Accepted Manuscript

Diastereoselective Synthesis of Polysubstituted Cyclopentanols and Cyclopentenes
Containing Stereogenic Centers via Domino Michael/Cyclization Reaction

S. Ahadi, Z. Naghdiani, S. Balalaie, F. Rominger

PII: S0040-4020(15)01059-5
DOI: 10.1016/j.tet.2015.07.022
Reference: TET 26967

To appearin:  Tetrahedron

Received Date: 25 April 2015
Revised Date: 21 June 2015
Accepted Date: 6 July 2015

Please cite this article as: Ahadi S, Naghdiani Z, Balalaie S, Rominger F, Diastereoselective Synthesis
of Polysubstituted Cyclopentanols and Cyclopentenes Containing Stereogenic Centers via Domino
Michael/Cyclization Reaction, Tetrahedron (2015), doi: 10.1016/j.tet.2015.07.022.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2015.07.022

Diastereoselective  Synthesis of Polysubstituted Qgpentanols and
Cyclopentenes Containing Stereogenic Centeksa Domino Michael/Cyclization

Reaction

S. Ahad?, Z. Naghdiarfi S. Balalaié"® and F. Romingér

@Peptide Chemistry Research Center, K. N. Toosi &msity of Technology, P.O. Box 15875-4416,

Tehran, Iran, E-mail: balalaie@kntu.ac.ir

P Medical Biology Research center, Kermanshah Unitseos Medical Sciences, Kermanshah, Iran
¢ Organisch-Chemisches Institut der Universitaetdelibierg, Im Neuenheimer Feld 270, 69120
Heidelberg, Germany

Abstract

A highly efficient domino Michael/cyclization reaah was developed for the synthesis of
cyclopentanols and cyclopentenes with four andetlstereogenic centers that were generated in
one-pot reaction conditions with high diastereagelgy. The reactions proceeded through a one-
pot three-component reaction ghitrostyrenes, malononitrile and phenacyl brondéevatives in

basic media at room temperature.
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1. Introduction

The formation of carbon-carbon bonds is one ofithportant subjects in organic synthesis, and
designing novel approaches to access this godieisaim of organic synthesis researctess.
domino reaction which includes the constitutiomafmerous carbon-carbon bonds and stereogenic
centers in one-pot is a very significant and ativacapproach due to high bond-forming efficiency
and access complex molecufeBolysubstituted cyclopentanes are widespreadtiralgproducts,

and have demonstrated extended biological acsviieh as treatment of viral infections including
hepatitis and HIV, treatment of autoimmune diseases like multiplerssiis, rheumatoid arthritis
and asthnaand inhibitor of both influenza A and BThe structures of some bioactive compounds

which contain the cyclopentane moiety are showignl.
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Figure 1. The structures of some cyclopentane frameworks bidlogical activity

The synthesis of five-membered rings with multirstgenic centers in regio-, diastereo-, and
enantioselective reaction conditions has been goitant target for both academic and industrial
researchers. There are several approaches forytiteesis of five-membered rings with multi-
stereogenic centefsThese approaches can be classified in two catga) ring-closing reaction
and b) using of cyclopentadiene as starting materia

A domino Henry-Michael-cyclization reaction is aneenient routefor the preparation of five
membered ring with multi-stereogenic centefScheme 1). Therefore, the development of these

reactions for the synthesis of functionalized cpelatanes has always been of great interest.
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Scheme 1Sequential Henry Michael reaction to access cycltgrees

Considering the above background in the context ldenry-Michael sequence, and in continuation
of using g-nitrostyrene in designing multicomponent reactibheje envisioned an approach to
access functionalized cyclopentane derivativesoutliin a three-component reaction of phenacyl

bromidel, malononitrile2 andg-nitrostyrene3 based on Michael/cyclization.

Ar
Br CN /l EtOH/ NaOH (1M)
+ +
< l/ r.t.
R CN NO,
R:H, Br
1a,b 2 3a-h 4a-i

Scheme 2Three-component reaction of phenacyl broniideb, malononitrile2 andg-nitrostyrene

3a-hto form cyclopentanala-i

At the beginning, thg-nitrostyrene3 was prepared through the Henry reaction of nittbianee and
benzaldehyde derivatives in the presence of sotiyaroxide®*

The three-component reaction of 4-bromophenacyhimte 1a, malononitrile2, andg-nitrostyrene
3ain the presence of sodium hydroxide (1M) was setbas a model reaction for the screening of
suitable reaction conditions. The reaction wasiedmut in ethanol at ambient temperature. The
productda was formed as a precipitate and separation wassu@ple (Scheme 3).
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Scheme 3The model reaction to access cyclopentddhrough three-component reaction

The solvent and base played a very important mleréating the desired product. The model
reaction was carried out in various solvents, ag®MF, BO, CHCl,, EtOH and CHCN in the
presence of 1M NaOH as base. In water, an oilyypbdas formed and the isolation of product
was not possible and the yield of the desired prbdias low (25%). Only a trace of the desired
product was observed in DMF and &Hp. Since the homogenicity of the reaction mixturaypd
an important role in the progress of the reaction,the case of dichloromethanggtra-
butylammonium bromide was used as phase transfalyst(Table 1, entry 2). In GEN, the
yield of product was 50% (Table 1, entry 1). Aftieat the reaction was carried out in ethanol in the
presence of other bases, such as potassium cagboeaium carbonate, piperidine, triethylamine,
and diisopropylethylamine DIPEA (Table 1, entry @hd 1M NaOH. Meanwhiletetra-
butylammonium hydroxide (TBAH 20% in isopropyl alhad) was used as the base in the model
reaction at room temperature, although the degireduct was formed (Yield= 50%), but the work-
up of the reaction mixture was very difficult (Tall, entry 8). The model reaction was investigated
at room temperature. Meanwhile, the reaction mextuas heated at 50 °C, 60 °C and also at reflux
conditions. However, heating led to a mixture addarcts. The best result was obtained with 1 M
NaOH in ethanol giving 87% vyield of product withghidiastereoselectivity (Table 1, entry 4). The

results are compiled in table 1.

Table 1. Condition screening for the three-component reactif 4-bromo phenacyl bromide,

malononitrile angi-nitrostyrene as model reaction to foda

Entry solvent Base Yield (%)
1 CH;CN NaOH 50
2 CH,CI, NaOH trace
3 H,O NaOH 64
4 EtOH NaOH 87
5 EtOH K,COy 52
6 EtOH CsCO;, 57




7 EtOH piperidine trace

8 EtOH NEg trace
9 EtOH DIPEA 40
10 EtOH TBAH 50

In the*H NMR spectrum, produeta showed four doublet peaks&®.82, 3.13, 4.88 and 5.99
ppm for the geminal CH, CH-Ar and CH-N@espectively. Thé’C NMR data shows that there is a
signal in 164.0 ppm which confirms the presencéhefcarbonyl functional group. As a result, we
proposed that the nitrile group was hydrolyzedrtode group in the alkaline reaction conditions.
Based on these data, the structure of prodagtas confirmed and it was formed through the basic
hydrolysis of the nitrile group. The desired produwas formed through domino
Michael/Cyclization. The structure d& was clarified using X-ray crystallographic dataeTX-ray

crystallographic data could confirm the structumd also diastereoselectivity of reaction (Fig. 2).

Figure 2. ORTEP structure ofa

The relation between the chemical shifts and dsmbserved coupling constants is shown in Fig
3.

3J=11.9 Hz

2J=15.1 Hz

Ar: 4-Bromo phenacyl bromide

Figure 3. Structure of compoundia by displaying the chemical shifts and the coupbogstant



Having established the optimum reaction conditiang in order to extend the chemical library,
we investigated the reaction of variggsitrostyrenes3a-h, malononitrile2 and different phenacyl
bromidesla,b in the optimal reaction conditions. The results aummarized in table 2. It was
observed that most of the reactions are completd#dn24 h at room temperature and in all cases,

leading to the formation of the desired cyclopealain good yields with high diastereoselectivity.

Table 2. Synthesis of functionalized cyclopentandla-i through three-component reaction of

phenacyl bromides, malononitrile afiahitrostyrenes

Rl

»
(0] =
Br  CN EtOH/ NaOH (1M) |
* < * |/ It
R CN NO,
1ab 2 3a-h 4a-i
R=H, Br R!(3a-h)= H, p-OMe, m-NO,, p-NO,, p-Me, p-Cl, p-Br, p-F

2
4g (79%) 4h (82%) 4i (87%)

Despite the success of our procedure with pher@&oyhidela and 4-bromo phenacyl bromide
1b, we were surprised that the three-component waatf 4-methoxy phenacyl bromidkc,
malononitrile2, and g-nitrostyrenes3a,e,f,iin the same reaction conditions led to functioreiz
cyclopentane$a-d instead of cyclopentanols with three stereogemeistars in excellent yields

(table 3). The structure of the products was cordit using spectroscopic data and also X-ray
6



crystallographic data. The ORTEP structuresafshows the water elimination and formation of

cyclopentene moiety (Fig 4).

Figure 4. ORTEP structure dba

Table 3. Synthesis of functionalized cyclopentene derivaiga-d through three-component
reaction

(0] Z MeO
Br CN EtOH/ NaOH (1M)
+ < + l/ r.t

5a (97%) 5b (83%) Sc (68%) 5d (56%)

'H-'H COSY 2D-NMR was used for determination of theisture of the products. The 2Bl
NMR spectra of the compoundb and5c are provided in the supporting information.

There are some exchangeable hydrogens in the wieucf productsd4a-i and also5a-d.
Investigation of H/D exchange for compoufid showed that a peak &t 8.78 ppm was removed
which is related to the amidic hydrogen.



The X-ray crystallographic data of compountis and 5a shows that there is intermolecular
hydrogen bonding through amidic functional grougsdanor and acceptor. The comprehensive
hydrogen bond situation is shown in Fig 4.

After having these results for 4-methoxy phenaayintide 1c¢ and formation of cyclopentene
skeleton5a-d, the mixture of reaction 4-bromo phenacyl bromice malononitrile 2, and -
nitrostyrene3a was heated to access the desired cyclopenteneatieess, but the reaction gave a
mixture of products that was not suitable for poafion.

Based on the previous results, we proposed thatre¢hetion could proceed through domino
Michael/cyclization reaction and the following meadism could be proposed for the observed
diastereoselectivity of the reaction. Besigesitrostryrene is a common starting material used i
different stereoselective reactions due to itscstme and in some cases in the presence of chiral
catalysts?

The possible mechanism of these conversions is slo@cheme 4. This conversion involves
the initial reaction of phenacyl bromide derivasvaith malononitrile as active methylene
compounds to fornt and after proton abstraction, addition of the mekicarbanion7 to g-
nitrostryrene as Michael acceptor ledBtd' he subsequent cyclization of intermediafellowed by
the nucleophilic addition to the carbonyl moietg k® two product®, and10. In the case of using
phenacyl bromide or 4-bromo-phenacyl bromide produwas obtained. On the other hand using
4-methoxy phenacyl bromide led 5o One of the nitrile groups can hydrolyze in basiedia and
convert to amidda-i. In the case of 4-methoxy bromide, the final paids cyclopentene ringa-

d.
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Scheme 4.Proposed mechanism for the synthesis of functipedlicyclopentanolgla-i and
cyclopentene$a-d

It seems that the existence of the 4-methoxy dulesti in the structure of phenacyl bromitehas

an essential role in the elimination reaction asatted as accelerator in the formation of the doubl
bond and elimination of water to form the desirgdl@pentene moiety. The formation of the
double bond in the cyclopentene ring could be esqwe based on the stability of the formed double
bond in the structure of product (Scheme 5). Tlaeeetwo possibilities (Paths a, b) for the water
elimination in the structure of cyclopentanols.pth A, the double bond leads to steric hindrance

between aryl and nitro groups. However in pathhg, gtrong conjugation between the double bond



the aryl group and, has an essential role in tabilgy of product. Moreover, there is no steric

hindrance.
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Scheme 5Two plausible paths for the water elimination apdtkesis oba-d

With this idea in mind and for expanding the reactialkyl cyanoacetate was used instead of
malononitrile and three-component reaction of pbghlbromide, methyl or ethyl cyanoacetate and
S-nitrostyrene was investigated. In this case, thle product was formed through the reaction of
phenacyl bromide and alkyl cyanoacetate.

Meanwhile, domino four-component reaction of bedehlde, nitromethane, malononitrile and
phenacyl bromide in the presence of 1M NaOH wasestigated to access cyclopentanol
derivatives. However, the reaction showed that@ure of products were formed and separation of
the desired product was not possible.

In conclusion, we have developed a highly efficidamino Michael/cyclization reaction to access
diastereoselective functionalized cyclopentanol eapclopentene derivatives with four and three
stereogenic centers, respectively. These reactiame some advantages such as: high efficiency,
high bond-forming efficiency, practical simplicitgf the method, easy work-up, mild reaction
conditions, and high diastereoselectivity for tietiesis of functionalized cyclopentandis-i and
cyclopentenesba-d. Future work in our laboratory is in progress fodf a suitable basic

organocatalyst to access enantioselective products.

Experimental Section:

Commercially available materials were used withtuther purification. Melting points were

determined on an Electrothermal 9100 apparatusspé&ctra were obtained on an ABB FT-IR
10



FTLA 2000 spectrometetH NMR and**C NMR spectra were run on Bruker DRX-300 AVANCE
spectrometers at 300 MHz fid NMR, 75 MHz for'*C NMR. DMSOds; and CDC}was used as
solvent. High resolution mass spectra were recordedMass-ESI-POS (Apex Qe-FT- ICR
instrument) spectrometer. The scanning electrorrasdope (Hitachi 4160, Japan) was used for
getting the scanning electron micrographs.

