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Blocking p53 binding site on HDM2 was believed to generate efficient
antitumor agents

Diphenylpyrroles were introduced and evaluated as a novel scaffold in the
field of p53 activators

New 4,5-diphenyl-3-heteroaryl-pyrroles were synthesized via reactions of
enaminones with C- and N-nucleophiles.

Diphenylpyrroles scaffold has the advantage of synthetic protocol

accessibility
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An efficient synthesis of novel 4,5-diphenyl-3-heteroaryl-pyrroles were
synthesized and eval uated as a novel scaffold in the field of p53 activators.
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Abstract: Cellular tumor antigen p53 is crucial for canceevantion via different mechanisms. E3
ubiquitin-protein ligase HDM2 binds to p53, blodks ability to activate transcription, and therefor
acts as a negative regulator. Blocking p53 bindiitg on HDM2 was believed to generate efficient
antitumor agents. So far, limited scaffolds werporéed with HDM2 antagonist activity. Herein,
diphenylpyrroles were introduced and evaluated aewel scaffold in the field of p53 activators. An
efficient synthesis of novel 3-heteroaryl-pyrroleglescribedia reactions ofE-3-(dimethylamino)-1-
(2-methyl-4,5-diphenyl-#-pyrrol-3-yl)prop-2-en-1-one orE-1-(2-methyl-4,5-diphenyli-pyrrol-3-
yl)-3-morpholinoprop-2-en-1-one with hydrazine hgmdr, phenyl hydrazine, hydroxylamine, various

heterocyclic amines and active methylene compounds.

Keywords: Pyrroles, triazolopyrimidine, benzimidazopyrimidjmpyrazolopyrimidine, and p53-specific
ubiquitin E3 ligase HDM2.

1. Introduction

The tumor suppressor protein p53 is central to malwm cells protection mechanism against
malignant transformation. So far, p53 is inactidaie a large proportion of cancer cells [pp3 is
regulated by another protein called human doubleutei 2 (HDM2). HDM2 binds to p53 at its
transactivating domain and block its ability toiaate transcription. Therefore, it acts as a negati
regulator to p53 suppressor protein [2, 3]. MorepWiee oncogene HDM2 and p53 are linked in a
negative feed-back loop in which p53 activates HO¥]R HDM2 is acting as a p53-specific ubiquitin
E3 ligase and thus promoting degradation of p5S3sprdhrough the ubiquitin-proteosome system [5].
In the same vein, overexpression of p53 negatigellador HDM2 was observed in many human
malignancies [6-15].
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Recently, medicinal chemist adopted a strategytherreactivation of the pro-apoptotic p53
activities, where HDM2 is overexpressed, is theeefto interrupt the p53-HDM2 feed-back loop,
either by blocking the protein—protein interactiostween the p53 N-terminal domain and HDM2, or
by inhibiting the E3 ligase activity of HDM2 [16%everal small molecules have been so far reposged a
p53-pathway modulators [17].The capability of Szbftavin derivatives to activate the tumor
suppressor p53 in cancer cells was reported throghition of the p53-specific ubiquitin E3 ligase
HDM2 (Chart 1) [18-20]. In addition, some diphemnyidazolidines, glucocorticoids and engineered
cyclotides have been reported to play the samd2ale?2].

Chart 1. Chemical structures of some reported HDM2 ligaséhitors.

Research Design: Aiming to expand the reported tumor suppressor @&8/ators, we are reporting
herein 2,3-diphenylpyrrole as a novel scaffold Ire tfield of interrupting p53-HDM2 signaling
pathway. Diphenylimidazolidine derivatives (Chajt deported by L. T. Vassilev, ranked among the
most reported potent p53 activators [23]. The stmas of all reported diphenylimidazolidines were
built using Sybyl-X, aligned and a pharmacophoreleiavas generated using Discovery Studio 3.1 as
briefly shown in Chart 2 (ring substitutions andeschains were ignored at this stage). With thigdeho

in hand, a library of mono- and diphenyl-substitufememebered compounds was virtually screened
and the top scored structures were assayed forgh8tactivation properties. These efforts collesdiy

afforded compound (Chart 2) that has a closely related pharmacopt@inart 2).

Chart 2. Work Design

Chart 3. Alignment of reported (black) and newly (red) aed structures: The diphenyl rings of the
lead structure (black) were reported to interathwiDM2 (PDB: 1rv1), leaving the other two groups
facing p53.

The two phenyl rings of the lead diphenylimidadoie were reported to interact with MDM2
protein, while the substituents at imidazolidinar®l 3 positions were reported to interrelate wiB p
[23]. Since diphenyl moieties of lead and newlysgmed structures are well-aligned together as
shown in Chart 3, they are intuitively expectedbiad similarly keeping the aromatic system at

pyrrole-3 position facing the binding HDM2-pocket @53. Our focus in this report was directed
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towards modifying the aromatic system at pyrrolpe3ition to comprehensively cover the structure-

activity-relationships of this diphenylpyrrole as@w p53 activator.

2. Resultsand discussion
2.1. Chemistry

The starting E-3-(dimethylamino)-1-(2-methyl-4,5-diphenyHipyrrol-3-yl)prop-2-en-1-one
(3) was prepared as previously described pd]condensation of the pyrazole derivativg25] with

dimethylformamide dimethyl acetal (DMF-DMA). Treatment of the enaminorgewith morpholine

under reflux condition afforded enaminofhas shown in Scheme 1.

Scheme 1: Synthesis of compounds5

Treatment of3 or 4 with N-nucleophile such as hydrazine hydrate and pheygtdzine in
absolute ethanol under reflux gave 5-(2-methyldighenyl-H-pyrrol-3-yl)-1H-pyrazole ¢) and 5-
(2-methyl-4,5-diphenyl-#-pyrrol-3-yl)-1-phenyl- H-pyrazole(7), respectively (Scheme 2) [26, 27].
Similar treatment of8 or 4 with hydroxylamine hydrochloride in heated ethamolthe presence of
potassium carbonate afforded only one isolable yobthat was identified, on the basis of its sdctr
and elemental analyses, as the isoxazole derivat{8heme 2). The structures of the produtg
and8 were confirmed by their spectral (MS, IB4- and**C NMR) and elemental analyses data (see
Experimental section). For example, their IR seotvealed the absence of the carbonyl group presen
in the spectrum of the enaminoder 4. The'H NMR spectrum oB showed two characteristic signals
ato 6.38 withJ value of 7.2 Hz and 7.67 with the samkvalue of the pyrazole ring protons. Structure
8 was assigned for the reaction products on thesledighe’H NMR spectral data in which a resonance
for H-4 and H-5 of isoxazole appeared typically &38 and 8.37ppm, respectively [28].

