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ABSTRACT: PB1 is a bromodomain-containing protein hypothesized to act
as the nucleosome-recognition subunit of the PBAF complex. Although PB1 is
a key component of the PBAF chromatin remodeling complex, its exact role
has not been elucidated due to the lack of potent and selective inhibitors.
Chemical probes that target specific bromodomains within the complex would
constitute highly valuable tools to characterize the function and therapeutic
pertinence of PB1 and of each of its bromodomains. Here, we report the
design and synthesis of lead compound LM146, which displays strong
stabilization of the second and fifth bromodomains of PB1 as shown by DSF.
LM146 does not interact with bromodomains outside of sub-family VIII and
binds to PB1(2), PB1(5), and SMARCA2B with KD values of 110, 61, and 2100 nM, respectively, providing a ∼34-fold selectivity
profile for PB1(5) over SMARCA2.

■ INTRODUCTION

ε-N-Acetylation of lysine residues on histone tails is one of the
most fundamental and dynamic epigenetic transformations
that controls changes in chromatin accessibility.1 This post-
translational modification plays a key role in regulating gene
expression and is often associated with transcriptional
activation.2 Bromodomains are selective protein motifs that
act as epigenetic readers by mediating the interaction with
acetylated lysine of histones and transcriptional regulators.3−5

They are defined by four α helices linked by two flexible loops
forming a hydrophobic pocket and are usually composed of
about 110 amino acids.6 The human proteome expresses 61
bromodomains distributed across 46 proteins, which can be
clustered into eight sub-families based on both their structure
similarities and their sequence homology.7

Bromodomain-containing proteins (BCPs) are often part of
multivalent complexes, and many possess other chromatin
recognition domains such as PHD fingers, PWWP domains, or
multiple bromodomains.8 Polybromo-1 protein (PB1, also
referred to as PBRM1 or BAF180) is a component of the
BRG1/BRM-associated factor (PBAF) complex, a human
analog of the yeast switch/sucrose non-fermenting (SWI/
SNF) complex. PB1 is a unique epigenetic reader that contains
six distinct bromodomains, while other known bromodomain-
containing proteins possess at most two bromodomains. The
multi-subunit PBAF complex contains three BCPs: BRD7, a
member of the sub-family IV, and SMARCA4 (also known as
BRG1) and PB1, two members of the sub-family VIII. While it
is known that PBAF acts as a chromatin remodeling complex
by repositioning nucleosomes through ATP hydrolysis,9 the

exact role of each component remains ambiguous. However, it
has been established that the BCPs are necessary components
for the complex’s cellular function.10

Intensive research has been dedicated to the SWI/SNF
family complexes as their components are recurrently mutated
in many cancers.11−15 In light of the biological importance of
PBAF, chemical probes that target different bromodomains
within the complex would constitute highly valuable tools to
elucidate the exact function and therapeutic pertinence of each
member.
Molecular probes targeting sub-family IV have been

reported, including I-BRD9, a BRD9 selective inhibitor with
a pIC50 of 7.3, and more than 70-fold selectivity over a panel of
other bromodomains,16 as well as numerous BRD9/BRD7
dual inhibitors such as LP99,17 BI-9564,18 TP-472,19 or
GSK6776.20 However, chemical probes targeting sub-family
VIII are fewer and lack selectivity within the group. PFI-3
potently targets the bromodomains of SMARCA2A/B (two
isoforms derived from alternative splicing: a long transcript,
named SMARCA2A, and a short transcript, SMARCA2B),
SMARCA4, as well as the fifth bromodomain of PB1 (PB1(5))
with KD values of 81, 86, 97, and 54 nM, respectively (Figure
1).21 Compound 1, an analog of PFI-3, was also described as
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targeting simultaneously SMARCA2, SMARCA4, and PB1(5)
as well as the second bromodomain of PB1 (PB1(2)) with KD
values of 37, 53, 30, and 190 nM, respectively.22 In 2016,
Sutherell et al. reported compound 2 that binds to PB1(5),
SMARCA2B, and SMARCA4 with KD values of 124, 262, and
417 nM, respectively, and analog 3 that showed stronger
interaction with PB1 than SMARCAs.23 The same year,
pyridazine derivatives of generic structure 4 were reported by
Constellation Pharmaceuticals and Genentech as pan-inhib-
itors of SMARCA2/4 and PB1(5).24 In 2020, some of these
patented molecules were fully characterized by the SGC,
revealing KD values of 35, 36, and 13 nM against SMARCA2,
SMARCA4, and PB1(5), respectively, for compound 5.25 The
only inhibitor showing some degree of selectivity within the
sub-family VIII for PB1(5) is the tricyclic compound 6.
However, with a KD value of 3.3 μM, 6 lacks potency for
PB1(5).26 To the best of our knowledge, there are currently no
potent inhibitors of PB1 with selectivity toward specific
bromodomains.
Given that PB1 is predicted to act as the nucleosome-

