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Abstract

In a search for new antifungal compounds, we screened a library of 4454 chemicals for
toxicity against the human fungal pathogen Aspergillus fumigatus. We identified sr7575, a
molecule that inhibits growth of the evolutionary distant fungi A. fumigatus, Cryptococcus
neoformans, Candida albicans, and Saccharomyces cerevisiae but lacks acute toxicity for
mammalian cells. To gain insight into the mode of inhibition, sr7575 was screened against
4885 S. cerevisiae mutants from the systematic collection of haploid deletion strains and 977
barcoded haploid DAmP strains in which the function of essential genes was perturbed by the
introduction of a drug resistance cassette downstream of the coding sequence region.
Comparisons with previously published chemogenomic screens revealed that the set of
mutants conferring sensitivity to sr7575 was strikingly narrow, affecting components of the
endoplasmic-associated protein degradation (ERAD) stress response and the ER membrane
protein complex (EMC). ERAD-deficient mutants were hypersensitive to str7575 in both
S cerevisiae and A. fumigatus, indicating a conserved mechanism of growth inhibition
between yeast and filamentous fungi. Although the unfolded protein response (UPR) is linked
to ERAD regulation, sr7575 did not trigger the UPR in A. fumigatus and UPR mutants showed
no enhanced sensitivity to the compound. The data from this chemogenomic analysis
demonstrate that sr7575 exerts its antifungal activity by disrupting ER protein quality control
in a manner that requires ERAD intervention but bypasses the need for the canonical UPR. ER
protein quality control is thus a specific vulnerability of fungal organisms that might be

exploited for antifungal drug development.



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Introduction

The burden of fungal infections in the human population is very high, with an estimated
1.5 million annual deaths worldwide, despite antifungal prophylaxis (1-3). The evolutionary
proximity between mammalian and fungal cells creates a challenge for the identification of
selective drug targets. Consequently, there are only a few mechanistically distinct classes of
antifungal agents. The major antifungal drugs in clinical use disrupt membrane homeostasis by
targeting ergosterol (4), impair cell wall integrity by inhibiting B-(1,3)-glucan synthase (5), or
perturb nucleic acid synthesis via a fluorinated nucleotide analogue (6). The limited number of
therapeutic options impedes effective management of invasive fungal infections, particularly
when resistance to a drug is either emerging or an intrinsic characteristic of the fungal
pathogen.

The identification of novel drugs and their targets can follow several strategies, ranging
from the inhibition of a known protein target with a panel of inhibitors to the analysis of
mutant strain sensitivity to toxic compounds (7). Chemical genomic screens analyze large
collections of genetically defined mutant strains for their sensitivity to chemical libraries in a
systematic manner. Data from these screens can provide insight into candidate targets for a
given drug, as well as the cellular pathways required to buffer drug toxicity (8—11). The
interpretation of chemogenomic screens depends on the type of mutant collection utilized for
the analysis. For example, the absence of a general dosage compensation mechanism in yeast
(12) allows heterozygous deletion strains to be used as tools to determine how a reduction in
the level of a gene product impacts drug sensitivity. However, since heterozygous deletion

strains retain some level of gene function, compensatory mechanisms could mask changes in
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drug sensitivity. Haploid deletion strains can circumvent this problem and increase the
sensitivity of the screen. The resulting chemogenomic profile, or pattern of mutants that are
affected by a given compound, is predictive of the mechanism of action and has been
successfully applied to drug lead identification and target classification in yeast (13). Further
insight into pathways that are modulated by a compound can be obtained by developing in
silico comparison tools that link the results of a chemogenomic analysis to the data of other
published large-scale chemogenomic or genetic interaction screens (14, 15, for examples).

Most of the large chemogenomic data sets currently available have investigated non-
essential gene deletions in haploid strains (10, 16). Essential genes, representing about one
sixth of all S cerevisiae genes, are more difficult to study in haploid or heterozygous deletion
strains, so an alternative approach is the use of Decreased Abundance by mRNA Perturbation
(DAmP) strains. DAmP strains contain a drug resistance marker inserted into the 3’
untranslated region (UTR) of a gene, resulting in defects in mRNA stability that can create
hypomorphic alleles for phenotypic analysis of essential gene function (17). These strains have
provided important insights into gene function, as well as the response of cells to stress (18,
for example).

In this study, we report the identification of sr7575, a small molecule with fungistatic
activity against S cerevisiae and three genera of human fungal pathogens: A. fumigatus, C.
neoformans, and C. albicans. We employed a genome-wide approach to characterize the mode
of action of sr7575, using a systematic determination of S. cerevisiae deletion and DAmP
mutant sensitivity to the drug, combined with extensive in Silico comparisons with large-scale
datasets from published chemogenomic and genetic interaction screens. The strategy led to the

conclusion that S, cerevisiae and A. fumigatus mutants that are deficient in ER-associated



89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

degradation (ERAD), a degradative pathway that disposes of misfolded proteins that arise in
the ER membrane or lumen (19) are hypersensitive to sr7575. Collectively, these data
implicate ER protein quality control as the target of sr7575 toxicity in evolutionarily distant
fungi, and suggest that further analysis of compounds that disrupt ER homeostasis may

provide novel avenues for antifungal drug development.

Materials and Methods

Screening procedure of the CERMN chemical library.

All robotic steps were performed on a Tecan Freedom EVO platform. Compounds were
transferred from mother plates into clear, flat bottom, barcoded tissue culture 96-well plates
(Greiner Bio One): 1 pL of a DMSO solution containing 3.3 mg/mL of each compound was
spiked into dry wells of daughter plates (80 compounds per plate). For each plate, columns 1
and 12 served as controls: 8 positive controls spiked with DMSO alone provided the reference
as 100% growth and 8 negative controls contained the antifungal drug amphotericin B at 15
ng/mL to kill all cells. 130 pL of a mixture containing 10 volumes of conidial suspension 10°
conidia/mL (in RPMI with 0.1% Tween 20) and 3 volumes of resazurin 0.01% was added to
each well. After 48 hours of incubation at 37°C, the absorbance at 570 nm (measurement
wavelength) and 604 nm (reference wavelength) were measured on a Safire2 (Tecan)
microplate reader. The data were normalized using the following formula: % viability = 100 x
(sample value - average value of negative controls) / (average of positive controls - average of
negative controls).

For analysis of toxicity to human cells, compounds were added to HeLa cells at a

concentration of 10 uM (2.8 pg/mL for sr7575) and the release of cytoplasmic lactate
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dehydrogenase was measured using the ELISA-based Cytotoxicity Detection Kit (Roche),
according to the manufacturer’s recommendations. Mutagenic activity was tested in the
bacterial reverse mutation test, either in the presence or absence of a rat metabolizing system
(performed by CiToxLLAB Safety and Health Research Laboratories). To determine acute
mouse toxicity, groups of four NMRI mice were given a single dose of sr7575 (100 mg/kg) by

1.p. injection, and mortality was monitored for 3 days.

Yeast strains, growth, and media.

All strains used in this study are described in Table S4. The pooled haploid deletion
library (MATa) contained deletions in 4885 non-essential genes along with DAmP
modifications of 977 essential genes (20, 21). Wild type (WT) S cerevisiae strain BY4741
was routinely maintained on YPD agar (1% yeast extract, 2% peptone, 2% dextrose, 2% bacto
agar; YPDA).

For S cerevisiae serial dilution spot assays, fresh colonies from plates were used to
inoculate overnight cultures in YPD. The next morning, cultures were washed once, diluted to
ODggo 1 in PBS and serial ten-fold dilutions were carried out in a 96-well plate. 10 puL of each
dilution was spotted onto SC medium (containing 6.7 g/L yeast nitrogen base with ammonium
sulfate, BD Difco, with all amino acids, 2% dextrose and 2% bacto agar) lacking or
supplemented with 0.25 pg/mL sr7575. Plates were incubated at 30°C and growth was
monitored every 24 h over three days. Spot assays on SC supplemented with the analog sr7576
were conducted in a similar fashion.

The same serial dilution spot assay used to assess sensitivity in S, cerevisiae was used

for C. albicans and C. neoformans, with the exception that the plates were supplemented with
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sr7575 between 1-8 pg/mL and were incubated at 37°C.

Verification of S. cerevisiae mutant strains.

The following mutants were extracted from the gene deletion library maintained in the
96-well format(8): YBR283C (SSH1), YCL045C (EMC1), YDL020C (RPN4), YDL226C
(GCSL), YER019C-A (SBH2), YERO9OW (TRP2), YKL126W (YPK1), YKL207W (EMC3),
YML105C (SEC65; DAmP strain), YMR022W (UBC7), YMR264W (CUE1), YOL013C
(HRD1), YOR008C (SLG1), YOR153W (PDR5), YPRO60C (ARO7), YHRO79C (IRE1),
YFLO31W (HAC1), YBR201W (DERL1), YLR207W (HRD3), YILO30C (SSM4/DOA10),
YDL190C (UFDZ2), YGL013C (PDR1), YNL181W (DAmP strain), and YML125C (PGA3;
DAmP strain). Genomic DNA was extracted using phenol-chloroform followed by ethanol
precipitation. Mutants were verified by PCR amplification using a common forward primer
annealing to the KanMX cassette (KaniF) and gene specific reverse primers (oligonucleotides

listed in Table S5).

Complementation tests in S. cerevisiae.

Complementation tests were performed with plasmids from the Molecular Barcoded
Yeast ORF collection (MoBY-ORF) (22). URA3 plasmids carrying ORFs corresponding to
genes ARO7, CUEL, EMC1, EMC3, HRD1, RPN4, SSH1, and UBC7 (Table S4) were
recovered from E.coli grown in LB medium (1% tryptone, 0.5% yeast extract, 1% NaCl, 1.5%
bacto agar) supplemented with chloramphenicol (60 pg/ml) and kanamycin (50 pug/ml) (22).
500 ng of each plasmid was transformed into the appropriate yeast deletion parent following
the lithium acetate protocol (23) and URAS3-expressing transformants were selected on SC

medium lacking uracil. The resulting transformants were purified by passaging onto fresh SC
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(-URA) medium and four clones of each transformant-set were screened by colony PCR using
a gene-specific primer pair (Table S5), generating product sizes ranging between 500-1000 bp.
The deletion parent was always included as a negative control. Complemented strains were

screened in parallel with the parental deletion strains in spot assays.

Overexpression tests in S. cerevisiae,

2 micron-based LEUZ2 plasmids from the systematic overexpression library (24)
corresponding to regions of the yeast genome that contain the ORFs PDR1, PDR5, PDR12,
and a control lacking intact genes (Table S4) were recovered from E. coli DH10B cultures
grown in LB medium supplemented with kanamycin (50 pg/mL), transformed into wild type
BY4741, and transformants selected on SC (-LEU) plates. Transformants were purified by
passaging onto fresh SC (-LEU) plates. Overexpressing strains were screened by serial

dilution spot assays on SC medium supplemented with increasing concentrations of sr7575.

Chemogenomic profiling.

Concentrations of sr7575 that inhibit WT growth by 10-20% in liquid culture were
determined using the haploid strain BY4741 (MATa; his3A1; leu2A0; met15A0; ura3A0).
Single colonies from fresh YPDA plates were inoculated into 10 ml YPD and incubated at
30°C for 14 h. Cultures were diluted to ODggp of 0.01 and grown to an ODgg of 0.05 prior to
the addition of increasing concentrations of sr7575 (0.0625 pg/mL to 0.5 pg/mL). DMSO was
used as a vehicle control but there was no observable difference in growth rate between the
no-vehicle and DMSO-treated cultures. Growth was monitored by measuring the ODggo every
hour, starting from 0 h until 10 h (Fig. S2A).

Pooled 400 mL cultures of the haploid deletion library were grown for 12 generations in
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the presence of sr7575 at 0.125 pg/mL or DMSO vehicle-control. Amplified TAG products
from the pooled cultures were hybridized to Agilent barcode-specific microarrays (platform
GPL18088, GEO) as previously described (14). Images obtained with a GenePix 4200AL
scanner were annotated by using GenePix Pro 7 (Molecular Devices, CA, USA). Gpr files
were normalized separately for the UP and DOWN barcodes and aggregated for each mutant.
Raw and normalized data were deposited in the GEO database under identifier GSE60934.
Only results for which data were obtained in two independent biological replicates were
further considered for analysis. A total of 4909 mutants, including both deletion and DAmP-
modified strains, showed consistent growth measurements (Table S6), with a Pearson

correlation coefficient between the two series of log-transformed values of 0.78.

Gene set enrichment analysis and correlations.

Over-representation of GO terms in the chemogenomic screen results was analyzed
using the web interface at http://go.princeton.edu/cgi-bin/GOTermFinder to the GO Term
finder program (25). This program identifies enriched GO terms by calculating the frequency
with which one expects to encounter a number of genes having the same annotation in a subset
of genes (hypergeometric distribution). Correlations with published large-scale datasets were
computed using the R project (https://cran.r-project.org/) function ‘cor.test’, using either
“pearson” or “spearman” as comparison methods. Treatments or gene deletion perturbations

were ranked in decreasing order of calculated correlation coefficients.

A. fumigatus strains, growth, and media.

WT A. fumigatus strain kuA and deletion mutants derAA, hacAA, hrdAA, and

hrdAA/der AA were maintained on malt slants (2% malt extract, 2% bacto agar) while strains
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ireAA and hacAA/der AA were maintained on Aspergillus minimal medium (MM) with 5 mM
ammonium tartrate as the nitrogen source and osmotically stabilized with 1.2 M sorbitol (26).
G418 was obtained from Invitrogen and Sigma Aldrich was the source for ampicillin,
kanamycin, and chloramphenicol.

Conidia from ireAA and hacAA/hrdAA strains were recovered from Aspergillus MM +
1.2 M sorbitol slants, while that of the parental kuA strain and the remaining deletion strains
were recovered from 10-day old malt slants in 0.05% Tween. Conidia were diluted to 10’
conidia/mL and serial 10-fold dilutions were carried out in a 96-well plate prior to spotting 10
uL of each dilution onto MOPS-buffered RPMI-1640 pH 7.0 plates in the presence or absence
of 5 pg/mL sr7575. The analog sr7576 precipitated out of solution in RPMI-1640 media and
was therefore not included in the analysis. Plates were incubated at 37°C and growth was

monitored over four days.

MIC determination.

Determination of the minimal inhibitory concentration (MIC) for yeast strains was
carried out by the CLSI M27-A3 broth microdilution method (27). Growth inhibition of
Aspergillus strains was monitored using a colorimetric test described earlier (28). The MIC of
A. fumigatus strain that constitutively expresses DsRed fluorescent protein (29) was
determined following growth for 24 h at 37°C by measuring fluorescence using a Biotek
Synergy fluorescent microplate reader with an excitation wavelength of 254 nm and emission
filter set at 291 nm. The relative fluorescence units were plotted against the compound

concentrations to determine MIC.
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Measurement of fungistatic or fungicidal activity.

For yeast, freshly growingYPD cultures were diluted to ODggp 0.001. sr7575 was added
at 0.625 pg/mL, amphotericin B at 0.5 pg/mL, and DMSO was used as a vehicle control.

100 uL aliquots were recovered for plating on YPDA. Cultures were grown for 16 h, cells
were washed once in 1X PBS and 100 pL of serially diluted samples were plated. Colonies
were counted following 48 h and normalized to the ODyy.

For A. fumigatus, 50 mL RPMI cultures with a starting cell number of 1x10° conidia/ml
were setup in the presence or absence of 5 pg/mL sr7575 (in duplicate). 100 pL aliquots were
recovered for enumeration of colony forming units. Following 16 h of growth, mycelia from
one pair of flasks were filtered and mycelial dry weight estimated. From the second pair,

100 pL from the drug-treated flask was serially diluted and plated to assess viability.

qRT-PCR.

A. fumigatus conidia were inoculated into YG medium (0.5% yeast extract, 2% glucose)
and incubated overnight at 37°C, 200 rpm. The mycelium was treated with the indicated
concentrations of sr7575 or dithiothreitol (DTT), along with appropriate vehicle controls, for
1 h. The mycelia were harvested by filtration and lysed by crushing in liquid nitrogen. RNA
was isolated using the TRIzol reagent, treated with DNase to remove traces of DNA, and
reverse-transcribed using M-MuLV reverse transcriptase (NEB) together with an oligo-d(T)
primer. Quantitation of bipA and tigA mRNA expression was performed by qRT-PCR, as

previously described (30).

10
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Results

Identification of a new inhibitor of fungal growth

In a search for new antifungals, we tested the toxicity of 4454 chemicals from the
CERMN compound library against A. fumigatus using the strategy outlined in Fig. 1A. The
CERMN library is part of the French national collection of chemicals (31) and was built since
1998 to be used in the framework of partnerships with public research laboratories. The
dynamic range and degree of separation between positive and negative controls in the screen
was evaluated by computing the Z’ score (32). The average Z’ value was 0.92 £ 0.03,
indicating a robust and reliable assay. Data analysis identified 76 hits showing greater than
90% fungal growth inhibition, which were clustered into 7 chemical families and 29 singletons
(Table S1). Compounds with known effects on human physiology (33), or which showed
cytotoxicity for HeLa cells in a lactate dehydrogenase release assay, were eliminated from
further consideration. The compound sr1810 was active against A. fumigatus and was selected
for further analysis. Since sr1810 consisted of a mixture of two isomers, 75% of sr7575 (1)
(Fig. 1A) and 25% of sr7576 (2), we synthesized each isomer (Fig S1, A and B) and found that
it was only sr7575 that was responsible for the antifungal activity. The sr7575 compound
showed no mutagenic activity in the bacterial reverse mutation test, and no acute toxicity was
observed in mice at a dose of 100 mg/kg.

To gain insight into the structural basis for sr7575 antifungal activity, we prepared thirty
analogues using aniline derivatives with different substitutions in the first reaction
(compounds 3-32, Tables S2 and S3, synthesis detailed in Text S1). Growth inhibition tests
with these compounds showed that at least two features of sr7575 were required for its

antifungal potency: the chlorine at position 4 of the phenyl group and the positioning of the

11



263 nitro group in relation to the pyrrole moiety (Table S2).
264 In addition to its effects on A. fumigatus, sr7575 was active against A. flavus (Fig. 1B),
265 C. neoformans, C. albicans (Fig. 1C), and S. cerevisiae (Fig. 1D) on plates and in liquid

266 medium at inhibitory concentrations ranging from 0.6 to 10 pg/mL (Fig. S2A, B, C, D). More

267 than 90% of either S. cerevisiae or A. fumigatus cells were able to resume growth aftera 16 h
268 incubation in the presence of sr7575 (0.625 pg/mL and 5 pg/mL, respectively) indicating that
269 the compound exerts a fungistatic effect.

270 ERAD-deficient mutants of S. cerevisiae are hypersensitive to sr7575

271 To gain insight into the mechanism by which sr7575 perturbs fungal physiology, the
272 effect of sr7575 was tested on the growth rate of each of 4885 haploid yeast deletion strains in
273 the systemic deletion collection (20). In addition, sr7575 activity was measured on 977 locus
274 tagged barcoded DAmP (17) mutants of essential genes that were previously generated in our
275 laboratory (21). This collection of gene knockout and DAmP strains contains molecular

276 barcodes to facilitate detection and quantitation of DNA by custom Agilent microarrays (34,
277 35). Following the strategy outlined in Fig. 1A, the normalized ratio of the hybridization

278 signal in the presence or absence of treatment was used as an estimate of relative growth rate
279 in pools of mutants. Only a fraction of mutant strains showed hypersensitivity to sr7575, as
280 indicated by the left tail of the distribution for sensitivity values (Fig. 2A). The strain that

281 showed the most dramatic increase in sr7575 sensitivity harbors a deletion of the PDR1 gene,
282 encoding the main regulator of multidrug resistance in yeast (36). Pdr1 is a transcriptional
283 activator for xenobiotic efflux transporter genes, thereby governing resistance to numerous
284 toxic compounds. It is likely that the effect of PDR1 deletion on sensitivity to sr7575 is

12
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mediated through the plasma membrane ATP-binding cassette (ABC) transporter Pdr5, since
PDRS5 is a known target of Pdrl (37) and the pdr5 mutant was ranked 6™ among deletion
strains that were most affected by sr7575.

To identify cellular pathways or protein complexes that allow cells to counteract sr7575
effects, we used a gene set enrichment analysis on 89 mutant strains that showed an average
increase in generation time of at least 10% relative to WT in the presence of sr7575. The most
over-represented pathway in the dataset was ER-associated protein degradation (ERAD),
specifically the GO term “ER-associated ubiquitin-dependent protein catabolic process”
(GO:0030433), with a p-value corrected for multiple hypotheses testing of 1.5 X 107, This set
included CUEL, UBC7, HRD1, HRD3, UFD2, UBX4, SSV4 (DOA10), DSK2, and UBX2,
encompassing one fifth of the total number of genes annotated to this term (Fig. 2B). The
second most over-represented GO term was “aromatic amino acid family biosynthetic
process” (GO:0009073). However, strains deficient in this pathway are known to exhibit a
multidrug response signature (9), so the study of the corresponding strains was not pursued
further.