Compounds-8 were supported by the alternate chemical synthessthe reaction
of sodium salt of 3-acetyl-2-methyl-4,5-diphenyHIpyrrole () with hydrazine hydrate,
phenyl hydrazine, and hydroxylamine hydrochlorideethanol containing few drops of acetic acid,

respectively(Scheme 1).

Scheme 2: Synthesis of pyrazoles 7 and isoxazol&
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The reactivity of the enaminorgor the morpholinyl derivativéd towards some heterocyclic
amines were also examined. Thus, reactior8 of 4 with 5-amino-H-pyrazole-4-carbonitril® in
acetic acid under reflux yielded the respectiveapgto[1,5a]pyrimidine derivativel0 (Scheme 3).
Similar treatment of 3 or 4 with 5-amino-1,2,4-triazole 11), 5-aminol1H-tetrazole (3), 2-
aminobenzimidazolelb) and 6-amino-2-thioxo-2,3-dihydropyrimidin-4}-one (7) under the same
reaction conditions afforded the respective 1,8gkolo[1,5a]pyrimidine 12, tetrazolo[l,5-
alpyrimidine 14, benzimidazo[l,&]pyrimidine 16 and 2,3-dihydropyrido[2,3-d]pyrimidinone 18

derivatives, respectively (Scheme 3).
Scheme 3: Synthesis of fused pyrimidind$, 12, 14, 16 and18

Pyrimidine-containing derivativeR), 12, 14, 16 and18 were prepared by allowing enaminone
3 or4 to react with a set of amine-containing heteraeycllhe reaction passed through two main steps:
fist, Michael-type addition of the exocyclic amirfellowed by in situ tandem elimination of
dimethylamine (Scheme 4). Tl NMR spectrum of each final isolated products; 1& 12, 14 and
16, revealed two doublets in the aromatic regiér&09- 8.16 and 8.59- 8.76 withvalue around 4.5
Hz assignable to the two vicinal protons of the pydimé ring [29-31].

Scheme 4. Mechanism of synthesis of fused pyrimidi€s 12, 14, and16

Next, pyridinyl analogues were prepared via reastiof the enaminon8 or 4 with C-
nucleophile such as active methylene compoundss,Tiaaction of3 or 4 with acetylacetone9a,
ethyl acetoacetattb and ethyl benzoylacetal®c in acetic acid/ammonium acetate yielded 2-(pyrrol-
3-yl) pyridine derivativef0a-c, respectively (Scheme 5). As also depicted in 8ehB, the formation
of 20 seems to start with Michael addition of the activethylenel9 to the activated double bond ®f
followed by tandem elimination of dimethylamine aswhdensation with ammonia. The other possible
isomeric structur@l was discarded on the basis of spectral data. Fampbe, the'H NMR spectrum
of each product20a-c exhibited two doublet signals in the regionsiaf.75-7.76 and 8.32-8.39 due to
pyridine H-3 and H-4, respectively with value around 8.2 Hz. The latter coupling constettie is
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characteristic for ortho H-3 and H-4 pyridine cang] and much higher than the values of H-2 and H-
3 (J=4-6H2) [32].

Scheme 5. Synthesis of pyridine®0a-c

Reactions of3 or 4 with malononitrile 22a and ethyl cyanoaceta?b in the presence of
sodium ethoxide afforded produ@3a and23b, respectively. The assignments of their structwee
based on their spectral and elemental analyses (data Experimental section). Furthermore, the
structure of23a was confirmed by an alternative synthesis; i.erdgction of3 with cyanoacetamide
24a under the same reaction conditions (Scheme 6). iscussed before, the formation 28 was
suggested to start with Michael addition of thavacmethylene compoun2R to the activated double
bond of 3 followed by tandem cyclization, elimination of dithglamine and Dimroth type

rearrangement of the formed pyran intermediatevie 28 as the end produ¢cheme 6).

Scheme 6: Synthesis of pyridinone23a,b

2.2. Pharmacology

Synthesized compounds were assayed for inhibitfop58 ubiquitination by incubation with
GST-tagged HDM2, immobilized on glutathione-Sepbkarop53, ubiquitin, as well as E1 and E2
(UbcH5B) ligases, in an assay buffer containing AddPdetailed in references [33, 34]. The reaction
products were then resolved by SDS-PAGE and p5@uitiation, and were quantified by Western
blotting using an anti-p53 antibody [35].

Tested compounds that pass the preliminary assaygampounds that showed some activity at
concentrations below 100 uM were then subjecteddgtermination of half-maximal inhibition
concentration (I6) of p53 ubiquitination using essentially the sa@ssay methodology, except that a
fluorescently labelled form of ubiquitin was usefter completion of the ubiquitination reaction,
excess fluorescent ubiquitin was removed from tmemaobilized p53-HDM2 complex by

centrifugation, and incorporation of ubiquitin wagasured by fluorescence spectroscopy (Table 1).



Table 1: 1C5p of p53 ubiquitination of the newly synthesized gaunds i vitro)

Figure 3. Hypothetical binding mode of compountt (colored yellow) and the reference

diphenylimidazoline compound (colored light gray)MDM2 protein (PDB: 1t4f).

To rationalize the observed HMD2 inhibition resultdemical structures of all biologically-
tested compounds were built using Sybyl-X, subptbeenergy minimization and docked within p53-
binding site on HDM2 (PDB: 1t4f). The calculatechding mode of the most potent derivative,
compoundl6, was presented in Figure 3 (colored yellow) aspmasentative example together with the
reported diphenylimidazolidine derivative as a refice (colored light grey). Briefly, there is great
similarity between the binding modes of both asdtlgpsized earlier. In more details, there is cobeple
overlap between phenyl ring at pyrole position-28 #re phenyl ring of imidazolidine at positon-5. So
far, both phenyl rings was calculated to be dockatth a lipophililc pocket close to Leu56. The
terminal benzene ring of the fused aromatic sysatmyrrole postion-3 was calculated to interact
favorably with the phenyl ring of Tyr66 and thedthilic side chain of 1le60 via face to fager
interaction (Figure 3).