General procedure for synthesis of 4 and 5:

In a flask, a mixture of phenacyl bromide (1 mmatglononitrile (72.6 mg, 1.1 mmol) in EtOH (3
mL) was prepared and NaOH (1M= 0.04 g in 1 mL watetas added dropwise and the solution
was stirred at ambient temperature for 1h. The n@sxyof the reaction was monitored using TLC
(Eluentn-hexane: EtOAc 2:1 ).Themg-nitrostyrene (1.0 mmol) was added and the mixives
stirred for 24h at room temperature. Finally, thecppitated product was filtered and washed with
methanol to afford the pure produa-i or 5a-d.

(¥) 4-(4-Bromophenyl)-1-cyano-4-hydroxy-3-nitro-2-nenylcyclopentane-1-carboxamide (4a
Cream powder; yield: 314 mg (73%); Mp 218-220 °R.(KBr) (vma/ CM?): 3462, 3372, 2243,
1694, 1553, 1381H NMR (300 MHz, DMSO#): 6 = 2.82 (d, 1H, Chl J= 15.1 Hz), 3.13 (d, 1H,
CH,, J = 15.1 Hz), 4.88 (d, 1H, CH-PHA,= 12.0 Hz), 5.99 (d, 1H, CH-NQJ = 12.0 Hz), 6.97 (s,
1H, OH), 7.28 (s, 1H, NH), 7.33-7.39 (m, 5H, H-Ar)p4 (s, 1H, NH), 7.62 (d, 2H, H-As,= 8.5
Hz), 7.68 (d, 2H, H-Ar) = 8.5 Hz)'*C NMR (75 MHz, DMSO¢): 6 = 47.4, 50.6, 53.7, 80.4, 92.8,
121.0, 128.0, 128.3, 128.6, 130.9, 133.1, 141.8,0l6HR-MS (ESI) Calc. for GH1sNs05"° Br
[(M-OH)+H]": 412.0291; found: 412.0291.

Crystallography data of 4a: colourless crystal (plate), dimensions 0.210 X70.% 0.020 mr
crystal system monoclinic, space group/R2Z=4, a=7.3723(7) A, b=6.2733(5) A, c=38.70443)
alpha=90 deg, beta=90.184(3) deg, gamma=90 deg736:Q(3) &, rho=1.597 g/cr) T=200(2)

K, Thetana= 24.415 deg, radiation Mo Kalpha, lambda=0.71078.A deg omega-scans with CCD
area detector, covering the asymmetric unit inpregial space with a mean redundancy of 2.90and
a completeness of 98.4% to a resolution of 0.868904 reflections measured, 2918 unique
(R(int)=0.0355), 2335 observed (I »(®), intensities were corrected for Lorentz andapiaation
effects, an empirical absorption correction was liagpusing SADABS based on the Laue
symmetry of the

reciprocal space, mu=2.33MmTin=0.84, Tha=0.97, structure refined against with a Full-
matrix least-squares algorithm using the SHELXL rBf@n 2014-3) software, 256 parameters
refined, hydrogen atoms were treated using apptgriding models, except those at hetero atoms
(N7 and O3), which were refined isotropically, goeds of fit 1.16 for observed reflections, final

residual values R1(F)=0.036, wR)E0.087 for observed reflections, residual electiensity -0.41
11



to 0.43 eA’. CCDC 1030884 contains the supplementary crysabhic data for this paper.
These data can be obtained free of charge fromCdmbridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

() 2-(4-Bromophenyl)-1-cyano-4-hydroxy-3-nitro-4-fenylcyclopentane-1-carboxamide (4b):
Cream powder; yield: 243 mg (60%); Mp 129-131 °B.(KBr) (vma/ cmi’): 3295, 3013, 2906,
2250, 1706, 1611, 1558, 1356 NMR (300 MHz, DMSO-ds): 6 = 2.81 (d, 1H, Ch J = 15.0
Hz), 3.07 (d, 1H, Ch J = 15.0 Hz), 3.71 (s, 3H, G} 4.79 (d, 1H, CH-PhJ = 12.0 Hz), 5.87 (d,
1H, CH-NG,, J = 12.0 Hz), 6.88 (1H, s, OH), 6.92 (d, 2H, H-Ar= 6.5 Hz), 7.13 (brs, 1H, NH),
7.28 (d, 2H, H-ArJ = 8.4 Hz), 7.45 (bs, 1H, NH), 7.58 (d, 2H, H-Ar= 8.5 Hz), 7.64 (d, 2H, H-
Ar, J = 8.6 Hz).)*C NMR (75 MHz, DMSO-ds): § = 47.5, 50.3, 53.2, 55.1, 80.3, 93.1, 114.0,
120.9, 121.0, 124.6, 128.1, 129.3, 130.9, 141.8,119.68.2.

(€3] 4-(4-Bromophenyl)-1-cyano-4-hydroxy-3-nitro-2-4-nitrophenyl)cyclopentane-1-
carboxamide (4c):Cream powder; vyield: 389 mg (82%); Mp 139-141 °B.(KBr) (Vmaf/ cmi):
3283, 3087, 3015, 2967, 1717, 1555, 1348.NMR (300 MHz, DMSO-ds): 6 = 3.35(1H, OH,
overlap with solvent signal), 3.42 (d, 1H, &Hd = 11.2 Hz), 3.52 (d, 1H, GHJ = 11.2 Hz), 5.14
(d, 1H, CH-PhJ = 5.1 Hz), 6.42 (d, 1H, CH-NJ = 5.1 Hz), 7.55-7.83 (m, 6H, H-Ar), 7.96-7.99
(d, 1H, H-Ar,J = 7.6 Hz), 8.28-8.31 (d, 1H, H-Ad,= 8.3 Hz), 8.43 (s, 1H, NH), 8.82 (s, 1H, NH).
13C NMR (75 MHz, DMSO-dg): 6= 43.6, 48.4, 52.4, 89.1, 90.1, 114.8, 123.6, 12R28.4, 129.8,
130.1, 130.2, 131.1, 131.6, 132.1, 135.1, 135.67.814158.1. HR-MS (ESI) Calc. for
CioH13N4NaGs"™® Br [(M-H,0)+Na]: 478.99627; found: 478.99615, Calc. forldisN.,NaG! Br
[(M-H,0)+NaJ: 480.9942; found: 480.9941.

() 1-Cyano-4-hydroxy-3-nitro-2,4-diphenylcyclopenane-1-carboxamide (4d):Cream powder;
yield: 305 mg (87%); Mp 139-141 °C. IR (KBNa/ cm'): 3304, 3118, 2248, 1702, 1559, 1370.
'H NMR (300 MHz, DMSOdg): 6 = 3.36 (bs, 2H, OH and_GHoverlap with solvent signal), 3.56
(d, 1H, CH, J = 11.2 Hz), 4.80 (d, 1H, CH-PH,= 5.3 Hz), 6.16 (d, 1H, CH-NOJ = 5.3 Hz),
7.42-7.50 (m, 9H, H-Ar and NH), 7.66-7.75 (m, 2HAH, 8.66 (s, 1H, NH}3C NMR (75 MHz,
DMSO-): 6 = 44.0, 48.4, 53.6, 90.2, 90.5, 115.3, 127.9, ,2828.5, 128.6, 128.8, 129.0, 130.2,
130.9, 133.0, 158.7. HR-MS (ESI) Calc. fordd15N3NaO; [(M-H,0)+Na]: 356.1005; found:
356.1005.

(¥) 1-Cyano-4-hydroxy-3-nitro-4-phenyl-2-p-tolyl) cyclo peantane-1-carboxamide (4e)Cream
powder; yield: 335 mg (92%); Mp 170 °C. IR (KB &/ cm’): 3332, 3034, 2986, 2249, 1703,
1562, 1352H NMR (300 MHz, DMSO-ds): 6 = 2.32 (s, 3H, CH), 3.35 (d, 1H, Ch J = 11.1
Hz), 3.37 (1H, OH, overlap with solvent signal 6& (d, 1H, CH, J = 11.1 Hz), 4.74 (d, 1H, CH-

Ph,J = 4.8 Hz), 6.11 (d, 1H, CH-NQJ = 4.3 Hz), 7.24 (d, 2H, H-Ad = 7.2 Hz), 7.44 (d, 2H, H-
12



Ar, 7.4 Hz), 7.48 (m, 3H, H-Ar), 7.67 (m, 2H, H-A8.64 (s, 1H, NH}3C NMR (75 MHz, DMSO-
dg): 0 = 20.7, 43.9, 48.5, 53.5, 90.3, 90.6, 115.3, 12¥28.1, 128.6, 129.1, 129.2, 129.6, 129.9,
130.2, 130.9, 138.2, 138.4, 158.8. HR-MS (ESI) Chlic CyoH1gN30s [(M-H0)+H]": 348.1343;
found: 348.1342.

() 2-(4-Chlorophenyl)-1-cyano-4-hydroxy-3-nitro-4phenylcyclopentane-1-carboxamide (4f):
Cream powder; yield: 319 mg (83%); Mp 145 °C. IRBK (vmad cmi‘): 3487, 3319, 3034, 2911,
2247, 1704, 1559, 13684 NMR (300 MHz, DMSO-dg): 6 = 3.38 (d, 1H, Ch J = 11.1 Hz), 3.40
(1H, OH, overlap with solvent signal ), 3.54 (d,,XtH,, J = 11.1 Hz), 4.90 (d, 1H, CH-PA=4.5
Hz), 6.17 (bs, 1H, CH-N§), 7.48-7.53 (m, 8H, H-Ar and NH), 7.63-7.70 (m,,2HtAr), 8.67 (s,
1H, NH)**C NMR (75 MHz, DMSO€k): 6 = 43.8, 48.4, 52.7, 89.9, 90.6, 115.1, 127.5, 1,28.
128.5, 129.0, 130.2, 130.7, 130.8, 131.9, 133.8,608HR-MS (ESI) Calc. for Calc. fori@H14N3
Na O*°CI [(M-H,0)+Na]J":. 390.0616; found: 390.0615.

(€3] 4-(4-Bromophenyl)-1-cyano-4-hydroxy-2-(4-methoyphenyl)-3-nitrocyclopentane-1-
carboxamide (4g):Cream powder; yield: 339 mg (79%); Mp 149-151 °R.(KBr) (vmay cmi’):
3455, 3312, 3030, 2982, 2243, 1705, 1560, I86BIMR (300 MHz, DMSOsdg): 6 = 3.35(1H,
OH, overlap with solvent signal), 3.37 (d, 1H, £B= 11.2 Hz), 3.53 (d, 1H, CHJ = 11.2 Hz),
4.86 (d, 1H, CH-Ph) = 4.98 Hz), 6.19 (d, 1H, CH-NQJ = 4.94 Hz), 7.46-7.48 (m, 6H, H-Ar and
NH), 7.65-7.67 (m, 4H, H-Ar), 8.67 (s, 1H, NHJC NMR (75 MHz, DMSOds): 6= 43.8, 48.3,
52.8, 89.7, 90.6, 115.1, 122.4, 127.5, 128.6, 13(38A.8, 131.0, 131.4, 132.4, 158.6. HR-MS (ESI)
Calc. for Calc. for @HigNsNaO,'® Br [M+Na]*: 452.021685; found: 452.02164, Calc. for
CioH16N3NaO® Br[M+Na]*: 454.0197; found: 454.0195.

(¥) 1-Cyano-4-hydroxy-3-nitro-2-(3-nitrophenyl)-4-phenylcyclopentane-1-carboxamide (4h):
Cream powder; yield: 249 mg (82%); Mp 149-151 °R.(KBr) (vma/ cm): 3310, 3077, 3019,
2939, 2252, 1699, 1576, 135H NMR (300 MHz, DMSO-ds): 6 = 3.36 (1H, OH, overlap with
solvent signal), 3.43 (d, 1H, GHI = 11.2 Hz), 3.55 (d, 1H, CHJ = 11.2 Hz), 5.13 (d, 1H, CH-Ph,
J=5.1Hz), 6.38 (d, 1H, CH-NQJ = 5.1 Hz), 7.49-7.50 (m, 4H, H-Ar), 7.68-7.71 (&), H-Ar),
7.71 (t, 1H, H-ArJ = 7.9 Hz), 7.97 (d, 1H, H-Ad = 7.6 Hz), 8.29 (d, 1H, H-AJ = 8.1 Hz), 8.44
(s, 1H, NH), 8.78 (s, 1H, NH)}*C NMR (75 MHz, DMSO-dg): o= 43.7, 48.4, 52.4, 89.4, 90.8,
114.9, 123.6, 123.9, 127.5, 128.6, 130.1, 130.8,7,3135.1, 135.6, 147.8, 158.4. HR-MS (ESI)
Calc. for GgH14NsNaGs [(M-H,0)+NaJ:. 401.0858; found: 401.0856.