recognition subunit of the PBAF complex and that somatic
PB1 mutations occur in many cancers, including up to 50% of

clear cell renal cell carcinomas (ccRCC),27,28 we aimed to
develop potent and selective PB1 inhibitors as tool compounds
for in vitro functional characterization. Because it has been
recently demonstrated that bromodomains 2, 4, and 5 are
critical for PB1 activity by mediating the binding to acetylated
histone peptides as well as to modified recombinant and
cellular nucleosomes29 and since their collaboration is key for
PB1 tumor suppressor functions,30 we elected to focus on the
development of chemical probes targeting PB1(2), PB1(4),
and PB1(5). Herein, we report the synthesis and biological
evaluation of a new potent derivative of compound 3 that
binds to PB1 with significant selectivity over SMARCA2 and
with preference for distinct bromodomains of PB1.

■ RESULTS AND DISCUSSION
We began by resynthesizing compound 3 for use as a reference
in our assays. Since the binding pocket around the aromatic
ring of 3 is slightly larger in PB1(5) than in SMARCA2A, we
then prepared a small ensemble of derivatives where
substituents are introduced on the aromatic ring, as shown
in Table 1. These compounds were easily accessed using the
synthetic route reported by Sutherell et al. (see Experimental
Section for details).23 The stereochemistry of the double bond
was previously demonstrated to be E for these types of
compounds.23 The proton NMR spectrum of resynthesized
known compound 3 was identical to the data from the
literature.23 Other new compounds had similar proton NMR
spectra and were assumed to have the E stereochemistry.
Differential scanning fluorimetry (DSF) was used to quickly
evaluate the binding of our compounds against PB1(2),
PB1(4), PB1(5), and SMARCA2A. This thermal shift assay
was previously reported to be suitable for rapid determination
of apparent potency and selectivity for bromodomains.22,23

However, since proteins can behave differently, the extent of
thermal stabilization should not be interpreted as an absolute
scale of compound affinity.31 In agreement with the literature
results, resynthesized 3 showed strong binding to PB1(2) and
PB1(5), thus validating our thermal shift biophysical assay.
The presence of the chloride ortho to the carbonyl moiety in 3
was previously shown to be beneficial for PB1(5) protein

Figure 1. Reported sub-family VIII bromodomain inhibitors.

Table 1. Structure Activity Relationship (SAR) of Left-Hand Side (LHS) Substituted Derivatives of 3 against Sub-Family VIII
Bromodomains by the DSF Assay

aValues shown are the average of at least two replicates with a compound concentration of 100 μM.
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stabilization due to a halogen bond interaction with the
carbonyl of Met731.23 However, this chloride also led to good
affinity with SMARCA2A, probably as a result of a similar
halogen bond interaction with the carbonyl of Leu1456. We
therefore studied the impact of moving or replacing the
chloride in 3 on the stabilization of PB1 and SMARCA2A.
Compounds 3, 7, and 8 confirmed that the optimal position
for the chlorine is in R1, that is, adjacent to the carbonyl.

Indeed, complete loss of affinity to all domains of PB1 as well
as to SMARCA2A was observed when the chloride was moved
to the R2 position, as shown by compound 7. Interestingly,
marginal but specific stabilization of PB1(2) was retained when
the chloride was moved to R3, as indicated by compound 8.
Conversely, dichloride 9 showed a reversal of apparent
selectivity by weakly binding to PB1(5) and SMARCA2A,
suggesting that the negative effect of the chloride at R2 is

Table 2. Structure Activity Relationship (SAR) of Right-Hand Side (RHS) Substituted Derivatives of 3 against Sub-Family VIII
Bromodomains by the DSF Assay

aValues shown are the average of at least two replicates with a compound concentration of 100 μM.