Our model sheds lights on how diphenylpyrrolesratewith HDM2; however calculating the
binding modes of our inhibitors while both proteimgeracting with each other is beyond our
computational facilities. The reference compound Waind to occupy the pocket normally occupied
by Phel9, Try23, and Leu26 of p53 [23]. Analogouslg are expecting same type of interactions in
case of our newly designed ligands; i.e. the phanglat pyrrole position-4, in addition to the aratic
system at positon-3 is expected to interact witthdipophilic residues.

Finally, by examining of the SAR at pyrrole posti®nwe came up with some conclusions. The
benzo[4,5]imidazo[1,&]pyrimidine linked to pyrrole ring increases thetigity more than the 2-
thioxo-2,3-dihydropyrido[2,3f]pyrimidin-4(1H)-one. The 2-thioxo-2,3-dihydropyrido[2¢§-
pyrimidin-4(1H)-one increases the activity more than the pyridifiee pyridinone provide more
activity profile than the pyridine. The pyridine maty give rise to higher activity than the tetradal5-
alpyrimidine one. The tetrazolo[1&pyrimidine moiety give rise to higher activity tmathe
pyrazolo[1,5a] pyrimidine. For pyridine derivative®3a, b: the ester group provides more activity than

the cyano group. For derivative8a-c: the phenyl moiety gives higher activity than thethyl one and
6



the ester give higher activity than the acetyl deaexazole moiety increases the activity more tthen

pyrazole one.

3. Conclusion

In the investigation described above, a 4,5-diph8ryeteroaryl-pyrroles were introduced as a
new class of p53 activators. The scaffold has theuatage of synthetic protocol accessibility. Byief
target compounds were prepandd reactions ofE-3-(dimethylamino)-1-(2-methyl-4,5-diphenyHt
pyrrol-3-yl)prop-2-en-1-one oE-1-(2-methyl-4,5-diphenyl-H-pyrrol-3-yl)-3-morpholinoprop-2-en-1-
one with C- and N-nucleophiles.

4. Experimental protocols

4.1. Chemistry

4.1.1. General

All melting points were measured on a Gallenkami{tingepoint apparatus. The infrared spectra were
recorded in potassium bromide disks on a Pye Uni8Bn3300 and Shimadzu FT IR 8101 PC infrared
spectrophotometers. The NMR spectra were recordedaoVarian Mercury VX-300 NMR
spectrometer'H (300 MHz) and*C NMR (75.46 MHz) were run in deuterated dimethighoxide
(DMSO-ds). Chemical shifts were related to that of the sntv Mass spectra were recorded on a
Shimadzu GCMS-QP 1000 EX mass spectrometer at\7.0 Elemental analyses were carried out at

the Microanalytical Center of Cairo University, @jZgypt.

4.1.2. Reactions of enaminone 3 or 4 with hydrazines. To a solution of the enaminorgor 4 (1
mmol) in EtOH (10 mL) was added hydrazine hydrdteml) or phenylhydrazine (1 mL) and the
mixture was heated under reflux for 2 h. The reactixture was acidified by HCI / ice mixture and

the formed product was filtered and crystallizeazhfrEtOH to give the respective pyrazotesnd?.

4.1.2.1. 5-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)-1H-pyrazole (6). Yield 88%, mp 232 °C; IR (KBr:

3398, 3214 (2NH) cit; *H NMR (DMSO-dg) 6: 1.73 (s, 3H, Ch), 6.37 (d, 1H, pyrazole- H4), 7.10—
7.26 (m, 10H, Ar-H), 7.67 (d, 1H, pyrazole-H5), 8D.(br., s, 1H, NH, BO exchangeable), 11.16 (br.,
s, 1H, NH, RO exchangeable) ppm; M&z (%): 300 (M+1, 77), 299 (M, 100), 210 (93), 176 (72),



100 (80), 77 (60). Anal. Calcd for@1-Ns (299.37): C, 80.24; H, 5.72; N, 14.04. Found: C.28; H,
5.72: N, 14.04%.

4.1.2.2. 5-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)-1-phenyl-1H-pyrazole (7): Yield 82%, mp 243-245
°C; IR (KBr) v: 3306 (NH) cm’; *H NMR (DMSO-ds) 6: 1.83 (s, 3H, Ch), 6.71 (d, 1H, pyrazole H-
4), 7.12-7.44 (m, 15H, Ar-H), 7.68 (d, 1H, pyrazblg), 11.35 (br., s, 1H, NH, J® exchangeable);
3C NMR (DMSOd6): 6 13.7 (CH), 109.3, 112.3, 117.8, 123.1, 125.7, 126.1, 12628.4, 126.5,
127.7, 128.0, 128.1, 128.3, 128.4, 129.0, 130.%,2,3139.6, 145.9 (Ar-C) ppm; M&/z (%): 375

(M*, 55), 318 (52), 256 (57), 172 (48), 92 (85), 7@Q)L Anal. Calcd for gH21Ns (375.47): C, 83.17;
H, 5.64; N, 11.19. Found: C, 83.11; H, 5.48; N 0#%%.

4.1.3. Alternative synthesis of compound 6. A solution of sodium (2-methyl-4,5-diphenyHipyrrol-
3-yl)-3-oxoprop-1-en-1-olates) (0.650 g, 2 mmol) and hydrazine hydrate (1 mLpgtic acid (10
mL) was refluxed for 2 hr. After completion of theaction, the hot reaction mixture was cooled and
the solid products collected by filtration and sextallized from EtOH gave produétin 80% vyield,
which were identical in all aspects (m.p., mixeghnand spectra) with those obtained from reaction o

enaminone or 4 with hydrazine hydrate.

4.1.4. Synthesis of 3-(2-methyl-4,5-diphenyl-1H-pyrrol-3-yl)isoxazole (8) Hydroxylamine
hydrochloride (0.07 g, 1 mmol) was added to a ntof enaminon@ or 4 (1 mmol) and anhydrous
potassium carbonate (0.5 g) in absolute EtOH (20. Mhe mixture was heated under reflux for 5 h
and poured onto water. The solid product was &tesind crystallized from ethanol to gig®mpound

8 in 86% yield, mp: 228-230 °C; IR (KBr): 3251 (NH) cm’; 'H NMR (DMSO-dg) 5: 1.82 (s, 3H,
CHg), 6.42(d, 1H, isoxazole- H4), 7.19-7.45 (m, 10H;H, 8.42 (d, 1H, isoxazole-H5), 11.66 (br., s,
1H, NH, D,O exchangeable) ppm; M®&z (%): 301 (M'+1, 78), 300 (M, 52), 271 (82), 154 (95), 77
(100). Anal. Calcd for gH16N2O (300.35): C, 79.98; H, 5.37; N, 9.33. Found: €,69; H, 5.32; N,
9.18%.