Cellular component enrichment analysis was used to determine whether any of the 89
proteins selected in the screen were linked to the same protein complex or intracellular
location. The ER membrane protein complex (EMC) was the most over-represented group by
this analysis, with a p-value of 2 X 10”. In addition to gene deletions directly affecting EMCL,
EMC3, EMC4 and EMCS5, deletions affecting dubious ORFs which overlap with EMC2
(YJRO87W) and EMC1 (YCLO46W) that are distinct mutants of these genes, were also present
in this dataset. Members of the EMC complex are required for efficient protein folding in the

ER (38), potentially through roles in phospholipid metabolism at the ER membrane (39).
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Other components of the ER membrane showed enrichment, including 10 of 58 genes
annotated as "intrinsic components of the ER membrane" (GO:0031227) and two DAmP-
modified essential genes of uncharacterized function (YNL181W and PGAS3). In addition,
several genes encoding components of the signal recognition particle (SRP) involved in co-
translational targeting of proteins into the ER showed enrichment: sSec65-DAmP, srp21-DAmP,
shr3-DAmP, sshlA, and sbh2A. Taken together, these findings indicate that sensitivity to the
inhibitory effects of sr7575 is exacerbated by defects in the ERAD stress response, as well as
by alterations in ER membrane composition that affect optimal ER protein translocation and

folding.

The sr7575 sensitivity profile suggests a UPR-independent stress response

The effects of sr7575 on haploid yeast deletion strains were compared to profiles
obtained from 1,824 different chemicals in a recently published large-scale chemogenomic
screen (16). The compound CMB4166 had the highest Spearman correlation coefficient in this
comparison (Fig. 2C, r= 0.44) and showed a remarkably similar profile to that of sr7575
(Fig. 2D). Most of the strains showing sensitivity to sr7575 were also sensitive to CMB4166
(Fig. 2E), suggesting that the two compounds trigger similar cellular responses. However,
CMBA4166 is a macrolide (D. Hoepfner, personal communication) and shares no structural
homology to sr7575.

To acquire insights into the specificity of the response to sr7575, we compared its
sensitivity profile to published results on 3,356 other chemical compounds (10). The pattern of
sr7575 sensitive mutants revealed little-to-no similarity to profiles obtained from the other

compounds in this comparison. For example, the maximum computed Pearson correlation
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coefficient was 0.27 for the compound k048-0007 (screen SGTC 352, Fig. S3A). However,
this correlation was due to strains with deletions in PDR1, RPN4, or GCS1, which confer
sensitivity to multiple stresses (Fig. S3C). To avoid the typically large effect of outliers on the
Pearson correlation, we also tested correlation via the Spearman non-parametric test that uses
ranks rather than values. The maximum correlation by this approach was also low (0.18),
identifying the compound 4245-1575 used in screen SGTC 513 (Fig. S3B). Most of the
correlation in this case could be attributed to the hypersensitivity of the ubc7A and cuelA
ERAD mutants (Fig. S3D). Since this second compound was annotated as having an unfolded
protein response (UPR) signature (10), we also tested the correlation between the profile of
sr7575 and tunicamycin, a well-known and widely used inducer of the UPR (40, 41, for
review). However, no similarity was found (Fig. S3E). Collectively, these comparisons suggest
that while many sensitivity profiles are related and indicate the most frequent types of cellular
responses to chemical toxicity (10), the profile obtained for sr7575 was specific, with
similarity to only one compound out of over 5000 chemicals analyzed.

Large-scale chemical toxicity screens are complementary to synthetic genetic array
analyses (SGA), in which double deletion mutant strains are used to determine functional
interactions between genes. We compared the sensitivity profile of sr7575 with the results
from 1711 SGA screens (42). The closest hit was the profile shown by a strain harboring a
DAmP modification of the essential gene PGA3 (17) (Fig. S4A). The correlation between the
sr7575 and PGA3 profiles was robust, since it also ranked 5™ when estimated using Spearman
correlation (Fig. S4B). Despite the low value of the correlation coefficient (0.23), several
strains containing gene deletions were affected by both sr7575 treatment and replacement of

PGA3 with the pga3-DAmP allele, including the ERAD-associated genes cuelA, ubc7A,
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ufd2A, ssméA, and EMC complex components (Fig. S4C). A role in newly synthesized protein
trafficking has been proposed for Pga3 (43), raising the possibility that its presence in our
dataset is due to a function that impacts ER homeostasis.

The gene deletion that ranked second in terms of correlation with the sr7575 profile
involved CHO?2, encoding a phosphatidyl N-methyltransferase required for phosphatidyl—
choline synthesis. The absence of CHOZ2 renders yeast cells dependent on the UPR for survival
(42, 44), suggesting that CHO2Z contributes to ER homeostasis. Consistent with this, CHO2
deletion shows an aggravating interaction with the loss of EMC genes in terms of yeast growth
(39).

A summary of the correlations between sr7575 sensitivity profiles and those derived
from published chemogenomic screens is shown in Fig. 3. Since the numerical values reported
for genetic and chemogenomic screens are not readily comparable, the ranking of the different
mutants in each screen was used to generate a meaningful graphical display. The resulting
heatmap (Fig. 3A) highlights the unique ERAD signature of sr7575 relative to currently
published screens. A schematic illustrating the ER membrane proteins involved in the ERAD
pathway is shown for perspective (Fig. 3B). Since ERAD is known to work in concert with the
UPR to relieve ER stress, it is interesting to note that hypersensitivity to sr7575 was observed
for ERAD mutants, but not for the UPR-inactivated strains irelA and haclA. Taken together,
these data are consistent with a model in which sr7575 toxicity is counteracted by a functional

ERAD machinery, independent of signaling through the UPR pathway.

Specific ERAD deficiencies enhance sr7575 toxicity in S. cerevisiae

Seventeen S. cerevisiae mutant strains were selected to validate the results of the
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chemogenomic screen, encompassing strains with deletions in components of the ERAD and
proteasome pathways, the EMC, the Ssh1 co-translocase, the PDR network, aromatic acid
biosynthesis, and DAmP modifications of YNL181W and PGAS. Each strain was analyzed
individually for sr7575 susceptibility, using a subinhibitory concentration for WT (Fig. 4A and
Fig. S5). A strain deleted for aromatic amino acid biosynthesis (aro7A) showed increased
st7575 sensitivity (Fig. 4A), consistent with the pleiotropic effects of this mutation on stress
response.

As predicted by the chemogenomic screen, mutants in the PDR5 multidrug transporter
and its transcriptional activator PDR1 were hypersensitive to sr7575 (Fig. S5). Conversely,
overexpression of PDR1 and PDRS5, but not PDR12 rendered S. cerevisiae cells tolerant to
high concentrations of st7575 (Fig. S6A). This phenotype was conserved across fungal
species, since clinical isolates and laboratory C. albicans strains that overexpress CDRL, the
ortholog of S. cerevisiae PDR5, were also tolerant to sr7575 (Fig. S6B).

Deletions of genes coding for EMC members, EMC1 and EMC3, and the co-
translational translocase SSH1 conferred increased sensitivity to sr7575, as suggested by the
chemogenomic screen. However, a mutant in SBH2, which functions in the Ssh1 translocase
complex (45), did not show increased sensitivity at least at this concentration (Fig. S5).
Hypersensitivity to sr7575 was confirmed for components of the ERAD complex, including
the Hrd1 E3 ubiquitin ligase, the E2 ubiquitin conjugating enzyme Ubc7, and the ER
membrane-resident recruiter Cuel (46—48) (Fig. 4A). Although the ERAD component Derl
(49) was not identified in our chemogenomic screen, a mild increase in sr7575 sensitivity was
observed for this mutant (Fig. S5), consistent with ERAD involvement in sr7575 effects.

sr7575 hypersensitivity was also validated for a strain lacking RPN4, encoding a
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transcriptional activator of proteasome genes (Fig. 4A). Since proteasomal degradation is the
final step in the disposal of misfolded proteins by ERAD, this finding is consistent with the
notion that sr7575 affects protein quality control in the ER. In conclusion, these findings
demonstrate that components of the ERAD pathway are necessary to protect yeast cells from
the toxic effects of sr7575 in S cerevisiae, suggesting a mechanism of action that involves

perturbation of ER protein quality control.

ERAD protects against sr7575 toxicity in A. fumigatus, but is UPR-independent

The UPR is a stress response pathway that communicates information on ER
homeostasis to the nucleus (40, 41). The pathway is triggered by misfolded proteins, which
accumulate in the ER when the demand for secretion exceeds ER folding capacity, or when the
cell encounters adverse environmental conditions. Unfolded proteins are sensed by the ER-
transmembrane sensor Irel, which triggers the synthesis of Hacl, a transcription factor. Hacl
translocates to the nucleus and upregulates the expression of chaperones, folding enzymes, and
other proteins that support ER function (44, 50). Since ERAD mutants are hypersensitive to
sr7575, and ERAD capacity can be regulated by the UPR, we were surprised to find that
neither HAC1 nor IRE1 were identified in the sr7575 chemogenomic screen. The UPR
independence of this response was confirmed by susceptibility testing: yeast irelA and haclA
mutants were not affected by sr7575 at concentrations of up to 0.5 pg/mL (Fig. 4C). These
findings suggest that ERAD protects against sr7575 toxicity through a mechanism that is
independent of the UPR in S cerevisiae.

Consistent with the results obtained in S. cerevisiae, UPR mutants of A. fumigatus that

lack either the ER sensor IreA or the transcription factor HacA showed no hypersensitivity to

18



420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

st7575 (Fig. 5A). As in yeast, the hrdAA mutant, which lacks the ortholog of S cerevisiae
HRD1, showed increased sensitivity to sr7575. A der AA mutant that is deficient in the DerA
component of the HrdA ERAD complex showed no increase in sr7575 sensitivity. However, a
double deletion mutant lacking both DerA and HrdA showed greater sensitivity to sr7575 than
a mutant lacking HrdA alone, underscoring the importance of the Hrd1 complex in the
response to sr7575 toxicity. We conclude that sr7575 action involves the inhibition of an
evolutionarily conserved target, necessitating the intervention of the ERAD complex
Hrd1/HrdA in both S cerevisiae and A. fumigatus.

The ERAD-enriched signature for sr7575 suggested that some aspect of ER protein
quality control is adversely affected by this compound. However, since UPR deficient strains
of S cerevisiae or A. fumigatus showed no increase in sr7575 sensitivity, the results suggest
that a UPR-independent mechanism of ERAD activity is involved in the sr7575 response. To
confirm UPR independence, qRT-PCR was used to measure mRNA levels for two well-known
UPR target genes: the ER chaperone bipA and the protein disulfide isomerase tigA. As
expected, the expression of both genes was strongly induced by treatment with a sub-
inhibitory concentration of dithiothreitol (DTT, 1 mM), a well-known inducer of the UPR
(Fig. 5B). By contrast, no increase in expression was observed following treatment with a sub-
inhibitory concentration of sr7575 (0.1 pg/mL). In addition, pretreatment with sr7575 for 1 h
prior to DTT exposure failed to block UPR activation. These results indicate that while
exposure to st7575 does not trigger the UPR, it was also unable to prevent UPR activation by
DTT. We conclude that sr7575 is unlikely to target UPR signaling for its toxic effects in
A. fumigatus or S cerevisiae, consistent with the UPR-independent response suggested by the

chemogenomic screen.
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Discussion

In this study, we describe the identification of a novel antifungal compound, sr7575 that
was active against species from four fungal genera. Chemogenomic profiling in S. cerevisiae
demonstrated that the set of genes required for protection against sr7575 was markedly
narrow, involving components of the ERAD stress response and other components of the ER
membrane. The function of the ERAD pathway is to maintain protein quality control in the ER
by eliminating toxic unfolded proteins that may accumulate in the fungus during periods of
high secretory activity, or when the organism encounters adverse environmental conditions.
This disposal mechanism centers on a multi-protein complex in the ER membrane that
selectively identifies misfolded proteins in the ER lumen or membrane and transports them
back into the cytoplasm for degradation by the proteasome. The results from our
chemogenomic screen demonstrate that mutants of this complex, either in S. cerevisiae or
A. fumigatus, are hypersensitive to sr7575 inhibition, suggesting that the antifungal effects of
this compound involves a disruption of ER protein quality control.

ER protein quality control is also affected by the UPR, a signaling pathway that counters
the accumulation of unfolded proteins in the ER by increasing the expression of chaperones
and other proteins involved in protein folding when the demand for secretion exceeds the
folding capacity of the organelle. A tight coordination between the UPR and ERAD pathways
was demonstrated in yeast where UPR mutants have decreased ERAD activity whereas ERAD
mutants exhibit constitutive UPR upregulation (50). In addition, although ERAD is sufficient
to eliminate misfolded proteins that continually arise during normal growth, it requires the
UPR for optimal degradative capacity under conditions of severe ER stress (51). Basal ERAD

activity is thus sufficient to handle low levels of unfolded proteins and is UPR-independent.
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However, upregulation of ERAD activity by the UPR is needed when the level of unfolded
proteins reaches a critical threshold of toxicity. The connection between these pathways is also
evident in A. fumigatus, where mutants deficient in both the UPR and ERAD are less fit than
those lacking the UPR or ERAD alone (52).

In view of the link between the UPR and ERAD pathways, we were surprised to find
that neither irelA nor haclA were among the strains most affected by sr7575 in our
chemogenomic screen, and that these strains showed no increase in sr7575 sensitivity when
tested individually. In addition, our experiments revealed that sr7575 did not trigger the UPR,
nor did it prevent the UPR from being activated by DTT, a strong inducer of unfolded
proteins. These observations suggest that sr7575 does not cause the widespread protein
unfolding that is typical of strong ER stress aggravators such as DTT and tunicamycin.
Specific ER stress can be induced, for example, by expressing topologically abnormal ERAD-
targeted integral membrane proteins without inducing the canonical UPR pathway in yeast
(53).

The ability of sr7575 to inhibit the growth of fungi but not human cells raises the
possibility that it targets a fungal-specific process. Our chemogenomic screen identified
ynl181w-DAmP as one of the top 10 strains most affected by sr7575 toxicity. YNL181W
encodes an essential ER-membrane protein, the function of which is currently unknown, but is
speculated to involve an oxido-reductase activity (54, 55). The Ynl181w protein is conserved
among fungi (Fig. 6A) and has no metazoan orthologue, as defined in the OrthoMCL database
(56). Since the protein is essential, a heterozygous YNL181W/ynl181wA deletion strain was
previously used to study its function in chemogenomic investigations (10, 16). We were

especially interested in the effects of chemical CMB4166 in these studies because our data
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revealed that the strain sensitivity profile for that compound (16) most closely resembled that
of sr7575 (Fig. 2C, D, E). A striking finding from this comparison was that the heterozygous
deletion strain of YNL181W was among the strains most affected by CMB4166 (Fig. 3A),
indicating that the absence of Ynl181w sensitizes yeast to both sr7575 and CMB4166.

A DAmP modification of YNL181W has been previously combined with a large-scale
genetic screen to identify mutations that synergize with loss of YNL181W function (42). A
comparison of the sr7575 sensitivity profile with the results of this genetic screen identified
several ERAD mutants that were affected by both DAmP modification of YNL181W and by
treatment with sr7575, including UBC7, CUEL, and RPN4 (Fig. 6B). The connection to UBC7
was particularly remarkable because a similar synergistic growth defect associated with
ynl181w-DAmP and ubc7A mutation was observed in two other large-scale studies (17, 57).
The correlation between Ynl181w mutation and sr7575 sensitivity obtained by
chemogenomics was confirmed on plates by showing that a ynl181w-DAmP mutant was
hypersensitive to sr7575 (Fig. 6C). We speculate that Ynl181w could be involved in processes
that are targeted by sr7575.

In conclusion, we report the identification of a novel compound that has activity against
both S cerevisiae and A. fumigatus. The data are consistent with a model for s7575 action in
which the compound disrupts the structure of one or more proteins in the ER lumen or
membrane, resulting in a situation that necessitates ERAD intervention to eliminate the
abnormal protein(s) but does not require UPR activation. These findings underscore the
importance of ER homeostasis to the growth fungi and suggest the presence of fungal-specific

ER processes that could represent new opportunities for antifungal intervention.
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Figure legends

Fig. 1: Identification of a compound with broad antifungal activity. (A) Selection of a
new antifungal, sr7575, through a chemical library screen of A. fumigatus growth inhibition
was followed by chemogenomic profiling in S. cerevisiae to identify a potential mechanism of
action. sr7575 inhibited growth of various fungi, including A. flavus (48 h, 37°C, RPMI
medium, 5 ug/mL) (B); C. albicansand C. neoformans (24 h, 37°C, SC medium, 2 pg/mL)
(C); S cerevisiae (48 h, 30°C, SC medium, 1 pg/mL) (D).

Fig. 2: Chemogenomic profiling reveals an ERAD-enriched signature for sr7575
toxicity. (A) Distribution of relative growth values for S. cerevisiae mutant strains grown in
the presence of sr7575. Colors indicate functional categories from the pooled library with
genes annotated as ERAD (violet), protein translocation (grey), ER membrane complex
(EMC; pink), and vesicular traffic (green) showing the most sensitivity to sr7575 when
mutated. Note: YMLO12C-A* overlaps UBX2 and “#” indicates a DAmP strain; (B)
Distribution of sensitivity values for deletion strains affected for genes annotated with the GO
term 0030433, ERAD; (C) Pearson correlation coefficients between results obtained with
sr7575 and a published large scale chemogenomics data set identifies chemical 4166 as having
a profile that is most similar to sr7575. Only the scores for the top 100 correlated treatments
are displayed; (D) Same as (C) but with the Spearman rank correlation; (E) Comparison of the

fitness defect scores between sr7575 and chemical 4166; gene names are color coded as in

(A).
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Fig. 3: Summary of mutations conferring increased susceptibility to sr7575. (A)
Heatmap showing the unique ERAD signature of sr7575 compared with published
chemogenomic and SGA growth defect profiles; (B) Model showing the two main pathways
responsible for ERAD in fungi- Doal0 pathway (green) for clearing misfolded proteins with
cytosolic lesions, and the Hrd1 pathway (violet), which degrades misfolded proteins with
lumenal or transmembrane lesions. Shared components (Ubx2, Ubc7, Cuel, and the Cdc48
complex) are denoted in gray or black.

Fig. 4: Sensitivity to st7575 depends on EMC and ERAD components. (A) Serial 10-
fold dilutions of the WT and selected haploid deletion mutants were grown on SC plates in the
absence or presence of 0.25 pg/mL sr7575 for 48 h at 30°C; (B) Complementation of sr7575
sensitivity for the strains shown in panel (A) was tested by using single copy plasmids
carrying the corresponding genes; (C) Strains lacking core UPR components, HAC1 and IRE1
were tested for sensitivity against sr7575 at 0.5 pg/mL.

Fig. 5: The hypersensitivity of ERAD mutants to sr7575 is conserved in A. fumigatus.
(a) Conidia from A. fumigatus WT and deletion mutants were recovered in 0.05% Tween-
water and serial dilutions were spotted onto sr7575-containing RPMI 1640, pH 7.0. Plates
were incubated at 37°C for 72 h; (B) Analysis of UPR target gene expression (bipA and tigA)
by qRT-PCR. Cultures were treated with sr7575, DTT, or sr7575 for 1 h followed by DTT.
RNA was extracted and analyzed by qRT-PCR, using tubA mRNA for normalization. The
results of treated vs untreated samples from three independent experiments are shown.

Fig. 6: Ynl181w is an ER protein conserved in fungi and involved in adaptation to
st7575. (A) T-Coffee alignment of the conserved short chain dehydrogenase region within Sc

Ynl181w (PFAM 54-187) and its orthologs in pathogenic fungi. Gene annotations with
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number range indicate the position of the PFAM domain: A. fumigatus (Afu5g10790; 54-205),
C. albicans (orf19.6233; 58-204), C. glabrata (XP_448202; 54-193); (B) Scatter plot showing
the correlation between sr7575 sensitivity values and the previously published SGA scores for
ynl181w-DAmP; (C) Spot assays showing the difference in sensitivity to sr7575 and UPR
inducer tunicamycin (TM) for ynl181w-DAmP as compared with a strain defective for UPR

(haclA).

Supplementary Data synopsis

Fig. S1: Synthetic pathways for sr7575 and related compounds.

Fig. S2: Growth of A. fumigatus, A. flavus, S cerevisiae, C. albicans and C. neoformans
cells in liquid medium in the presence of various concentrations of sr7575.

