiluminescence [39] and bioluminescence [40], found in the scaffold of
the Coelenterazine and a bioluminescent compound isolated from the Jellyfish Aequorea
Vistoria. Benzimidazole moiety has been commonly utilized as the molecular recognition site for
cation, anion and neutral molecules due to its unique spectral properties. Besides their medicinal
uses, imidazopyrazine and benzimidazole derivatives have found technical applications as dyes,
electroluminescent materials, organic semiconductors and as suitable ligand in coordination
chemistry [41-42]. Keeping above points in consideration, in the present manuscript the two
fluorescent moieties have been combined through a spacer as imidazo[l,2-a]pyrazine-

benzimidazole conjugates for FRET based ratiometric determination of pyrophosphate (PPi).



Moreover, conjugates based on imidazo[1,2-a]pyrazine and benzimidazole moieties as sensors
have not been reported so far. Herein, we have synthesized these conjugates by implementing
click reaction and Suzuki-Miyaura cross coupling reaction at respective C-8 and C-6 positions of
imidazo[1,2-a]pyrazine and studied their photophysical properties to determine the FRET based
ratiometric detection of pyrophosphate. The motivation behind the synthesis of these compounds
was to synthesize sensor for biologically important anions. Thus, criterion for choosing the
organic moiety was fluorescent electron deficient moiety having nitro group so that it can
interact with electron rich anions. In continuation to search for an efficient compound, a series of
organic compounds were synthesized to fine tune the FRET efficiency. The compound 24

showed the best quantum yield and FRET efficiency and was chosen for the further study.

2. Experimental
2.1 General Experimental Conditions

All commercially available compounds (Avra, Spectrochem, Aldrich, Merck etc.) were used
without further purification. Final reactions were carried\ out in an oil bath using Microwave
Vials (10-15 ml). Melting points were determined in open capillaries and were uncorrected. H
and *C NMR spectra were performed on Jeol ECS 400 NMR spectrometer, which was operated
at 400 MHz for 'H nuclei and 100 MHz for *C nuclei, using CDCl;, DMSO-ds and
trifluoroacetic acid (TFA) as solvents. Chemical shifts are reported in parts per million (ppm)
with TMS as internal reference and J values are given in hertz. 2D NOE studies were performed
on same instrument. Mass Spectra of the synthesized compounds were recorded at Water
Micromass-Q-T of Micro. Reactions were monitored by thin layer chromatography (TLC) with
silica plate coated with silica gel HF-254 and column chromatography was performed with silica
gel 60-120/100-200 mesh. Ethylacetate and methanol were adopted solvent systems.

2.1.1 General procedure for synthesis of compounds 4 and 5:

2-Bromoethylamine hydrobromide / 3-bromopropylamine hydrobromide (4.90 mmol) was
dissolved in distilled water with stirring. Sodium azide was added (13.84 mmol) carefully to this
solution in succession with continuous stirring. The reaction mixture was refluxed for 12 h. After

completion of reaction, reaction mixture was cooled to room temperature and was quenched by



addition of sodium hydroxide (17.5 mmol) and further stirred for 30 min at room temperature.
Thereafter, mixture was extracted with diethyl ether and dried over sodium sulphate to obtain
ether extract and stored at low temperature. The ether extract being volatile in nature, was used

as such for next reaction.
2.1.2 General procedure for synthesis of compounds 6 and 7:

To the ether extract containing 4 or 5 was added to the solution of 6,8-dibromoimidazo[1,2-
a]pyrazine 1 (1.80 mmol) in acetonitrile in the presence of diisopropylethylamine (DIPEA). The
reaction mixture was refluxed for 24 h. After completion of reaction, the mixture was extracted
with chloroform and water. Organic layer was separated, dried over sodium sulphate, filtered and
concentrated under vacuum. The crude mixture was then purified by silica gel chromatography

60-120 mesh using hexane: ethyl acetate (8:2) as eluents.
2.1.3 Synthesis of 2-(3-nitrophenyl)-1-(prop-2-ynyl)-1H-benzo[d]imidazole (9):

To 2-(3-nitrophenyl)-1H-benzo[d]imidazole 8 (4.08 mmol) was added 80% solution of propargyl
bromide in toluene (8.40 mmol) in the presence of potassium carbonate (4.08 mmol) and DMF.
The mixture was stirred at room temperature for 12 h. Completion of reaction was monitored by
TLC. Reaction was quenched by addition of ice cold water. The solid product was filtered to
obtain pure off white solid 9.