4.1.5. Reactions of enaminone 3 or 4 with heterocyclic amines.
General procedure: A mixture of enaminone& or 4 (5 mmol) and the appropriate 5-amind-1
pyrazole-4-carbonitril®, aminotriazolell, aminotetrazold3, 2-aminobenzimidazole5] or 6-amino-

2-thioxo-2,3-dihydropyrimidin-4(#)-onel7 (5 mmol) in acetic acid (20 mL) was refluxed foh.6The
8



reaction mixture was cooled and diluted with MeQtdl ahe solid product was collected by filtration
and recrystallized from the suitable solvent gavedpcts 10, 12, 14, 16 or 18, respectively. The
synthesized compounds together with their physindl spectral data are listed below.

4.1.5.1. 7-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)pyrazol o] 1,5-a] pyrimidine-3-carbonitrile (10): Yield
76%, mp 262-264 °C; IR (KBr): 3311 (NH), 2229 (CN) cit, *H NMR (DMSO-dg) J: 1.83 (s, 3H,
CHg), 7.07-7.56 (m, 10H, Ar-H), 8.34(1H, d, pyrimidir!), 8.42(1H, s, pyrazole-H), 9.59(1H, d,
pyrimidine-H6), 11.59 (br., s, 1H, NH,,D exchangeable) ppm; M&z (%): 375 (M, 52), 331 (97),
218 (100), 189 (94), 102 (92), 87 (94), 64 (100ak Calcd for GH;17Ns (375.43): C, 76.78; H, 4.56;
N, 18.65. Found: C, 76.58; H, 4.66; N, 18.41%.

4.1.5.2. 7-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)-[1,2,4] triazolo[ 1,5-a] pyrimidine (12): Yield 78%,
mp 303-305 °C; IR (KBrp: 3249 (NH) cm*; *H NMR (DMSO-dg) 6: 1.83 (s, 3H, Ch), 7.03-7.44
(m, 10H, Ar-H), 8.14(1H, d, pyrimidine-H), 8.59(1ld, pyrimidine-H), 9.03(1H, s, triazole-H}1.58
(br., s, 1H, NH, BO exchangeable}’C NMR (DMSOd6): 6 13.0 (CH), 116.1, 117.5, 118.7, 122.0,
125.6, 126.0, 126.5, 126.8, 128.0, 128.2, 128.9,612129.7, 130.7, 132.1, 135.1, 137.0, 144.3,4146.
(Ar-C) ppm; MSm/z (%): 352 (M'+1, 49), 351 (M, 100), 260 (83), 218 (73), 189 (67), 77 (78). Anal
Calcd for GoH17Ns5 (351.40): C, 75.19; H, 4.88; N, 19.93. Found: &10; H, 4.76; N, 19.76%.

4.1.5.3. 7-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)tetrazol o] 1,5-a] pyrimidine (14): Yield 76%, mp 256-
257 °C; IR (KBr)v: 3266 (NH) cm’; *H NMR (DMSO-dg) d: 1.75 (s, 3H, Ch), 7.12—7.37 (m, 10H,
Ar-H), 8.14(1H, d, pyrimidine-H), 8.52(1H, d, pyridine-H), 11.59 (br.,, s, 1H, NH, O
exchangeable) ppm; M®/z (%): 353 (M'+1, 68), 352 (M, 100), 264 (86), 244 (86), 203 (89), 129
(79), 77 (76). Anal. Calcd for £H16Ne (352.39): C, 71.58; H, 4.58; N, 23.85. Found: C.,62; H,
4.51; N, 23.62%.

4.15.4. 4-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)benzo[ 4,5] imidazo[ 1,2-a] pyrimidine (16): Yield
76%, mp 256-257 °C; IR (KBr): 3251 (NH) cm®; *H NMR (DMSO-dg) 6: 1.75 (s, 3H, Ch), 7.12—
7.37 (m, 14H, Ar-H), 8.14(1H, d, pyrimidine-H), 8.%1H, d, pyrimidine-H), 11.59 (br., s, 1H, NH,
D,O exchangeable)’C NMR (DMSOd6): § 12.5 (CH), 108.2, 114.4, 117.8, 122.0, 125.1, 125.7,
126.0, 126.5, 126.8, 126.9, 127.8, 128.1, 128.8,7,2.29.5, 130.7, 132.1, 135.1, 137.0, 139.8,3,40.

145.9(Ar-C) ppm; MSwz (%): 401 (M+1, 67), 400 (M, 100), 355 (67), 296 (85), 229 (58), 128 (69),
9



64 (60). Anal. Calcd for £H2oN4 (400.47): C, 80.98; H, 5.03; N, 13.99. Found: C.78; H, 5.01; N,
13.67%.

4.1.5.5. 5-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)-2-thioxo-2,3-dihydropyrido[ 2,3-d] pyrimidin-4(1H)-
one (18): Yield 72%, mp 326-328 °C; IR (KBr): 3423, 3316, 3203 (3 NH), 1668 (CO)cm'H NMR
(DMSO-dg) 8: 1.75 (s, 3H, Ch), 7.11-7.37 (m, 11H, Ar-H, NH), 7.59 (d, 1H, pyrid-H3), 8.38 (d,
1H, pyridine- H2), 11.59, 12.46 (br., s, 2H, 2NHMexchangeable) ppm; M%z (%): 411 (M+1,
73), 410 (M, 85), 362 (86), 271 (100), 220 (97), 181 (97),(81). Anal. Calcd for €H1gN4OS
(410.49): C, 70.22; H, 4.42; N, 13.65. Found: CQI0QH, 4.38; N, 13.36%.

4.1.6. Alternative synthesis of compounds 10. A solution of sodium (2-methyl-4,5-diphenyH1
pyrrol-3-yl)-3-oxoprop-1-en-1-olateb) (0.650 g, 2 mmol) and 3-amino-4-cyanopyrazl®.216 g, 2
mmol) and piperidine acetate (1 mL) in water (3 migs refluxed for 10 min. After completion of the
reaction, the hot reaction mixture was neutralizgtth acetic acid (1.5 mL), then cooled and thedsoli
products collected by filtration and recrystallizgdm EtOH gave produciO in 84% yield, which
were identical in all aspects (m.p., mixed m.p. &pectra) with those obtained from reaction of

enaminone or 4 with 9.