Fig. S3: sr7575 profile shows little correlation with a previously published large-scale
chemogenomics dataset.

Fig. S4: Perturbation of PGA3 function shows similarities with the sensitivity profile for
sr7575.

Fig. SS: Susceptibility testing of yeast strains against sr7575.

Fig. S6: Susceptibility of multidrug resistant S. cerevisiae strains and azole resistant C.
albicans strains to sr7575.

Table S1: List of 76 compounds from the CERMN chemical library showing 90% or
more growth inhibition of A.fumigatus at 25 pg/mL.

Table S2: Analogues of sr7575 and MIC, values against A. fumigatus.

Table S3: Analogues of sr7576 and MIC, values against A. fumigatus.

Table S4: List of strains used in this study.
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Table S5: List of oligonucleotides used in this study.
Table S6 (provided as a separate xls file): Sensitivity of S, cerevisiae deletion and
DAmP strains to 0.125 pg/mL sr7575.

Text S1: Synthesis of sr7575 and related compounds.
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Fig. 1: Identification of a compound with broad antifungal activity. (A) Selection of a new antifungal,
sr7575, through a chemical library screen of A. fumigatus growth inhibition was followed by
chemogenomic profiling in S. cerevisiae to identify a potential mechanism of action. sr7575 inhibited
growth of various fungi, including A4. flavus (48 h, 37°C, RPMI medium, 5 pg/mL) (B); C. albicans
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Fig. 4: Sensitivity to sr7575 depends on EMC and ERAD components. (A) Serial 10-fold dilutions of
the WT and selected haploid deletion mutants were grown on SC plates in the absence or presence of
0.25 pg/mL sr7575 for 48 h at 30°C; (B) Complementation of sr7575 sensitivity for the strains shown
in panel (A) was tested by using single copy plasmids carrying the corresponding genes; (C) Strains
lacking core UPR components, HAC!I and /IRE were tested for sensitivity against sr7575 at 0.5 ug/mL.
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Figure S2. Growth of A. fumigatus, A. flavus, S. cerevisiae, C. albicans and C. neoformans cells in
liquid medium in the presence of various concentrations of sr7575. (A) Log-phase cultures of S.
cerevisiae WT strain BY4741 were grown in the presence of increasing concentrations of sr7575 with
DMSO as vehicle control. The Abs600 was determined every hour for 10 h. (B) A. fumigatus strain
Af293-dsRed was grown for 23 h in RPMI-1640 medium in the presence of increasing concentrations
of sr7575. Fluorescence (ex 254 nm/ em 291 nm) was measured and relative fluorescence units (RFU)
plotted against time. (C) Growth inhibition estimates were obtained at various concentrations of sr7575
by measuring absorbance at 600 nm for S. cerevisiae (BY4741, YPD, 30°C, 48 h), C. albicans
(SC5314, RPMLI, 37°C, 48 h) and C. neoformans (H99, RPMI, 37°C, 72 h). (D) Growth inhibition
estimates for A. flavus and three A. fumigatus clinical isolates (12.321, 13.242, 13.433) were obtained
by the resazurin reduction assay in RPMI medium, 37°C, 39 h at concentrations of sr7575 up to 40
pug/ml.



€ 0.30 €03
Q7 KT
é 0.25 e & !3(:_) SGTC_513
25 - sgTC 513
g |- S o2 T
o .. SGTC_2651 ) ~.. SGIC_352
c 0.20 . SGTC_562 c ., SGTC_2752
_9 . .c_) o1d T
N 2 R
= | =
00151 e o)
e £
5 | e &)
0.10 0.0
O 1 1 1 1 1 O 1 1 1 1 1
0 25 50 75 100 0 25 50 75 100
Rank Pearson correlation Rank Spearman correlation
Cc D
5 - ERAD signature .0 5 UPR signature
3 ' Z e
®, " ‘0, VPS6T
IC1-.
8 0 e 8 0 - SLG1- RGPI-.
) [0) PAR32""
] : ] DAL81S g5 ENVTO
o) S ° -
o 'CEE‘}”O;EMES v o o
O _g5] e O -5 CUE1 HRD3
o S ORI VPS61 YMROOTY; @ sarl B4 el
% POR161Rsq - . o) ORI UBC7 jgpy HWT -~
S S
® -10 - -10 .
2 10 RPN4 § 0 THR1 YPK1
£ 'UBX4 £
L= TR "HOM6
-15 -15 4
1 1 1 1 T 1 1 1 I 1
-6 -4 -2 0 2 -6 -4 -2 0 2
log, (treated/untreated) sr7575 log, (treated/untreated) sr7575
E —_~
o
L 54
N
8 THR1+ ENV10* +«
O] GCs1, DALBTENZE ™
(2 ILv1® SSH1-'
£ POR1 cuei VBChirp1.
) L
> : PAR32
g RPNA g o
8 51 SUC2- &
Q -~ IPK1
RIM9 *CEX1.
S YFLO32W:' SLTZRPUA;;
. I
S 104 THAC1 'VPS21
Q YDR455C
)
© IRC2
§ ENVo - BCK1
£ 151
iC T T T T T
-6 -4 -2 0 2

log, (treated/untreated) sr7575

Figure S3. sr7575 profile shows little correlation with a previously published large-scale
chemogenomics dataset. Computed Pearson (A) and Spearman (B) correlation coefficients between
sr7575 values and previously published growth scores obtained with 3,356 compounds were ranked in
descending order and the top 100 values are indicated. Among the highest correlations, we identified
SGTC 352, a drug showing an ERAD signature (C) and SGTC 513, a compound with a UPR signature



(D) as being closest to the sr7575 profile. (E) The sr7575 profile showed no correlation with the one
published for tunicamycin.
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Figure S4. Perturbation of PGA3 function shows similarities with the sensitivity profile for
sr7575. Pearson (A) and Spearman (B) correlations between the sr7575 profile and 1711 previously
published SGA profiles . Fitness defect scores for DAmP modification of PGA3 are shown in (C),
while the interactions of haclA and ERAD depleted strains are depicted in (D).
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Figure S5. Susceptibility testing of yeast strains against sr7575. Mutants from the haploid deletion
background were serially spotted onto SC plates supplemented with sr7575. Plates were incubated at
30°C for 48 h.
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Figure S6. Susceptibility of multidrug resistant S. cerevisiae strains and azole resistant C.
albicans strains to sr7575. (A) S. cerevisiae strains with deletions of or overexpressing PDRI, PDRS5
and PDR12 were tested for susceptibility to sr7575 (1 pg/mL, SC medium, 30°C, 48 h). (B)
Comparison of growth inhibition of C. albicans strains: WT (SC5314), TACI transcription factor
homozygous deletion strain (DSY4241), azole susceptible clinical isolate DSY294, azole resistant
clinical isolate DSY296, azole susceptible laboratory generated strain ALY?21 and azole resistant
laboratory generated strain ALY?22 (SC medium in the presence of 2 and 4 ug/mL sr7575, 37°C, 48 h).
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Figure S7. Response of yeast mutants against sr7576. Serial 10-fold dilutions of the WT and haploid
deletion mutants were spotted onto SC plates supplemented with sr7576 (0.25 ug/mL). Plates were
monitored for growth at 30°C for 48 h.



Supplementary Table S4 - Strains and plasmids used in this study

Strain
BY4741

Genotype
MATa;his3A 1;leu2A 0;met15A O;ura3A 0

(Deletion mutants were generated in the Sc BY4741 background)

aro7A
cue1A
der1A
doa10A
emci1A
emc3A
gcs1A
hac1A
hrd1A
hrd3A

ire1A

pdr1A
pdr5A
pga3-DAmP
rpn4A
sbh2A
sec65-DAMP
slg1A
ssh1A

trp2A

ubc7A
ufd2A
ynl181w-DAmP
ypk1A

aro7::KanMX4
cue1::KanMX4
der1::KanMX4
doa10::KanMX4
emc1::KanMX4
emc3::KanMX4
gcs1:KanMX4
hac1::KanMX4
hrd1::KanMX4
hrd3::KanMX4
ire1::KanMX4
pdr1::KanMX4
pdr5::KanMX4
pga3-DAmP (KanMX4)
rpn4::KanMX4
sbh2::KanMX4
sec65-DAMP (KanMX4)
slg1::KanMX4
ssh1::KanMX4
trp2::KanMX4
ubc7::KanMX4
ufd2::KanMX4
ynl181w-DAmP (KanMX4)
ypk1::KanMX4

A. fumigatus strains used in this study:

Strain

kuA

derAA

hacAA

hrdAA

ireAA
derAA/hacAA
derAA/hrdAA

Genotype

akuA::ptrA

akuA::ptrA, derA::hph
akuA::ptrA, hacA::hph
akuA::ptrA, hrdA::hph
akuA::ptrA, ireA::ble

akuA:ptrA, hacA::hph,derA::ble
akuA::ptrA, hrdA::hph, derA::ble

Other yeast strains used in this study:

Strain

C. albicans SC5314

DSY4241
DSY294
DSY296
ALY21
ALY22

C. neoformans H99

Genotype
wild type
tac1A::FRT/tac1A::FRT

Reference
Brachmann et al, 1998

Reference
Giaever et al, 2002

Reference
Krappmann et al, 2006
Richie DL et al 2011
Richie DL et al 2009
Krishnan K et al 2013
Jeng X et al 2011
Richie DL et al 2011
Krishnan K et al 2013

Reference
Lohberger et al, 2014

azole susceptible clinical isolate (TAC1-3/TAC1-4)

azole resistant clinical isolate (TAC1-5/TAC1-5;

tac1A::TAC1-4-FRT/tac1A:: TAC1-4-FRT
tac1A:: TAC1-5-FRTltac1A:: TAC1-5-FRT
wild type

MoBY plasmid (library v1.1) complemented S. cerevisiae strains:

Strain

aro7A+ ARO7
cue1A+CUE1
emc1A+EMC1
emc3A+EMC3
hrd1A+HRD1
rpn4A+RPN4
ssh1A+SSH1
ubc7A+UBC7

Genotype+ MoBY clone identifier
aro7::KanMX4+ YPR0O60C::29NP_C9
cue1:KanMX4+ YMR264W::33NP_H12
emc1::KanMX4+ YCL045C::41NP_D8
emc3::KanMX4+ YKL207W::8NP_A12
hrd1::KanMX4+ YOL013C::12NP_G12
rpn4::KanMX4+ YDL020C::30NP_F2
ssh1::KanMX4+ YBR283C::37NP_A11
ubc7:KanMX4+ YMRO22W::36NP_G3

YGPM systematic overexpression library in S. cerevisiae strains:

Strain
Control
PDR1
PDR5
PDR12

References :

Genotype+ YGPM clone identifier

BY4741+ YGPM22k06 chrlll:151898...152647
BY4741+ YGPM26h12 chrVII:466658...477209
BY4741+ YGPM33k24 chrXV:619141...631341
BY4741+ YGPM8p07 chrXV1:444386...454435

N977D mutation)

Perfect et al, 1980

Reference
Ho et al, 2009

Reference
Jones et al, 2008

Brachmann CB, Davies A, Cost GJ, Caputo E, Li J, Hieter P, Boeke JD. Yeast. 1998 14(2):115-32.
Krappmann S, Sasse C, Braus GH. Eukaryot Cell. 2006 5(1):212-5.
Jones GM, Stalker J, Humphray S, West A, Cox T, Rogers J,

Dunham |, Prelich G. Nature Methods. 2008 5:239-241

Lohberger A, Coste AT, Sanglard D. Eukaryot Cell. 2014 13(1):127-42
Perfect, JR, Lang SDR, and Durack DT. Am. J. Pathol. 1980 101:177-194.
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Fig. S1: Synthetic pathways for sr7575 and related compounds.

Fig. S2: Growth of A. fumigatus, A. flavus, S. cerevisiae, C. albicans and C. neoformans cells in
liquid medium in the presence of various concentrations of sr7575.

Fig. S3: sr7575 profile shows little correlation with a previously published large-scale
chemogenomics dataset.

Fig. S4: Perturbation of PGA3 function shows similarities with the sensitivity profile for sr7575.
Fig. S5: Susceptibility testing of yeast strains against sr7575.

Fig. S6: Susceptibility of multidrug resistant S. cerevisiae strains and azole resistant C. albicans
strains to sr7575.

Table S1: List of 76 compounds from the CERMN chemical library showing 90% or more
growth inhibition of A.fumigatus at 25 pg/mL.

Table S2: Analogues of sr7575 and MIC,, values against A. fumigatus.

Table S3: Analogues of sr7576 and MIC,, values against A. fumigatus.

Table S4: List of strains and plasmids used in this study.

Table S5: List of oligonucleotides used in this study.

Table S6 (provided as a separate xIs file): Sensitivity of S. cerevisiae deletion and DAmP strains
to 0.125 pg/mL sr7575.

Text S1: Synthesis of st7575 and related compounds.
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Figure S1. Synthetic pathways for sr7575 and related compounds. Pathways detailing the synthesis
of sr7575 and analogues 2-5.
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Figure S2. Growth of A. fumigatus, A. flavus, S. cerevisiae, C. albicans and C. neoformans cells in
liquid medium in the presence of various concentrations of sr7575. (A) Log-phase cultures of S.
cerevisiae WT strain BY4741 were grown in the presence of increasing concentrations of sr7575 with
DMSO as vehicle control. The Abs600 was determined every hour for 10 h. (B) A. fumigatus strain
Af293-dsRed was grown for 23 h in RPMI-1640 medium in the presence of increasing concentrations
of sr7575. Fluorescence (ex 254 nm/ em 291 nm) was measured and relative fluorescence units (RFU)
plotted against time. (C) Growth inhibition estimates were obtained at various concentrations of sr7575
by measuring absorbance at 600 nm for S. cerevisiae (BY4741, YPD, 30°C, 48 h), C. albicans
(SC5314, RPMLI, 37°C, 48 h) and C. neoformans (H99, RPMI, 37°C, 72 h). (D) Growth inhibition
estimates for A. flavus and three A. fumigatus clinical isolates (12.321, 13.242, 13.433) were obtained
by the resazurin reduction assay in RPMI medium, 37°C, 39 h at concentrations of sr7575 up to 40
pug/ml.
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Figure S3. sr7575 profile shows little correlation with a previously published large-scale
chemogenomics dataset. Computed Pearson (A) and Spearman (B) correlation coefficients between
sr7575 values and previously published growth scores obtained with 3,356 compounds were ranked in
descending order and the top 100 values are indicated. Among the highest correlations, we identified
SGTC 352, a drug showing an ERAD signature (C) and SGTC 513, a compound with a UPR signature



(D) as being closest to the sr7575 profile. (E) The sr7575 profile showed no correlation with the one
published for tunicamycin.



€ 0.3 € 4
& 0.3 & 0.20
(5} PGA3_YML125C_damp ‘©
B 0o . Sors] Ly
[} HACT_YFLO31W o — 5
o 0.2+ INO2_YDR123C o INO2_YDR123C
o . SRPT01_YDR292C_damp © o R YR 1968 d
YNL18TW_dam 0.10 - — ~damp
< . —damp c .. PHBT_YGR132C
o 01 o R
— -, - e
501 e ©oosd 00T
= | e, 200 TT——
9 ............ &)
S S
0.0 0.00 +
O 1 1 1 1 O 1 1 1 1 1
0 25 50 75 100 0 25 50 75 100
Rank Pearson correlation Rank spearman correlation
0.25 4
0.2
=
© ‘51 0.00 9  “ppgri
2 00 o YJRO87TW
. © .
™ PDR1 VPS63.
o < USAT- 1CEZ R
I D -0.25 YMLO12C-AMPER
o) ERD1
o 3 INO4+ * PHO80
802+ - oPIZ INO2
2z s+ L -0.50 -
8 | (0] *HRD3 ‘0OST3
© UFD2.UBX4  TNO2 © ) aLos. ‘TR CSFY
S 0.4 4 EMC6 ‘ASI3 g RPN4 YBLooc- L GALG12
. . _ - LAS21, .
= wpng | CUE! YDR296w PCK1 o 0.75 ALG6* :%'l%g PMT2
g . O] .HRD1STE24 ERV25
= UBC7 YKLO77W *SCJ1
5] CUE1 ALG5
-0.6 -1.00 uBC?
I I I I I 1 1 I I 1
-6 -4 -2 0 2 -6 -4 -2 0 2

log, (treated/untreated) sr7575

log, (treated/untreated) sr7575

Figure S4. Perturbation of PGA3 function shows similarities with the sensitivity profile for
sr7575. Pearson (A) and Spearman (B) correlations between the sr7575 profile and 1711 previously
published SGA profiles . Fitness defect scores for DAmP modification of PGA3 are shown in (C),
while the interactions of haclA and ERAD depleted strains are depicted in (D).
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Figure S5. Susceptibility testing of yeast strains against sr7575. Mutants from the haploid deletion
background were serially spotted onto SC plates supplemented with sr7575. Plates were incubated at
30°C for 48 h.
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Figure S6. Susceptibility of multidrug resistant S. cerevisiae strains and azole resistant C.
albicans strains to sr7575. (A) S. cerevisiae strains with deletions of or overexpressing PDRI, PDRS5
and PDR12 were tested for susceptibility to sr7575 (1 pg/mL, SC medium, 30°C, 48 h). (B)
Comparison of growth inhibition of C. albicans strains: WT (SC5314), TACI transcription factor
homozygous deletion strain (DSY4241), azole susceptible clinical isolate DSY294, azole resistant
clinical isolate DSY296, azole susceptible laboratory generated strain ALY?21 and azole resistant
laboratory generated strain ALY?22 (SC medium in the presence of 2 and 4 ug/mL sr7575, 37°C, 48 h).



Supplementary Table S1 - list of 76 compounds from the CERMN chemical library
showing 90% or more growth inhibition of Aspergillus fumigatus at 25 pg/mL.

— Family A:

R1
o—N o]
\ SN_-R2
\ °
HO
Z N OH
Compound R R1 R2 % viability
sr13041 H _/_N< > <:> s 2
H3Ci
sr1308’ -H J—@ @o’% 0
H,C
513163’ Hj) 0
-H N CH,
sr3164° -H @ ::; CHs 0
CH,
5r3168° H @ <:> © 0
AG
sr3169? H I@ <:> Hs 0

1 S. Rault, S. Lemaitre, F. Dauphin, A. Kervabon, M. Boulouard, J.-C. Lancelot, PCT Int. Appl.,
WO02001014381, (2001).

2 Dual Histamine H3R/Serotonin 5-HT4R Ligands with Antiamnesic Properties: Pharmacophore-Based Virtual
Screening and Polypharmacology, Lepailleur, Alban; Freret, Thomas; Lemaitre, Stephane; Boulouard, Michel;
Dauphin, Francois; Hinschberger, Antoine; Dulin, Fabienne; Lesnard, Aurelien; Bureau, Ronan; Rault, Sylvain;
Journal of Chemical Information and Modeling (2014), 54(6), 1773-1784.



_/_NO -OCH;

sr3172* -H
H,C
sr3174° H Hj) C CHs
\ (6]
CH,
sr31792 — —er <NJCH3 H
H,C
\N—CH
sr3180° 4@*0 _/_/ ? -H
sr3181° — e <N> -H
/CHa -H
sr3182> cl /N
CH,
H,C,
sr31853 — H—er 2 Hj) H
fN
H,C
N—cH
sr3186° — e _/_/ : -H
CH,
z e
sr3188 -H RN

— Family B:

H.C

HO \ /




Compound R2 R3 % viability

sr4046" <:> cH, “H 0

sr4045*

sr4049" 4@*& -H 0
sr4050° -H @ 0
sr4051° @C' -H 0
sr4052* -H -H 0
— Family C:
- 0
R4 N/
Z OH
_ HO
R5 N R6 o
Compound R4 R5 R6 % viability
CH,
mr22450° -H -CH; /_CJ—F 0
J_FCHS
mr22442* -H -Cl 70/_6“‘ 0
CH,
~
mr22455? -H -Cl — 0

3 Solution-phase parallel synthesis of a 1140-member ureidothiophene carboxylic acid library, Le Foulon,
Francois-Xavier; Braud, Emmanuelle; Fabis, Frederic; Lancelot, Jean-Charles; Rault, Sylvain, Journal of
Combinatorial Chemistry (2005), 7(2), 253-257.