(¥) 1-Cyano-2-(4-fluorophenyl)-4-hydroxy-3-nitro-4phenylcyclopentane-1-carboxamide (4i):
White powder; yield: 357 mg (87%); Mp 169-171 ‘® (KBr) (vmay cm?): 3325, 3077, 3039,
2251, 1703, 1562, 1350. 1H NMR (300 MHz, DMSO-db¥. 3.36 (d, 1H, Ch J = 11.2 Hz), 3.37

(1H, OH, overlap with solvent signal), 3.54 (d, 1EH,, J = 11.2 Hz), 4.86 (d, 1H, CHPA,=5.1
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Hz), 6.19 (d, 1H, CH-NQ@ J = 5.1 Hz), 7.29 (t, 2H, H-Ar) = 8.54 Hz), 7.37-7.49 (m, 3H, H-Ar
and NH), 7.56-7.60 (m, 3H, H-Ar), 7.63-7.69 (m, HHAr), 8.68 (s, 1H, NH)**C NMR (75 MHz,
DMSO-dg): 0= 43.8, 48.5, 52.7, 89.9, 90.6, 115.2, 127.4, 12828.9, 129.0, 129.2, 129.3, 130.2,
130.8, 130.9, 131.1, 158.7. HR-MS (ESI) Calc. fegHzsFNsO3 [(M-H,0)+H]": 352.1093; found:
352.1092.

(¥) 1-Cyano-3-(4-methoxyphenyl)-4-nitro-5-phenylcylopent-2-ene-1-carboxamide  (5a):
Cream powder; yield: 326 mg (90%); Mp 147-149 °R.(KBr) (vma/ CmM’): 3560, 3424, 3231,
1694, 1610, 1515, 1367H NMR (300 MHz, DMSO-ds): 6 = 3.76 (s, 3H, OCE), 4.64 (d, 1H,
CH-Ph,J= 5.3 Hz), 6.79 (s, 1H, =CH), 6.85 (d, 1H, CH-NO = 5.3 Hz), 6.98 (d, 2H, H-AQd =
8.2 Hz), 7.32-7.38 (m, 5H, H-Ar), 7.47 (s, 1H, NH)54 (s, 1H, NH), 7.59 (d, 2H, H-Ad,= 8.2
Hz). **C NMR (75 MHz, DMSO-ds): 6= 55.4, 57.9, 58.7, 94.2, 114.2, 118.8, 123.7,221128.1,
128.4, 134.1, 143.2, 160.2, 164.8. HR-MS (ESI) Céic Calc. for GoH;7NsNaQ, [M+Na]*
386.1112; found: 386.1112.

Crystallography data of 5a: colourless crystal (polyhedron), dimensions 0.¥60.160 x 0.140
mm®, crystal system monoclinic, space group C2/c, Za825.9760(10) A, b=8.4856(3) A,
c=18.9145(7) A, alpha=90 deg, beta=121.3568(8) damma=90 deg, V=3560.2(2) Aho=1.356
glen?, T=200(2) K, Thetan= 25.073 deg, radiation Mo Kalpha, lambda=0.710730% deg
omega-scans with CCD area detector, covering tyramagtric unit in reciprocal space with a mean
redundancy of 3.33and a completeness of 99.5% tesalution of 0.84 A, 10816 reflections
measured, 3148 unique (R(int)=0.0220), 2786 obsefie 25(1)), intensities were corrected for
Lorentz and polarization effects, an empirical apson correction was applied using SADABS
based on the Laue symmetry of the reciprocal spagep.10mnt, Tmin=0.90, Tma=0.96, structure
refined against ¥with a Full-matrix least-squares algorithm usihg SHELXL (Version 2014-3)
software, 253 parameters refined, hydrogen atonre weated using appropriate riding models,
except those of the aminde group, which were rdfirmtropically, goodness of fit 1.12 for
observed reflections, final residual values R1(F)40, wR(F)=0.108 for observed reflections,
residual electron density -0.21 to 0.46 ©ACCDC 1030883 contains the supplementary
crystallographic data for this paper. These databsaobtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.adatia_request/cif.

(¥) 1-Cyano-3-(4-methoxyphenyl)-4-nitro-5-p-tolyl)cyclopent-2-ene-1-carboxamide  (5b):
Yellow powder; yield: 312 mg (83%); Mp 186-190 °[R (KBr) (vma/ cm?): 3313, 3024, 2978,
2248, 1704, 1559, 1367H NMR (300 MHz, DMSO-dg): 6 = 2.26 (s, 3H, CH§),3.77 (s, 3H,
OCH), 4.58 (d, 1H, CH-Ph) = 5.3 Hz), 6.77 (s, 1H, =CH), 6.79 (d, 1H, CH-NO= 5.3 Hz),

6.98 (d, 2H, H-ArJ = 8.2 Hz), 7.14 (d, 2H, H-Ad = 7.6 Hz), 7.27 (2H, d, H-Ad = 7.6 Hz), 7.44
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(1H, s, NH), 7.54 (1H, s, NH), 7.58 (d, 2H, H-Ar= 8.3 Hz),2*C NMR (75 MHz, DMSO-dy): 6=
55.3, 57.8, 58.6, 94.3, 114.2, 118.9, 123.8, 12128,0, 128.3, 129.0, 131.1, 137.8, 143.2, 160.2,
164.8. HR-MS (ESI) Calc. for Calc. forEgNsNaO; [M+Na]*: 400.1267; found: 400.1267.

() 5-(4-Chlorophenyl)-1-cyano-3-(4-methoxyphenyl®-nitro cyclopent-2-ene-1-carboxamide
(5¢): Light yellow powder; yield: 269 mg (68%); Mp 21381C. IR (KBr) {ma/ cm?): 3496,
3382, 2237, 1714, 1598, 1550, 1389.NMR (300 MHz, DMSO-dq): 6 = 3.78 (s, 3H, OCH), 4.74
(d, 1H, CH-PhJ = 4.9 Hz), 6.80 (s, 1H, =CH), 6.81 (d, 1H, CH-N®= 4.9 Hz), 7.00 (d, 2H, H-
Ar, J = 8.4 Hz), 7.40-7.42 (m, 4H, H-Ar), 7.52 (brs, 1K), 7.55-7.63 (m, 2H, H-Ar), 7.63 (brs,
1H, NH). *C NMR (75 MHz, DMSO-ds) 6= 53.3, 56.7, 58.5, 94.1, 114.3, 118.6, 123.7,4,27.
128.1, 128.3, 130.5, 133.3, 133.5, 143.1, 160.3,8l6HR-MS (ESI) Calc. for £H16NsNaO,*Cl
[M+Na]*: 420.07222; found: 420.07215, Calc. forl@.gNsNaQ,*'Cl [M+Na]*: 422.0692; found:
422.0692.

(¥) 1-Cyano-3-(4-methoxyphenyl)-4-nitro-5-(4-(trifuoromethyl) phenyl)cyclopent-2-ene-1-
carbox amide (5d): Light yellow powder; yield: 241 mg (56%); Mp 218@2C. IR (KBr) ¢may
cm™): 3506, 3393, 3010, 2924, 2238, 1716, 1552, 1368MMR (300 MHz, DMSO-d): § = 3.76
(s, 3H, OCH), 4.83 (brs, 1H, CH-Ph), 6.83 (s, 1H, =CH), 6.B8( 1H, CH-NQ), 6.97 (d, 2H, H-
Ar, J = 7.5 Hz), 7.59-7.62 (m, 5H, H-Ar and NH), 7.71 @&H, H-Ar,J = 7.5 Hz).”*C NMR (75
MHz, DMSO-dg): 0= 55.4, 56.7, 58.5, 93.9, 114.2, 118.5, 122.2,4,25.1, 125.8, 127.3, 128.2,
128.6, 129.0, 129.5, 130.6, 139.2, 143.1, 160.2,616HR-MS (ESI) Calc. for £H;15F3N3O4[ (M-
H,O)+H]" 413.2666, found, 413.2666.
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General information

High resolution mass spectra were recorded on M&<OS and Mass-ESI-NEG (FT-ICR)

spectrometer.

Synthesis of g-nitro styrenederivatives 3 a-g:

The g-nitro styrene derivatives were synthesized basedthe reported methodOfganic
Synthesis Coll. Vol. | 1941, 413-414)

HCI

ArCHO + CH3NO, + NaOH ArCH(OH)CH=NO;Na ————  ArCH=CHNO + NaCl + H,0

General procedure for synthesisof 4 and 5

/@)K/Br
Ar
<C N R R: H, Br
+
CN EtOH/ NaOH (1M)/ r.t.
NO,

A mixture of phenacyl bromide (1 mmol), malononér{72.6 mg, 1.1 mmol) in EtOH (3 mL)
was added dropwise NaOH (1M) and the solution viiasng at ambient temperature for 1h.
The progress of the reaction was monitored using {Eluentn-hexane: EtOAc 2:1 ).Thep;
nitro styrene (1.0 mmol) was added and allowednthéure to be for 24h at room temperature.
Then, the precipitated product was filtered andhedswith methanol to afford the pure product

4a-i or5a-d.
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4-(4-Bromophenyl)-1-cyano-4-hydr oxy-3-nitr o-2-phenylcyclopentane-1-car boxamide (4a)

Cream powder; yield: 314 mg (73%); Mp 218-220 °B.(KBr) (vma/ cm’): 3462, 3372, 1694, 1553, 138H
NMR (300 MHz, DMSOd): 6= 2.82 (d, 1H, CH J = 15.1 Hz), 3.13 (d, 1H, CHJ = 15.1 Hz), 4.88 (d, 1H, CH-
Ph,J =12 Hz), 5.99 (d, 1H, CH-NQJ = 12 Hz), 6.97 (s, 1H, OH), 7.28 (s, 1H, NH), ZB39 (m, 5H, H-Ar), 7.54
(s, 1H, NH), 7.62 (d, 2H, H-Ar]) = 8.5 Hz), 7.68 (d, 2H, H-A = 8.5 Hz)*C NMR (75 MHz, DMSOd): 6 = 47.4,
50.6, 53.7, 80.4, 92.8, 121.0, 128.0, 128.1, 1288,7, 131.0, 133.1, 141.9, 168.1. HR-MS (ESI) Clalc C,gH1sN;0;"°
Br[(M-OH)+H]": 412.0291; found: 412.0291.

Cream powder; yield: 243 mg (60%); Mp 129-131 °R.(KBr) (vmad cmi?): 3295, 3013, 2906, 2250, 1706, 1611,
1558, 1356'H NMR (300 MHz, DMSO#de): 6 = 2.81 (d, 1H, Ch J = 15.0 Hz), 3.07 (d, 1H, GHJ = 15.0 Hz),
3.71 (s, 3H, ChH), 4.79 (d, 1H, CH-Ph] = 12.0 Hz), 5.87 (d, 1H, CH-NQJ = 12.0 Hz), 6.88 (1H, s, OH), 6.92 (d,
2H, H-Ar,J = 6.5 Hz), 7.13 (brs, 1H, NH), 7.28 (d, 2H, H-Ars 8.4 Hz), 7.45 (brs, 1H, NH), 7.58 (d, 2H, H-Ar,

= 8.5 Hz), 7.64 (d, 2H, H-Ar = 8.6 Hz).”*C NMR (75 MHz, DMSO-,): 6 = 47.5, 50.3, 53.2, 55.1, 80.3, 93.1, 114.1,
120.9, 121.0, 124.7, 128.1, 129.3, 130.9, 141.9,215.68.2.

Cream powder; yield: 389 mg (82%); Mp 139-141 °R.(KBr) (vmad/ cm?): 3283, 3087, 3015, 2967, 1717, 1555,
1348."H NMR (300 MHz, DMSO¢): § = 3.35(1H, OH, overlap with solvent signal), 3R 1H, CH, J = 11.2
Hz), 3.52 (d, 1H, CH J = 11.2 Hz), 5.14 (d, 1H, CH-PB,= 5.1 Hz), 6.42 (d, 1H, CH-NQJ = 5.1 Hz), 7.55-7.83
(m, 6H, H-Ar), 7.96-7.99 (d, 1H, H-Ad = 7.6 Hz), 8.28-8.31 (d, 1H, H-AJ,= 8.3 Hz), 8.43 (s, 1H, NH), 8.82 (s,
1H, NH).C NMR (75 MHz, DMSO-,): J= 43.6, 48.4, 52.4, 89.2, 90.2, 114.8, 123.6, 12129.8, 130.1, 130.2, 131.7,
135.1, 135.6, 147.8, 158.2. HR-MS (ESI) Calc. fqsHzN,NaQ;™® Br [(M-H,0)+Na]": 478.99627; found: 478.99615,
Calc. for GgH;aN,NaQ* Br[(M-H,0)+Na]': 480.9942; found: 480.9941.



1-Cyano-4-hydr oxy-3-nitr o-2,4-diphenylcyclopentane-1-car boxamide (4d):

Cream powder; yield: 305 mg (87%); Mp 139-141 “R.(KBr) (vma/ cm’): 3304, 3118, 2248, 1702, 1559, 1370.
H NMR (300 MHz, DMSOdg): 6 = 3.36 (brs, 2H, OH and_GHoverlap with solvent signal), 3.56 (d, 1H, CBI=
11.2 Hz), 4.80 (d, 1H, CH-PH,= 5.3 Hz), 6.16 (d, 1H, CH-NQJ = 5.3 Hz), 7.42-7.50 (m, 9H, H-Ar and NH),
7.66-7.75 (m, 2H, H-Ar), 8.66 (s, 1H, NHJC NMR (75 MHz, DMSOd): 6 = 44.0, 48.4, 53.6, 90.2, 90.5, 115.3,
127.9, 128.1, 128.5, 128.6, 128.8, 129.0, 130.0).93133.0, 158.7. HR-MS (ESI) Calc. for,¢8,:N;Na0; [(M-
H,0)+NaJ: 356.1005; found: 356.1005.