4.1.7. Preparation of compounds 20a-c. To a solution of3 or 4 (5 mmol) in glacial acetic acid (20
mL) was added the appropriate active methylene ocomgp (acetylaceton#9a or ethyl acetoacetate
19b or ethyl benzoylacetat&9c) (5 mmol) and ammonium acetate (0.5 g, 6 mmol)e Téaction
mixture was heated under reflux for 20-30 hourse Téaction was followed by TLC. The reaction
mixture poured into cold water, the solid prodinattprecipitated was filtered off and crystallifeaim
ethanol to give the respective prod@st The compound43a-c prepared together with their physical

constant are given bellow.

4.1.7.1. 1-(2-Methyl-6-(2-methyl-4,5-diphenyl-1H-pyrrol-3-yl)pyridin-3-yl)ethanone (20a). Yield 70%,
mp 243-245 °C; IR (KBrp: 3262 (NH), 1708 (CO)cit; *H NMR (DMSO-dg) 4: 1.83 (s, 3H, Ch),
2.48 (s, 3H, Ch), 2.68 (s, 3H, Ch), 7.19-7.47 (m, 10H, Ar-H), 7.72 (d, 1H, pyridi), 8.35 (d,
1H, pyridine- H2), 11.67 (br., s, 1H, 1NH,O exchangeable}’C NMR (DMSOd6): 5 13.7 (CH),
28.7 (CH), 30.4 (CH), 109.3, 112.1, 112.3, 117.8, 119.7, 122.0, 12626.5, 126.8, 128.1, 128.2,

130.7, 132.1, 135.1, 137.0, 145.0, 146.3 (Ar-C}.49C=0) ppm; MSnwz (%): 367 (M +1, 20), 366
10



(M*, 32), 260 (100), 230 (56), 189 (33), 102 (37),(8%). Anal. Calcd for GH,N,O (366.45): C,
81.94; H, 6.05; N, 7.64. Found: C, 81.68; H, 6817.56%.

4.1.7.2. Ethyl 2-methyl-6-(2-methyl-4,5-diphenyl-1H-pyrrol-3-yl)nicotinate (20b). Yield 74%, mp 214-
216 °C; IR (KBr)v: 3212 (NH), 1723 (CO)cit H NMR (DMSO-dg) 6: 1.35 (t,3H, CH), 1.82 (s,
3H, CH), 2.57 (s, 3H, Ch), 4.29 (q,2H, CH), 7.19-7.51 (m, 10H, Ar-H), 7.57 (d, 1H, pyridir),

8.38 (d, 1H, pyridine- H2), 11.67 (br., s, 1H, 1NB$O exchangeable) ppm’C NMR (DMSO6): §

10.5(CH),13.7(CH;), 30.4 (CH), 66.0 (CH), 114.9, 116.5, 118.6, 122.0, 126.0, 126.5, 12528, 1,
128.2, 129.1, 1296, 130.1, 130.6, 132.1, 135.1,01340.1 (Ar-C), 173.4 (C=0) ppm; M&z (%):

397 (M'+1, 47), 396 (M, 96), 248 (81), 157 (74), 136 (83), 77 (100). Ar@lcd for GeHaN,O,

(396.48): C, 78.76; H, 6.10; N, 7.07. Found: C6%8H, 6.03; N, 7.02%.

4.1.7.3. Ethyl 6-(2-methyl-4,5-diphenyl-1H-pyrrol-3-yl)-2-phenylnicotinate (20c). Yield 71%, mp 266
°C; IR (KBr) v: 3248 (NH), 1717 (CO)citi; *H NMR (DMSO-ds) d: 1.24(t,3H, CH), 1.76 (s, 3H,
CHy), 4.29 (q,2H, CH,), 7.11-7.39 (m, 15H, Ar-H), 7.86 (d, 1H, pyridirE3), 8.49 (d, 1H, pyridine-
H2), 11.56 (br., s, 1H, 1INH, S exchangeable) ppm; M®/z (%): 459 (M+1, 34), 458 (M, 100),
324(81), 203 (67), 157 (56), 77 (78). Anal. Calod @3;H,6N20, (458.55): C, 81.20; H, 5.72; N, 6.11.
Found: C, 81.03; H, 5.58; N, 6.03%.

4.1.8. Preparation of compounds 23a,b. To compound3 or 4 (5 mmol) in solution of sodium
ethoxide in ethanol (0.12 g of sodium metal in 20absolute ethanol) was added malononit22a or
ethyl cyanoacetat22b (5 mmol). The reaction mixture was refluxed for.5dnd then poured into ice-
cold water. The solution was acidified with HCI K1) and the solid that deposited was filtered and

crystallized from ethanol to give the respectivenpound<s23a, b.

4181 6-(2-Methyl-4,5-diphenyl-1H-pyrrol-3-yl)-2-oxo-1,2-dihydropyridine-3-carbonitrile  (23a).
Yield 75%, mp 203-205 °C; IR (KBr): 3406, 3212 (2NH), 2214 (CN), 1657 (CO)dm'H NMR
(DMSO-gg) 0: 1.82 (s, 3H, Ch), 7.19-7.61 (m, 10H, Ar-H), 8.01 (d, 1H, pyridirg; 8.57 (d, 1H,
pyridine-H), 11.66 (br., s, 1H, 1NH,,D exchangeable), 12.29 (br., s, 1H, INHODexchangeable)
ppm; MSm/z (%): 352 (M+1, 57), 351 (M, 76), 270 (100), 210 (79), 144 (80), 101 (61),(83).
Anal. Calcd for G3H;7/N3O (351.40): C, 78.61; H, 4.88; N, 11.96. Found: 78,43; H, 4.39; N,

11.72%.
11



4.1.82. Ethyl 6-(2-methyl-4,5-diphenyl-1H-pyrrol-3-yl)-2-oxo-1,2-dihydropyridine-3-carboxylate
(23b). Yield 77%, mp 189-191 °C; IR (KBr): 3387, 3231 (2NH),1712, 1657 (2CO)dm'™H NMR
(DMSO-dg) 0: 1.34 (t,3H, CHg), 1.82 (s, 3H, Ch), 4.24 (9,2H, CH,), 7.11-7.56 (m, 10H, Ar-H), 8.05
(d, 1H, pyridine-H), 8.56 (d, 1H, pyridine-H), 186.%or., s, 1H, 1NH, BO exchangeable), 12.13 (br., s,
1H, 1NH, DO exchangeable) ppm; M&z (%): 352 (M+1, 57), 351 (M, 76), 270 (100), 210 (79),
144 (80), 101 (61), 63 (71). Anal. Calcd foss8,,N,05 (398.45): C, 75.36; H, 5.57; N, 7.03. Found:
C, 75.23; H, 5.53; N, 6.91%.