22461 H -Cl ! 0
mr e,

N
mr22478? -H -Cl () 4

mr18993* -Cl -Cl —N N 4
/ “oH

mr23269° H H ﬁGNJJ 1
—0

mr23270° H -F ﬁGNJJ 0
—0

mr24316' - -l OﬁCNC“S 0
J—FCHS
mr24344° H H . 3

sr1832° -H -H 0

sr2823" “H -CH3 O@N@ 0

— Family D:

4 Synthesis of new pyrrolo[1,2-a]Jquinoxalines: potential non-peptide glucagon receptor antagonists, Guillon,
Jean; Dallemagne, Patrick; Pfeiffer, Bruno; Renard, Pierre; Manechez, Dominique; Kervran, Alain; Rault,
Sylvain, European Journal of Medicinal Chemistry (1998), 33(4), 293-308

5 Novel and Selective Partial Agonists of 5-HT3 Receptors. 2. Synthesis and Biological Evaluation of
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Lemaitre, Beatrice; et al, Journal of Medicinal Chemistry (1997), 40(12), 1808-1819.
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18 Synthesis and in vitro antibacterial evaluation of N-[5-(5-nitro-2-thienyl)-1,3,4-thiadiazol-2-yl]
piperazinylquinolones, Foroumadi, Alireza; Mansouri, Shahla; Kiani, Zahra; Rahmani, Afsaneh, European
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Partilla, John S.; Decker, Ann M.; Page, Kevin M.; Baumann, Michael H.; Rothman, Richard B., Bioorganic &
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RZ/U\ R3

\
R1
Compound R1 R2 R3 MIC100
(ng/ml)
sr7575 (1) 2,4-dichlorophenyl H X N0, 2.4-4.8

3 2,4-dichlorophenyl CHs XN, >26-32
4 2,4-dichlorophenyl H X CN > 26-32
> 2,4-dichlorophenyl H N0, > 26-32
6 4-chlorophenyl H X NO; 2.4-4.8
7 3-chlorophenyl H X N0, 9.6
8 2-chlorophenyl H X NO; 13-26
? 3,4-dichlorophenyl H X N0, 9.6
10 2,3-dichlorophenyl H X NO; 19.2
11 2,5-dichlorophenyl H X NG, >38.5
12 3,5-dichlorophenyl H X NO; 9.6
13 2,6-dichlorophenyl H s 19.2
14 2,4,5-trichlorophenyl H XN, 9.6
15 2,4,6-trichlorophenyl H X NG, 26-32
16 2-fluoro-4-chlorophenyl H X NO; 13-26
17 2-chloro-4-fluorophenyl H X N0, 13
18 2,4-dibromophenyl H N0, 1326
19 2-bromo-4-chlorophenyl H X N0, 13-26
20 2-chloro-4-bromophenyl H X NO; 13
21 2-iodo-4-chlorophenyl H X N0, 26
22 2-chloro-4-iodophenyl H X NO; 26

Supplementary Table S2: Analogues of sr7575 and MIC values against A. fumigatus.



NO,
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R1
Compound R1 MICi00
(ug/ml)
sr7576 (2) 2,4-dichlorophenyl >38.5
23 3-chlorophenyl 26-32
24 3,4-dichlorophenyl 26-32
25 .
3,5-dichlorophenyl 26-32
26 2,6-dichlorophenyl 38.5
27 .
2,4,6-trichlorophenyl 38.5
28 2-bromo-4-
chlorophenyl >26-32
29 2-chloro-4- ~26-32
bromophenyl
30 2,4-dibromorophenyl >26-32
31 2-iodo-4-chlorophenyl >26-32
32 .
2-chloro-4-iodophenyl >26-32

Supplementary Table S3: Analogues of sr7576 and MIC values against A. fumigatus.



Supplementary Table S4 - Strains and plasmids used in this study

Strain
BY4741

Genotype
MATa;his3A 1;leu2A 0;met15A O;ura3A 0

(Deletion mutants were generated in the Sc BY4741 background)

aro7A
cue1A
der1A
doa10A
emci1A
emc3A
gcs1A
hac1A
hrd1A
hrd3A

ire1A

pdr1A
pdr5A
pga3-DAmP
rpn4A
sbh2A
sec65-DAMP
slg1A
ssh1A

trp2A

ubc7A
ufd2A
ynl181w-DAmP
ypk1A

aro7::KanMX4
cue1::KanMX4
der1::KanMX4
doa10::KanMX4
emc1::KanMX4
emc3::KanMX4
gcs1:KanMX4
hac1::KanMX4
hrd1::KanMX4
hrd3::KanMX4
ire1::KanMX4
pdr1::KanMX4
pdr5::KanMX4
pga3-DAmP (KanMX4)
rpn4::KanMX4
sbh2::KanMX4
sec65-DAMP (KanMX4)
slg1::KanMX4
ssh1::KanMX4
trp2::KanMX4
ubc7::KanMX4
ufd2::KanMX4
ynl181w-DAmP (KanMX4)
ypk1::KanMX4

A. fumigatus strains used in this study:

Strain

kuA

derAA

hacAA

hrdAA

ireAA
derAA/hacAA
derAA/hrdAA

Genotype

akuA::ptrA

akuA::ptrA, derA::hph
akuA::ptrA, hacA::hph
akuA::ptrA, hrdA::hph
akuA::ptrA, ireA::ble

akuA:ptrA, hacA::hph,derA::ble
akuA::ptrA, hrdA::hph, derA::ble

Other yeast strains used in this study:

Strain

C. albicans SC5314

DSY4241
DSY294
DSY296
ALY21
ALY22

C. neoformans H99

Genotype
wild type
tac1A::FRT/tac1A::FRT

Reference
Brachmann et al, 1998

Reference
Giaever et al, 2002

Reference
Krappmann et al, 2006
Richie DL et al 2011
Richie DL et al 2009
Krishnan K et al 2013
Jeng X et al 2011
Richie DL et al 2011
Krishnan K et al 2013

Reference
Lohberger et al, 2014

azole susceptible clinical isolate (TAC1-3/TAC1-4)

azole resistant clinical isolate (TAC1-5/TAC1-5;

tac1A::TAC1-4-FRT/tac1A:: TAC1-4-FRT
tac1A:: TAC1-5-FRTltac1A:: TAC1-5-FRT
wild type

MoBY plasmid (library v1.1) complemented S. cerevisiae strains:

Strain

aro7A+ ARO7
cue1A+CUE1
emc1A+EMC1
emc3A+EMC3
hrd1A+HRD1
rpn4A+RPN4
ssh1A+SSH1
ubc7A+UBC7

Genotype+ MoBY clone identifier
aro7::KanMX4+ YPR0O60C::29NP_C9
cue1:KanMX4+ YMR264W::33NP_H12
emc1::KanMX4+ YCL045C::41NP_D8
emc3::KanMX4+ YKL207W::8NP_A12
hrd1::KanMX4+ YOL013C::12NP_G12
rpn4::KanMX4+ YDL020C::30NP_F2
ssh1::KanMX4+ YBR283C::37NP_A11
ubc7:KanMX4+ YMRO22W::36NP_G3

YGPM systematic overexpression library in S. cerevisiae strains:

Strain
Control
PDR1
PDR5
PDR12

References :

Genotype+ YGPM clone identifier

BY4741+ YGPM22k06 chrlll:151898...152647
BY4741+ YGPM26h12 chrVII:466658...477209
BY4741+ YGPM33k24 chrXV:619141...631341
BY4741+ YGPM8p07 chrXV1:444386...454435

N977D mutation)

Perfect et al, 1980

Reference
Ho et al, 2009

Reference
Jones et al, 2008

Brachmann CB, Davies A, Cost GJ, Caputo E, Li J, Hieter P, Boeke JD. Yeast. 1998 14(2):115-32.
Krappmann S, Sasse C, Braus GH. Eukaryot Cell. 2006 5(1):212-5.
Jones GM, Stalker J, Humphray S, West A, Cox T, Rogers J,

Dunham |, Prelich G. Nature Methods. 2008 5:239-241

Lohberger A, Coste AT, Sanglard D. Eukaryot Cell. 2014 13(1):127-42
Perfect, JR, Lang SDR, and Durack DT. Am. J. Pathol. 1980 101:177-194.



Supplementary Table S5 - list of oligonucleotides used in this study
List of oligonucleotides to screen deletion/DAmMP mutants:

Gene Primer name Sequence

Kanamycin KANMX-FW 5-AGATGCGAAGTTAAGTGCGC-3
ARO7 ARO7dR 5-GAGAGAAGGTCATGGATGTG-3
CUE1 CUE1dR 5-GTAAGGGGAGAAGAACGTTC-3’
DER1 DER1dR 5-TCTGCAAACGGACACCAAGT-3
EMC1 EMC1dR 5-GCACATCATTTCCAGACGAG-3
EMC3 EMC3dR 5-GCGAGGACTTTTTGCCATAC-3
GCS1 GCS1dR 5-GTGGTAGTTCTCTCTCCTTG-3
HAC1 HAC1dR 5-AGAGCCGTGAGAGTGAGAGT-3
HRD1 HRD1dR 5-TATGTCACCTTCCTATGCCG-3’
HRD3 HRD3dR 5-ATGAACGGCAATTTGAGACC-3
IRE1 IRE1dR 5-TCTTGCACTTTTCGCCATGC-3
PDR1 PDR1dR 5-TGGCAACTATGTGGTGCAAT-3
PDR5 PDR5dR 5-GCATCTTGCTCTTTCCTCTC-3
RPN4 RPN4dR 5-CTGGGTACGAATTCAAGGAG-3
SBH?2 SBH2dR 5-CATGCACCCTTAACATCGTC-3
SEC65 SECB65-DAmMP  5-GGAAGTTGTGAGTACTGACG-3
SLG1 SLG1dR 5-TATATCGTCTTTCAACGCGG-3
SSH1 SSH1dR 5-CCACGAAGCAAGGTAACAAG-3
SSM4 SSM4dR 5-GACGAGGGCTAAGCAGTTTG-3
TRP2 TRP2dR 5-CCAAACCACATTGGTCTAGG-3
UBC7 UBC7dR 5-TACTGTACGGCTTGGAAGAG-3
UFD2 UFD2dR 5-ACCGTCATCAACGAACAACA-3’
YPK1 YPK1dR 5-CCGTTCGTGGTTAAGGTAAG-3

List of oligonucleotides to screen MoBY plasmids:

Gene Primer name Sequence
ARO7 AROT7iF 5-TCGCCACATGTCCTTCAGTT-3
ARO7iR 5-GCAAGTATTCCACCTCAACTTCC-3
CUE1 CUE1iF 5-ATGGAGGATTCGAGATTGCTT-3
CUE1IR 5-CTGGCTTGCCAAACCAACAA-3’
EMC1 EMCA1iF 5-TGCCCCTTCTACGACCATTT-3’
EMC1iR 5-TGCCATTCGTGTCATGCTCT-3
EMC3 EMCS3iF 5-ACCAGCTGAAGTATTGGGTCC-3
EMC3IiR 5-TATCCCGGCCTGAATACCCA-3’
HRD1 HRD1iF 5-TGCGTGTATTCAGCCACCAA-3’
HRD1iR 5-GCCAAGATATCCCACACCACA-3’
RPN4 RPN4iF 5-GCGAAACCCCATTGCAGAAG-3
RPN4iR 5-TGGTGATGCAGTCGAAGGTT-3
SSH1 SSH1iF 5-TTGGTCGGTGCTGGCATATT-3
SSH1iR 5-GGATGCACCCGTAACAGCT-3
UBC7 UBCT7iF 5-CGAAAACCGCTCAGAAACGT-3

UBC7IiR 5’-GCATCAATGTTGGCACCACT-3’



Supporting information (S1) - Synthesis of sr7575-related compounds.
General Methods

All chemical reagents and solvents were purchased from commercial sources and used
without further purification. Thin-layer chromatography (TLC) was performed on silica gel
plates. Silica gel 0.06—0.2 mm, 60 A was used for all column chromatography. Melting points
were determined on a Kofler melting point apparatus. NMR spectra were recorded on a
BRUKER AVANCE IIT 400 MHz ( '"H NMR at 399.8 MHz and ""C NMR at 100 MHz) with
the solvents indicated. Chemical shifts are reported in parts per million (ppm) on the o scale
and referenced to the appropriate solvent peak. High-resolution mass spectral (HRMS) were
performed on a BRUKER maxis mass spectrometer by the “fédération de Recherche” ICOA /
CBM (FR2708) platform. LC-MS Analysis was performed on a Waters alliance 2695 using
the following gradient: A (95%)/B (5%) to A (5%)/B (95%) in 4 min. This ratio was held for
1.5 min before returning to initial conditions in 0.5 min. Initial conditions were then
maintained for 2 min (A, H ,O; B, MeCN; each containing 0.1% HCOOH; column, C18
Xbridge 4.6 x 50 mm / 2.5 um). MS detection was performed with a SQDetector.

Compound sr1810: Mixture of (E) 1-(2,4-Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole
[75%)] and (E) 1-(2,4-Dichlorophenyl)-3-(2-nitrovinyl)-1H-pyrrole [25%].

CHO

NH CHO Fg

cl N

Meo OMe dloxane reflux DMF/POC|3
U CHZCIZ reflux cl
Cl

Cl
__NO
LN o d_/
MeNO, / N 2 N

35
CH;COOH
_— cr Cl
CH,COOH, 90°C
Cl Cl

1
(75%) (25%)

Y
sr1810

1-(2,4-Dichlorophenyl)-1H-pyrrole ( 33).' 4-chloropyridine, hydrochloride (9.25 g, 0.0617
mol) and 2,5-dimethoxytetrahydrofuran (8.15 g, 0.0617 mol) were stirred in 150 mL of
dioxane at room temperature for 30 min. 2,4-dichloroaniline (10 g, 0.0617 mol) was then
added and the mixture was stirred at reflux for 4 h. The reaction was cooled down to room
temperature and concentrated under vacuum. 150 mL of water were added to the residue,
followed by 200 mL of Et ,O. The aqueous layer was extracted with Et ,O (2x 100 mL). The

" Azizi, N. et al. Tron-catalyzed inexpensive and practical synthesis of N-substituted pyrroles
in water. Synlett, 14, 2245-2248 (2009).



combined organic layers were washed with HC1 1N (200 mL) and water (2x 200 mL), dried
over MgSO , and concentrated under vacuum. The resulting residue was purified by
chromatography on silica gel using CH ,Cl, as eluant to give compound 33 as a brown oil
(11.4 g, 87%). '"H NMR (400 MHz, CDCl5) & 7.56 (d, J = 2.2 Hz, 1H), 7.35 (dd, J=8.7 and
2.3 Hz, 1H), 7.31 (d, J=8.6 Hz, 1H), 6.92 (t, J=2.1 Hz, 2H), 6.39 (t, J=1.9 Hz, 2H). "C
NMR (100 MHz, CDCl5) 6 137.5, 133.3, 130.5, 130.4, 128.5, 127.9, 122.1, 109.7.

Mixture of 1-(2,4-Dichlorophenyl)-1 H-pyrrole-2-carbaldehyde ( 34) and 1-(2,4-
Dichlorophenyl)-1H-pyrrole-3-carbaldehyde ( 35). Dimethylformamide (2.20 mL, 0.0283
mol) was stirred at 0°C. Phosphorus oxychloride (2.7 mL, 0.0283 mol) was then added
dropwise and the white solid obtained was stayed cold for 30 min. After this time, a solution
of compound 33 (6 g, 0.0283 mol) in 120 mL of CH ,Cl, was slowly added dropwise to the
reaction mixture. The reaction was refluxed for 20 h. After cooling, 120 mL of water were
added and the mixture was stirred at room temperature for 30 min. Then, the layers were
separated and the aqueous layer was alkalized with 20% sodium hydroxide solution. This
aqueous layer was extracted with Et,O (2x 120 mL). The combined organic layers were dried
over MgSO 4 and concentrated under vacuum. The mixture of compound 34 and 35 was
engaged in the next tape without further purification and was obtained as brown solid (4.4 g,
65%). LC-MS (ESI): tg=4.66 and 4.79 min; [M+H]" 240.35. HRMS for C;;HsCLLNO [M+H]"
calculated mass: 239.9977 , measured: 239.9974.

Compound 34: '"H NMR (400 MHz, CDCl;) 8 9.44 (s, 1H), 7.44 (d, J=2.3 Hz, 1H), 7.26 (dd, J
=8.6 and 2.0 Hz, 1H), 7.20 (d, J =8.4 Hz, 1H), 7.04 (dd, J = 1.4 and 4.0 Hz, 1H), 6.86 (m,
1H), 6.37 (dd, J =4.0 and 2.8 Hz, 1H). "“C NMR (100 MHz, CDCl ;) 8 178.5, 136.0, 135.2,
132.9,132.9, 131.1, 130.0, 129.6, 127.7, 123.2, 111.2.

Compound 35:'"H NMR (400 MHz, CDCl5) 6 9.79 (s, 1H), 7.50 (d, J = 2.3 Hz, 1H), 7.40 (t, J
= 1.7 Hz, 1H), 7.31 (dd, J= 8.5 and 2.3 Hz, 1H), 7.25 (d, J= 8.4 Hz, 1H), 6.80 (t, J=2.8 Hz,
1H), 6.73 (m, 1H). C NMR (100 MHz, CDCl ;) 6 185.4, 136.1, 135.0, 130.8, 130.7, 130.0,
128.4, 128.2, 127.8, 124.8, 108.8.

sr1810: Mixture of ( E) 1-(2,4-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (1) and ( E) 1-
(2,4-Dichlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (2). Nitromethane (54 mL, 1 mol) and
ammonium acetate (15.4 g, 0.2 mol) were stirred in 100 mL of acetic acid at 30°C for 30 min.
Then, the mixture of compounds 34 and 35 (12 g, 0.05 mol) was added and the solution was
heated at 90°C for 24 h. Then, the reaction was concentrated under vacuum. A saturated
solution of sodium hydrogenocarbonate (100 mL) was added to the residue. This aqueous
layer was extracted with EtOAc (2x 100mL). The organic layers were washed with water (2x
100 mL), dried over MgSO, and concentrated under vacuum. The mixture of compound 1 and
2 was obtained as a yellow solid (8.7 g, 61%). Mp: 114 °C. LC-MS (ESI): t r=5.22 and 5.32
min; [M+H]" 283.31. HRMS for C ;,HyCI,N,O, [M+H]" calculated mass: 283.0035, measured:
283.0035.

Compound 1: '"H NMR (400 MHz, CDCl 35) 6 7.62 (d, J =2.3 Hz, 1H), 7.56 (d, J=13.3 Hz,
1H), 7.45 (dd, J =8.4 and 2.3 Hz, 1H), 7.33 (d, J=8.4Hz, 1H),7.17 (d, J=13.4 Hz, 1H),
7.00 (m, 1H), 6.95 (m, 1H), 6.49 (m, 1H). “C NMR (100 MHz, CDCl;) & 136.4, 134.3, 133.4,
132.6, 130.8, 130.3, 130.0, 128.4, 127.4, 125.8, 116.7, 112.3.

Compound 2: '"H NMR (400 MHz, CDCl 5) 6 8.04 (d, J = 13.4 Hz, 1H), 7.58 (d, J=2.3 Hz,
1H), 7.47 (d, J=13.2 Hz, 1H), 7.39 (dd, J = 8.4 and 2.3 Hz, 1H), 7.30-7.26 (m, 2H), 6.92 (m,
1H), 6.56 (m, 1H). “C NMR (100 MHz, CDCI 5) 4 136.0, 134.9, 134.2, 133.2, 130.9, 130.8,
128.3, 128.2, 127.9, 125.5, 116.8, 108.3.



(E) 1-(2,4-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (1 or sr7575). See Supplementary
Fig.1a.

1-(2,4-Dichlorophenyl)-1H-pyrrole-2-carbaldehyde ( 34). Dimethylformamide (2.20 mL,
0.0283 mol) was stirred at 0°C. Phosphorus oxychloride (2.7 mL, 0.0283mol) was then added
dropwise and the white solid obtained was cooled for 30 min. After this time, a solution of
compound 33 (6 g, 0.0283 mol) in 120 mL of CH ,Cl, was added dropwise to the reaction
mixture. The reaction was refluxed for 20 h. After cooling to room temperature, 120 mL of
water were added and the mixture was stirred at room temperature for 30 min. Then, the
layers were separated and the aqueous layer was alkalized with 20% sodium hydroxide
solution. This aqueous layer was extracted with Et,O (2x 120 mL) and the organic layers were
dried over MgSO 4 and concentrated under vacuum. The residue was purified by
chromatography on silica gel using cyclohexane and CH  ,Cl; as eluants (50/50) to afford
compound 34 as a beige solid (2.1 g, 30%). 'H NMR (400 MHz, CDCl;) & 9.44 (s, 1H), 7.44
(d, J=2.3 Hz, 1H), 7.26 (dd, J=8.6 and 2.0 Hz, 1H), 7.20 (d, J=8.4 Hz, 1H), 7.04 (dd, J =
4.0 and 1.4 Hz, 1H), 6.86 (m, 1H), 6.37 (dd, J=4.0and 2.8 Hz, 1H). "“C NMR (100 MHz,
CDCl) 6 178.5,136.0, 135.2, 132.9, 132.9, 131.1, 130.0, 129.6, 127.7, 123.2, 111.2. LC-MS
(ESI): t r =4.79 min; [M+H] *240.35. HRMS for C ;HsCILNO [M+H]" calculated mass:
239.9977 , measured: 239.9974.