Cream powder; yield: 335 mg (92%); Mp 170 °C. IRBfK (vma/ CMY): 3332, 3034, 2986, 2249, 1703, 1562, 1352.
'H NMR (300 MHz, DMSO-d): 6 = 2.32 (s, 3H, Ch), 3.35 (d, 1H, Chl J = 11.1 Hz), 3.37 (1H, OH, overlap with
solvent signal ), 3.56 (d, 1H_GH = 11.1 Hz), 4.74 (d, 1H, CH-PB= 4.8 Hz), 6.11 (d, 1H, CH-NQJ = 4.3 Hz),
7.24 (d, 2H, H-ArJ = 7.2 Hz), 7.44 (d, 2H, H-Ar, 7.4 Hz), 7.48 (m, 3H-Ar), 7.67 (m, 2H, H-Ar), 8.64 (s, 1H,
NH). ¥C NMR (75 MHz, DMSOd): 6 = 20.7, 43.9, 48.5, 53.5, 90.3, 90.6, 115.3, 12728.1, 128.6, 129.1, 129.2,
129.6, 129.9, 130.2, 130.9, 138.2, 138.4, 158.8.MR{ESI) Calc. for GgHaNsO; [(M-H,0)+H]": 348.1343; found:
348.1342.

Cream powder; yield: 319 mg (83%); Mp 145 °C. IRBfK(vma/ CMY): 3487, 3319, 3034, 2911, 2247, 1704, 1559,
1366."H NMR (300 MHz, DMSO-ds): § = 3.38 (d, 1H, Chl J = 11.1 Hz), 3.40 (1H, OH, overlap with solvent
signal ), 3.54 (d, 1H, CK1J = 11.1 Hz), 4.90 (d, 1H, CH-P{,= 4.5 Hz), 6.17 (brs, 1H, CH-NJ) 7.48-7.53 (m,
8H, H-Ar and NH), 7.63-7.70 (m, 2H, H-Ar), 8.67 (&, NH)."°C NMR (75 MHz, DMSOdy): 6 = 43.9, 48.5, 52.8,
89.9, 90.7, 115.1, 127.5, 128.5, 130.3, 130.7,8,3M81.9, 133.8, 158.6. HR-MS (ESI) Calc. for Cétu. C,sH1,N; Na
0,*CI[(M-H,0)+Na]J":. 390.0616; found: 390.0615.

4-(4-Bromophenyl)-1-cyano-4-hydr oxy-2-(4-methoxyphenyl)-3-nitr ocyclopentane-1-car boxamide (4g):
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Cream powder; yield: 339 mg (79%); Mp 149-151 °R.(KBr) (vmad cm?): 3455, 3312, 3030, 2982, 2243, 1705,
1560, 1355H NMR (300 MHz, DMSOdy): § = 3.35(1H, OH, overlap with solvent signal), 3@7 1H, CH, J =
11.2 Hz), 3.53 (d, 1H, CK1J = 11.2 Hz), 4.86 (d, 1H, CH-PA,= 4.98 Hz), 6.19 (d, 1H, CH-NQJ = 4.94 Hz),
7.46-7.48 (m, 6H, H-Ar and NH), 7.65-7.67 (m, 4HAH), 8.67 (s, 1H, NH)*C NMR (75 MHz, DMSO#d): 6=
43.8, 48.3, 52.8, 89.7, 90.6, 115.1, 122.4, 127728,6, 130.2, 130.9, 131.0, 131.4, 132.4, 158.6.M8R(ESI) Calc. for
Calc. for GgH;NsNaO,"® Br[M+Na]": 452.021685; found: 452.02164, Calc. faetigN;NaO,>* Br[M+Na]*: 454.0197;
found: 454.0195.

Cream powder; yield: 249 mg (82%); Mp 149-151 “R.(KBr) (vma/ cm?): 3310, 3077, 3019, 2939, 2252, 1699,
1576, 1351'H NMR (300 MHz, DMSO-dg): 6 = 3.36 (1H, OH, overlap with solvent signal), 3(31H, CH, J =
11.2 Hz), 3.55 (d, 1H, CKHJ = 11.2 Hz), 5.13 (d, 1H, CH-PA= 5.1 Hz), 6.38 (d, 1H, CH-NQJ = 5.1 Hz), 7.49-
7.50 (m, 4H, H-Ar), 7.68-7.71 (m, 2H, H-Ar), 7.78 {H, H-Ar,J = 7.9 Hz), 7.97 (d, 1H, H-AJ = 7.6 Hz), 8.29
(d, 1H, H-Ar,J = 8.1 Hz), 8.44 (s, 1H, NH), 8.78 (s, 1H, NFC NMR (75 MHz, DMSO-d): 0= 43.7, 48.4, 52.4,
89.4, 90.8, 114.9, 123.7, 123.9, 127.6, 128.6,11,3030.3, 130.8, 135.2, 135.6, 147.8, 158.5. HR-HESIY Calc. for
CioH1N4NaQ; [(M-H ,0)+NaJ':. 401.0858; found: 401.0856.

White powder; yield: 357 mg (97%); Mp 169-171 °®. (KBr) (vmad cm’): 3325, 3077, 3039, 2251, 1703, 1562,
1350. 1H NMR (300 MHz, DMSO-d6)i = 3.36 (d, 1H, CH J= 11.2 Hz), 3.37 (1H, OH, overlap with solvent
signal), 3.54 (d, 1H, CHJ = 11.2 Hz), 4.86 (d, 1H, CHPB,= 5.1 Hz), 6.19 (d, 1H, CH-NQJ = 5.1 Hz), 7.29 (t,
2H, H-Ar, J = 8.54 Hz), 7.37-7.49 (m, 3H, H-Ar and NH), 7.56F (m, 3H, H-Ar), 7.63-7.69 (m, 2H, H-Ar), 8.68
(s, 1H, NH)."*C NMR (75 MHz, DMSO«,): 6= 43.8, 48.5, 52.7, 89.9, 90.6, 115.2, 115.6, 12728.6, 130.2, 130.9,
131.0, 131.1, 158.7, 164.BIR-MS (ESI) Calc. for GH1sFN;O;[(M-H ,0)+H]": 352.1093; found: 352.1092.

1-cyano-3-(4-methoxyphenyl)-4-nitr o-5-phenylcyclopent-2-ene-1-car boxamide (5a):
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Cream powder; yield: 326 mg (90%); Mp 147-149 °R.(KBr) (vmad cmi’): 3560, 3424, 3231, 1694,
1610, 1515, 1367H NMR (300 MHz, DMSO-d): d = 3.76 (s, 3H, OCH), 4.64 (d, 1H, CH-Ph] = 5.3
Hz), 6.79 (s, 1H, =CH), 6.85 (d, 1H, CH-NQ = 5.3 Hz), 6.98 (d, 2H, H-Ad = 8.2 Hz), 7.32-7.38 (m,
5H, H-Ar), 7.47 (s, 1H, NH), 7.54 (s, 1H, NH), 7.68 2H, H-Ar,J = 8.2 Hz)."*C NMR (75 MHz, DMSO-
de): 0= 55.4, 57.9, 58.7, 94.2, 114.2, 118.8, 123.7, 12128,1, 128.4, 134.1, 143.2, 160.2, 164R-MS
(ESI) Calc. for Calc. for gH;:NsNaQ, [M+Na]*: 386.1112; found: 386.1112.

Yellow powder; yield: 312 mg (83%); Mp 186-190 & (KBr) (vmad crmit): 3313, 3024, 2978, 2248, 1704, 1559,
1367."H NMR (300 MHz, DMSO-dy): 6 = 2.26 (s, 3H, CH),3.77 (s, 3H, OCH), 4.58 (d, 1H, CH-Ph] = 5.3 Hz),
6.77 (s, 1H, =CH), 6.79 (d, 1H, CH-NQ = 5.3 Hz), 6.98 (d, 2H, H-AJ = 8.2 Hz), 7.14 (d, 2H, H-AJ = 7.6
Hz), 7.27 (2H, d, H-Ar]) = 7.6 Hz), 7.44 (1H, s, NH), 7.54 (1H, s, NH),§ @, 2H, H-Ar,J = 8.3 Hz)."*C NMR

(75 MHz, DMSO-dg): 6= 20.7, 55.4, 57.8, 58.7, 94.3, 114.3, 118.9, 1228.3, 128.1, 128.4, 129.0, 131.1, 137.9, 143.2,
160.2, 164.8. HR-MS (ESI) Calc. for Calc. fos;8,eNsNaQ, [M+Na]*: 400.1267; found: 400.1267.

Light yellow powder; yield: 269 mg (68%); Mp 213821C. IR (KBr) (/ma/ cmY): 3496, 3382, 2237, 1714, 1598,
1550, 1359'H NMR (300 MHz, DMSO¢d,): § = 3.78 (s, 3H, OCH), 4.74 (d, 1H, CH-PhJ= 4.9 Hz), 6.80 (s, 1H,
=CH), 6.81 (d, 1H, CH-N® J = 4.9 Hz), 7.00 (d, 2H, H-AQ = 8.4 Hz), 7.40-7.42 (m, 4H, H-Ar), 7.52 (brs, 1H,
NH), 7.55-7.63 (m, 2H, H-Ar), 7.63 (brs, 1H, NHJC NMR (75 MHz, DMSO-ds) 6= 55.3, 56.7, 58.5, 94.1, 114.3,
118.7, 123.8, 127.4, 128.1, 128.4, 130.5, 133.3,5,3143.2, 160.3, 164.8. HR-MS (ESI) Calc. fogHGNsNaO,*°Cl
[M+Na]*: 420.07222; found: 420.07215, Calc. fogidN.NaQ,>'Cl [M+Na]": 422.0692; found: 422.0692.
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Light yellow powder; yield: 241 mg (56%); Mp-218@2C. IR (KBr)- ¢/mayd-cmi'): 3506, 3393, 3010, 2924, 2238,
1716, 1552, 1366H NMR (300 MHz, DMSOdy): § = 3.76 (s, 3H, OCH), 4.83 (brs, 1H, CH-Ph), 6.83 (s, 1H,
=CH), 6.89 (brs, 1H, CH-N§), 6.97 (d, 2H, H-Ar,J) = 7.5 Hz), 7.59-7.62 (m, 5H, H-Ar and NH), 7.71 2tH, H-Ar,
J=75 HZ).13C NMR (75 MHz, DMSO-dy): 6= 55.4, 56.7, 58.5, 93.9, 114.2, 118.5, 122.2,4,2B25.2, 125.3, 125.8,
127.3,128.3, 128.6, 129.1, 129.5, 130.7, 139.3,214.60.3, 164.7. HR-MS (ESI) Calc. fog,8,5F:N;05[ (M-H,0)+H]"
413.2666, found, 413.2666.
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Mass Spectrum Formula Beport

Analysis Info Acquisition Dale  g/20/2014 1:23:26 PM
Analysis Mame Do\Datz)\Balalaiicri 7615000001 d
Comment Prof. Balalaie: SA 730 in DCMMeOH
Irtens. ter] TE15_000001 d: #ht!
w106
& 41402714
|
&
36037373 43401115
4
33824179
2
I
a [ l LL s Gl M i " L L L I T PR i1 i il
340 i) 300 00 410 40 AG0 400 mi
Maas. m'z Formula miz em[mDa] emppm] mSigma mdb N-Bule e Conf
41207822 CITHEMN<LOD 412 00858 06 -15 66 160 ok odd
GIEH2N1104 41202857 05 -16 T4 215 ok even
C19H 15N3 034798 41202943 S -0.2 174 135 ok - even
CIBHIENO 0 412 02502 o7 B ) 214 1L ok even
CI18H4NBOS 412 02092 or 1.7 24 210 ok odd
CI13H24d N4 O T58r*818r 412.02000 -0 03 03 30 ok odd
GI13H1ZN208 318 41202988 o7 18 e 58 ok odd
C25H 150 81Br 412.02803 -1.2 28 420 180 ok odd
ClH4 41203075 03 BT 4508 330 ok odd
CaMI20 41203125 oz 05 5602 260 ok odd
CHIHEMEOB 41203126 oz 05 5760 205 ok sven
G 21 H 17 04°798r 41203047 a5 14 5793 130 ok odd
CI6H 12013 41202724 o7 1.8 5910 110 ok odd
Cl4H 15 NGO 4218 41203122 2 05 Bi32 100 ck odd
GCISHXENOZ TH8r*318r 412.03043 -0E =15 GO6.T 25 ok even
C17H13MNE6O24798r 412 02770 13 a1 GE9.1 140 ok odd
C1aM 1403 41202723 o7 18 &70.3 220 ok odd
GCISHENTOSB 41202724 or 1B B30 165 ok even
414.02Ti4 C19H 15N30381Br 414.00708 -0 01 198 135 ok =ven
G12H14016 41402754 os 12 IF2 68 ok odd
CI1ZH 19 N20 % *798r 414.02684 -03 -0 a2 40 ok odd
C23H4NEO4 414 0578 -1.4 33 471 245 ok =ven
CIHEN205 41402712 -0 0.0 518 24D ok odd
C2AMNY 41402712 Eiln] 01 590 205 ok sven
GIEHZNED 41402845 05 1.3 5335 280 ok odd
G 21 H17 O4~81Br 414.02843 -0g -1.3 5Me 130 ok odd
C12H SN 13 *70Br 414029818 -08 -1.8 5042 145 ok =ven
GCI12H4N 11 O7 414 02857 -0 -G 577 165 ok even
G 13H 15 N6 OS5 AT98r 414 02818 -0.8 -8 6H.E 90 ok odd
G13HIONLO 12 41402897 00 0.0 6E27 110 ok odd
G 24 H 15 024798r 414 02495 {117 1.6 6275 170 ok odd
CI7H13NEO T 818r 41402574 14 a4 Ef7B 140 ok - odd