4.1.9. Alternative synthesis of compound 23a. To a solution of3 (2.11 g, 5 mmole) in ethanolic
sodium ethoxide solution (0.12 g. 5 mmol of sodiomtal in 20 ml absolute ethanol) was added
cyanoacetamid@4a (0.42 g, 5 mmol). The reaction mixture was refluxed20 h., and the solid that
precipitated was filtered off and washed with watesn crystallized from ethanol to give compound
23a which was found identical in all respects with tbampound produced from reaction of compound

3 with malononitrile.

4.2.Phar macology

4.2.1. Biological assay In vitro ubiquitination assay. The expression of recombinant glutathiche-
transferase-tagged MDM2 (GST-MDM2) was induced AL culture of exponentially growing
Escherichia coli BL21 cells (OD600 0.6) by 1 mMpsopyl-thiof3-D-galactoside for 3 h. Glutathione-
S-transferase-MDM2 was purified on glutathione-sepbe beads (Amersham). The beads were
washed with 50 mM Tris (pH 7.5).

Fluorescent ubiquitin (5 pg; Invitrogen), 50 ng mnmaatian E1 (Enzo), 200 ng human recombinant
UbcH5B E2 (Enzo) and 200 ng His-p53 (Enzo) wereediwith reaction buffer [5S0 mM Tris pH 8, 2
mM dithiothreitol, 5 mM MgCJ, 2 mM adenosine triphosphate (ATP)]. A dose tibrabf each MPD
compound or dimethyl sulfoxide (DMSO) was addeth® mixture and the mixture was pipetted onto
GS4b-MDM2 beads. The reaction was incubated alC3&haking at 1200 r.p.m. for 1 h and then
stopped by the addition of 3X sodium dodecyl selfsample buffer. Free fluorescent ubiquitin was
washed off and total fluorescent ubiquitin signaswmeasured on a monochromator plate reader
(Safire).

12



4.2.2. For non-fluorescent in vitro ubiquitination assays. the procedure was as above except 5 ug
unlabeled ubiquitin (Enzo) was used. Ten micronsetéreach tested compound or DMSO was added
to the mixture and then pipetted onto GS4b-MDM2dsed\fter incubation, as described previously,
reaction products were resolved by sodium dodeclfbte—polyacrylamide gel electrophoresis and
analyzed by western blotting with anti-p53 DO-1.r Fhe MDM2 RING autoubiquitination assay,
GS4b-MDM2 RING beads were prepared as above ardling#ace of the full-length MDM2.

Abbreviations. ARF, alternative reading frame; DMEM, Dulbecco’'sodified Eagle’s medium;
DMSO, dimethyl sulfoxide, HLI98, HDM2 ligase inhtbr 98 class.

For the MDM2 autoubiquitination assay, the proceduas performed as detailed above except that no
His-p53 was added to the reaction and westernitdpttas with Ab1l and Ab2 antibodies.

For the Cbl autoubiquitination assay, bacteriakpressed full-length Cbl was used in a reactiorh wit
the previously described quantities of E1, E2 apidwitin. Ubiquitinated Cbl was detected by western
blotting using antiubiquitin antibody (Sigma clo®€1).

4.3. Molecular Modeling. The structures of newly synthesized compounds eeilt with Sybyl-X
software and minimized to 0.01kcal/mol by the Powedtthod, using Gasteiger-Huckel charges and
the Tripos force field. The proteins coordinategenbeen downloaded from Protein Data Bank website
(PDB IDs: 1t4f). The water molecules and all othebstructures including p53 residues were removed.
The hydrogen atoms were added and the energy gfrttein was minimized using the Amber force
field with Amber charges. The energy-optimized &ga were docked into the binding site (close to
atomno. 654) in the protein using GOLD [36]. Thegmaeters were set as the default values for
GOLD. The maximum distance between hydrogen bombidoand acceptors for hydrogen bonding
was set to 3.5 A. After docking, the top three gosenformations of each lignad were merged into the
ligand-free protein. The new ligand—protein compkexwere subsequently subjected to energy
minimization using the Amber force field with Ambeinarges. The energy minimization, in all cases,
was performed using the Powell method with a 0.@&l/kmol A) energy gradient convergence

criterion and a distance dependent dielectric fonct

The author s have declared no conflict of interest.
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Table 1: I1Cs of p53 ubiquitination of the newly synthesized compounds (in vitro).

Compound No I Cso Of p53 ubiquitination
6 0.99
7 0.97
8 0.94
10 0.91
12 0.89
14 0.84
16 0.36
18 0.44

20a 0.81
20b 0.78
20c 0.61
23a 0.57
23b 0.55

Diph. Imidazole 0.26(17)
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Chart 3. Alignment of reported (black) and newly (red) derived structures. The diphenyl rings of the
lead structure (black) were reported to interact with MDM2 (PDB: 1rv1), leaving the other two
groups facing p53.