(E) 1-(2,4-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (1). Nitromethane (54 mL, 1 mol) and
ammonium acetate (15.4 g, 0.2 mol) were stirred in 100 mL of acetic acid at 30°C for 30 min.
Then, 1-(2,4-dichlorophenyl)-1H-pyrrole-2-carbaldehyde (12 g, 0.05 mol) was added and the
mixture was heated at 90°C for 24 h. Then, the reaction was concentrated under vacuum. A
saturated solution of sodium hydrogenocarbonate (100 mL) was added to the residue. The
aqueous layer was extracted with EtOAc (2x 100mL). The combined organic layers were
washed with water (2x 100 mL), dried over MgSO 4 and concentrated under vacuum. The
resulting residue was purified by chromatography on silica gel using cyclohexane and CH ,Cl,
as eluant (50/50) to obtain compound 1 as a yellow solid (6.6 g, 47%). Mp: 118°C. 'H NMR
(400 MHz, CDCl;) 8 7.62 (d, J = 2.3 Hz, 1H), 7.56 (d, J=13.3 Hz, 1H), 7.45 (dd, /=2.3 and
8.3 Hz, 1H), 7.33 (d, J=8.4 Hz, 1H), 7.17 (d, J=13.4 Hz, 1H), 7.00 (m, 1H), 6.95 (m, 1H),
6.49 (m, 1H). *C NMR (100 MHz, CDCl5) 8 136.4, 134.3, 133.4, 132.6, 130.8, 130.3, 130.0,
128.4,127.4,125.8, 116.7, 112.3. LC-MS (ESI): t = 5.20 min; [M+H] " 283.44. HRMS for
C12:HoCILN,O, [M+H]" calculated mass: 283.0035, measured: 283.0036.

(E) 1-(2,4-Dichlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (2 or sr7576). See Supplementary
Fig.1b.

1-(2,4-Dichlorophenyl)-1H-pyrrole-3-carbaldehyde ( 35).> 4-chloropyridine, hydrochloride
(9.88 g, 0.0617 mol) and 2,5-Dimethoxy-3-tetrahydrofurancarboxaldehyde (8.15 g, 0.0617
mol) were stirred in 150 mL of dioxane at room temperature for 30 min. 2,4-dichloroaniline
(10 g, 0.0617 mol) was then added and the mixture was stirred at reflux for 4 h. The reaction
was cooled to room temperature and concentrated under vacuum. 150 mL of water were
added to the residue, followed by 200 mL of Et,O. The aqueous layer was extracted with Et,O
(2x 100 mL). The combined organic layers were washed with 1N HCI (200 mL) and water
(2x 200 mL), dried over MgSO 4 and concentrated under vacuum. The resulting residue was
purified by chromatography on silica gel using CH ,Cl, as eluant to afford compound 35 as a

? Dallemagne, P. et al. A convenient rearrangement of 1-phenylpyrrole-2-carboxaldehydes
into their 3-isomers. Synthetic Communications. 13, 1855-1857 (1994).



beige solid (5.2 g, 35%). Mp: 186°C. 'H NMR (400 MHz, CDCl;) 8 9.79 (s, 1H), 7.50 (d, J =
2.3 Hz, 1H), 7.40 (t, J=1.7 Hz, 1H), 7.31 (dd, J=8.5and 2.3 Hz, 1H), 7.25 (d, J= 8.4 Hz,
1H), 6.80 (t, J =2.8 Hz, 1H), 6.73 (m, 1H). "“C NMR (100 MHz, CDCI ;) § 185.4, 136.1,

135.0, 130.8, 130.7, 130.0, 128.4, 128.2, 127.8, 124.8, 108.8. LC-MS (ESI):t = 4.66 min;

[M+H]" 240.35.

(E) 1-(2,4-Dichlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (2). Nitromethane (54 mL, 1 mol) and
ammonium acetate (15.4 g, 0.2 mol) were stirred in 100 mL of acetic acid at 30°C for 30
minutes. Then, 1-(2,4-dichloro-phenyl)-1 H-pyrrole-2-carbaldehyde (12 g, 0.05 mol) was
added and the mixture was heated at 90°C for 24 h. The reaction was concentrated under
vacuum. A saturated solution of sodium hydrogenocarbonate (100 mL) was added to the
residue. This aqueous layer was extracted with EtOAc (2x 100 mL). The organic layers were
washed with water (2x 100 mL), dried over MgSO 4 and concentrated under vacuum. The
solid resulting residue was purified by chromatography on silica gel using cyclohexane and
CH,Cl, as eluant (50/50) to give compound 2 as a yellow solid (6.1 g, 43%). Mp: 186 °C. 'H
NMR (400 MHz, DMSO-d;) 6 8.11 (d, J=13.3 Hz, 1H), 7.95 (d, /= 13.3 Hz, 1H), 7.90 (d, J
=2.3 Hz, 1H), 7.78 (m, 1H), 7.60 (dd, J= 6.4 and 8.5 Hz, 1H), 7.58 (d, J = 8.7 Hz, 1H), 7.19
(m, 1H), 6.86 (m, 1H). “C NMR (100 MHz, DMSO- ds) 8 136.5, 134.8, 134.6, 134.0, 130.6,
130.2, 130.0, 129.7, 129.0, 126.3, 117.5, 109.3. LC-MS (ESI): t = 5.34 min; [M+H] " 283.40.
HRMS for C,HyCI,N,O, [M+H] calculated mass: 283.0035, measured: 283.0036.

(E) 1-(2,4-dichlorophenyl)-2-methyl-5-(2-nitrovinyl)-1 H-pyrrole (3). See Supplementary
Fig.1c.

1-(2,4-Dichlorophenyl)-2-methyl-1H-pyrrole (36). A mixture of 1-(2,4-Dichlorophenyl)-1 H-
pyrrole-2-carbaldehyde ( 34) (1g, 0.02 mol), potassium hydroxide (0.7g, 0.06 mol) and
hydrazine monohydrate (0.61 ml, 0.06 mol) in ethylene glycol ( 20 ml) was stirred at room
temperature for 30 min, then slowly heated to 150°C and maintained for 2 h. The reaction
mixture was allowed to cool to room temperature, poured into ice-water and extracted with
Et,O (2x 20 ml). The combined organic layers were washed with water, brine, dried over
MgSO., filtered and concentrated under ~ vacuum. The crude compound was purified by
chromatography on silica gel using cyclohexane and CH »Cl, as eluant (90/10) to afford
compound 36 as an orange oil (0.78 g, 70%). '"H NMR (400 MHz, CDCl ;) 8 7.53 (d, J =2.2
Hz, 1H), 7.33 (dd, J= 8.5 and 2.3 Hz, 1H), 7.26 (d, J = 8.3 Hz, 1H), 6.60 (dd, /=2.8 and 1.9
Hz, 1H), 6.22 (t, J=3.0 Hz, 1H), 6.04 (m, 1H), 2.04 (s, 3H). "“C NMR (100 MHz, CDCl) &
136.7, 134.6, 133.7, 130.5, 130.1, 130.0, 127.7, 121.3, 108.5, 107.4, 12.1. HRMS for
C11HoCLN [M+H]"calculated mass: 226.0184, measured: 226.0185.

Synthetic procedure for the compound (3) is the similar as that described for the compound (1)
and spectra data are shown below.

1-(2,4-Dichlorophenyl)-5-methyl-1H-pyrrole-2-carbaldehyde ( 37). Yellow oil (61%). 'H
NMR (400 MHz, CDCl5) 6 9.37 (s, 1H), 7.55 (d, J=2.4Hz, 1H), 7.38 (dd, J =8.5 and 2.4
Hz, 1H), 7.25 (d, J= 8.5 Hz, 1H), 7.03 (d, J=3.9 Hz, 1H), 6.22 (d, J=3.9 Hz, 1H), 2.04 (s,
3H). "C NMR (100 MHz, CDCI ;) 8 177.6, 140.1, 135.4, 134.8, 133.7, 132.7, 130.4, 130.1,
128.0, 123.8, 110.4, 12.1. LC-MS (ESI): t r=4.52 min; [M+H] *254.37. HRMS for
C12HoCILNO [M+H] calculated mass: 254.0133, measured: 254.0133.

(E) 1-(2,4-Dichlorophenyl)-2-methyl-5-(2-nitrovinyl)-1 H-pyrrole ( 3). Orange solid (50%).
Mp: 90°C. 'H NMR (400 MHz, CDCI 3) 8 7.65 (d, J = 2.4 Hz, 1H), 7.47 (m, 2H), 7.28 (m,



1H), 6.99 (d, J=13.4 Hz, 1H), 6.90 (d, /= 4.0 Hz, 1H), 6.27 (d, /= 4.0 Hz, 1H), 2.06 (s, 3H).
BC NMR (100 MHz, CDCl ) 6 139.8, 136.8, 134.5, 133.1, 131.1, 130.9, 130.6, 128.7, 127.7,
125.3,118.0, 111.7, 12.8. LC-MS (ESI): t R =5.35 min; [M+H] *297.42. HRMS for
Ci3H1iCLLN,O, [M+H]" calculated mass: 297.0192, measured: 297.0193.

(E) 3-[1-(2,4-Dichlorophenyl)-1H-pyrrol-2-yl]-acrylonitrile (4). See Supplementary
Fig.1d.

2-Cyano-3-(1-(2,4-dichlorophenyl)-1 H-pyrrol-2-yl)-acrylic acid ethyl ester (38). To a solution
of 1-(2,4-dichlorophenyl)-1H-pyrrole-2-carbaldehyde ( 34) (1g, 4.16 mmol) in ethanol (10
ml), were added ethylcyanoacetate (0.49 ml, 4.58 mmol) and triethylamine (0.58 ml, 4.16
mmol). The mixture was refluxed for 4 h. After removal of the solvent under vacuum, CH ,Cl,
was added to the residue and the organic layer was washed with water, dried over MgSO 4
filtered and concentrated in vacuo. The crude compound was purified by chromatography on
silica gel using CH ,Cl, as eluant to obtain compound 34 as a yellow solid (1.2 g, 86%). Mp:
138 °C."H NMR (400 MHz, CDCl;) 8 7.86 (d, J=4.2 Hz, 1H), 7.59 (d, J = 1.6 Hz, 1H), 7.52
(s, 1H), 7.41 (dd, J=8.3 and 1.5 Hz, 1H), 7.28 (d, J=8.5 Hz, 1H), 7.07 (m, 1H), 6.59 (m,
1H), 4.26 (q, J= 7.1 Hz, 2H), 1.32 (t, J=7.1 Hz, 3H). “C NMR (100 MHz, CDCl;) § 163.5,
140.1, 136.5, 133.6, 133.5, 130.7, 130.7, 130.6, 128.3, 128.3, 119.4, 116.6, 113.3, 95.2, 62.2,
14.2. HRMS for C;H;CLLN,O, [M+H] calculated mass: 335.0348, measured: 335.0346.

2-Cyano-3-(1-(2,4-dichlorophenyl)-1 H-pyrrol-2-yl)-acrylic acid (39). To a solution of lithium
hydroxyde (340 mg, 0.014 mol) in water (50 ml) was added a solution of 2-cyano-3-(1-(2,4-
dichlorophenyl)-1H-pyrrol-2-yl)-acrylic acid ethyl ester ( 38) (3.2 g, 9.54 mmol) in THF (50
ml) and the mixture was heated at 50°C for Sh. After removing THF under vacuum, the
aqueous layer was acidified with 6N HCI and then extracted with EtOAc (2x 50 mL). The
organic layers were washed with water (2x 50 mL), dried over MgSO 4 and concentrated in
vacuo. The product was purified by recrystallization in CH ,Cl, to obtain compound 39 as a
yellow solid (1.1 g, 37%). Mp: 110°C. '"H NMR (400 MHz, CDCls) 4 7.95 (d, J=4.1 Hz, 1H),
7.64 (d, J=2.2 Hz, 1H), 7.56 (s, 1H), 7.46 (dd, J=8.3 and 2.2 Hz, 1H), 7.31 (d, J= 8.3 Hz,
1H), 7.15 (m, 1H), 6.65 (m, 1H). "*C NMR (100 MHz, CDCI ;) 6 168.8, 141.2, 136.7, 133.5,
133.2, 131.8, 130.8, 130.6, 128.4, 128.3 120.7, 116.0, 113.8, 93.8. LC-MS (ESI): t g =4.55
min; [M+H] " 307.32. HRMS for C  4H,CLN,O, [M+H] calculated 307.0035, measured:
307.0034.

3-(1-(2,4-Dichlorophenyl)-1H-pyrrol-2-yl)-acrylonitrile (4). To a solution of copper (155 mg,
2.44 mmol) in quinoleine (10 ml), heated at 190°C, was added 2-cyano-3-(1-(2,4-
dichlorophenyl)-1H-pyrrol-2-yl)-acrylic acid ( 39) (500 mg, 1.62 mmol). The mixture was
stirred vigorously. After the carbon dioxide evolution stopped and TLC indicated complete
consumption of the starting material, the reaction was cooled to room temperature and 1N
HCI1 (10 ml) was added. The aqueous layer was extracted with CH  ,Cl, (2x 15 mL). The
combined organic layers were washed with water (2x 20 mL), dried over MgSO sand
concentrated under vacuum. The resulting residue was purified by chromatography on silica
gel using cyclohexane and CH,Cl, as eluant (50/50 to 30/70) to obtain compound 4 as a white
solid (150 mg, 36%). Mp: 108 °C. 'H NMR (400 MHz, CDCI ;) 8 7.58 (d, J =2.3 Hz, 1H),
7.53 (m, 1H), 7.39 (dd, J= 8.4 and 2.3 Hz, 1H), 7.28 (d, J= 8.5 Hz, 1H), 6.86 (m, 1H), 6.49
(t, J=3.2 Hz, 1H), 6.44 (d, J=12.1 Hz, 1H), 5.01 (d, /= 12.1 Hz, 1H). *C NMR (100 MHz,
CDCl) 6 135.8 135.1, 134.5, 133.7, 130.8, 130.4, 129.3, 128.1, 126.4, 118.2, 114.3, 111.6,



88.7. LC-MS (ESI): tg=5.18 min; [M+H]" 263.51. HRMS for C ;HyCI,N, [M+H] calculated
mass: 263.0137, measured: 263.0136.

1-(2,4-Dichlorophenyl)-2-(2-nitroethyl)-1 H-pyrrole (5). See Supplementary Fig.1e.
1-(2,4-Dichlorophenyl)-2-(2-nitroethyl)-1 H-pyrrole ( 5). To a solution of ( E)1-(2,4-
Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (1) (200 mg, 0.70 mmol) in methanol (7 ml) was
added portionwise sodium borohydride (53 mg, 1.41 mmol) at 0°C. After the addition, the
reaction mixture was stirred at 0°C for 1 h. Then a mixture of ice / water (10 ml) was added
and the aqueous layer was extracted with EtOAc (2x 20 ml). The combined organic layers
were washed with water (2x 30 ml), dried over MgSO 4, filtered and concentrated under
vacuum to give compound 5 as a brown oil (0.1 g, 50% ). 'H NMR (400 MHz, CDCl;) § 7.57
(d, J=2.4 Hz, 1H), 7.39 (dd, J=8.4 and 2.3 Hz, 1H), 7.30 (d, /= 8.5 Hz, 1H), 6.64 (dd, J=
2.9 and 1.7 Hz, 1H), 6.27 (t, J= 3.2 Hz, 1H), 6.13 (m, 1H), 4.48 (dd, J=15.2 and 7.7 Hz,
2H), 3.09 (dd, J=15.4 and 7.5 Hz, 2H). C NMR (100 MHz, CDCl5) & 135.7, 135.4, 133.7,
130.6, 130.3, 128.1, 127.6, 122.8, 109.2, 108.0, 74.1, 24.3. HRMS for C ,H;;CLLN,O, [M+H]
*calculated mass: 285.0192, measured: 285.0189.

(E) 1-(4-Chlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (6).

NH, @\CHO MeNO, / WNOZ

N

N
MeO o OMe d|oxane reflux DMF/POC'a CH3COOH
+ —_—
\Q/ CHZCI2 reflux CHyCOOH, 90°C
Cl

Cl Cl

41 6

Synthetic procedure for compound ( 6) is similar as that described for compound (1) and
spectra data are shown below.

1-(4-chlorophenyl)-1H-pyrrole ( 40).> Beige solid (85%). Mp: 90 °C.  'H NMR (400 MHz,
CDCly) § 7.28 (d, J = 9.2 Hz, 2H), 7.21 (d,J= 9.1 Hz, 2H), 6.94 (t, J = 2.2 Hz, 2H), 6.35 (t, J
= 2.2 Hz, 2H). "C NMR (100 MHz, CDCl;) 6 139.4, 131.1, 129.8, 121.6, 119.3, 110.8.

1-(4-chlorophenyl)-1H-pyrrole-2-carbaldehyde (41).* Orange solid (30%). Mp: 98°C. 'H
NMR (400 MHz, CDCl5) & 9.49 (s, 1H), 7.35 (d, J = 8.8 Hz, 2H), 7.21 (d, J =8.7 Hz, 2H),
7.07 (dd, J = 4.0 and 1.7 Hz, 1H), 6.97 (m, 1H), 6.34 (dd, J=4.1 and 2.7 Hz, 1H). C NMR
(100 MHz, CDCl3) 6 178.7, 137.5, 134.1, 132.4, 131.3, 129.2, 127.2, 123.7, 111.1. LC-MS
(ESI): te= 4.52 min; [M-+H]" 206.39.

(E) 1-(4-chlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (6).Yellow solid (54%). Mp: 124 °C. 'H
NMR (400 MHz, CDCl3) 6 7.74 (d, J =13.3 Hz, 1H), 7.49 (d, J=8.6 Hz, 2H), 7.24 (d, J =

*Das, B. et al. Novel approach for the synthesis of N-substituted pyrroles starting directly
from nitro compounds in water. Synthetic Communications. 4, 548-553 (2012)

* Pina, M. et al . Synthesis and spectral data of 1-aryl-2-formylpyrroles. Khimiya
Geterotsiklicheskikh Soedinenii. 2, 180-184, (1989).



13.4 Hz, 1H), 7.22 (d, J = 8.6 Hz, 2H), 7.07 (m, 1H), 6.91 (d, J = 3.8 Hz, 1H), 6.42 (t, J=3.6
Hz, 1H). “C NMR (100 MHz, CDC1 3) 8 136.5,134.9, 132.8, 130.0, 129.9, 127.8, 127.6,
125.2,116.5, 112.1. LC-MS (ESI): t z=5.07 min; [M+H] " 249.44. HRMS for C ,H,,CIN,O,
[M+H]" calculated mass: 249.0425, measured: 249.0425.

(E) 1-(3-Chlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (7).

NH, Q\/\No

MeNO, /
MeO 0o OMe dloxane reflux DMF/POC|3 CH3COOH
+
CHZCI2 reflux CH3COOH, 90°C
Cl
Cl

42 43 7

Synthetic procedure for compound ( 7) is similar as that described for compound (1) and
spectra data are shown below.

1-(3-chlorophenyl)-1H-pyrrole (42).> Brown solid (90%). Mp: 54 °C. 'H NMR (400 MHz,
CDCl) 5 7.30 (t, J = 2.0 Hz, 1H), 7.22 (d, J = 7.9 Hz, 1H), 7.18 (ddd, J= 8.1, 2.1 and 1.2 Hz,
1H), 7.11 (ddd, J="7.9, 2.0 and 1.2 Hz, 1H), 6.97 (t, J = 2.2 Hz, 2H), 6.26 (t, J = 2.2 Hz, 2H).
BC NMR (100 MHz, CDCl;) 6 141.8, 135.2, 130.6, 125.6, 120.6, 119.2, 118.4, 111.1.

1-(3-chlorophenyl)-1H-pyrrole-2-carbaldehyde (43).* Brown solid (50%). Mp: 68°C. '"H NMR
(400 MHz, CDCly) 8 9.49 (s, 1H), 7.31-7.27 (m, 3H), 7.18-7.15 (m, 1H), 7.06 (dd, J = 4.0 and
1.7 Hz, 1H), 6.97 (m, 1H), 6.33 (dd, J=3.9 and 2.7 Hz, 1H). *C NMR (100 MHz, CDCl5) 5
178.7, 140.0, 134.6, 132.4, 131.2, 130.0, 128.4, 126.3, 124.4, 123.5, 111,2. LC-MS (ESI): tr=
4.42 min; [M+H]" 206.34.