Chemical Formula: C{oH;(BrN;0,
Exact Mass: 429.03

HRMS-ESI of 4a
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Mass Spectrum Formula Report

Analysis Info Acquisition Date  g20/2014 1:11:28 PM
Analysis Name DiDala\Balalaigicri7e14 D00001d
Comment Proi. Balalale: 34 29 in DCM/MaOH
Imtens. erITETE_ 000001 o M5
!HDT
| EI105
4
3
2
iE 50415314
72854
a I | 5 .'I i . ’ | Li E . X
1] 350 400 450 500 550 miz
Meas. mz  Formula mz om[mDa] ompom] m3gma rdo N-Rule e Gonl
IBEANMORE CHIBHIOMNIZO AR5 0G50 18 -4 175 180 ok odd
C12H 2 N0 *B1Er TRE 11081 0.3 0.7 185 7.0 ok odd
CI7HIENEOB 38510851 1.5 4.1 185 125 ok =ven
C13H 23 N 4 ~T9Er 38511005 -1.9 25 192 100 ok odd
CI19H1ANZOT 38611085 4.2 08 228 120 ok odd
G18H12ZNBO2 JB5. 11085 0.2 -6 246 175 ok sven
G2 HI5 MO ~TOB: AEE 11140 0= ns 248 05 ok =ven
CI3H2ZTN3O5a1Br 33511084 0.3 07 PRE 45 ok even
CatH14 38510800 -2.1 54 747 250 ok odd
C20H14NEO3 38511219 05 12 5713 170 ok odd
ClaH2ZINTO1Er JE 11215 0.5 -1.3 EBR? BA ok =ven
C 5 H 2908 %818r IBE11ZIE 05 = BOS.7 1.0 ok odd

Chemical Formula: C,0H;3BrN;O5
Exact Mass: 459.04

HRMS-ESI of 4b
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*C NMR (75 MHz, DM SO-dg) 4c




Mass Specirum Formula Report

Analysis Info Acquisiion Dale  @/20/2012 15135 PM
Analysis Mame  D:\Dats\BalalsisWicri7618_000001.d
Camment Prof. Balalaie: SA 35 in DCMMe(OH
Irtens. w1 TE1E_000001 d; +M5]
#1058
460.99472
g
4
LETNATT
3
2
445 LEETD
-HOO408 442 27075 548 50472
521.38224 L
oll Lol . T ! |Ilu s Ik sisasniisiil i
400 425 450 475 500 595 550 575 500 miz
Meas. miz Formula miz e oF  mSigm rdb NR o
[mDa] [ppmi a wke Coni
45701477 G 1BH 1809 “TOBr 457 01267 -1.9 42 215 95 ok even
CI1BHOMNZD 12 457 01500 0z 05 28 165 ok even
C19H 14 N4 05798 457 01421 Rl 12 238 145 ok =ven
CIBHINGOT 45701400 0.2 05 a2 220 ok odd
CIBHEN 11 *798; 457 01420 08 12 9.4 200 ok odd
G 21 H 16N OB *708: 457 014555 08 17 a3 140 ok odd
CE2OH1ONE O “T08r 457 01555 0g 17 4y 1oL ok even
C25H 14 NC 3 *B1Br 45701311 -7 et 827 12.0 ol odd
C28H 12N 2 "BI1Br 45701579 1.0 22 728 235 ok swen
C31HL05 4ET 01315 -1.6 38 870 205 ok even
C3ZHN40 457 01440 03 £8 1 k18 ok swen
C34H3INO2 457 01583 1.4 23 3018 40 ok odd
C2OHENEOS 457 01634 -0E 12 4460 215 ok sven
C22H12NS5024798r 457 01880 0.0 oo 5060 19.0 ok odd
459.01279 CISHZIN2 02 T8 *81Br 45901003 28 £0 195 75 ok even
C18H 1809 ~816r 45001082 -2.0 43 a2 a5 ok sven
CI19H 14N405B1Br 45801216 0.6 14 3 145 ok sven
CI18HEN 11 *R1Br 45901218 08 14 %5 200 ok odd
C21HIBNCEB1Br 459.04350 0.7 16 for g 140 ok odd
C20HWONBO*81Br 45001360 0.7 111 a7 195 ok sven
C23H 23798 *81Br 459.01408 1.3 28 45 115 ok even
GC22H12N5O24818r 45901484 21 45 289 19.0 ok odd
C24H 14NO 4 “TOBr 450.01007 27 59 Eo0 18.0 ok odd
C25HEN3IDT 459.01220 08 1.3 a2 250 ol odd
C23HINGOB 459.010885 -1.9 42 B4 x5 ok even
G2THTOS8 45901354 0a 17 642 245 ok sven
C2TH 1 2N20 *T0Br 4E8.01275 0.0 0.1 847 25 ok sven
C25H 10NS 798 45901141 1.4 30 &a3 230 ok odd
C28HINLDA 459.01488 21 46 757 s ok sven
C2EHNTO3 45001354 0.8 15 804 3o ok odd
C37THN 459.01035 24 53 1200 38.0 ok odd

Chemical Formula: C;oH;sBrN,O¢

Exact Mass: 474.02

HRMS-ESI of 4c
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Mass Spectrum Formula Report

Analysis Info

Acquisition Date

Analysis Name D:\Data\Balalaie\icr17240 000001.d

7/16/2014 4:27:05 PM

Comment Prof. Balalaie: SA 14 in DCM/MeOH
Intens. Icr17240_000001.d: +MS
x107
1.25
355.10060
1.00
075
050
33411858
0.25
32509482 37207460
403.12658
287.11795 l
0.00 — : - A e T
220 300 320 240 360 380 400 420 miz
Meas. mz Formula mZ emr[mDa] errppm] mSigma rdd N-Rule e Conf
356.10080 C17HION9O 356.10028 03 -09 160 175 ok even
CI18HIEN206 355.10029 03 -09 183 120 ok odd
CI19H12N6O2 356.10183 03 -09 5975 170 ok odd
CISH8N 12 356.09894 03 -09 5982 180 ok odd
C16H14N505 35509895 03 -09 6050 125 ok even
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Mass Spectrum Formula Report

Analysis Info Acquisition Date  7/46/2014 4:4152 PM
Analysis Name DiData\Balalaieticr17241_000001.d
Comment Prof. Balalaie: SA 15 in DCMMeOH
Intens, icri7241_000001,d; +S
win®
& 34813450
01645
3
2 366,00048
1
ﬂ".l:'.. J.‘ - I ‘] Li .1I1_1I4t — ...“.
300 325 350 375 400 425 450 475 500 miz
Meas. m'z  Formuia mz em[mDa] em[ppm] mSigma rdb MN-Bule e Conf
36032305 C10H42N3IO03 36032207 149 52 1200 405 ok aven
C21H4404 360.32341 05 =B 1355 0.0 ok odd
C22H40MN4 360.32475 08 22 497 50 ok odd
C24H42NO 360.32600 24 59 1561 45 ok oven
37011645 C16HION12 37011459 19 50 146 180 ok odd
C17HIENSE0OE 37011460 19 50 171 125 ok ovan
C18H1ZNOO 370.11593 05 1.4 196 175 ok oven
CIOHIZNZOBE 37011504 05 = 202 120 ok ocd
C20H14NEO2 37011728 08 22 267 170 ok odd
C22H16N303 37011862 22 58 331 165 ok even

Chemical Formula: C20H|9N304
Exact Mass: 365.14
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Mass Spectrum Formula Report
Analysis Info Acquisiton Date  7/152014 11:37:48 AM
Analysis Name DiData\SalaiaieVcr17250 000001.d
Comment Prof. Balalzie: SA21 In DCMM2OH
ens 7260_600001 & 48|
x10 -
12 005162
100
4807567
075
050
b 32500477
- l. v AR v
' 0 x0 340 3% 380 400 <o 20 e mz
Meas. m2z Formua mZz er[mDa] erppm] mSigma rdd N-Rse e Con!
36807967 C19HISN3I03~301 360.07965 0.0 -0.1 186 135 ok ovon
CI12HIINSO3~37CI 360.07949 02 05 245 105 ok owon
C2Z2H12N204 360.07916 05 14 32 w0 ok odd
CI13H19N208~37C 360.07949 02 -05 344 S0 ok odd
C2XH150*C 360.07764 06 -1.7 5543 180 ok odd
C25HWN3O0 360.08184 07 13 520 25 ok owon
CZ3HENE 368.08050 07 18 5/%4 230 ok odd
CZ2H1BN*35CI"3rC 360.07813 0.1 -04 587 135 ok ovon
C20HIONS03 360.07782 05 -13 5798 185 ok ovon
C1I7HIINEO2°35C1 360.07830 0.0 0.1 524 140 ok odd
C21 H17042350 368.08066 02 -05 5851 130 ok odd
C14HISNEO 43T 360.08063 03 -09 6134 100 ok odd
C12H2:08735CI°37C1 36808132 02 04 82 oo ok odd
35008162 C19H1ISN3INaO3~3501  390.08159 0.0 -0.1 182 35 ok owon
C21 H1BO3*365CI*37C1  390.050€0 18 47 286 120 ok odd
C19SHION4OE 390.05949 2. -55 28 w0 ok odd
C20HONS5N2 03 390.0597¢ -1.9 -48 283 1185 ok ovon
CZ2H17NNa "35CI~37C1 390.08008 1.5 -40 278 35 ok ovon
C21H12NO7 390.06083 08 -20 281 1165 ok ovon
C20HENBO2 390.060€2 08 -20 32 20 ok odd
C2ZH1IN2N2O4 390.06110 05 -13 5 1100 ok odd
CZ2HENSO03 390.06217 05 14 38 25 ok owon
C25H 14 N2 03701 390.05958 20 -52 4“0 1180 ok odd
CZ H3 00 390.06199 0.4 10 Q1 210 ok odd
CZAHNNINO 390.06065 -1.0 25 04 215 ok owen
CZ3IH7NENa 390.06244 08 2.1 582 230 ok odd
C24HWON204 390.08351 03 07 581 210 ok odd
C24 HIENA3SCI"ZC 390.06248 08 -20 5895 185 ok ovon
C1SH1INEO2+35C 390.06265 06 -15 5849 w0 ok odd
C21 H1ENa 0 4»35C1 390.06263 03 -08 5852 130 ok odd
C25HIN3IN2O 390.08378 04 -09 8515 25 ok ovon
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Mass Spectrum Formula Report

Analysis Info
Analysis Name

Acquisition Date  7/14/2014 4:19:21 PM

DAData\Balalaie\icr17209_000001.d

Comment Prof. Balalaie: SA 8 in DCM/MeOH
Intens. icr17209_000001.d: +MS
x106
an] 452.02258
41326701
25
20
1.51
1.0 391.28510
467.99561
483.96014
05 49739765
] 375.24377 43401204
|
0.0
380 400 420 440
Meas. 'z Formula miz err[mDa)] err[ppm] mSigma rdb N-Rule e Conf
45202258 C19H11NNaO11 45202243 -0.1 -0.3 331 145 ok even
C19H16N3NaO44798r 45202164 -09 -2.1 350 125 ok even
C19H8N4010 45202349 09 20 373 180 ok odd
C19H 13N 6034798r 45202270 0.1 0.3 407 16.0 ok odd
C19HN12Na0O2 45202376 12 26 530 250 ok odd
45402049 C19H16N3NaO4781Br 45401950 -09 -20 324 125 ok even
C19H13N603481Br 45402066 02 04 379 160 ok odd

HRMS-ES! of 4g
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Mass Spectrum Formula Report

Analysis Info Acquisiion Dale  ©'20/2014 1:42:44 PM
Analysis Mame  D/\Dala\Balalaieticri7617 000001 d
Commeant Prof. Balalaie: SA 34 in DCMReOH
Indens. I FEET_000001 o #ME
107
z0 40108633
1.5
1.0
3791044
1054
41708051
33216353 44707172
00 e b J— SR ‘L T
320 40 30 a0 400 430 40 E ] 480 miz
Meas. miz Formula 'z em[mlal em[ppm] mSgma 1db N-Rule s Conf
3roilddr CR2IHITHOG 37910504 06 17 344 140 ok odd
C20H 1T NBO 379.10503 (113 1.6 330 185 ok even
C22ZHI1ZN502 373106538 20 52 &62 180 ok odd
C18H130%8 37910236 -06 17 4465 as ok even
CI1BHEN 37910368 7 14 4843 20O ok odd
CIGHISN4 05 37910370 o7 13 BiZ2 145 ok even
CITHIGNTO4 379.10235 -0.6 17 BW6 150 ok odd
40108633 CROH1I1709 £01. 08571 LEE S 0a 241 12%5 ok Even
C13H14AMNaMa OS5 40108564 07 17 267 15 ok even
CiBHEN 11 Ma 401 08564 -0:7 17 238 200 ok odd
CIGH1I NTO4 401 08570 o4 oa 304 1BO ok odd
C2IHIEMNMNa OB 4 02598 o7 16 MB 140 ok odd
C20H10MNBNa D 41 08598 1133 1.5 358 18k ok sven
C2IHIZN4AOSE 401 08805 17 43 368 175 ok even
C2OHTM 11 401 0BE04 L7 4.3 422 230 ok odd
CEPHI1ZMNEMNa D2 &£01.08832 28 50 £31 180 ok odd
C1BH1ENa D8 401 08430 -4 08 4706 a5 ok even
CITHINIDO3 401.08536 o7 17 5304 IBS ok sven
CISHTHN 1302 401 08402 ] -18 5355 190 ok odd
CITHIZNTMNaO4 401.08430 04 -8 5358 150 ck odd
C1EHISN3DS 40108537 L g LE 5350 130 ok odd
CIBH13NEOT A1 0E402 -0.5 -18 5431 135 ok even