Table 3. Structure Activity Relationship (SAR) of Ring Expanded, Saturated, and Cyclopropanated Substituted Derivatives of
3 against Sub-Family VIII Bromodomains by the DSF Assay

aValues shown are the average of at least two replicates with a compound concentration of 100 μM.
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compensated by the chloride at R1. Sutherell et al. reported
that a methoxy in R1 leads to complete loss of stabilization of
PB1(5) in the related enamine series.23 Similarly, we observed
that compounds 10 and 11 that contain a methoxy at R2 or R3
do not bind to PB1 nor to SMARCA2A. However, polar
hydroxy groups were tolerated by PB1(2), as indicated by
compounds 12 and 13, leading to inhibitors with first known
apparent selectivity over the other sub-family VIII bromodo-
mains.
As gaining selectivity over SMARCA2A while keeping high

binding affinity with PB1 proved to be challenging when the
aromatic ring was not substituted with a chloride in R1, we
decided to move our efforts to the right-hand side R′
alkylidene chain (Table 2). Although it is solvent-exposed,
the olefinic R′ chain was previously shown to play a major role
in orienting the core inside the pocket.23 Replacing the 3-
pentyl group in compound 3 by a sec-butyl (compound 14)
resulted in erosion of apparent affinity for all targets.
Compound 15 that possesses a linear n-propyl chain showed
reduced stabilization of PB1(2) compared to 3 but retained the
stabilization of PB1(5). Shortening the chain length provided
compound 16, which showed exclusive binding to PB1(5).
The stabilization of PB1(2) and PB1(5) could be increased by
building on steric hindrance with the introduction of a tert-
butyl group in compound 17. We also found that the iso-butyl
and neopentyl derivatives 18 and 19 have high apparent
affinity for PB1(5), with 19 also showing strong stabilization of
the second domain of PB1.
Sutherell et al. reported that replacement of the alkyl chain

by an aromatic ring in the des-chloro version of 3 leads to
retention of affinity against PB1(5).23 Surprisingly, in the
chloro series, we observed no stabilization of PB1(5), weak
binding to SMARCA2A, and even a drastic destabilization of
PB1(2) and PB1(4) for the phenyl derivative 20. Compounds
14 to 20 provide valuable information on the structural
elements that are required for optimal stabilization of PB1
domains and SMARCA while also offering diversified binding
profiles.
As the entrance of the pocket appears to be a key region to

selectively inhibit PB1 over SMARCA2A, we decided to
expand the lower right-hand side cycle size as illustrated in
Table 3 with the hypothesis that these compounds would not
fit in the narrower entrance of SMARCA2. This modification
could also help deviate from planarity by introducing extra
tetrahedral carbons while also increasing the overall solubility
of the compounds. To evaluate the impact of this ring
expansion, we prepared the tricyclic compound 21 in the
olefinic series and compound 22 in the enamine series using
routes from the literature (see Experimental Section for
details).32 As anticipated, the expansion of the lower ring
completely canceled the affinity for SMARCA2A. In addition,
this modification also abrogated the binding to PB1(4),
considerably reduced the binding to PB1(2), but retained good
affinity to PB1(5).
Motivated by the impact of geometrical features on the

apparent selectivity profile, we then synthesized the saturated
analog 23 using the sequence illustrated in Scheme 1. For
initial assessment and for ease of synthesis, the racemic version
was targeted. Intermediate 28 was first prepared according to
Sutherell et al. by hydrolysis of the cyano group in 25 followed
by amide formation between 26 and 4-chlorobutyryl chloride
and cyclization of 27.23 Condensation of 28 with 2-
ethylbutanal afforded derivative 3. At this stage, we were

faced with the challenge of chemoselectively saturating the
olefin in the presence of the aryl chloride. After testing various
conditions, we found that reacting 3 with Raney nickel under a
hydrogen atmosphere provided the desired saturated product
23 in low yield, albeit with the chlorine still in place.
DSF results indicate that 23 binds weakly to PB1(2) but

none of the other bromodomains nor to SMARCA2A. Since
the alkene seemed to be the key for maintaining binding,
cyclopropyl derivative 24 (LM146) was designed in order to
keep the orientation and conformational rigidity of the olefin.
Considered a common alkene replacement in medicinal
chemistry, the cyclopropane would also add some steric
hindrance at the entrance of the cavity, which was previously
hypothesized to be essential for gaining selectivity over
SMARCA2. Therefore, we synthesized the cyclopropyl
derivative LM146 as a racemic mixture by engaging compound
3 in a Johnson−Corey−Chaykovsky cyclopropanation reaction
(Scheme 2). The relative stereochemistry of LM146 was