(E) 1-(3-Chlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (7). Red o0il (50%). 'H NMR (400 MHz,
CDCly) 6 7.78 (d, J =13.3 Hz, 1H), 7.50-7.48 (m, 2H), 7.35 (m, 1H), 7.32 (d, J =13.3 Hz,
1H), 7.20-7.23 (m, 1H), 7.12 (dd, J=2.6 and 1.1 Hz, 1H), 6.95 (dd, J=4.0 and 2.6 Hz, 1H),
6.45 (dd, J= 3.8 and 0.9 Hz, 1H). "C NMR (100 MHz, CDCl;) 6 139.1, 135.5, 132.9, 130.7,
129.8, 129.1, 127.7, 126.6, 125.2, 124.7, 116.5, 112.2. LC-MS (ESI): t = 5.06 min; [M+H] "
249.40. HRMS for C,H;oCIN,O, [M+H]" calculated mass: 249.0425, measured: 249.0425.

(E) 1-(2-Chlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (8).

NH, @\/\ NO,
CHO  MeNO,/ N
Cl MeO (o} OMe d|oxane reflux DMF/POC|3 CH3COOH Cl
+
\Q/ CHyCly reflux CH3COOH, 90°C
44 45 8

> Corsi, C. et al. Preparation of pyrrole derivatives as plant growth regulators. PCT Int. Appl.,
2010069879, 24 Jun 2010.



Synthetic procedure for compound ( 8) is similar as that described for compound (1) and
spectra data are shown below.

1-(2-Chlorophenyl)-1H-pyrrole (44)'. Brown oil (87%). '"H NMR (400 MHz, CDCI ;) & 7.47
(m, 1H), 7.32-7.22 (m, 3H), 6.88 (t, /= 2.2 Hz, 2H), 6.31 (t, J = 2.2 Hz, 2H). *C NMR (100
MHz, CDCl;) 6 138.8, 130.7, 129.7, 128.3, 127.9, 127.6, 122.2, 109.3.

1-(2-Chlorophenyl)-1H-pyrrole-2-carbaldehyde (45).* Beige solid (29%). Mp: 94°C. 'H NMR
(400 MHz, CDCl;) § 9.42 (d, J = 0.5 Hz, 1H), 7.4 (m, 1H), 7.35-7.27 (m, 2H), 7.05 (dd, J =
4.0 and 1.7 Hz, 1H), 7.07 (dd, J = 4.0 and 1.8 Hz, 1H), 6.89 (m, 1H), 6.37 (dd, J=4.0 and 2.5
Hz, 1H). “C NMR (100 MHz, CDC1 ;) 6 178.6, 137.1, 133.0, 132.0, 131.0, 130.2, 130.0,
129.0, 127.4, 122.2, 110.9. LC-MS (ESI): tg= 4.38 min; [M+H]" 206.39.

(E) 1-(2-Chlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (8). Brown oil (50%). 'H NMR (400
MHz, CDCls) 6 7.62-7.57 (m, 2H), 7.51 (dt, J=7.5 and 1.7 Hz, 1H), 7.46 (dt, J=7.6 and 1.5
Hz, 1H), 7.38 (dd, J= 7.6 and 1.7 Hz, 1H), 7.09 (d, J=13.3 Hz, 1H), 7.04 (dd, J=2.5 and 0.9
Hz, 1H), 6.95 (dd, J = 2.6 and 1.1 Hz, 1H), 6.49 (dd, J=2.7 and 0.9 Hz, 1H). *C NMR (100
MHz, CDCl5;) 6 135.7, 132.5, 132.3, 131.0, 130.9, 130.3, 129.6, 128.0, 127.8, 125.8, 116.9,
112.0. LC-MS (ESI): t r =4.95 min; [M+H] 7*249.44. HRMS for C ,H;(CIN,O, [M+H]"
calculated mass: 249.0425, measured: 249.0425.

(E) 1-(3,4-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (9).

NH, @\ @\/\NOZ
N~ TCHO  MeNO,/ N
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.
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Synthetic procedure for compound ( 9) is similar as that described for compound (1) and
spectra data are shown below.

1-(3,4-Dichlorophenyl)-1H-pyrrole (46). Brown solid (77%). Mp: 56 °C. '"H NMR (400 MHz,
CDCls) 6 7.51-7.48 (m, 2H), 7.24 (dd, J=8.7 and 2.6 Hz, 1H), 7.05 (t, J =2.1 Hz, 2H), 6.39
(t, J=2.2 Hz, 2H). "C NMR (100 MHz, CDCl ;) 6 140.0, 133.5, 131.2, 129.2, 122.1, 119.4,
119.2, 111.4.

1-(3,4-Dichlorophenyl)-1H-pyrrole-2-carbaldehyde (47). Brown solid (40%). Mp: 104°C. 'H
NMR (400 MHz, CDCls) 6 9.50 (d, J = 0.7 Hz, 1H), 7.44 (d, J=8.4 Hz, 1H), 7.39 (d, J=2.5
Hz, 1H), 7.14 (dd, J = 8.5 and 2.5 Hz, 1H), 7.07 (dd, J=4.0 and 1.8 Hz, 1H), 6.97 (m, 1H),

6.35 (dd, J=4.0 and 2.6 Hz, 1H). "C NMR (100 MHz, CDCl;) § 178.6, 138.3, 132.9, 132.5,
132.2, 131.6, 130.6, 127.8, 125.5, 124.6, 111,4. LC-MS (ESI): t x=4.81 min; [M+H]" 240.30.
HRMS for C;;HsCLLNO [M+H]" calculated mass: 239.9977, measured: 239.9975.



(E) 1-(3,4-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (9) : yellow solid (65%). Mp: 128 °C.
'"H NMR (400 MHz, CDCl;) & 7.75 (d, J = 13.3 Hz, 1H), 7.64 (d, /= 8.5 Hz, 1H), 7.46 (d, J =
2.4 Hz, 1H), 7.34 (d, J=13.3 Hz, 1H), 7.17 (dd, J=28.5and 2.4 Hz, 1H), 7.10 (dd, J =2.6
and 1.1 Hz, 1H), 6.95 (dd, J =4.0 and 1.3 Hz, 1H), 6.49 (dd, J=3.9and 2.8 Hz, 1H). "“C
NMR (100 MHz, CDCI 3) & 135.7, 132.5, 132.3, 131.0, 130.9, 130.3, 129.6, 128.0, 127.8,
125.8, 116.9, 112.0. LC-MS (ESI): t r =5.29 min; [M+H] " 283.44. HRMS for C ;,HyCLLN,O,
[M+H]" calculated mass: 283.0035, measured: 283.0035.

(E) 1-(2,3-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (10).

@\/\ NO;
MeNO, / N
OMe d|o><ane reflux DMF/POC|3 CH3COOH cl
\Q/ ©: CHzC|2 reflux CE CH3COOH, 90°C
[¢]]
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Synthetic procedure for compound (10) is similar as that described for compound (1) and
spectra data are shown below.

1-(2,3-Dichlorophenyl)-1H-pyrrole (48).* Pink oil (78%). "H NMR (400 MHz, CDCl;) 8 7.49-
7.47 (m, 1H), 7.27 (m, 2H), 6.90 (t, J=2.1 Hz, 2H), 6.36 (t, J = 2.1 Hz, 2H). *C NMR (100
MHz, CDCL) & 140.5, 134.4, 129.2, 129.0, 127.5, 126.2, 122.2, 109.6.
1-(2,3-Dichlorophenyl)-1H-pyrrole-2-carbaldehyde (49). Yellow solid (32%). Mp: 92°C. 'H
NMR (400 MHz, CDCl;) 6 9.54 (s, 1H), 7.59 (dd, J= 7.6 and 2.1 Hz, 1H), 7.35-7.28 (m, 2H),
7.15 (dd, J=4.0 and 1.6 Hz, 1H), 6.98 (m, 1H), 6.48 (dd, J=4.1 and 2.5 Hz, 1H). *C NMR
(100 MHz, CDCI 5) 6 178.5, 139.0, 134.0, 132.9, 131.3, 131.0, 130.8, 127.3, 127.2, 122.9,
111,1. LC-MS (ESI): t r =4.69 min; [M+H] *240.30. HRMS for C ;;HsCLNO [M+H]"
calculated mass: 239.9977, measured: 239.9975.

(E) 1-(2,3-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (10). Yellow solid (53%). Mp: 122
°C. 'H NMR (400 MHz, CDCl 3) 4 7.69 (dd, J = 8.1 and 1.5 Hz, 1H), 7.56 (d, J=13.3 Hz,
1H), 7.40 (t, J/ =8.0 Hz, 1H), 7.32 (dd, J =7.9 and 1.5 Hz, 1H), 7.17 (d, J=13.3 Hz, 1H),
7.03 (dd, J=2.5 and 1.5 Hz, 1H), 6.96 (m, 1H), 6.50 (m, 1H). *C NMR (100 MHz, CDCl;) 8
137.3, 134.8, 132.6, 131.9, 131.8, 130.0, 128.0, 127.9, 127.4, 125.7, 116.7, 112.3. LC-MS
(ESI): tr =5.11 min; [M+H] *283.44. HRMS for C ,HyCLLN,O, [M+H]" calculated mass:
283.0035, measured: 283.0035.

(E) 1-(2,5-Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (11).
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Synthetic procedure for compound (11) is similar as that described for compound (1) and
spectra data are shown below.

1-(2,5-Dichlorophenyl)-1H-pyrrole (50). Brown oil (79%). 'H NMR (400 MHz, CDCI 3) &
7.35(d,J=8.4Hz, 1H), 7.27 (d, J= 2.4 Hz, 1H), 7.17 (dd, J = 8.6 and 2.4 Hz, 1H), 6.82 (t, J
=2.2 Hz, 2H), 6.26 (t, J =2.2 Hz, 2H). *C NMR (100 MHz, CDCI 5) 4 139.5, 133.1, 131.6,
128.1, 127.8, 127.7, 122.0, 109.9. HRMS for C (HyCl,N [M+H]" calculated mass: 212.0028,
measured: 212.0030.

1-(2,5-Dichlorophenyl)-1H-pyrrole-2-carbaldehyde (51). Orange solid (45%). Mp: 126°C. !
NMR (400 MHz, CDCls) 6 9.54 (s, 1H), 7.45 (d, J= 8.5 Hz, 1H), 7.40 (m, 1H), 7.37 (m, 1H),
7.13 (dd, J = 4.0 and 1.8 Hz, 1H), 6.95 (m, 1H), 6.46 (dd, J=3.9 and 2.6 Hz, 1H). *C NMR
(100 MHz, CDCl1 ;) 6 178.5, 138.2, 132.9, 132.8, 130.9, 130.8, 130.6, 130.0, 129.0, 123.1,
111.2. LC-MS (ESI):t g =4.72 min; [M+H] 7240.35. HRMS for C  ;;HsCILNO [M+H] *
calculated mass: 239.9977, measured: 239.9972.

(E) 1-(2,5-Dichlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (11) Yellow solid (59%). Mp: 124 °C.
'H NMR (400 MHz, CDCl ;) § 7.55 (d, J =13.2 Hz, 1H), 7.53 (s, 1H), 7.51 (d, J =2.4 Hz,
1H), 7.41 (d, J=2.3 Hz, 1H), 7.16 (d, J=13.4 Hz, 1H), 7.01 (dd, J =2.7 and 1.5 Hz, 1H),
6.95 (dd, J=4.0 and 1.3 Hz, 1H), 6.50 (m, 1H). "C NMR (100 MHz, CDCl5) & 136.6, 133.7,
132.8, 131.6, 131.2, 131.1, 129.9, 129.8, 127.4, 125.8, 116.8, 112.5. LC-MS (ESI): t =5.13
min; [M+H]" 283.49. HRMS for C ;,HyC1,N,O, [M+H]" calculated mass: 283.0035, measured:
283.0035.

(E) 1-(3,5-Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (12).

" 7 \ / NO,
Z > MeNO, /
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Synthetic procedure for compound (12) is similar as that described for compound (1) and
spectra data are shown below.

1-(3,5-Dichlorophenyl)-1H-pyrrole (52). Brown solid (79%). Mp: 60 °C. '"H NMR (400 MHz,
CDCL) 6 7.29 (d, J= 1.8 Hz, 2H), 7.23 (t, /= 1.8 Hz, 1H), 7.05 (t, /= 2.2 Hz, 2H), 6.38 (t,J =
2.2 Hz, 2H). “C NMR (100 MHz, CDCl;) 8 142.2, 135.9, 125.4, 119.1, 118.7, 111.6. HRMS
for CoHsCLLN [M+H]" calculated mass: 212.0028, measured: 212.0032.



1-(3,5-Dichlorophenyl)-1H-pyrrole-2-carbaldehyde (53). Yellow solid (50%). Mp: 144°C. 'H
NMR (400 MHz, CDCl 5) 6 9.52 (s, 1H), 7.34 (t, J = 1.8 Hz, 1H), 7.20 (d, J = 1.8 Hz, 2H),
7.07 (dd, J =3.9 and 1.6 Hz, 1H), 6.98 (m, 1H), 6.35 (dd, J=3.9 and 2.7 Hz, 1H). "C NMR
(100 MHz, CDCl5) 8 178.5, 140.7, 135.1, 132.2, 131.3, 128.4, 124.8, 124.6, 111.5. LC-MS
(ESI): t x =4.69 min; [M+H] *240.26. HRMS for C ;HsCLLNO [M+H]" calculated mass:
239.9975, measured: 239.9977.

(E) 1-(3,5-Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (12). Orange solid (65%). Mp:
120°C. '"H NMR (400 MHz, CDCl5) 8 7.76 (d, J= 13.3 Hz, 1H), 7.52 (t, /= 1.8 Hz, 1H), 7.46
(d,J=2.4Hz, 1H), 7.34 (d, J=13.3 Hz, 1H), 7.25 (d, J = 1.8 Hz, 1H), 7.10 (dd, J = 2.6 and
1.5 Hz, 1H), 6.95 (dd, J =4.0 and 1.3 Hz, 1H), 6.46 (m, 1H). *C NMR (100 MHz, CDCl;) §
139.8, 136.2, 133.4, 129.6, 129.2, 127.2, 125.2, 125.1, 116.7, 112.5. LC-MS (ESI): t r=5.33
min; [M+H]" 283.44. HRMS for C ;,HyCl,N,O, [M+H]" calculated mass: 283.0035, measured:
283.0036.

(E) 1-(2,6-Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (13)

/\ \ / ‘o
Z:;B\CHO MeNO, / 2
OMe dloxane reflux DMF/POCI3 CH3COOH
cl — > (I
\Q/ \@/ CH2C|2 reflux \@/ CHiCOOH, 90°C \@/
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Synthetic procedure for compound ( 13) is similar as that described for compound (1) and
spectra data are shown below.

1-(2,6-Dichlorophenyl)-1H-pyrrole ( 54).° Orange solid (83%). Mp: 90 °C.  'H NMR (400
MHz, CDCL,) 8 7.47 (m, 2H), 7.33-7.29 (m, 1H), 6.76 (t, J =2.3 Hz, 2H), 6.43 (t, J = 2.2 Hz,
2H). “C NMR (100 MHz, CDCl;) 8 137.0, 134.5, 129.6, 128.7, 121.9, 109.4.

1-(2,6-Dichlorophenyl)-1H-pyrrole-2-carbaldehyde (55).° Orange solid (45%). Mp: 94°C. 'H
NMR (400 MHz, CDCls) 6 9.53 (s, 1H), 7.45 (m, 2H), 7.34 (dd, J=9.0 and 7.3 Hz, 1H), 7.16
(dd, J=3.8 and 1.6 Hz, 1H), 6.92 (m, 1H), 6.52 (dd, J=3.9 and 2.7 Hz, 1H). *C NMR (100
MHz, CDCl;) 6 178.4, 135.6, 134.2, 132.3, 130.4, 130.2, 128.4, 123.1, 111,4. LC-MS (ESI): tr
=4.61 min; [M+H]" 240.35.

(E) 1-(2,6-Dichlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (13). Orange solid (60%). Mp:
120°C. '"H NMR (400 MHz, CDCl3;) & 7.54 (m, 2H), 7.53 (d, J = 12.9 Hz, 1H), 7.46 (m, 1H),
7.03-7.01 (d, J =13.1 Hz, 1H), 6.99 (dd, J=4.0 and 1.4 Hz, 1H), 6.96 (dd, J =2.7 and 1.4
Hz, 1H), 6.55 (dd, J =3.9 and 2.8 Hz, 1H). "“C NMR (100 MHz, CDCI ;) § 135.1, 133.8,
132.3,131.4,129.5, 129.1, 127.2, 125.1, 117.5, 112.7. LC-MS (ESI): t r=5.05 min; [M+H] "
283.40. HRMS for C,HyC1,N,O, [M+H]" calculated mass: 283.0035 , measured: 283.0035.

(E) 1-(2,4,5-Trichlorophenyl)- 2-(2-nitrovinyl)-1H-pyrrole (14).

¢ Tkegami, H. et al. Hydrazide compound and their preparation, formulation and pesticidal
use. PCT Int. Appl., 2007043677, 19 Apr 2007
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Synthetic procedure for compound ( 14) is similar as that described for compound (1) and
spectra data are shown below.

1-(2,4,5-Trichlorophenyl)-1H-pyrrole (56).” Brown solid (79%). Mp: 102 °C. 'H NMR (400
MHz, CDCl;) 8 7.54 (s, 1H), 7.38 (s, 1H), 6.80 (t, J = 2.2 Hz, 2H), 6.27 (t, J = 2.2 Hz, 2H). “C
NMR (100 MHz, CDCl;) 6 138.0, 131.7, 131.7, 131.6, 128.8, 128.2, 122.0, 110.2.

1-(2,4,5-Trichlorophenyl)-1H-pyrrole-2-carbaldehyde (57). Beige solid (32%). Mp: 96°C. 'H
NMR (400 MHz, CDCl35) 6 9.55 (s, 1H), 7.62 (s, 1H), 7.46 (s, 1H), 7.13 (dd, J=4.0and 1.5
Hz, 1H), 6.94 (m, 1H), 6.47 (dd, J =3.9 and 2.5 Hz, IH). "“C NMR (100 MHz, CDCI ;) §
178.5,136.7, 133.7, 132.9, 131.4, 131.1, 131.0, 130.9, 130.0, 123.7, 111.4. LC-MS (ESI): tr=
5.07 min; [M+H] *274.26. HRMS for C  ;;H,CL1NO [M+H]" calculated mass: 273.9587,
measured: 273.9587.

(E) 1-(2,4,5-Trichlorophenyl)- 2-(2-nitrovinyl)-1 H-pyrrole (14). Yellow solid (62%). Mp: 166
°C."H NMR (400 MHz, CDCl;5) & 7.65 (s, 1H), 7.46-7.43 (m, 2H), 7.14 (d, J = 13.3 Hz, 1H),
6.91 (dd, J=2.7 and 1.5 Hz, 1H), 6.88 (dd, J =4.0 and 1.3 Hz 1H), 6.42 (dd, J=3.8 and 2.8
Hz, 1H). “C NMR (100 MHz, CDCI1 ;)8 135.1, 134.9, 133.0, 132.3, 131.8, 131.5, 130.8
129.7, 127.1, 125.8, 116.6, 112.7. LC-MS (ESI): t r =5.42 min; [M+H] *317.27. HRMS for
C1oHsCI:N,O, [M+H]' calculated mass: 316.9645, measured: 316.9645.

(E) 1-(2,4,6-Trichlorophenyl)- 2-(2-nitrovinyl)-1H-pyrrole (15).
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Synthetic procedure for compound ( 15) is similar as that described for compound (1) and
spectra data are shown below.

1-(2,4,6-Trichlorophenyl)-1H-pyrrole ( 58). Beige solid (88%). Mp: 90 °C.  'H NMR (400
MHz, CDCls) & 7.37 (s, 2H), 6.60 (t, J = 2.2 Hz, 2H), 6.30 (t, J = 2.2 Hz, 2H). *C NMR (100
MHz, CDCl ;) 6 135.8, 135.1, 134.6, 128.6, 121.8, 109.7. HRMS for C (H,C;N [M+H]"
calculated mass: 245.9638, measured: 245.9642.

"Ma, F etal . Arecyclable magnetic nanoparticles supported antimony catalyst for the
synthesis of N-substituted pyrroles in water. Applied Catalysis , A: General , 457, 34-41
(2013)



1-(2,4,6-Trichlorophenyl)-1H-pyrrole-2-carbaldehyde (59). Yellow solid (30%). Mp: 100 °C. 'H
NMR (400 MHz, CDCl;) 8 9.54 (s, 1H), 7.46 (s, 2H), 7.15 (dd, J = 4.0 and 1.5 Hz, 1H), 6.89
(m, 1H), 6.52 (dd, J =4.0and 2.8 Hz, IH). "“C NMR (100 MHz, CDCI ;) 3 178.4, 135.3,
134.8, 134.6, 132.2, 130.4, 128.5, 123.6, 111,7. LC-MS (ESI): tr=4.97 min; [M+H]" 274.31.
HRMS for C;H,CI;NO [M+H]" calculated mass: 273.9587, measured: 273.9587.