Chemical Formula: C;oH4N4O¢
Exact Mass: 396.11

HRMS-ESI of 4h
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Mass Spectrum Formula Report

Analysis Info Acquisition Date  9/10/2014 9:19:19 AM
Analysis Name D:\Data\Balalaie\icr17693_000001.d
Comment Prof. Balalaie: SA 37 in DCM/MeOH
Intens Icr17693_000001.d: +MS|
x107
28 35210964
201
1.5
10
325.09516
05
305.10886 - . 41326700
27427437 ‘LIL 37400177
() SRS U] W U U N | S . vlu—i‘.“ . —— -
250 275 300 325 350 375 400 425 450 mz
Meas.m'z Formula m/z err[mDa] errfppm] mSigma rdd N-Rule e  Conf
35210064 C19HISFN303 352.10920 04 -1.3 178 135 ok even
C24H1603 352.10040 0.2 -0.7 388 170 ok odd
C22H14N302 352.10805 03 -08 5612 175 ok even
C21H17FO4 352.11054 04 -1.2 5680 130 ok odd
C17H13FN6O2 352.10785 03 08 6909 140 ok odd
36842572 C25HS4N 368.42508 06 -1.8 1633 -05 ok even
HRMS-ESI of 4i
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3C NMR (75 MHz, DM SO-dg) 5a




Mass Spectrum Formula Beport

Analysis Info Acquisition Date  7/18/2014 11:40:40 AM
Analysis Name D)\Dats\Balalaieticri7251_000001.d
Comment Proi. Balalaie: SA 10 in DCMMeOH
Indens. | jeri 7251000001 d; +MS|
w107
: 38611124
1.5
1.0
5
402 pasay 1326553
oo " . i L . 1 . I.. - - . r
30 380 400 42 440 450 miz
Moas. m'z  Formula m'z e [mDa] emippm] mSigma r1db N-Bule e Conf
JB115506 C20HZI N4O4 38115573 -0.3 -0.F na, 125 ok even
C21H1TMNB 38115707 1.1 28 na. 175 ok aven
CHIINOS IB1.5T0T 11 28 na. 120 ok odd
JB215835 C14HIBEN13O 3B2.15853 0.2 05 na 135 ok sven
CIEH2ZNEDE 3R2.15053 o2 0.5 na. = 14] ok odd
CE2GH20M 3E2.15203 -0.3 -0.B na, 205 ok sven
C14H2EN2010 3B2.45B20 -1.2 -3.0 n.a. 3.0 ok odd
CI13AH22M8 05 JB2.15819 -1.2 =30 r.a: BS ok even
C12ZH 14N 1B 352.15818 1.2 -3.0 na. 140 ok odd
C16H1BMID0O2 38218087 15 4.0 na. 130 ok odd
CITH24N30OT 382.16088 15 4.0 n:A. TE ok ovan
JBE11124 C18HI1ZNBO2 ZB6. 11085 -0.4 -1.0 185 175 ok &ven
C19H1BN2OT 3B6.1 10BE 0.4 -1.0 207 120 ok odd
C31H 14 FE6.10800 02 0.5 Ba43 260 ok odd
C20H14NE03 38611218 -0.5 -1.6 B824 170 ok odd
CIZHIEN3O4 38611353 01 -2 628 165 ok even
C1I6H1dN120O 38610850 a7 1.8 6716 180 ok odd
CATH1ENEDE 38610851 a7 1B BITHE 125 ok aven

Chemical Formula: C,yH;;N;0,
Exact Mass: 363.12

HRMS-ESI of 5a
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Mass Spectrum Formula Report

Analysis Info

Acquisiion Date  @/20/2014 1:33:50 PM

Analysis Name  D:\Data\Balalaislicri7616 D00001.d

Comment Prof. Balalaia: SA 233 in DCMMeOH
Irdens. IGr] FEHE_D0O00] d; +MS
107
AL 12673
L
3
e
1
B0 03525
. . L 1
350 400 ] =00 550 miz
Meas. m'z Formula miz er[mDa] ewfppm] mBigma odb N-Hule e Conf
JBEITEE CIFTHTINNO JB5. 11425 -t.8 -47 140 180 ok odd
CI8HITN4 OB 38511476 -8 -47 198 125 ok even
CI1SH13INBO2 385.11580 -05 -12 200 175 ok even
C2OHIBNOT 385.11560 05 -12 216 120 ok odd
C2iHISM503 38511684 08 23 2537 W7o ok odd
C23HIWWNZ204 38511828 22 58 HT .S ok ewven
39517179 CESH1IN23 395.17188 21 82 na 118 ok odd
C2IH2IN4O4 39517138 -04 -10 na. 125 ok even
CZ2HI1GNE 05 {7272 09 24 na 175 ok sven
CZHIENOS Jac 7272 19 24 na 120 ok odd
CTHIEN 200 Job. 7322 i4 e na 105 ok even
CEHZiN1308 39517323 1.4 38 na 50 ok odd
COHa7MBED11 39517323 14 as na 05 ok even
GC20H27T OB 30517004 -1.7 -44 na 75 ok swven
C1EH2I N7 O3 30517004 -1.8 -4.4 na 130 ok odd
C24HZINGD 395, 17408 23 57 na. 170 ok odd
40012673 GC20OH20NZ207 40012650 02 08 328 120 ok odd
C1GH14N902 40012650 02 s I3 s ok even
C3ZH I8 40012465 05 11 5347 260 ok odd
C2IHIBNBO3 40012784 -85 -15 5504 170 ok odd
CiTHi1ZN120 40012515 10 24 605 180 ok odd
GCi18H18N506 40012546 1.0 24 BBEE 125 ok sven

Chemical Formula: C;H;9N3O04
Exact Mass: 377.14

HRMS-ESI of 5b

5S40
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Mass Spectrum Formula Report

Analysis Info Acquisition Data TIWI0T4 115005 AM
Analysis Name  D'\Data\Balalaie\icri7252_000001.d
Comment Prof. Balalaie: SA 17 in DCM'MaOH
Irtens er 752 000001 o, *hS]
xigs
5
42007245
20
15
1.0
03 43604544
o0 , ) i ’ || |L||l Ly L ‘|| . Lo . ]
: 380 400 420 440 460 @80 miz
Moas mfz  Formula miz em[mDa] emppm] mSigma rdb N-Fules o Coaf
41511708 C20H20N4 O 443501 41511676 03 -8 1348 125 ok even
C22H 22N 0 5435C! 41511810 1.0 i 141.2. 120 ok odd
C21H1ENE04 41511483 22 -5:2 1456 175 ok ewven
C23H23 N2 035G 43701 41511528 18 -4.4 1480 125 ok aven
C21H 168 N ~35C] 415 11810 1.0 24 149.3 175 ok even
C23IHITN3OD5 415. 11627 08 -240 1520 170 ok odd
C23H 18 N5 O~3EC! 41511044 24 57 1855 17.0 ok odd
C25H 19086 415.11761 05 1.3 1635 165 ok even
C2ZH11N10 415.11827 08 240 1600 225 ok even
C24HI1INTO 415.11761 s 1.3 166.3 220 ok odd
C 26 H 20 N0 237G 41511475 23 -58 1664 170 ok odd
C2BHIGN402 41511895 1.9 45 173.0 215 ok even
41612031 GC20H26NO4*35C1+37C1  476.12039 o 02 na 75 ok even
C20H 19 N 35C1 416.12005 03 -06 na 205 ok ewen
C23H 23 05+37CI 41611908 04 -1 na 120 ok odd
C22H 17 N7 #3701 416.11990 04 -10 na 175 ok evan
C32H 160 41611957 07 -18 na 258 ok odd
C24H 194 O*37CI 41612174 ik} 23 na 17.0 ok odd
C20H2ON2048 416.12142 il 27 na 128 ok odd
C 21 H 22 N & ~35C1+37CI 41612173 1.4 34 na 125 ok even
C21H21 N3 0443701 416.11B56 17 -4.2 na 125 ok even
G3BH14N3 416.11822 -2.1 -5.0 na 255 ok even
C2EH21 MO 22370 416.12258 23 5.5 na 165 ok even
C21HIBNEO4 41612275 24 58 na 170 ok odd
42007245 C20H1ZN4 07 420.07005 24 57 31 170 ok odd
C20H13NE 03 +35C1 420.07322 LLE:] 1.8 3T 17D ok odd
C 22 H 20 04 43501 4371 420.07037 2. -850 323 120 ok odd
C22H14NOSB 42007130 -1.1 25 323 165 ok even
G2IHENBO3 42007139 -1 -25 417 220 ok odd
C 23 H 16 N4 #35C1 ¥37C1 42007170 07 -18 441 170 ok odd
C23HI10NEO4 42007273 03 or 434 215 ok even
C25H 18 MO *35CIA37GH 420.07305 08 14 503 165 ok even

Chemical Formula: Cy,H,;cCIN;O04
Exact Mass: 397.08

HRMS-ESI of 5¢
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Mass Spectrum Formula Report

Analysis Info Acquisiion Dale  o/{0/2044 0:03:27 AM
Analysis Mame  Di\DatzBalafasscr1 7602 (00001 d
Commeant Prof. Balalaie: 5A 36 in DCMMeOH
fndens. A TE02 00000 d; +MS]
x107
5 A13 26654
1o
s
AERCEHA 36511636 30025112
| | | apfoagse ANIMT 57 24RED
o la s Fara | 1 _.| U e | L. Li L. i |
360 380 400 420 440 £50) &80 miz
Moas. miz  Formada miz erimDa] o [ppm] mSigma rdb MN-Bub o Conf
41107174 C21H 509 41107106 -0.7 17 410 145 ok een
GCEZHIZFINO4 411.07129 -4 - £28 160 ok odd
CZH1INLAOS 41107240 07 1.6 598 185 ok even
CZIHBF3INS 411.07263 o4 232 8654 210 ok odd
G21HS5N11 41107233 06 1.6 666 250 ok odd
CEBHIFZNZ 41107263 -0.7 17 47B8 245 ok =ven
C2EBHINFZNO3 411.07015 01 03 4086 200 ok wodd
CEHINED 411.07373 0.2 a5 E038 245 ok =en
C2EHIDFINZ2O 411.07307 05 1 G101 205 ok ewn
C2HIBNOE 411.07374 2 05 5i72 190 ok odd
41326664 CHAH3IBF3IOD2Z2 41126613 -4 11 245 55 ok even
CZPHIINBD2 413 26585 -0.7 1.7 245 45 ok swen
GC24H3IENIOD3 413.26723 0T 1.6 303 &0 ok odd
CZHIBF20 413.26505 o1 0.3 4855 §5 ok aven
CHRHFO4 413 26864 0.2 05 5743 85 ok ewen
CZ2H34F3IN3OD 413 264R5 -1 0.2 E7B& 60 ok odd
CZIHIF N206 413.26461 -0.3 07 5B43 45 ok even
C21H3BFN30D4 413 26B44 (i3] 0.0 Ba22 54 ok odd
43308713 CZ2BHWMFO4 43308706 -0.1 0.2 na 25 ok =ven
CIIHIZFZN3I04 433.0BEBG -0.3 0.6 na 1890 ok odd
C2HSF2NT 433.0BB20 1.1 25 na Z3i0 ok odd
C25HI5F205 433.08B21 1.1 25 na 175 ok even
G31H1303 433.0B502 -1.2 24 na 255 ok even
C2OHIOFN4 433.0BE40 1.3 29 na Z65 ok even
CIEHIZFN303 43308572 -1.4 33 na 20 ok odd
CHHIIN 433.0BBE0Q 15 34 na 300 ok odd
CHHNMF2NGB03 43308552 -8 =37 na 185 ok &een
C21HIBF3INTO $33.08034 a2 E1 na 150 ok odd
CI2HIEF306 433.08935 2z 51 na 115 ok even
CBHNMNFZHNAD 43308054 24 5.6 na 225 ok ewen
CEHIINIOZ 433.08458 26 59 na 260 ok odd
GCHHIZFNO 433.0B074 26 6.0 na 60 ok odd

Chemical Formula: C;;HcF3N;0,
Exact Mass: 431.11

HRMS-ESI of 5d
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X-ray. crystallographic:data 6a

Chemie : Saeed Balalaie

Probe : SA8

Dateinamen : 4a

Operateur : F. Rominger (AK Hofmann)
Gerat : Bruker APEX

Table 1: Crystal data and structure refinement for 4a.

Identification code shal11l

Empirical formula C1gH16BrN;0,4

Formula weight 430.26

Temperature 200(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group P2./n

z 4

Unit cell dimensions a= 7.3723(7) A o = 90 deg.
b= 6.2733(5) A B = 90.184(3) deg.
c = 38.704(3) A y= 90 deg.

Volume 1790.0(3) A®

Density (calculated) 1.60 g/cm?®

Absorption coefficient 2.33mm™

Crystal shape plate

Crystal size

Crystal colour

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices (I>2sigma(l))
Largest diff. peak and hole

0.210 x 0.170 x 0.020 mm®
colourless

1.1to 24.4 deg.