confirmed by X-ray analysis, with the obtention of a structure
in a centrosymmetric space group (P21/c) typical of racemic
mixtures. DSF results indicate that LM146 provides a clear
increase in ΔTm for PB1(2) compared to 3 while keeping the
stabilization of PB1(4) and PB1(5). Moreover, LM146
showed very minor apparent interaction with SMARCA2A.
In order to confirm its utility as a potential tool compound

for biological studies of PB1, LM146 was tested against a panel
of 32 bromodomains, including BET bromodomains, in a
bromoMAX assay performed at Eurofins (see the Supporting
Information). Results show that at 10 μM, LM146 only binds
to bromodomains within the sub-family VIII, with less affinity

Scheme 1. Synthesis Route for 23

Scheme 2. Synthesis and X-ray Structure of Cyclopropyl
Derivative LM146 (rac-24) CCDC No.: 2070470
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for SMARCA4, as illustrated by the interaction map in Figure
2. These results are in agreement with the binding mode of the

parent compounds 2 and 3 (and presumably our derivatives),
which displace conserved water molecules within the
acetylated lysine pocket. These water molecules were
previously reported to have stronger binding in other
bromodomain sub-families, partly explaining the selectivity
observed for sub-family VIII.33

Key compounds were then selected for dissociation constant
determination using a bromoSCAN assay performed at
Eurofins (see the Supporting Information) in order to
accurately evaluate the binding affinity of our compounds
against PB1(2), PB1(5) and SMARCA2B. Compound 18 was
selected for its apparent selectivity profile, which favors binding
to PB1(5), while compounds 21 and 24 were chosen for their
structural features that diverge from existing literature
compounds combined with the absence of apparent interaction
with SMARCA2A. As shown in Table 4, compound 18 is a
moderate inhibitor of PB1(5) with a KD value of 490 nM, a
∼3-fold selectivity over PB1(2), and ∼10-fold selectivity over
SMARCA2B. Analog 21, even if less potent, shows high
selectivity for the PB1 bromodomains with an unprecedented
∼24-fold selectivity for PB1(5) over SMARCA2B. Finally,
cyclopropyl derivative LM146 is as potent as PFI-3 and its

analog 1 but shows increased selectivity toward PB1 over
SMARCA2B with a ∼34-fold selectivity profile in favor of
PB1(5) and a ∼19-fold selectivity profile in favor of PB1(2).
To our knowledge, LM146 constitutes the first potent
modulator of PB1 bromodomains with a high selectivity
profile over SMARCA2. Representative full inhibition curves
for LM146 against PB1(5) and SMARCA2B show a gradual
dose−response with increasing compound concentration
(Figure 3).

■ CONCLUSIONS
In summary, we described the optimization of reported
compound 3 with the aim of developing potent and selective
PB1 inhibitors. DSF biophysical characterization allowed the
assessment of SAR and led to the discovery of compounds with
various apparent selectivity profiles that should allow further in
vitro functional characterization of PB1 subdomains. Lead
compound LM146 showed no binding to any bromodomains
outside the sub-family VIII at 10 μM and displayed KD values
of 110, 61, and 2100 nM against PB1(2), PB1(5), and
SMARCA2B, respectively. LM146 is a PB1-pan inhibitor with
a ∼34-fold selectivity profile for PB1(5) over SMARCA2B and
a ∼19-fold selectivity profile for PB1(2) over SMARCA2B.
The inhibitors reported herein should contribute to expanding
the toolbox for studying the role of PB1 in chromatin
remodeling and disease development.