(E) 1-(2,4,6-Trichlorophenyl)- 2-(2-nitrovinyl)-1 H-pyrrole (15). Light brown solid (50%).
Mp: 114 °C. '"H NMR (400 MHz, CDCl;) & 7.56 (s, 2H), 7.47 (d, J=13.3 Hz, 1H), 7.10 (d, J
= 13.3 Hz, 1H), 6.98 (dd, J=4.0 and 1.3 Hz, 1H), 6.92 (dd, J=2.7 and 1.4 Hz 1H), 6.55 (dd,
J=3.8and 2.9 Hz, IH). "“C NMR (100 MHz, CDCI 3) 4 136.8, 135.7, 132.7, 132.6, 129.3,
129.2,126.8, 125.1, 117.3, 113.0. LC-MS (ESI): t g =5.32 min; [M+H] " 317.32. HRMS for
C1,HsCI3N,O, [M+H]' calculated mass: 316.9645, measured: 316.9645.

(E) 1-(2-Chloro-4-fluorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (16).
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Synthetic procedure for compound ( 16) is similar as that described for compound (1) and
spectra data are shown below.

1-(2-Chloro-4-fluorophenyl)-1H-pyrrole (60). Orange oil (80%). "H NMR (400 MHz, CDCl;)
0 7.47 (d, J= 8.0 Hz, 2H), 7.31 (dd, J= 8.6 and 7.6 Hz, 1H), 6.76 (t, J=2.3 Hz, 2H), 6.43 (t, J
= 2.2 Hz, 2H). “C NMR (100 MHz, CDCl;) 8 161.1 (d, J=250.7 Hz), 135.3 (d, J = 3.9 Hz),
131.0 (d, J=10.7 Hz), 129.0 (d, /= 10.7 Hz ), 122.3 (s), 117.7 (d, J=25.8 Hz), 114.6 (d, J =
21.9 Hz), 109.5 (s). HRMS for C ,HsCIFN [M+H] ' calculated mass: 196.0323, measured:
196.0326.

1-(2-Chloro-4-fluorophenyl)-1 H-pyrrole-2-carbaldehyde (61). White solid (61%). Mp: 104°C.
'H NMR (400 MHz, CDCl ;) 4 9.43 (s, 1H), 7.25 (dd, J =8.7 and 5.4 Hz, 1H), 7.18 (dd, J =
8.0 and 2.8 Hz, 1H), 7.04 (dd, J=4.0 and 1.6 Hz, 1H), 7.02-6.97 (m, 1H), 6.86 (m, 1H), 6.37
(dd, J=4.0 and 2.6 Hz, 1H). "“C NMR (100 MHz, CDCI ;) & 178.6 (s), 162.1 (d, J =250.9
Hz), 133.6 (d, J=3.7 Hz), 133.1 (d, J=10.5 Hz), 133.0(s), 131.2 (s), 129.9 (d, J=9.2 Hz),
123.0 (bs), 117.5 (d, J =25.9 Hz), 114,6 (d, J =21.6 Hz), 111.0 (s). LC-MS (ESI): t r =4.49
min; [M+H]" 224.40. HRMS for C ;;HsCIFNO [M+H]" calculated mass: 224.0272, measured:
224.0272.

(E) 1-(2-Chloro-4-fluorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole ( 16). Orange solid (55%). Mp:
102 °C. '"H NMR (400 MHz, CDCI ;) 8 7.54 (d, J = 13.4 Hz, 1H), 7.40-7.34 (m, 2H), 7.20-
7.15 (m, 1H), 7.12 (d, J=13.3 Hz, 1H), 7.01 (dd, J =2.6 and 1.5 Hz, 1H), 6.95 (dd, J=4.0
and 1.3 Hz, 1H), 6.49 (dd, /= 3.8 and 2.8 Hz, 1H). *C NMR (100 MHz, CDCl;) $ 162.6 (d, J
=257.9 Hz), 133.9 (d, J=10.9 Hz), 132.5 (s), 132.0 (d, J=3.7Hz), 130.8 (d, J =9.5 Hz),
130.3 (s), 127.5 (s), 125.9 (s), 118.3 (d, J=25.7Hz), 116.8 (s), 115.4 (d, J=22.3 Hz), 112.3
(s). LC-MS (ESI):t g =4.95 min; [M+H] *267.41. HRMS for C  ,HyCIFN,O, [M+H]"
calculated mass: 267.0331, measured: 267.0329.



(E) 1-(4-Chloro-2-fluorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (17).
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Synthetic procedure for compound ( 17) is similar as that described for compound (1) and
spectra data are shown below.

1-(4-Chloro-2-fluorophenyl)-1H-pyrrole (62). Orange oil (75%). "H NMR (400 MHz, CDCl;)
0 7.34 (t, J=8.5 Hz, 1H), 7.27 (m, 1H), 7.21 (ddd, J=8.4,2.2 and 1.2 Hz, 1H), 7.03 (q, J =
2.1 Hz, 2H), 6.38 (t, J = 2.2 Hz, 2H). *C NMR (100 MHz, CDCl5) 8 154.7 (d, J = 255.7 Hz),
131.9(d, J =9.8 Hz), 127.8 (d, J =10.5 Hz), 125.5(d, J =2.0 Hz), 125.1 (d, J =4.1 Hz),
121.2(d, J =4.8Hz), 117.8(d, J =23.7Hz), 110.3 (s). HRMS for C  ,(HsCIFN [M+H]"
calculated mass: 196.0323, measured: 196.0329.

1-(4-Chloro-2-fluorophenyl)-1H-pyrrole-2-carbaldehyde (63). White solid (60%). Mp: 82°C. 'H
NMR (400 MHz, CDCl;) 6 9.58 (s, 1H), 7.32-7.23 (m, 3H), 7.15 (m, 1H), 7.01 (m, 1H), 6.47
(m, 1H). ®C NMR (100 MHz, CDCl 5) 4 178.6 (s), 156.9 (d, J=253.8 Hz), 135.0 (d, J=9.2
Hz), 132.8 (s), 131.5 (s), 128.9 (s), 126.3 (d, J=12.9 Hz), 124.7 (d, J =3.7 Hz), 124,0 (bs),
117,2 (d, J =22.8 Hz), 111.3 (s). LC-MS (ESI): t r=4.55 min; [M+H] " 224.35. HRMS for
C1HsCIFNO [M+H]" calculated mass: 224.0272, measured: 224.0272.

(E) 1-(4-Chloro-2-fluorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (17). Yellow solid (60%). Mp:
134 °C. '"H NMR (400 MHz, CDCl ;) § 7.60 (dt, J = 13.4 and 0.6 Hz, 1H), 7.34 (dd, J=1.9
and 0.5 Hz, 1H), 7.32 (m, 1H), 7.29 (m, 1H), 7.26-7.23 (m, 1H), 7.03 (m, 1H), 6.94 (dd, J =
4.0 and 1.4 Hz, 1H), 6.49 (dd, J = 3.8 and 2.8 Hz, 1H). *C NMR (100 MHz, CDCl;) & 156.9
(d, J=257.9 Hz), 136.2 (d, J =9.6 Hz), 133.0 (s), 130.2 (s), 129.7 (s), 127.3 (s), 125.8 (s),
125.7 (d, J=3.7 Hz), 124.6 (d, /= 12.3 Hz), 118.1 (d, J=22.7 Hz ), 116.5 (s), 112.5 (s). LC-
MS (ESI): t=5.02 min; [M+H]" 267.45. HRMS for C,HyCIFN,O, [M+H]" calculated mass:
267.0331, measured: 267.0330.

(E) 1-(2,4-Dibromophenyl)-2-(2-nitrovinyl)-1H-pyrrole (18).
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Synthetic procedure for compound ( 18) is similar as that described for compound (1) and
spectra data are shown below.



1-(2,4-Dibromophenyl)-1H-pyrrole (64). Orange oil (94%). 'H NMR (400 MHz, CDCI ;) &
7.86 (d, J=2.2 Hz, 1H), 7.52 (dd, J=8.1 and 1.9 Hz, 1H), 7.21 (d, J= 8.3 Hz, 1H), 6.85 (t, J
=2.4 Hz, 2H), 6.35 (t, J=2.3 Hz, 2H). “C NMR (100 MHz, CDCI 3) 8 139.6, 136.1, 131.3,
129.2, 122.1, 121.4, 120.6, 109.6. HRMS for C ,HsBr,N [M+H]" calculated mass: 299.9018,
measured: 299.9017.

1-(2,4-Dibromophenyl)-1H-pyrrole-2-carbaldehyde ( 65). White solid (30%). Mp: 88 °C. 'H
NMR (400 MHz, CDCl3) 6 9.52 (s, 1H), 7.55 (d, J =2.3 Hz, 1H), 7.54 (dd, J =8.4 and 2.3
Hz, 1H), 7.22 (d, /= 8.5 Hz, 1H), 7.12 (dd, J=3.9 and 1.7 Hz, 1H), 6.93 (m, 1H), 6.45 (dd, J
=3.8and 2.5 Hz, IH). "C NMR (100 MHz, CDCI ;) § 178.2, 138.1, 135.7, 132.7, 131.3,
130.9, 130.0, 123.2, 123.0, 122.9, 111.1. LC-MS (ESI): tg = 4.92 min; [M+H]" 328.25. HRMS
for C;;HsBr,NO [M+H]" calculated mass: 327.8967, measured: 327.8963.

(£) 1-(2,4-Dibromophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (18). Orange solid (60%). Mp: 122
°C. '"HNMR (400 MHz, CDCl;) 6 7.93 (d, J=2.1 Hz, 1H), 7.63 (dd, J = 8.4 and 2.2 Hz, 1H),
7.53 (d,J=13.4 Hz, 1H), 7.26 (d, /= 8.3 Hz, 1H), 7.13 (d, /= 13.5 Hz, 1H), 7.00 (dd, /= 2.7
and 1.5 Hz, 1H), 6.95 (dd, J =4.0 and 1.4 Hz, 1H), 6.49 (m, 1H). BC NMR (100 MHz,
CDCls) 6 136.4, 134.3, 133.4, 132.6, 130.8, 130.3, 130.0, 128.4, 127.4, 125.8, 116.7, 112.3.
LC-MS (ESI) tr= 5.30 1’1’111’1, [M+H] * 371.30. HRMS fOI' C 12H9BI'2N202 [M+H] * calculated
mass: 370.9025, measured: 370.9023.

(E) 1-(2-Bromo-4-chlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (19).

NH LN o~
2 CHO MeNO, / N NO2

Br MeO 0 OMe dloxane reflux DMF/POCI3 CH3COOH
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Cl
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Synthetic procedure for compound ( 19) is is similar as that described for compound ( 1) and
spectra data are shown below.

1-(2-Bromo-4-chlorophenyl)-1H-pyrrole (66).* Orange oil (89%). '"H NMR (400 MHz, CDCl5)
§7.60 (d, J=2.3 Hz, 1H), 7.25 (dd, J = 8.4 and 2.3 Hz, 1H), 7.15 (d, J = 8.4 Hz, 1H), 6.74 (t,
J=2.2Hz, 2H), 6.24 (t, J= 2.3 Hz, 2H). “C NMR (100 MHz, CDCl;) 6 139.2, 134.6, 133.6,
128.9, 128.5, 122.2, 120.4, 109.6.

1-(2-Bromo-4-chlorophenyl)-1H-pyrrole-2-carbaldehyde ( 67). White solid (30%). Mp: 102
°C. '"H NMR (400 MHz, CDCls) 6 9.43 (s, 1H), 7.61 (d, J = 2.4 Hz, 1H), 7.31 (dd, J = 8.4 and
2.3 Hz, 1H), 7.20 (d, J=8.3 Hz, 1H), 7.04 (dd, J =4.1 and 1.7 Hz, 1H), 6.85 (m, 1H), 6.38
(dd, J =3.9 and 2.6 Hz, 1H). "“C NMR (100 MHz, CDCI 3) 3 178.5, 137.6, 135.4, 133.0,
132.8, 131.0, 129.6, 128.3, 123.0, 122.6, 111.1. LC-MS (ESI): t x =4.80 min; [M+H]" 284.30.
HRMS for C;;HsBrCINO [M+H]" calculated mass: 283.9472, measured: 283.9470.

¥ Sugita, K efal . Preparation of tricyclic compounds such as pyrrolobenzoxazepine
derivatives and analogs thereof for treatment of hypercholesteremia, hyperlipemia, and
arteriosclerosis. Jpn. Kokai Tokkyo Koho, 2008291018, 04 Dec 2008



(E) 1-(2-Bromo-4-chlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (19). Yellow solid (53%). Mp:
98 °C. '"H NMR (400 MHz, CDCls) 8 7.79 (d, J = 2.2 Hz, 1H), 7.53 (d, J = 13.3 Hz, 1H), 7.48
(dd, J=8.3 and 2.3 Hz, 1H), 7.32 (d, J= 8.3 Hz, 1H), 7.12 (d, J=13.3 Hz, 1H), 6.99 (dd, J =
2.5 and 1.5 Hz, 1H), 6.95 (dd, J =4.0 and 1.3 Hz, 1H), 6.49 (dd, J=3.8 and 2.7 Hz 1H). “C
NMR (100 MHz, CDCI 3) 6 136.6, 136.0, 133.7, 132.6, 130.4, 130.0, 129.0, 127.4, 125.7,
123.3, 116.9, 112.3. LC-MS (ESI): tg = 5.23 min; [M+H] " 327.35. HRMS for C ;,HyBrCIN,O,
calculated mass: 326.9530, measured: 326.9529

(E) 1-(4-Bromo-2-chlorophenyl)-2-(2-nitrovinyl)-1H-pyrrole (20).
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Synthetic procedure for compound ( 20) is similar as that described for compound (1) and
spectra data are shown below.

1-(4-Bromo-2-chlorophenyl)-1H-pyrrole (68). Orange oil (90%). '"H NMR (400 MHz, CDCl5)
07.68 (d, J=2.3 Hz, 1H), 7.47 (dd, J = 8.4 and 2.3 Hz, 1H), 7.22 (d, J= 8.4 Hz, 1H), 6.89 (t,
J=2.1Hz, 2H), 6.35 (t, J=2.2 Hz, 2H). *C NMR (100 MHz, CDCl;) § 137.9, 133.3, 130.8,
130.6, 128.8, 122.0, 120.8, 109.7. HRMS for C;(HsBrCIN [M+H]" calculated mass: 255.9523,
measured: 255.9523.

1-(4-Bromo-2-chlorophenyl)-1H-pyrrole-2-carbaldehyde (69). Beige solid (31%). Mp: 92 °C.
'H NMR (400 MHz, CDCl;) 6 9.52 (s, 1H), 7.68 (d, J = 2.1 Hz, 1H), 7.50 (dd, J = 8.4 and 2.2
Hz, 1H), 7.22 (d, J=8.3 Hz, 1H), 7.13 (dd, J =4.0 and 1.7 Hz, 1H), 6.94 (m, 1H), 6.46 (dd,
J=3.9and 2.6 Hz, IH). "“C NMR (100 MHz, CDCI 3) 8 178.5, 136.5, 133.1, 132.9, 132.8
131.1, 130.7, 129.9, 123.2, 122.9, 111.2. LC-MS (ESI): t r =4.83 min; [M+H] *284.25.
HRMS for C;;HsBrCINO [M+H]" calculated mass: 283.9472, measured: 283.9468.

(E) 1-(4-Bromo-2-chlorophenyl)-2-(2-nitrovinyl)-1 H-pyrrole ( 20). Orange solid (57%). Mp:
124 °C. "H NMR (400 MHz, CDCl;) 6 7.77 (d, J = 2.1 Hz, 1H), 7.59 (dd, J= 8.3 and 2.1 Hz,
1H), 7.54 (d, J=13.3 Hz, 1H), 7.25 (d, /= 8.3 Hz, 1H), 7.16 (d, J= 13.3 Hz, 1H), 7.00 (dd, J
=2.7 and 1.4 Hz, 1H), 6.95 (dd, J =4.0 and 1.4 Hz, 1H), 6.49 (m, 1H). *C NMR (100 MHz,
CDCl) 6 134.8, 133.6, 133.7, 132.6, 131.4, 130.6, 130.0, 127.4, 125.7, 124.1, 116.7, 112.4.
LC-MS (ESI): t g = 5.26 min; [M+H] *327.35. HRMS for C ,HyBrCIN,O, calculated mass:
326.9530, measured: 326.9529.

(E) 1-(4-Chloro-2-iodophenyl)-2-(2-nitrovinyl)-1H-pyrrole (21).
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Synthetic procedure for compound ( 21) is similar as that described for compound (1) and
spectra data are shown below.
1-(4-Chloro-2-iodophenyl)-1H-pyrrole (70).° Yellow solid (88%). Mp: 72 °C. 'H NMR (400

MHz, CDCl3) & 7.84 (d, J =2.3 Hz, 1H), 7.31 (dd, J=8.4 and 2.2 Hz, 1H), 7.13 (d, J=8.5
Hz, 1H), 6.74 (, J=2.2 Hz, 2H), 6.26 (t, J=2.2 Hz, 2H). '*C NMR (100 MHz, CDCl )
142.7, 139.2, 134.2, 129.1, 128.4, 122.1, 109.5, 96.0.

1-(4-Chloro-2-iodophenyl)-1H-pyrrole-2-carbaldehyde (71). Pink solid (30%). Mp: 62 °C. 'H
NMR (400 MHz, CDCl3) 6 9.51 (s, 1H), 7.91 (d, J =2.3 Hz, 1H), 7.42 (dd, J =8.3 and 2.2
Hz, 1H), 7.24 (d, J= 8.3 Hz, 1H), 7.12 (dd, /=4.0 and 1.7 Hz, 1H), 6.90 (m, 1H), 6.46 (dd, J
=4.0 and 2.6 Hz, IH). "C NMR (100 MHz, CDCI ;) § 178.5, 141.2, 138.8, 135.3, 132.5,
130.8, 129.1, 128.8, 122.9, 111.2, 97.8. LC-MS (ESI): t x =4.86 min; [M+H] " 332.23. HRMS
for C,;HsCIINO [M+H]" calculated mass: 331.9333, measured: 331.9329.

(£) 1-(4-Chloro-2-iodophenyl)-2-(2-nitrovinyl)-1 H-pyrrole ( 21). Orange solid (57%). Mp:
100 °C."H NMR (400 MHz, CDCl;) 8 7.99 (d, J= 2.0 Hz, 1H), 7.52 (m, 2H), 7.28 (d, J=8.2
Hz, 1H), 7.07 (d, J = 13.3 Hz, 1H), 6.94 (m, 2H), 6.49 (m, 1H). “C NMR (100 MHz, CDCl5)
0 139.6, 136.5, 132.6, 132.5,129.9, 129.8, 129.5, 127.5, 125.4, 117.2, 112.4, 98.6. LC-MS
(ESI): tg = 5.35 min; [M+H] *375.29. HRMS for C ,HyCIIN,O, calculated mass: 374.9391,
measured: 374.9391

(E) 1-(2-Chloro-4-iodophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (22).
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Synthetic procedure for compound ( 22) is similar as that described for compound (
spectra data are shown below.

1) and

1-(2-Chloro-4-iodophenyl)-1H-pyrrole (72). Orange oil (95%). '"H NMR (400 MHz, CDCl5) &
7.78 (d, J=2.0 Hz, 1H), 7.57 (dd, J= 8.3 and 1.9 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.80 (t, J
= 2.3 Hz, 2H), 6.27 (t, J=2.3 Hz, 2H). "*C NMR (100 MHz, CDCl 5) 4 139.0, 138.6, 137.8,

?Chai, D. et al . Mechanistic Studies of Pd-Catalyzed Regioselective Aryl C-H Bond
Functionalization with Strained Alkenes: Origin of Regioselectivity. Chemistry - A European
Journal, 29, 8175-8188, S8175/1-S8175/54 (2011).



130.5, 129.0, 122.0, 109.8, 91.6. HRMS for C ,HsCIIN [M+H] " calculated mass: 303.9384,
measured: 303.9384.

1-(2-Chloro-4-iodophenyl)-1H-pyrrole-2-carbaldehyde (73). Yellow solid (32%). Mp: 92 °C. 'H
NMR (400 MHz, CDCl3) 6 9.52 (s, 1H), 7.87 (d, J =2.0 Hz, 1H), 7.69 (dd, J =8.3 and 2.0
Hz, 1H), 7.13 (dd, J=3.8 and 1.6 Hz, 1H), 7.07 (d, J = 8.3 Hz, 1H), 6.94 (m, 1H), 6.46 (dd, J
=3.9and 2.7 Hz, IH). "C NMR (100 MHz, CDCI ;) § 178.5, 138.5, 137.2, 136.6, 133.0,
132.8, 131.0, 130.1, 123.2, 111.2, 94.1. LC-MS (ESI): t x=4.98 min; [M+H] " 332.28. HRMS
for C,;HsCIINO [M+H]" calculated mass: 331.9333, measured: 331.9329.