2.1.4 General procedure for synthesis of compounds 10 and 11:

To a stirred solution of 2-(3-nitrophenyl)-1-(prop-2-ynyl)-1H-benzo[d]imidazole 9 (3.6 mmol)
and 6 or 7 (3.6 mmol) in 50 ml ethanol:water (8:2), copper sulphate pentahydrate (5 mol%) and
sodium ascorbate (10 mol%) were added and stirred at room temperature for 2 h. After
completion of reaction, water was added and extracted with chloroform. Chloroform layer was
dried over anhydrous sodium sulphate, filtered and concentrated in vacuum to obtain pure solid
10 or 11.

2.1.5 General procedure for synthesis of compounds 13-38:

To a solution of 10 or 11 (0.178 mmol) in mixture of 1,4-dioxane : water (9:1) in a sealed tube,

boronic acid (0.178 mmol) and K>COs3 (0.178 mmol) were added under inert atmosphere. Then,



[Pd(PPh3)4] (5mol%) was added with continued nitrogen purging. Sealed the tube and refluxed
the reaction mixture for 6-8 h. Completion of reaction was determined by TLC. The mixture was
extracted with chloroform and water. Organic layer was dried over sodium sulphate to obtain
crude product which was further purified by column chromatography to get pure products 13-38.

2.2 Photophysical measurements

All photophysical measurements were performed in acetonitrile. Absorption spectra were
measured with a UV-2500, Shimadzu spectrophotometer. Fluorescent measurements were
performed with a Carry Eclipse spectrophotometer. The quantum yields of the imidazo[1,2-

a]pyrazine analogues were determined relative to anthracene.

2.3 Fluorescence quantum yield

The fluorescence quantum yield @&s for all compounds was determined at room temperature in
analytical grade CHsCN using anthracene (®f = 0.22) in acetonitrile as the standard. The
quantum yield was calculated by using eqn--1, in which @& is the radiative quantum yield of the
sample, @ is the radiative quantum yield of reference, As and A are the absorbance of the
sample and the reference, respectively, Ds and Dy are the areas of emission for the sample and
reference respectively, Ls and L, are the lengths of the absorption cells, and Ns and N are the

refractive indices of the respective sample and reference solutions (pure solvents were assumed).
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3. Results and discussion
3.1 Chemistry

Imidazo[1,2-a]pyrazine-benzimidazole conjugates have been synthesized by the reaction of 2-
aminopyrazine and N-bromosuccinimide at room temperature followed by cyclization with
chloroacetaldehyde at 110 °C for 72 h to obtain 6,8-dibromoimidazo[1,2-a]pyrazine 1 in 80%
yield. Compound 1 was then reacted with 2-azidoethanamine 4 and 3-azidopropanamine 5 [43-
44] (obtained from reaction of 2-bromoethylamine hydrobromide 2 and 3-bromopropylamine

hydrobromide 3 with sodium azide for 12 h at reflux temperature followed by stirring with



sodium hydroxide), to afford respective N-(2-azidoethyl)-6-bromoimidazo[1,2-a]pyrazin-8-
amine 6 in 72% yield and N-(3-azidopropyl)-6-bromoimidazo[1,2-a]pyrazin-8-amine 7 in 65%
yield (Scheme 1). These azides have low thermal stability, so, these were stored in ether or

hexane at low temperature.

On the other hand, reaction of 2-(3-nitrophenyl)-1H-benzo[d]imidazole 8 with propargyl
bromide, in the presence of potassium carbonate and DMF at room temperature for 12 h obtained
2-(3-nitrophenyl)-1-(prop-2-ynyl)-1H-benzo[d]imidazole 9 in 95% yield (Scheme 2).

Keeping both the precursors, copper catalyzed azide-alkyne cycloaddition (CuAAC) reaction
was performed by reacting azides 6 and 7 with alkyne 9 in the presence of copper sulphate and
sodium ascorbate at room temperature for 2 h to afford imidazo[1,2-a]pyrazine-benzimidazole
conjugates 10 and 11 in 81% and 85% vyields, respectively (Scheme 3).

However, a mixture of 1,4-disubstituted triazole 10 and 1,5-disubstituted triazole 12 in 2:1
ratio was obtained with reaction of azide 6 and alkyne 9 on heating without using any catalyst. It
has been observed that thermal [2+3] dipolar cycloaddition of alkyne to azide is not a
regiospecific reaction [45]. NOESY experiment was carried out to confirm the formation of 1,4
and 1,5-disubstituted products. Positive NOE was observed between the protons of triazole at C-
5’ and alkyl groups at N-1" and C-4’ positions in compound 10, suggesting that the triazole
proton and both alkyl groups are in close proximity. On the other hand, No NOE signal was
observed between the C-4’ proton of triazole and alkyl group at N-1’ position in 1,5-
disubstituted triazole 12. However, positive NOE signal was observed between triazole proton at
C-4’ and C-5’ substituted alkyl group (Figure 1).