Figure 3. Hypothetical binding mode of compound 16 (colored yellow) and the reference
diphenylimidazoline compound (colored light gray) in MDM2 protein (PDB: 1t4f).
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tpwr 50 proc ft -4
pw 8.7 fn not used <]
' d1 ] o2
tof 0 werr (5
nt 4000 wexp =3
ct 3376 wbs wft aph =
alock n wnt . -
ain not used - OB
e as o o S5828 o
i - =g o BRa5 ‘@
in n b S =8388 -
dp "o ~ axTE-
DISPLAY ¥ - o8 8 | =
sp 7533.6 = 2 |
wp 4517 .6 -~ A
- vs : N -
sC 272 - B e e S O RENRN IR e
wC
ol : 2 " = "
s 3 9 @ -
1 1874.8 = S : - [ = e k
rfp s s 2 \ s { 2
th a & - - | | . o -
ins 100.000 2 | ‘ = 4
o no ph = ‘ 3
r— — - — — — ——— —r— —r— —— — -
155 150 145 140 135 130 125 120 115 110

3¢ NMR spectrum of compound 7



TakoE Teebs=123-DH50-H

Pulse Sequence: s2pul

soivent: OMSO
Temp. 30.0 € / 303.1

13
File: TahaEldehs-TES=0ME0-

Morcury=-30086 “NMRS00"

Relax. delay L.000 sec
Pulse 74.1 gegrees
Acn. tima 4,004 sec
Width BO00.D 112

67 repetition:

5
ODSERVE H1, 300.05876A9 MHZ

DATA PROCESSING
FT size 65536
Tatal time 19 min, 13 sec

"H NMR spectrum of compound 8

11.66L

_ g.a20

Ph

Fh

/A

I=

0

CHs

P43

§.120

1.823




Tahak |dens=T-0MS0-H "

Pulse Scauenee: s2pul 1l

Solvant: URSI

emp. S0.0.C / 303.1 K \\ =
File: Tanakis Te-nes0-H Ph N
Mercury-3HBE CNHRADD L

Relax. delay 1.000 sec ’(

Pulse V4.1 degrees

.'\|CG- télggnflaolﬂl'ﬂ 50 \

Width . iz

b repstitions Ph H CHy

OBSERVE W1, 300.0GB7643 MHZ
MG

gize BRG36
Total time 19 min, 19 sec

1.825

-1L-587

9,590

B.338

ppm

17.71

5.22 1.50 .80 80.75

"H NMR spectrum of compound 10



Tahat debs-T4-0M50-H

pulse Sequence: sEpul
solvant: DRSO
5 ==

Temp. 30.0 O 4 303.1 k
File: Tahatldebs-T4-OME0-H
O |

Hercury-300BE  THHRE00"
Fh
Mo

pelax. delay L.0BD set
Pulse 7A.1 deqroes
fcg, time 4.004 seC )u'{ \

width BOO0.0 HZ
2 repstitions o
QESERVE  HL, 200.0GBTEAY HAZ
DATA PROCESSING Fh I CHs
FT size (5538 H
Total time 1% min, 1§ ses
12

“_7.028

— T T T T T o e

5 L] 3 2 1 ppm

17.71

5.7z N ) 6076
: 417 4.50 4.50 L

"H NMR spectrum of compound 12
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Dr . Tahat 1debs-T16-C13-DHS0-Main.Defence Fh
Chemical.laboratory
expl stdi3c
SAMPLE DEC. & VT Ph CHs
date Feb 12 2014 dfrg 300.013
solvent MSO  dn H1
file sexport/home/~ dpwr 40 12
vnmrl/Maryam/0r .Ta~ dof 0 -
haE 1debs-T16-C13-D~ dm ¥yy =
MS0-Main.Defence.C~ dmm W i
hemical.Laboratory~ dmf 10000 S
fid  temp 25.0 ~
ACQUISITION PROCESSING 2.3
sfrq 75.446 1b 1.00 :
tn C13 wtfile 3 -
at 1.815 proc ft L
np 68106 fn not used
SW 18761.7 5
b 10400 werr
bs 16 wexp
tpwr 50 whbs wft aph
pw 8.7 wnt
tar ’ ffzesezl
O ~omeSe o =
nt 4000 -aBsszan s 2
ct 3760 o L -
alock n TRNBgSEad g ®
ain not used b |
n ~ o
in n ]
¥ o L
- w ©
DISPLAY 235 2 b
sp =252.% Sa- | & 2
wp 16124,7 i B = |
Vs moe
o H -3 |
we 270 | y @
hzmm 58.72 - & e
is 500.00 et} o :
rfl 1874.8 - I &
rfp [} e
th 3 e
ns 100.000
nm na  ph
i
|
. A T Ty | ’ I l / ..l. A ok " Sauih o
r fudy T wer n " b it o i b
R A B R B T B B S e el Ao i —— -
200 180 160 140 120 100 &0 60 40 20

3C NMR spectrum of compound 12



TahaEldebs

~T&-0M30-H

Pulse Sequence: sZpul
Solvent: DMSO
Tomp.

M Do 303, R
A00RE ~ HHMRZO0"

Relax. delay 1.000 sec
Fulse 7d.1 degrees
Acg. time 9,004 sec
Width 80000 Hz
12 repetitians
SERVE M, 300.0837875 HHz
OATA PROCESSING
FT size BES3E
Total time 13 min, L1 ssc

11.586

=N
Yo
Ph M
/i
Ph
NT o,
16
7
0 %
1 If_,-— | ‘
!
/ , | -

'H NMR spectrum of compound 16

10




-
ins 100.000

Dr .MohamedE 1debes-T6-C13-0MS0-Ma in. Defen N
ce.Chemical.Laboratory >§=N
expl stdl3c Ph N
SANPLE DEC. & VT

date Feb 14 2014 dfrg 200,013
salvent OMSO  dn H1 Ph ™ CH

e exp  dpwr a0 H 3

ACQUISITION dof 0
sfrg 75,446  dm yyy 16
tn C13  dnm
at 1,815  dmf 10000
np 68106 temp 5.0
5w 18761.7 PROCESSING
b 10400 1b 1 =
bs 16 wtfile A= =
tpwr 50 proc ft -8 L8
pw 8.7 fn not used o LR
d1 ] SR Ti5 88
tof werr e 18 Wk 5
nt 4000  wexp 2= =) 255
ct 2304 wbs wit aph -8 2hn
alock wnt 7 {FH)
gain not used L amm
i1 n \
in n

=
" brseLay ¥ a2 = ®
sp -505.8 q @ H]
wp 16361.5 o - S :
ve 322 iE 3z E a
sc Y. =4 4 ]
we 270 s i -
hzmm §0.60 = 222 " afg ¢ 2
is 500.00 2 A= kA d =
rf1 1874.8 e J ) = -} 2
rfp o - 1 .
th =8 3 | J L]
] >
a

108.222

114.