(E) 1-(2-Chloro-4-iodophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (22). Orange solid (57%). Mp: 96
°C.'"H NMR (400 MHz, CDCl;) 6 7.96 (d, J=2.0 Hz, 1H), 7.78 (dd, J = 8.2 and 1.9 Hz, 1H),
7.56 (d,J=13.4 Hz, 1H), 7.17 (d, /= 13.3 Hz, 1H), 7.09 (d, /= 8.3 Hz, 1H), 7.00 (dd, J = 2.1
and 1.3 Hz, 1H), 6.95 (m, 1H), 6.49 (t, J = 3.3 Hz, 1H). “C NMR (100 MHz, CDCIl;) § 139.3,
137.3,135.5, 133.4, 132.6, 130.8, 130.0, 127.4, 125.7, 116.8, 112.4, 95.4. LC-MS (ESD): t =
5.35 min; [M+H] * 375.29. HRMS for C ;HyCIIN,O, calculated mass: 374.9391, measured:
374.9391.

(E) 1-(3-Chlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (23).
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Synthetic procedure for compound ( 23) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(3-Chlorophenyl)-1H-pyrrole-3-carbaldehyde ( 74).'° Brown solid (50%). Mp: 68°C. 'H
NMR (400 MHz, CDCI ;) 6 9.86 (s, 1H), 7.66 (t, J=2.0 Hz, 1H), 7.44 (t, J=2.0 Hz, 1H),
7.41 (d, J=8.0 Hz, 1H), 7.37-7.31 (m, 2H), 7.07 (m, 1H), 6.81 (dd, J=3.1 and 1.6 Hz, 1H).
"C NMR (100 MHz, CDCl ;) & 185.4, 140.5, 135.6, 131.0, 128.5, 127.4, 127.0, 122.2, 121 4,
119.2, 110,0. LC-MS (ESI): tr=4.42 min; [M+H]" 206.34.

(E) 1-(3-chlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (23). Brown solid (50%). Mp: 104 °C. 'H
NMR (400 MHz, CDCl5) 6 8.01 (d, /= 13.3 Hz, 1H), 7.46 (d, J=13.3 Hz, 1H), 7.43-7.40 (m,
3H), 7.33 (dt, J =8.1 and 1.0 Hz, 1H), 7.39 (dt, J=28.0 and 1.0 Hz, 1H), 7.11 (t, J=2.7 Hz,
1H), 6.57 (dd, J =3.0 and 1.6 Hz, 1H). "“C NMR (100 MHz, CDCl ;) 8 140.4, 135.7, 134.3,
133.1, 131.0, 127.2, 124.9, 122.7, 121.1, 118.8, 118.2, 109.5. LC-MS (ESI): t g =5.15 min;
[M+H]" 249.40. HRMS for C  ,H;oCIN,O, [M+H]" calculated mass: 249.0425, measured:
249.0424.

" McInnes, Campbell and Liu, Shu. Cyclin based inhibitors of CDK2 and CDK4.  U.S. Pat.
Appl. Publ., 20130289240, 31 Oct 2013.



(E) 1-(3,4-Dichlorophenyl)-3-(2-nitrovinyl)-1H-pyrrole (24) .
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Synthetic procedure for compound ( 24) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(3,4-Dichlorophenyl)- 1 H-pyrrole-3-carbaldehyde (75)." Orange solid (30%). Mp: 112 °C. 'H
NMR (400 MHz, CDCl3) § 9.78 (s, 1H), 7.56 (t, J = 1.9 Hz, 1H), 7.48 (m, 2H), 7.21 (dd, J =
8.6 and 2.6 Hz, 1H), 6.98 (t, J =2.6 Hz, 1H), 6.74 (dd, J =3.0 and 1.7 Hz, 1H). “C NMR
(100 MHz, CDCl ;) 6 185.4, 138.8, 134.0, 131.6, 131.4, 128.7, 126.8, 123.0, 122.1, 120.2,
110.0. LC-MS (ESI): tg= 4.92 min; [M+H]" 240.26.

(E) 1-(3,4-Dichlorophenyl)-3-(2-nitrovinyl)-1H-pyrrole ( 24) . Brown solid (40%). Mp: 128
°C. '"H NMR (400 MHz, CDCl5) 6 8.01 (d, J=13.2Hz, 1H), 7.58 (d, J = 8.6 Hz, 1H), 7.54
(d,J=29Hz 1H), 747 (d, J=13.4Hz 1H), 7.41 (t, J=2.0 Hz, 1H), 7.27 (dd, J = 8.6 and
2.6 Hz, 1H), 7.10 (t, J = 2.5 Hz, 1H), 6.59 (dd, J = 3.1 and 1.8 Hz, 1H). *C NMR (100 MHz,
CDCls) 6 138.6 134.6, 134.0, 132.8, 131.6, 131.2, 124.7, 122.7, 122.6, 119.9, 118.4, 109.8.
LC-MS (ESI): t g = 5.37 min; [M+H] " 283.44. HRMS for C ,HyCLLN,O, [M+H]" calculated
mass: 283.0035, measured: 283.0036.

(E) 1-(3,5-Dichlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (25).
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Synthetic procedure for compound ( 25) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(3,5-Dichlorophenyl)-1H-pyrrole-3-carbaldehyde (76). Brown solid (35%). Mp: 154 °C. 'H
NMR (400 MHz, CDCl;) 6 9.86 (s, 1H), 7.65 (t, J = 2.1 Hz, 1H), 7.36-7.34 (m, 3H), 7.07 (t,J
= 2.8 Hz, 1H), 6.83 (dd, /= 3.0 and 1.6 Hz, 1H). "C NMR (100 MHz, CDCl;)  185.3, 141.1,
136.3, 128.8, 127.3, 126.7, 122.0, 119.7, 110.4. LC-MS (ESI): t x=4.85 min; [M+H]" 240.35.
HRMS for C;;HsCLLNO [M+H]" calculated mass: 239.9975, measured: 239.9977.

"' Haldar, P. et al. Sodium borohydride-iodine mediated reduction of y-lactam carboxylic acids
followed by DDQ mediated oxidative aromatization: a simple approach towards N-aryl-
formylpyrroles and 1,3-diaryl-formylpyrroles. Tetrahedron, 14, 3049-3056 (2007)



(E) 1-(3,5-Dichlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (25) .Brown solid (40%). Mp: 190°C.
'H NMR (400 MHz, CDCl3) 4 7.99 (d, J= 13.3 Hz, 1H), 7.45 (d,J= 13.4 Hz, 1H), 7.41 (t,J =
1.9 Hz, 1H), 7.34 (t, J=1.7 Hz, 1H), 7.31 (d, J = 1.8 Hz, 2H), 7.10 (t, J = 2.7 Hz, 1H), 6.58
(dd, J =3.0and 1.6 Hz, 1H). "C NMR (100 MHz, CDCI ;) 8 140.9, 136.3, 134.7, 132.6,
127.1, 124.5, 122.6, 119.3, 118.6, 109.9. LC-MS (ESI): t R = 5.49 min; [M+H] *283.40.
HRMS for C,HyCLLN,O, [M+H]" calculated mass: 283.0035, measured: 283.0035.

(E) 1-(2,6-Dichlorophenyl)-3-(2-nitrovinyl)-1H-pyrrole (26).
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Synthetic procedure for compound ( 26) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(2,6-Dichlorophenyl)-1H-pyrrole-3-carbaldehyde ( 77).° White solid (30%). Mp: 92°C. 'H
NMR (400 MHz, CDCl ) § 9.79 (s, 1H), 7.42-7.39 (m, 2H), 7.30 (m, 1H), 7.27 (dd, J =3.7
and 1.1 Hz, 1H), 6.75 (dd, J =3.1and 1.5 Hz, 1H), 6.66 (m, 1H).  “C NMR (100 MHz,
CDCl;) 6 185.4, 135.5, 133.9, 130.6, 130.4, 128.9, 127.7, 124.7, 108.5. LC-MS (ESI):t r=
4.85 min; [M+H]" 240.39.

(E£) 1-(2,6-Dichlorophenyl)-3-(2-nitrovinyl)-1H-pyrrole ( 26) . Yellow solid (50%). Mp: 108
°C. 'HNMR (400 MHz, CDCl5) & 8.04 (d, J = 13.2 Hz, 1H), 7.49-7.46 (m, 3H), 7.37 (dd, J =
8.8 and 7.3 Hz, 1H), 7.12 (m, 1H), 6.77 (m, 1H), 6.61-6.58 (m, 1H). “C NMR (100 MHz,
CDCly) 6 134.1, 133.9, 133.4, 130.5, 129.9, 128.9, 128.1, 125.3, 117.1, 108.0. LC-MS (ESI):
tr = 5.08 min; [M+H] * 283.40. HRMS for C ,H,CLLN,O, [M+H]" calculated mass: 283.0035,
measured: 283.0035.

(E) 3-(2-Nitrovinyl)-1-(2,4,6-trichlorophenyl)-1 H-pyrrole (27).
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Synthetic procedure for compound ( 27) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(2,4,6-Trichlorophenyl)-1H-pyrrole-3-carbaldehyde (78). Beige solid (30%). Mp: 74°C. 'H
NMR (400 MHz, CDCl5) 6 9.87 (s, 1H), 7.50 (s, 2H), 7.31 (t, J = 2.0 Hz, 1H), 6.83 (dd, J =
3.1 and 1.5 Hz, 1H), 6.71-6.69 (m, 1H). "C NMR (100 MHz, CDCl 5)  185.3, 135.8, 134.6,
134.3, 130.1, 128.9, 127.9, 124.6, 108.8. LC-MS (ESI): tr=4.86 min; [M+H]" 274.31. HRMS
for C;;H,CI;NO [M+H]" calculated mass: 273.9587, measured: 273.9582.

(E) 3-(2-Nitrovinyl)-1-(2,4,6-trichlorophenyl)-1 H-pyrrole (27). Yellow solid (50%). Mp: 90
°C. '"HNMR (400 MHz, CDCl 5) 8 8.02 (d, J = 13.2 Hz, 1H), 7.50 (s, 2H), 7.47 (d, J=13.3
Hz, 1H), 7.08 (t, J= 1.7 Hz, 1H), 6.73 (t, J = 6.7 Hz, 1H), 6.58 (m, 1H). *C NMR (100 MHz,
CDCl) 6 135.8,134.5,134.3, 134.2, 133.1, 128.9, 127.9, 125.2, 117.3, 108.3. LC-MS (ESI):
tr = 5.39 min; [M-H] - 315.31. HRMS for C ;,HsCI:N,O, [M+H]" calculated mass: 316.9645,
measured: 316.9645.

(E) 1-(2-Bromo-4-chlorophenyl)-3-(2-nitrovinyl)-1H-pyrrole (28).

No2

NH,
MeNO, /

Br MeO o OMe d|oxane reflux CH3COOH
+
\q CH3COOH, 90°C
CHO
Cl

Synthetic procedure for compound ( 28) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(2-Bromo-4-chlorophenyl)-1H-pyrrole-3-carbaldehyde (79). Rose solid (32%). Mp: 86 °C. 'H
NMR (400 MHz, CDCl 5) 6 9.85 (s, 1H), 7.74 (d, J =2.3 Hz, 1H), 7.44 (t, J = 1.8 Hz, 1H),
7.42 (dd, J=8.4and 2.2 Hz, 1H), 7.30 (d, J =8.3 Hz, 1H), 6.83 (m, 1H), 6.78 (dd, J=3.0
and 1.7 Hz, 1H). "C NMR (100 MHz, CDCI 3) 4 185.4, 137.8, 135.3, 133.7, 130.1, 128.7,
128.7,127.7, 124.9, 120.4, 108.7. LC-MS (ESI): t r=4.72 min; [M+H] " 284.25. HRMS for
C1HsBrCINO [M+H]" calculated mass: 283.9472, measured: 283.9470.

(E) 1-(2-Bromo-4-chlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (28). Yellow solid (53%). 'H
NMR (400 MHz, CDCl5) 6 8.08 (d, J=13.2 Hz, 1H ), 8.00 (d, J=2.4 Hz, 1H),7.93 (d, J=
13.1 Hz, 1H), 7.72 (t, J = 1.8 Hz, 1H), 7.61 (dd, J = 8.5 and 2.4 Hz, 1H), 7.53 (d, J=8.6 Hz
1H), 7.13 (t, J = 1.8 Hz, 1H), 6.82 (dd, J = 2.8 and 1.6 Hz, 1H). *C NMR (100 MHz, CDCI5)



0 138.2,134.9, 134.5, 134.3, 133.3, 130.3, 130.0, 129.4, 126.4, 120.4, 117.4, 109.2. LC-MS
(ESI): tr = 5.36 min; [M+H] *327.35. HRMS for C ,HyBrCIN,O, [M+H]" calculated mass:
326.9530, measured: 326.9529.

(E) 1-(4-Bromo-2-chlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (29).

NOz

MeNO, /
dloxane reflux CH3COOH
\q CH3COOH, 90°C

Synthetic procedure for compound ( 29) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(4-Bromo-2-chlorophenyl)-1H-pyrrole-3-carbaldehyde (80). Orange solid (34%). Mp: 100
°C. '"H NMR (400 MHz, CDCls) 4 9.88 (s, 1H), 7.75 (d, J = 2.1 Hz, 1H), 7.55 (dd, J = 8.4 and
2.1 Hz, 1H), 7.50 (t, J=1.7 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 6.89 (t, J =2.7 Hz, 1H), 6.82
(dd, J =2.9 and 1.5 Hz, 1H). "“C NMR (100 MHz, CDCI ;) 3 185.4, 136.6, 133.6, 131.2,
130.8, 130.0, 128.7, 127.8, 124.8, 122.5, 108.9. LC-MS (ESI): t k= 4.76 min; [M+H]" 284.21.
HRMS for C;;HsBrCINO [M+H]" calculated mass: 283.9472, measured: 283.9470.

(E) 1-(4-Bromo-2-chlorophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (29).Yellow solid (55%). Mp:
182°C. 'H NMR (400 MHz, DMSO-d¢) 4 8.09 (d, J=13.3 Hz, 1H ), 8.00 (dd, /= 2.1 and 0.9
Hz, 1H), 7.93 (d, J =13.3 Hz, 1H), 7.76 (bs, 1H), 7.71 (ddd, J =8.5, 2.1, and 0.9 Hz, 1H),
7.49 (dd, J=8.4 and 0.8 Hz, 1H), 7.17 (m, 1H), 6.83 (m, 2.8 and 1.6 Hz, 1H). *C NMR (100
MHz, DMSO-d ) 6 136.9, 134.8, 134.6, 133.3, 132.0, 130.2, 130.1, 130.0, 126.3, 122.1,
117.6, 109.3. LC-MS (ESI): tg = 5.38 min; [M+H]" 327.35. HRMS for C;,HsBrCIN,O, [M+H]
* calculated mass: 326.9530, measured: 326.9528.

(E) 1-(2,4-Dibromophenyl)-2-(2-nitrovinyl)-1H-pyrrole (30).
N02

MeNO, /

dloxane reflux CH3COOH
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Synthetic procedure for compound ( 30) is similar as that described for compound ( 2) and
spectra data are shown below.



1-(2,4-Dibromophenyl)-1H-pyrrole-3-carbaldehyde ( 81). Pink solid (32%). Mp: 86 °C. 'H
NMR (400 MHz, CDCl 5) 6 9.85 (s, 1H), 7.89 (d, J =2.1 Hz, 1H), 7.57 (dd, J =8.5 and 2.1
Hz, 1H), 7.45 (t, J= 1.8 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 6.84 (m, 1H), 6.78 (m, 1H), . “C
NMR (100 MHz, CDCI 3) & 185.4, 138.2, 136.4, 131.7, 130.0, 129.1, 127.7, 124.8, 123.0,
120.6, 108.7. LC-MS (ESI): tg=4.81 min; [M+H]" 328.25.

(E) 1-(2,4-Dibromophenyl)-2-(2-nitrovinyl)-1 H-pyrrole (30). Yellow solid (52%). Mp: 190
°C. '"H NMR (400 MHz, DMSO-d ¢) 8 8.10 (s, 1H), 8.08 (d, J=13.2Hz, 1H),7.92(d, J=
13.1 Hz, 1H), 7.73 (dd, J = 8.4 and 2.1 Hz, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.12 (m, 1H), 7.17
(m, 1H), 6.80 (dd, 3.0 and 1.6 Hz, 1H). C NMR (100 MHz, DMSO-d ¢) 6 138.6, 136.0,
134.9, 134.5, 132.4,130.3, 130.2, 126.4, 122.6, 120.6, 117.4, 109.2. LC-MS (ESI): t r=5.44
min; [M+H]" 369.37. HRMS for C;HsBr,N,O, [M+H]" calculated mass: 370.9025, measured:
370.9023.

(E) 1-(4-Chloro-2-iodophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (31).
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Synthetic procedure for compound ( 31) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(4-Chloro-2-iodophenyl)-1H-pyrrole-3-carbaldehyde (82). Yellow solid (31%). Mp: 102 °C.
'H NMR (400 MHz, CDCl;) 6 9.79 (s, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.38 (dd, J = 8.4 and 2.3
Hz, 1H), 7.31 (t, J= 1.8 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 6.71 (m, 2H). *C NMR (100 MHz,
CDCl) 6 185.4,141.3, 139.5, 135.5, 130.0, 129.5, 128.2, 127.7, 124.8, 108.8, 95.6. LC-MS
(ESI): tg =4.81 min; [M+H] *332.23. HRMS for C ;HsCIINO [M+H] * calculated mass:
331.9333, measured: 331.9328.

(E) 1-(4-Chloro-2-iodophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (31).Yellow solid (53%). 'H NMR
(400 MHz, CDCls) 6 8.03 (d, J=13.3 Hz, 1H), 7.96 (d, J=2.3 Hz, 1H), 7.47 (d, J=13.3 Hz,
1H), 7.45 (dd, J=2.3 and 8.3 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.16 (t, /= 1.8 Hz, 1H), 6.82
(t,J =2.8 Hz, 1H), 6.55 (dd, J=2.9 and 1.6 Hz, IH). *C NMR (100 MHz, CDCI 5)  139.3,
138.9, 137.2,137.1, 134.2, 133.2, 130.5, 128.7, 127.8, 125.3, 117.3, 108.3. LC-MS (ESI): tr=
5.40 min; [M-H] ~373.32. HRMS for C ;HoCIIN,O, [M+H]" calculated mass: 374.9391,
measured: 374.9390.

(E) 1-(2-Chloro-4-iodophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (32).
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Synthetic procedure for compound ( 32) is similar as that described for compound ( 2) and
spectra data are shown below.

1-(4-Chloro-2-iodophenyl)-1H-pyrrole-3-carbaldehyde (83). Beige solid (35%). Mp: 118 °C. 'H
NMR (400 MHz, CDCl 3) 6 9.85 (s, 1H), 7.91 (d, J = 1.8 Hz, 1H), 7.72 (dd, J =8.3 and 1.8
Hz, 1H), 7.48 (t, J=1.8 Hz, 1H), 7.10 (d, J =8.3 Hz, 1H), 6.87 (m, 1H), 6.79 (dd, J=3.2
and 1.7 Hz, 1H). "*C NMR (100 MHz, CDCI ;) & 185.4, 139.3, 137.2, 137.1 130.6, 130.0,
128.9, 127.8, 124.7, 108.8, 93.5. LC-MS (ESI): t r =4.87 min; [M+H] " 332.28. HRMS for
C1iHsCIINO [M+H]" calculated mass: 331.9333, measured: 331.9328.

(E) 1-(2-Chloro-4-iodophenyl)-3-(2-nitrovinyl)-1 H-pyrrole (32). Yellow solid (53%).'"H NMR
(400 MHz, CDCl;) 6 8.02 (d, J=13.4 Hz, 1H), 7.91 (d, J= 1.9 Hz, 1H), 7.72 (dd, J= 8.2 and
2.0 Hz, 1H), 7.46 (d, J=13.5 Hz, 1H), 7.25 (t, 1.9 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H), 6.91(m,
1H), 6.55 (m, 1H). “C NMR (100 MHz, CDCI 5) 4 139.3, 138.9, 137.2, 137.1, 134.2, 133.2,
130.5, 128.7, 127.8, 125.3, 117.3, 108.3. LC-MS (ESI): t k= 5.47 min; [M-H]  373.27. HRMS
for C,HoCIIN,O, [M+H]" calculated mass: 374.9391, measured: 374.9390.