-8<h<8, -7<k<6, -44<I<42
8904

2918 (R(int) = 0.0355)

2335 (I > 20(l))

Semi-empirical from equivalents
0.97 and 0.84

Full-matrix least-squares on F?
2918/0/ 256

1.16

R1 =0.036, wR2 = 0.087

0.43 and -0.41 eA®
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Tabelle 2: (Atomic coordinates and equivalent isotropic displacement
parameters (Az) for sballl. U, is defined as one third of the
trace of the orthogonalized Uj tensor.)

Atom X y z Ueq

Brl 0.4787(1) 0.6895(1) 0.3160(1) 0.0415(2)
C1 0.3405(4) 0.7072(5) 0.1037(1) 0.0200(8)
Cc2 0.3066(5) 0.6190(6) 0.1410(1) 0.0253(8)
H2A 0.2407 0.7259 0.1550 0.030
H2B 0.2327 0.4874 0.1399 0.030

C3 0.4921(4) 0.5715(6) 0.1573(1) 0.0215(8)
H3 0.475(6) 0.289(6) 0.1434(10) 0.031(13)
03 0.5540(4) 0.3646(4) 0.1485(1) 0.0266(6)
C4 0.6164(4) 0.7269(6) 0.1370(1) 0.0217(8)
H4 0.5973 0.8762 0.1453 0.026

C5 0.5536(4) 0.7057(6) 0.1000(1) 0.0212(8)
H5 0.5878 0.5588 0.0923 0.025

C6 0.2596(5) 0.5687(6) 0.0771(1) 0.0228(8)
N6 0.1967(4) 0.4672(5) 0.0558(1) 0.0355(8)
Cc7 0.2667(5) 0.9350(6) 0.1011(1) 0.0245(8)
H7B 0.099(7) 0.882(8) 0.0615(13) 0.065(16)
H7A 0.121(6) 1.106(9) 0.0733(12) 0.059(15)
o7 0.3209(3) 1.0667(4) 0.1221(1) 0.0347(7)
N7 0.1526(5) 0.9796(7) 0.0758(1) 0.0411(10)
N8 0.8114(4) 0.6643(5) 0.1417(1) 0.0236(7)
08 0.8913(3) 0.5813(5) 0.1175(1) 0.0406(7)
09 0.8794(3) 0.6979(4) 0.1698(1) 0.0351(7)
Ci11 0.4956(4) 0.6037(6) 0.1963(1) 0.0198(8)
Ci12 0.4328(5) 0.7927(6) 0.2109(1) 0.0286(9)
H12 0.3907 0.9039 0.1962 0.034
C13 0.4308(5) 0.8208(6) 0.2464(1) 0.0295(9)
H13 0.3883 0.9504 0.2561 0.035
Cil4 0.4916(5) 0.6576(6) 0.2673(1) 0.0265(9)
C15 0.5581(5) 0.4711(6) 0.2535(1) 0.0289(9)
H15 0.6024 0.3614 0.2682 0.035
Ci16 0.5595(5) 0.4452(6) 0.2180(1) 0.0263(8)
H16 0.6051 0.3167 0.2084 0.032
c21 0.6308(4) 0.8585(6) 0.0732(1) 0.0227(8)
C22 0.6454(6) 0.7895(7) 0.0392(1) 0.0363(10)
H22 0.6067 0.6499 0.0331 0.044
Cc23 0.7155(6) 0.9220(7) 0.0141(1) 0.0464(12)
H23 0.7239 0.8736 -0.0091 0.056
C24 0.7735(6) 1.1246(7) 0.0226(1) 0.0407(11)
H24 0.8216 1.2156 0.0053 0.049
C25 0.7615(5) 1.1938(6) 0.0560(1) 0.0312(9)
H25 0.8015 1.3331 0.0619 0.037
C26 0.6910(5) 1.0614(6) 0.0813(1) 0.0264(9)
H26 0.6839 1.1107 0.1045 0.032

Tabelle 3: (H%/drogen coordinates and isotropic displacement parameters

(A% for 6a)

Atom X y z Ueq

H2A 0.2407 0.7259 0.1550 0.030
H2B 0.2327 0.4874 0.1399 0.030

H3 0.475(6) 0.289(6) 0.1434(10) 0.031(13)
H4 0.5973 0.8762 0.1453 0.026

H5 0.5878 0.5588 0.0923 0.025
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H7B
H7A
H12
H13
H15
H16
H22
H23
H24
H25
H26

0.099(7)
0.121(6)
0.3907
0.3883
0.6024
0.6051
0.6067
0.7239
0.8216
0.8015
0.6839

0.882(8)
1.106(9)
0.9039
0.9504
0.3614
0.3167
0.6499
0.8736
1.2156
1.3331
1.1107

0.0615(13)
0.0733(12)
0.1962
0.2561
0.2682
0.2084
0.0331
-0.0091
0.0053
0.0619
0.1045

0.065(16)
0.059(15)

0.034
0.035
0.035
0.032
0.044
0.056
0.049
0.037
0.032

Tabelle 4: (Anisotropic displacement parameters (A?) for sha111. The anisotropic .
displacement factor exponent takes the form: -2 pi® (h? a? U1 +...+2hka'b

U1))

Atom Uiy U, Uss Uzs Uiz U,

Bri 0.0620(3) 0.0410(3) 0.0214(3) -0.0067(2) 0.0069(2) 0.0003(2)
c1 0.0168(17) 0.0247(19) 0.0185(19) 0.0015(16) -0.0004(14) 0.0003(15)
c2 0.0191(18) 0.033(2) = 0.024(2) ~ 0.0039(17) -0.0024(15) -0.0022(16)
c3 0.0209(18) 0.024(2)  0.0198(19) 0.0004(16) 0.0008(15) -0.0005(15)
03 0.0273(14) 0.0222(14) 0.0301(15) -0.0054(12) -0.0007(12) -0.0012(12)
ca 0.0157(17) 0.028(2) ~ 0.0214(19) -0.0010(16) 0.0030(15) 0.0038(15)
cs 0.0167(17) 0.025(2)  0.0220(19) -0.0005(16) 0.0009(15) 0.0021(15)
c6 0.0193(18) 0.023(2) 0.027(2) = 0.0051(18) 0.0007(16) -0.0005(15)
N6 0.040(2) ~ 0.0306(19) 0.0355(19) -0.0034(17) -0.0050(16) -0.0068(16)
c7 0.0181(18) 0.024(2) = 0.031(2) = 0.0018(18) 0.0062(16) -0.0035(15)
o7 0.0314(15) 0.0290(15) 0.0436(17) -0.0147(14) 0.0008(13) 0.0006(12)
N7 0.045(2) ~ 0.024(2) 0.054(3)  0.0041(19) -0.0182(19) 0.0070(17)
N8 0.0177(15) 0.0266(17) 0.0264(18) -0.0006(14) 0.0001(14) -0.0004(13)
08 0.0219(14) 0.068(2) = 0.0321(16) -0.0094(15) 0.0032(12) 0.0146(14)
09 0.0250(14) 0.0491(18) 0.0312(16) -0.0080(13) -0.0105(12) -0.0009(12)
c11 0.0153(16) 0.0246(19) 0.0196(18) -0.0015(16) 0.0011(14) 0.0000(15)
c12 0.030(2) ~ 0.027(2) ~ 0029(2) 0.0026(18) 0.0018(17) 0.0053(17)
C13 0.036(2) 0025(2) 0027(2) -0.0069(18) 0.0075(17) 0.0038(17)
C14 0.029(2) 0028(2) 0022(2) -0.0034(17) 0.0050(16) -0.0030(16)
C15 0.038(2) 0026(2) 0022(2) 0.0024(17) -0.0022(17) 0.0045(17)
C16 0.031(2) 0026(2) 0022(2) -0.0046(17) 0.0036(16) 0.0076(16)
c21 0.0189(18) 0.027(2) 0022(2) 0.0034(16) 0.0017(15) 0.0043(15)
c22 0.046(3) ~ 0.036(2) 0027(2) 0.0008(19) 0.0039(19) -0.002(2)

c23 0.071(3) 0.047(3) 0021(2) 0.004(2) ~ 0.008(2) -0.007(2)

C24 0.043(2) 0043(3) 0036(3) 0017(2) 0.012(2) -0.001(2)

c25 0.028(2) 0.029(2) 0037(2) 0005(2) 0.0080(18) 0.0010(17)
C26 0.0244(19) 0.031(2) 0.024(2) -0.0020(17) 0.0078(16) 0.0050(16)

Tabelle 5: Bindungsldangen (A) und -winkel (9 fiir sbal11.
(Bond lengths (A) and angles (deg) for shal11.)

Br1-C14
C1-C6
C1-C7
Cl-C2
C1-C5
C2-C3
C2-H2A
C2-H2B
C3-03
C3-C11
C3-C4

1.896(4)
1.471(5)
1.532(5)
1.567(5)
1.579(4)
1.534(5)
0.9900

0.9900

1.418(4)
1.524(5)
1.552(5)

03-H3 0.78(4)
C4-N8 1.501(4)
C4-C5 1.512(5)
C4-H4 1.0000
C5-C21 1.522(5)
C5-H5 1.0000
C6-N6 1.138(4)
C7-07 1.223(4)
C7-N7 1.321(5)
N7-H7B 0.91(5)
N7-H7A 0.83(5)
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N8-O9
N8-O8
C11-C16
C11-C12
C12-C13
Cl2-H12
C13-C14
C13-H13
C14-C15
C15-C16
C15-H15
C16-H16
C21-C26
C21-C22
C22-C23
C22-H22
C23-C24
C23-H23
C24-C25
C24-H24
C25-C26
C25-H25
C26-H26
C6-C1-C7
C6-C1-C2
C7-C1-C2
C6-C1-C5
C7-C1-C5
C2-C1-C5
C3-C2-C1
C3-C2-H2A
C1-C2-H2A
C3-C2-H2B
C1-C2-H2B
H2A-C2-H2B
03-C3-C11
03-C3-C2
C11-C3-C2
03-C3-C4
C11-C3-C4
C2-C3-C4
C3-03-H3
N8-C4-C5
N8-C4-C3
C5-C4-C3
N8-C4-H4
C5-C4-H4
C3-C4-H4
C4-C5-C21
C4-C5-C1
C21-C5-C1
C4-C5-H5
C21-C5-H5
C1-C5-H5
N6-C6-C1
O7-C7-N7
07-C7-C1
N7-C7-C1
C7-N7-H7B
C7-N7-H7A
H7B-N7-H7A
09-N8-08
09-N8-C4
08-N8-C4

1.217(4)
1.222(4)
1.383(5)
1.392(5)
1.386(5)
0.9500
1.379(5)
0.9500
1.377(5)
1.384(5)
0.9500
0.9500
1.383(5)
1.392(5)
1.380(6)
0.9500
1.380(6)
0.9500
1.367(6)
0.9500
1.388(5)
0.9500
0.9500
111.3(3)
111.7(3)
109.3(3)
109.5(3)
110.7(3)
104.1(3)
107.7(3)
110.2
110.2
110.2
110.2
108.5
110.8(3)
111.5(3)
113.3(3)
105.2(3)
114.2(3)
101.4(3)
112(3)
112.3(3)
110.0(3)
104.2(3)
110.0
110.0
110.0
118.4(3)
102.4(3)
115.6(3)
106.5
106.5
106.5
177.7(4)
123.7(4)
118.2(3)
118.1(3)
125(3)
118(3)
117(5)
124.1(3)
117.0(3)
119.0(3)
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Cl6-C11-C12
C16-C11-C3
C12-C11-C3
C13-C12-C11
C13-C12-H12
C11-C12-H12
C14-C13-C12
C14-C13-H13
C12-C13-H13
C15-C14-C13
C15-C14-Brl
C13-C14-Brl
C14-C15-C16
C14-C15-H15
C16-C15-H15
C11-C16-C15
C11-C16-H16
C15-C16-H16
C26-C21-C22
C26-C21-C5
C22-C21-C5
C23-C22-C21
C23-C22-H22
C21-C22-H22
C22-C23-C24
C22-C23-H23
C24-C23-H23
C25-C24-C23
C25-C24-H24
C23-C24-H24
C24-C25-C26
C24-C25-H25
C26-C25-H25
C21-C26-C25
C21-C26-H26
C25-C26-H26

118.7(3)
120.7(3)
120.6(3)
120.9(3)
119.6
119.6
118.9(3)
120.5
120.5
121.3(3)
119.5(3)
119.2(3)
119.2(3)
120.4
120.4
121.0(3)
119.5
119.5
118.3(3)
123.1(3)
118.6(3)
120.6(4)
119.7
119.7
120.3(4)
119.9
119.9
119.8(4)
120.1
120.1
120.3(4)
119.9
119.9
120.8(4)
119.6
119.6



Vorschlag fiir eine stichwortartige Experimentbeschreibung (suggestion for a short experimental part):
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4a; colourless crystal (plate), dimensions-0,210-x-0.170-x-0.020-mm?, crystal system-monoclinic, space
group P2./n, Z=4, a=7.3723(7) A, b=6.2733(5) A, ¢=38.704(3) A, alpha=90 deg, beta=90.184(3) deg,
gamma=90 deg, V=1790.0(3) A%, rho=1.597 g/cm® T=200(2) K, Thetams= 24.415 deg, radiation Mo
Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area detector, covering the asymmetric unit
in reciprocal space with a mean redundancy of 2.90and a completeness of 98.4% to a resolution of 0.86
A, 8904 reflections measured, 2918 unique (R(int)=0.0355), 2335 observed (I > 20(l)), intensities were
corrected for Lorentz and polarization effects, an empirical absorption correction was applied using
SADABS' based on the Laue symmetry of the reciprocal space, mu=2.33mm™, Tmin=0.84, T.,=0.97,
structure refined against F? with a Full-matrix least-squares algorithm using the SHELXL (Version 2014-3)
software 2, 256 parameters refined, hydrogen atoms were treated using appropriate riding models, except
those at hetero atoms (N7 and O3), which were refined isotropically, goodness of fit 1.16 for observed
reflections, final residual values R1(F)=0.036, WR(FZ):O.087 for observed reflections, residual electron
density -0.41 to 0.43 eA™. CCDC 1030884 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Lit. 1: (program SADABS 2012/1 for absorption correction) G. M. Sheldrick, Bruker Analytical X-ray-
Division, Madison, Wisconsin 2012

Lit. 2: (program SHELXL 2014-3 for structure refinement) Sheldrick, G.M. (2008). Acta Cryst. A64, 112-
122.