Conjugate 10 was further reacted with various of aryl boronic acids through Suzuki-Miyaura
cross coupling at C-6 position of imidazo[1,2-a]pyrazine using Pd(PPh3)s and K2COs, providing
library of arylated compounds 13-28 (Scheme 4, Table 1). Several electron donating and electron
withdrawing groups were introduced on aryl group of imidazo[1,2-a]pyrazine. The reactions
were well tolerated with five member rings viz., thiophen-2-yl (13), thiophene-3-yl (14) and
furan-2-yl (15). Substitution with electron withdrawing groups on phenyl ring such as 4-
fluorophenyl (17), 4-chlorophenyl (18), 4-bromophenyl (19), 3-trifluoromethylphenyl (20), 4-
formylphenyl (27) and 4-acetylphenyl (28) gave good yields of products while electron donating
groups, 3-methylphenyl (21) and 2-methoxy phenyl (26) were obtained in moderate yields.

Increase in yield was also observed with methoxy substitution from ortho (26) to para position
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(25) of phenyl ring. Similarly, compounds 29-38 were obtained by the reaction of compound 11
with different aryl boronic acids (Scheme 4, Table 1). The chemical structures were fully
characterized by 'H and *C NMR as well as mass spectrometry (Figures S1-S64, Supporting

Information, File 1).

In case of halogen containing compounds, the electron withdrawing group such as 3-
(trifluoromethyl)phenyl moiety in 20 and 33 gave good quantum vyields (0.53 and 0.62,
respectively) in comparison to other halogenated compounds 17 (0.14), 18 (0.38) and 19 (0.38).
On increasing linker length from ethyl to propyl as exemplified by compounds 20 and 27 with 33
and 38, increase in quantum yields were observed. FRET efficiency based upon the fluorescence
quantum vyield has also been determined. The FRET efficiency (;) was evaluated using the
equation 7 = 1 — @r(donor in dyad )/ Pr(free donor). Here, @ronor in dyad) 1S the fluorescence quantum yield
of donor part in dyad and @rfree donor) IS the fluorescence quantum yield of donor when not
connected to acceptor. It has been observed that presence of some electron donating substituents
showed lower FRET efficiencies in comparison to electron withdrawing substituents. However,
the maximum FRET efficiency (92%) from donor part of dyad to acceptor part was displayed by
compound 24 with 2-hydroxyphenyl substituent attached at the acceptor part.

Imidazo[1,2-a]pyrazine behaved as an acceptor and showed absorption band at 360 nm. There
was a significant spectral overlap between absorption spectra of the imidazo[1,2-a]pyrazine
(acceptor) and emission spectra of the benzimidazole (donor) (Figures 2, S65 and S66). Dyad 24
showed the emission band at 365 nm with ®f = 0.95 and n = 92%. Keeping in view, due to
maximum quantum vyield and FRET efficiency of compound 24 amongst other series of
compounds, the effect of various anions like F, CI, Br, I, AcO", H.PO4, NO3z,, CN°, SCN’,
HSO4 S%, COs%, SO3* and PPi was studied on compound 24.

The addition of various anions (100 uM) viz., F, CI', Br’, I, CN", H2PO4’, NO3", AcO", HSOy,
SCN-, S%, COs%, SOs?, etc. and metal ions such as Cu?*, Zn?*, Co?*, Ni%*, AI¥*, Fe*, Cr** etc.
caused insignificant change in absorption spectrum of dyad 24 (Figures S67, S68). However, the
presence of PPi ions induced the formation of new absorption band. The titration of solution of
dyad 24 (20 pM, CH3CN) with PPi showed a gradual decrease in absorbance at 286 nm
associated with an increase in absorbance at 370 nm with an isobestic point at 340 nm.
Appearance of absorption band at 370 nm in the presence of PPi could be attributed due to

intramolecular charge transfer (ICT).



A plot of log [PPi] concentration Vs AJ/A showed a linear increase in absorbance between 10 -
10° M PPi. The “On-Off-On” behavior at 286 nm and 370 nm has been used for the ratiometric
estimation of PPi (Figure 3, S69) [46]. The time dependence response of the sensor was checked
over the varied time. The absorption changes attained by the sensor were intact over the period of
24 hrs (Figure S70).