145.997
117.781

L LU y

Ll v " - M-~ ¥

T LU L L e T (D B e e

T
200 180 160 140 120 100 80 60 40 20

3C NMR spectrum of compound 16
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Tahaf 1deks-T3-DNS0=H

Fulse Sequence: S2pul
solvent: DMSO0

emp. 30.0C ¢ 3031 K
Hercury-30086 ~ “NMRIO0"

Relax. delay 1.000 fec

Pulse 74.1 Gegrees

Agq. time d.004 sec

Width 8000.0 Hi

71 repetitiony
DESTRVE  H1, 300.068/675 WHZ
DATA PROCESIING

F1 si7a 65536
Total time 13 min, 1§ sec

12460

11,587

18 14 13

"H NMR spectrum of compound 18
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TahaEldehs -T24=DHSD-H

Pulse Seguence: s2pul

Sofvent: DMS0

femp. 30.0 € ¢ 303.1 K
File: Tahalldebs-T24-DHSD-H
Hercury-300RB  “NMRIOOD"

Relax. delay 1.000 sec
Fulse .1 degrees

Acg. time &.004 sec

Width B000.0 Hz

95 repetitions

OBSERVE HL1, 300.0687649 MHz
DATA PROCESSING

FT size §5536

Total time 13 min, 19 sec

=
=
g
o
z .
. =
< | =
| &
|
2 2 |
= E |
=
1
I =
o i L 2
| | |
; A , i St o |
T T T T LT 0 T T —T T T T T T T T T S AR T
1z 11 1o 7 5 q 3 1 ppm
7,87 7.4 7283 17.68 24.15 13.82

'H NMR spectrum of compound 20a
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Dr .MohamedE 1debs-T24-C11-0MS0-Main.Defen H
ce.Chemical.Laboratory -
MiCOC.
expl §tdl3c B
SAMPLE DEC. & VT ?
date Feb 13 2014 dfrq 300.013 PR
solvent DHSO  dn H1 L]
exp dpwr 40 20a
ACQUISITION dof 0 =
sfrg 75,446 yyy
n €13 dmm W
at 1.815 dmf 10000
np 68106 temp 25.
W 18761.7 PROCESSING
fb 10400 b 1.00
bs 16 wtfile
tpwr 50 proc ft =3 wE
[ 8.7 fn not used agwn Zwn
d1 0 29 e et
N tof 0 werr o8 oom
—- nt 4000 wexp oo | k 5
ct 2768 wbs wit aph ® o
alock n wnt o1 -
gain not used ]
GS
:1
n n @ "
® a | =
sp H -] 2
wp T
VS o
* we g% Jo i S &
hzmm L] bk 24 ,) = - e "
is at ~in o [ 0 = o~
rfl 18 o g2 e o S as
[ 8 2% | i Rgse Jz 2
th = aT k | = e o -
ins 7 100 i 5] SJds < ®
nm no @k E= T =d5e ~ a
3 f b2 =1 ,J ~
" - - a
e
|
N S— | L JJ WLl , . |
: i - b o "’ o
e e B T R B e e LA L B e |
200 180 160 140 120 100 1 60 a0 20

3C NMR spectrum of compound 20a
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Tahatl [debs-TZE~DM20-H

Pulse Sequence: s2pul

JLOK
5 =TFE-DHSG-H
Hercury-30088  "HHRZ00"

Relax. delay 1,000 sec
Pulze 7d.1 degrees
Acg. time 4.004 sec
Width 8000.0 Hz

15 repetitions
DRSERVE HL, 300_06B7E48 MHz
DATA PROCESSING

FT size §5536

Total time 19 min, 18 sec

11.673

kb W

7.195

\

8.375

72:22

'H NMR spectrum of compound 20b
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2.752

—

1.824
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Dr.MohamedE 1debes-T20-C13-DMS0-Main. Defe
nce.Chemical.lLaboratory

expl stdisc

SAMPLE DEC. & VT
date Feb 14 2014 dfrq 300.013
solvent DHSO dn H1
file exp  dpwr a0
ACQUISITION dof L)
sfrq 75.445 dm yyy
tn C13 dmnm w
at 1.815 dmf 10000 <
np 68106 temp 25. e
W 18761.7 PROCESSING ~ e
b 10400 1.00 o5&
bs wtfile 2%
tpwr 50 proc ft &
W 8.7 Tn not used N
a1
tof werr [
nt 4000 wexp ‘
ot 3472 wbs wit aph I
alock wnt
gain not used ©
© £
i1 & evngd S °
n n iy Iea* e L
dp y F R ;
DISPLAY cnESRIRY -
sp -37.5 e e | |
wp 15879.1 Hhide o =
vs 63 it} [ f
sc ] | : & »
e 270 )y 5 =
hzmn 58,81 s =8d H' I = H -
500.00 R e | |e2ks | 3
- 1874 2 et 42e3 b
24 0 s 588 | b ‘ J ¥
the 100.008 g % | j A3 & ' &
nm  no . . o nig
= | ‘ S | o =
= I = * 2
| | | I s
R -
. ] LUl Jodikd j J |
i > u el
T T —— T S . R - —
200 180 160 140 120 100 80 40 20

3¢ NMR spectrum of compound 20b
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ACCEPTED MANUSCRIPT

Dr .MohamedE 1debs-T -H1-DMSO-Mafn.Defence.Chemical.laboratory

Pulse Sequence: s2pul
Solvent: DMSO

Te.:. 25.0 C 7 288.1 K
CGEMINI-3008B “NMR™

Relax. delay 1.000 sec

Pulse 39.4 degrees

Acq. time 1.988 sec

Width B000.0 Hz

36 repetitions

OBSERVI H1, 300.0117449 W
CESSING

FT size 32768
Total time 3 min, 37 sec

Fh
Eiooc
FPh
Ph 4
I8 —H
H 3
200

g
-
8 g
3 . -
H
o
<
e P
A . - P
L A 6 6 5.0 o o e o o e U —— e
14 1z 10 8 6 a 2 -0
S F —— ™, S oo — e
6.16 11.46
a.51 60.16 o FRAE

'H NMR spectrum of compound 20c
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TahaE Tdebs-T UNS0-H

Pulse Sequence: 52pul
Salvent: NS0
Temp. 3.0 G ¢ %03.1 K
File: Tahafldohs-T21-DHS0-H
Rercury=300BE  "NHRZ00"

Relax, delay 1.000 sec
Pulse 74.1 degrees
Cq. time 4.004 sec
Width BEOODO.0 Hz
13 repetitions
OBSERVE H1, 3000667649 MHz
DATA PROCESSING
IT size 65536
Total time 19 min, 18 sec

11.666

12.2919

8,028

8.573

1.8258

'H NMR spectrum of compound 23a

S17