Lit. APEX, APEX2, SMART, SAINT, SAINT-Plus: Bruker (2007). "Program name(s)". Bruker AXS Inc.,
Madison, Wisconsin, USA.
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X-ray crystallographic data 5a

Chemie : Saeed Balalaie

Probe : SA10

Dateinamen : 5a

Operateur : F. Rominger (AK Hofmann)
Gerat : Bruker APEX-II Quazar

Table 1: Crystal data and structure refinement for shal10.

Identification code sbal10

Empirical formula CyoH17N30,

Formula weight 363.36

Temperature 200(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group C2/c

z 8

Unit cell dimensions a = 25.9760(10) A o = 90 deg.

b= 84856(3)A  (=121.3568(8) deg.
c = 18.9145(7) A y= 90 deg.

Volume 3560.2(2) A°

Density (calculated) 1.36 glcm®

Absorption coefficient 0.10 mm™

Crystal shape polyhedron

Crystal size 0.160 x 0.160 x 0.140 mm®
Crystal colour colourless

Theta range for data collection 1.8 to 25.1 deg.

Index ranges -30<h<30, -7<k<10, -17<1<22
Reflections collected 10816

Independent reflections 3148 (R(int) = 0.0220)
Observed reflections 2786 (1 > 2a(l))

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.96 and 0.90

Refinement method Full-matrix least-squares on =
Data/restraints/parameters 3148/0/ 253

Goodness-of-fit on F? 1.12

Final R indices (I>2sigma(l)) R1 =0.040, wR2 = 0.108
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Largest diff. peak and hole

0.46-and-0.21 eA>

Tabelle 2: (H

(A%) for sba110.)

;/drogen coordinates and isotropic displacement parameters

Atom X y y4 Ueq

H2 0.8477 0.3981 0.2474 0.024
H4 0.8173 0.8136 0.1633 0.025
H5 0.8276 0.7632 0.3199 0.024
H7A 1.0062(10) 0.611(3) 0.4000(15) 0.032(6)
H7B 1.0251(11) 0.655(3) 0.3384(14) 0.039(6)
H12 0.7663 0.2862 0.1441 0.029
H13 0.6902 0.1688 0.0231 0.031
H15 0.6364 0.6008 -0.0820 0.034
H16 0.7141 0.7158 0.0377 0.030
H18A 0.6345 0.0969 -0.1132 0.054
H18B 0.5637 0.1256 -0.1735 0.054
H18C 0.5923 0.1176 -0.0754 0.054
H22 0.8995 0.9728 0.2279 0.040
H23 0.9639 1.1855 0.2903 0.048
H24 0.9884 1.2709 0.4206 0.047
H25 0.9461 1.1459 0.4882 0.052
H26 0.8836 0.9288 0.4281 0.039

Tabelle 3: (Anisotropic displacement parameters (A?) for sha110. The anisotropic .
displacement factor exponent takes the form: -2 pi® (h? a” Uy +...+2hka' b

U1))

Atom Uiy U, Uss Uzs Uiz Ui,

c1 0.0206(8) 0.0210(9) 0.0192(9) -0.0008(7) 0.0120(7) -0.0010(7)
c2 0.0222(9) 0.0194(9) 0.0228(9) -0.0022(7) 0.0146(8) -0.0024(7)
c3 0.0218(9) 0.0223(10) 0.0221(9) -0.0010(7) 0.0155(8) -0.0017(7)
c4 0.0205(9) 0.0222(10) 0.0204(9) -0.0026(7) 0.0109(7) -0.0005(7)
5 0.0217(9) 0.0221(9) 0.0197(9) -0.0019(7) 0.0131(7) -0.0002(7)
c6 0.0200(9) 0.0229(10) 0.0235(10) -0.0026(8) 0.0125(8) -0.0015(7)
N6 0.0307(9) 0.0359(10) 0.0238(9) 0.0009(8) 0.0132(7) 0.0005(7)
c7 0.0234(9) 0.0182(9) 0.0246(10) -0.0031(8) 0.0148(8) -0.0008(7)
o7 0.0255(7) 0.0371(8) 0.0236(7) 0.0007(6) 0.0162(6) -0.0006(6)
N7 0.0207(8) 0.0394(10) 0.0262(9) 0.0031(8) 0.0136(7) -0.0001(7)
N8 0.0263(8) 0.0288(9) 0.0252(8) -0.0073(7) 0.0096(7) 0.0039(7)
08 0.0549(10) 0.0377(10) 0.0554(11) 0.0122(8) 0.0212(9) 0.0230(8)
09 0.0314(8) 0.0478(10) 0.0490(9) -0.0096(8) 0.0268(7) 0.0000(7)
c11 0.0216(9) 0.0248(10) 0.0218(9) -0.0032(8) 0.0146(8) -0.0023(7)
c12 0.0254(9) 0.0236(10) 0.0234(9) -0.0016(8) 0.0127(8) -0.0001(8)
c13 0.0318(10) 0.0215(10) 0.0265(10) -0.0054(8) 0.0172(8) -0.0051(8)
C14 0.0273(10) 0.0314(11) 0.0206(9) -0.0058(8) 0.0138(8) -0.0071(8)
C15 0.0319(10) 0.0295(11) 0.0201(9) -0.0002(8) 0.0115(8) -0.0025(8)
C16 0.0313(10) 0.0225(10) 0.0238(10) -0.0032(8) 0.0159(8) -0.0051(8)
018 0.0417(8) 0.0328(8) 0.0226(7) -0.0064(6) 0.0085(6) -0.0120(7)
c18 0.0424(12) 0.0342(12) 0.0299(11) -0.0117(9) 0.0171(10) -0.0137(10)
c21 0.0201(9) 0.0207(9) 0.0226(9) -0.0027(7) 0.0095(7) 0.0021(7)
c22 0.0459(12) 0.0290(11) 0.0271(10) -0.0046(9) 0.0204(9) -0.0096(9)
c23 0.0483(13) 0.0301(12) 0.0418(13) 0.0004(10) 0.0236(11) -0.0117(10)
C24 0.0361(11) 0.0257(11) 0.0444(13) -0.0096(10) 0.0132(10) -0.0081(9)
c25 0.0498(14) 0.0455(14) 0.0362(12) -0.0225(11) 0.0225(11) -0.0134(11)
C26 0.0367(11) 0.0367(12) 0.0305(11) -0.0098(9) 0.0217(9) -0.0066(9)

Tabelle 4: Bond lengths (A) and angles (deg) for sbal10.
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C1-C6
Cl-C2
C1-C7
C1-C5
C2-C3
C2-H2
C3-C11
C3-C4
C4-N8
C4-C5
C4-H4
C5-C21
C5-H5
C6-N6
C7-07
C7-N7
N7-H7A
N7-H7B
N8-09
N8-08
Cl1-C12
Cl1-C16
C12-C13
Cl2-H12
C13-C14
C13-H13
C14-018
C14-C15
C15-C16
C15-H15
C16-H16
018-C18
C18-H18A
C18-H18B
C18-H18C
C21-C26
C21-C22
C22-C23
C22-H22
C23-C24
C23-H23
C24-C25
C24-H24
C25-C26
C25-H25
C26-H26
C6-C1-C2
C6-C1-C7
C2-C1-Cv
C6-C1-C5
C2-C1-C5
C7-C1-C5
C3-C2-C1
C3-C2-H2
C1-C2-H2
C2-C3-C11
C2-C3-C4
C11-C3-C4
C3-C4-N8
C3-C4-C5
N8-C4-C5
C3-C4-H4
N8-C4-H4

1.477(2)
1.506(2)
1.557(2)
1.573(2)
1.333(3)
0.9500
1.469(2)
1.511(3)
1.516(2)
1.545(2)
1.0000
1.510(3)
1.0000
1.141(2)
1.230(2)
1.328(2)
0.84(2)
0.91(3)
1.215(2)
1.224(2)
1.396(3)
1.398(3)
1.388(3)
0.9500
1.391(3)
0.9500
1.366(2)
1.389(3)
1.382(3)
0.9500
0.9500
1.423(3)
0.9800
0.9800
0.9800
1.386(3)
1.388(3)
1.381(3)
0.9500
1.370(3)
0.9500
1.378(3)
0.9500
1.382(3)
0.9500
0.9500
113.44(15)
112.41(14)
107.94(14)
110.09(14)
102.16(14)
110.31(14)
112.46(16)
123.8
123.8
126.71(17)
110.06(16)
123.10(16)
111.97(15)
104.36(14)
108.06(14)
110.8
110.7
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C5-C4-H4
C21-C5-C4
C21-C5-C1
C4-C5-C1
C21-C5-H5
C4-C5-H5
C1-C5-H5
N6-C6-C1
O7-C7-N7
O7-C7-C1
N7-C7-C1
C7-N7-H7A
C7-N7-H7B
H7A-N7-H7B
09-N8-08
09-N8-C4
08-N8-C4
C12-C11-C16
C12-C11-C3
C16-C11-C3
C13-C12-C11
C13-C12-H12
C11-C12-H12
C12-C13-C14
C12-C13-H13
C14-C13-H13
018-C14-C15
018-C14-C13
C15-C14-C13
C16-C15-C14
C16-C15-H15
C14-C15-H15
C15-C16-C11
C15-C16-H16
C11-C16-H16
C14-018-C18

018-C18-H18A
018-C18-H18B
H18A-C18-H18B
018-C18-H18C
H18A-C18-H18C
H18B-C18-H18C

C26-C21-C22
C26-C21-C5

C22-C21-C5

C23-C22-C21
C23-C22-H22
C21-C22-H22
C24-C23-C22
C24-C23-H23
C22-C23-H23
C23-C24-C25
C23-C24-H24
C25-C24-H24
C24-C25-C26
C24-C25-H25
C26-C25-H25
C25-C26-C21
C25-C26-H26
C21-C26-H26

110.8
119.30(15)
115.13(14)
102.26(13)
106.4
106.4
106.4
178.9(2)
123.50(17)
117.39(15)
119.11(16)
122.2(15)
116.2(15)
122(2)
124.74(18)
117.81(16)
117.45(17)
117.54(17)
120.35(17)
122.11(17)
121.68(18)
119.2
119.2
119.46(18)
120.3
120.3
115.84(18)
124.23(18)
119.93(17)
119.88(18)
120.1
120.1
121.50(18)
119.2
119.2
117.06(16)
109.5
109.5
109.5
109.5
109.5
109.5
118.31(18)
118.32(17)
123.22(17)
120.40(19)
119.8
119.8
120.8(2)
119.6
119.6
119.4(2)
120.3
120.3
120.1(2)
119.9
119.9
120.9(2)
119.5
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5a: colourless crystal (polyhedron), dimensions 0.160 x 0.160 x 0.140 mm®, crystal system
monoclinic, space group C2/c, Z=8, a=25.9760(10) A, b=8.4856(3) A, c=18.9145(7) A, alpha=90 deg,
beta=121.3568(8) deg, gamma=90 deg, V=3560.2(2) A®, rho=1.356 g/cm®, T=200(2) K, Thetama=
25.073 deg, radiation Mo Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area detector,
covering the asymmetric unit in reciprocal space with a mean redundancy of 3.33and a completeness
of 99.5% to a resolution of 0.84 A, 10816 reflections measured, 3148 unique (R(int)=0.0220), 2786
observed (I > 20(l)), intensities were corrected for Lorentz and polarization effects, an empirical
absorption correction was applied using SADABS' based on the Laue symmetry of the reciprocal
space, mu=0.10mm™, Tmin=0.90, Tnax=0.96, structure refined against F? with a Full-matrix least-
squares algorithm using the SHELXL (Version 2014-3) software 2 253 parameters refined, hydrogen
atoms were treated using appropriate riding models, except those of the aminde group, which were
refined isotropically, goodness of fit 1.12 for observed reflections, final residual values R1(F)=0.040,
wWR(F?)=0.108 for observed reflections, residual electron density -0.21 to 0.46 eA. CCDC 1030883
contains the supplementary crystallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Lit. 1: (program SADABS 2012/1 for absorption correction) G. M. Sheldrick, Bruker Analytical X-ray-
Division, Madison, Wisconsin 2012

Lit. 2: (program SHELXL 2014-3 for structure refinement) Sheldrick, G.M. (2008). Acta Cryst. A64,
112-122.

Lit. APEX, APEX2, SMART, SAINT, SAINT-Plus: Bruker (2007). "Program name(s)". Bruker AXS Inc.,
Madison, Wisconsin, USA.
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