The solution of dyad 24 (CH3CN, 20 uM) upon excitation at Aex 280 nm exhibited emission
maxima at 365 nm. Upon addition of aliquot of PPi, the fluorescence intensity at 365 nm was
gradually quenched and associated with red shift of emission maxima to 430 nm (Figure 4). The
dyad 24 initially showed the emission at 365 nm typically due to benzimidazole moiety. In the
presence of PPi, new emission band appeared at 430 nm typically due to imidazopyrazine which
clearly showed that in the presence of PPi excited benzimidazole moiety transfers its energy to
imidazopyrazine through FRET and started giving imidazopyrazine emission at 430 nm.The
addition of all other anions (100 uM) viz., F, CI, Br’, I, CN", H.PO4', NOs", AcO", HSO4, SCN-
etc. caused insignificant change in the emission of dyad 24 (Figure S71).

The selectivity of dyad 24 towards PPi was further ascertained by the competition experiment
where competing anions viz., CI-, Br’, I, CN", H2PO47, NOs', AcO’, HSO4', SCN" etc. were added to
the solution of dyad 24 before addition of PPi. As predicted from the results, the FRET efficiency
in the presence of PPi remained by and large unaffected in the presence of several interfering
anions. This indicates that dyad 24 is selective for recognition of PPi even in the presence of other
anions (Figure S72) The lowest detection limit for PPi estimation was found to be 0.2 uM..

Further insight and quantitative evaluation of the sensing capability of compounds 10, 11 and
13-38 (20 pM, CHsCN) with pyrophosphate was obtained from UV-vis and fluorescence
experiments (Figures S73 and S74, Supporting information). It was surprising that only compound
24 with 2-hydroxylphenyl ring at C6 position of imidazo[1,2-a]pyrazine, showed significant
change with pyrophosphate indicating that 2-hydroxyphenyl moiety is responsible for binding with
PPi. The formation of new emission band could be attributed to intramolecular interaction in the
excited state of the hydroxyphenyl and benzimidazole moieties facilitated in the presence of
coordinated PPi. The distance between the hydroxyphenyl and benzimidazole moieties in absence
of PPi was closer to Forster distance and thus showed 92% FRET efficiency, whereas presence of

PPi, decrease the Forster distance and hence FRET efficiency is increased to 98%.



In an effort to gain more detailed information of the interaction between compound 24 and PPi,
'H NMR titration study was carried out in CD3sCN (Figure 5). The assignments of protons of
compound 24 have been confirmed by 2D NOESY and COSY NMR experiments (Figures S35-
S36). The proton signal at 6 8.1 was attributed to the 2-hydroxyphenyl proton Ha. Signal at & 7.2
was due to overlapping triplets from the characteristic protons Hy and Hc, and signal at 6 7.5 was
due to proton Hqg of hydroxyphenyl moiety. Protons of OH at & 12.8 and NHc at & 6.8 disappeared
on the addition of 0.5 equivalent of PPi. Proton Ha adjacent to the hydroxyl group broadened and
shifted downfield by 1.2 ppm (8.1-9.3 ppm) until the end of the titration experiment (over two
equivalents of PPi added). The large shifting as well as broadening of signal might be due to
hydrogen bonding of compound 24 with pyrophosphate (Figure 5). The signal of the other proton
Hq is separated out and shifted downfield by 0.4 ppm (7.5-7.9 ppm) upon addition of
pyrophosphate ion. Moreover, two double doublets at & 8.2 and 8.3 of nitrobenzene in
benzimidazole are also approaching towards each other. This interesting behavior of compound 24
could be explained by considering the important contribution given by the benzimidazole and 2-
hydroxylphenyl in assisting the interaction of the receptor and pyrophosphate anion. On the basis
of 'H NMR studies of compound 24 with pyrophosphate, the proposed binding modes for

compound 24 with PPi is shown in Figure 6.
4. Conclusions

We have synthesized a series of imidazo[1,2-a]pyrazine-benzimidazole conjugates, based upon
“click” and “Suzuki-Miyaura cross coupling” reactions. It has been observed that by simply
changing the substituents in the acceptor part of conjugate, FRET efficiency of the compound
can be tuned. In particular, the substitution with 2-hydroxy phenyl group at C-6 position of
imidazo[1,2-a]pyrazine (24), showed the best FRET efficiency and used for ratiometric detection
of pyrophosphate. The fluorescent electron deficient moiety on the benzimidazole ring due to
nitro group was also interacted with electron rich anions. Thus, the compound 24 showed the
best quantum yield as well as FRET efficiency. Only few organic compounds in the absence of
metal complexes have been reported in literature for the detection of PPi. The present manuscript
described the first organic compound for the PPi sensing with FRET phenomenon and having
good detection limit (Table S1).
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Figure 2: Spectral overlap between absorption spectrum of imidazopyrazine (acceptor,

compound 6 (®f = 0.08) and emission spectrum of benzimidazole (donor, compound 9 (®f =

0.1)).
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Figure 3: (a) Changes in absorption spectrum of compound 24 (20 uM in CH3CN) upon addition
of tris(tetrabutylammonium) hydrogen pyrophosphate (PPi); (b) Plot of As7o/Azss Vs log [PPi] for

the ratiometric response of compound 24 towards PPi.
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Figure 4: (a) Changes in emission spectrum of compound 24 (20 pM in CH3CN) upon addition
of PPi (0.2 pM to 1000 puM); (b) Plot of lsz0/lses vs log [PPi] for the ratiometric response of

compound 24 towards PPi.
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Figure 5: 'H NMR stack plot of a CD3CN solution of compound 24 (5 mM) upon addition of
tris(tetrabutylammonium)hydrogen pyrophosphate (0.5-1.0 eq.).
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Figure 6: Suggested binding structure for 24 with PPi
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Scheme 1 Synthesis of imidazo[1,2 a]pyrazinamine ethyl 6 and propyl 7 azide
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Scheme 2 Synthesis of N-propargylated benzimidazole 9
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11; n = 2, 85% yield
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Scheme 3 Synthesis of triazole tethered imidazo[1,2-a]pyrazine-benzimidazole conjugates 10
and 11
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Scheme 4 Suzuki-Miyaura coupling of ethyl and propyl triazole tethered imidazo[l,2-

a]pyrazine-benzimidazole conjugates
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Table 1 Suzuki-Miyaura coupling of ethyl 10, 13-28 and propyl triazole 11, 29-38 bridged
imidazo[1,2-a]pyrazine-benzimidazole conjugates and their physiochemical parameters

3.2 Photophysical properties

Compounds 10, 11 and 13-38 were further studied for their photophysical properties (Table 1).
Quantum vyields of all compounds were calculated with respect to anthracene in acetonitrile. It
has been revealed that presence of electron withdrawing groups viz., 4-formyl phenyl (27 and
38) and 4-acetyl phenyl (28) gave excellent quantum yields (0.90, 0.92 and 0.85, respectively).

Compound  Time R1 n  Yields Amax Dmax®™ € @®; FRET
(h) (%) (nm) (nm) efficiency

10 4 bromo 1 81 287 375 36600 0.22 853
13 8 thiophen-2-yl 1 73 286 420 42250 0.19 873
14 8 thiophen-3-yl 1 81 288 366 46250 0.13 913
15 8 furan-2-yl 1 62 288 375 36200 0.26 82.6
16 6 phenyl 1 80 291,280 408 53800 0.52 65.3
17 7 4-fluorophenyl 1 73 282 365 47250 0.14 90.6
18 7 4-chlorophenyl 1 79 284 380 56050 038 726
19 7 4-bromophenyl 1 84 283 380 50450 0.38 74.6
20 6 3-(trifluoromethyl)phenyl 1 69 283 395 50400 0.53 64.6
21 6 3-methylphenyl 1 61 285 406 50250 032 626
22 6 4-ethylphenyl 177 283 385 57700 0.28 813
23 8 naphthalen-1-yl 1 55 285 420 55050 0.11 253
24 8 2-hydroxyphenyl 1 43 286 365 26600 0.95 92.0
25 7 4-methoxyphenyl 1 9 286,258 373 66950 0.15 90.0
26 6 2-methoxyphenyl 1 58 289 407 37550 0.48 453
27 6 4-formylphenyl 1 88 340,274 496 47300 090 ND
28 8 4-acetylphenyl 1 71 340,272 475 59750 085 ND
11 6 bromo 2 8 287 365 28100 0.15 90.3
29 8 thiophen-3-yl 2 68 287 368 30300 0.28 813
30 8 phenyl 2 67 288 405 30400 0.70 533
31 8 4-fluorophenyl 2 76 282 370 28350 0.14 90.6
32 6 4-chlorophenyl 2 78 284 390 32550 0.41 746
33 7 3-(trifluoromethyl)phenyl 2 53 283 392 17800 0.62 18.6
34 7 3-methylphenyl 2 57 284 372 22750 056 78.6
35 8 4-ethylphenyl 2 62 283 371 37000 0.36 76.0
36 6 4-methoxyphenyl 2 81 286,258 372 31800 043 713
37 6 2-methoxyphenyl 2 83 289 370 34950 0.82 71.0
38 6 4-formylphenyl 2 80 341,274 505 31250 092 ND
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