■ EXPERIMENTAL SECTION
General Information. Unless otherwise stated, reactions

were performed in non-flame dried glassware, and commercial
reagents were used without further purification. Anhydrous
solvents were obtained using an encapsulated solvent
purification system and were further dried over 4 Å molecular
sieves. The evolution of reactions was monitored by analytical
thin-layer chromatography (TLC) using silica gel 60 F254
precoated plates visualized by ultraviolet radiation (254 nm).
Flash chromatography was performed employing 230−400
mesh silica using the indicated solvent system according to
standard techniques. Nuclear magnetic resonance 1H spectra
were recorded on a Bruker Avance-III 300 or 600 MHz, and
13C spectra were recorded on a Bruker Avance-III 75 or 151
MHz spectrometer. Chemical shifts for 1H NMR spectra were
recorded in parts per million from tetramethylsilane with the
solvent resonance as the internal standard (chloroform-d, δ
7.26 ppm; methanol-d4, δ 3.31 ppm; and dimethyl sulfoxide-d6,
δ 2.50 ppm). Data is reported as follows: chemical shift,
multiplicity (s = singlet, s(br) = broad singlet, d = doublet, t =
triplet, q = quartet, quint = quintet, sext = sextet, m =
multiplet, dd = doublet of doublet, dt = doublet of triplet, ddd
= doublet of doublet of doublet, dtd = doublet of triplet of

Figure 2. Selectivity profile for LM146 screened at 10 μM against 32
selected bromodomains in a bromoMAX assay.

Table 4. KD Values for Key Compounds

KD (nM)

cmpd PB1(2) PB1(5) SMARCA2B

PFI-3a N/Ad 48 81
1a 190 30 37
2b N/Ad 124 262
3c 190 47 290
18c 1600 490 4800
21c 5400 1100 26,000
LM146c 110 61 2100

aValues were assessed by ITC and reported in ref 21. bValues were
assessed by ITC and reported in ref 23. cValues were assessed by
bromoSCAN (see the Supporting Information). dN/A = not
applicable.

Figure 3. Representative bromoSCAN traces for KD determination of
LM146 against (a) PB1(5) and (b) SMARCA2B.
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doublet), coupling constant J in Hz, and integration. Chemical
shifts for 13C NMR spectra are recorded in parts per million
from tetramethylsilane using the solvent resonance as the
internal standard (chloroform-d, δ 77.16 ppm; methanol-d4, δ
49.00 ppm; and dimethysulfoxide-d6, δ 39.52 ppm). Purity was
assessed on an Agilent 1260 infinity HPLC system equipped
with an Agilent Eclipse Plus C18 (3.5 μM and 4.6 × 100 mm)
column using a 20 min gradient method (0 to 100% MeCN +
0.06% TFA in water + 0.06% TFA; the absorbance was
measured at 254 nm). HRMS was performed on a TOF LCMS
analyzer using the electrospray (ESI) mode.
General Procedure A. The appropriate 2-aminobenzoni-

trile (1.0 equiv) and K2CO3 (0.2 equiv) were added to a
microwave tube in nanopure water. After irradiation under
microwave at 150 °C for 1 h 30 min, the reaction mixture was
cooled and extracted with EtOAc. The combined organic
phases were dried over Na2SO4, filtered, and evaporated under
vacuum. When indicated, the crude residue was purified by
flash column chromatography to give the title compound.
General Procedure B. A solution of the appropriate

substituted 2-aminobenzamide (1.0 equiv) in THF (2.5 mL
per mmol of substrate) was cooled to 0 °C. Triethylamine (2.0
equiv) followed by the appropriate acid chloride (1.2 equiv) in
THF (2 mL per mmol substrate) was added to the stirred
solution. The reaction was stirred at room temperature
overnight. The mixture was then diluted with EtOAc and
washed with a saturated aqueous solution of NaHCO3. The
aqueous phase was back extracted with EtOAc, and the
combined organic phases were dried over Na2SO4, filtered, and
evaporated under vacuum. The crude residue was purified by
flash column chromatography to give the desired compound.
General Procedure C. To a solution of the appropriate

benzamide (1.0 equiv) in THF (10 mL per mmol of substrate)
was added t-BuOK (2.0 equiv). The reaction was stirred at
room temperature overnight, and then the solvent was
removed in vacuo. The resulting residue was dissolved in
CH2Cl2, and the resulting solution was washed with a saturated
aqueous solution of NaHCO3. The aqueous layer was back
extracted with CH2Cl2, and the combined organic phases were
dried over Na2SO4, filtered, and evaporated under vacuum.
The crude residue was purified by flash column chromatog-
raphy to give the title compound.
General Procedure D. t-BuOK (1.2 equiv) was added to a

solution of the appropriate cyclized substrate (1.0 equiv) in
CH2Cl2 (0.4 M). The mixture was vigorously stirred for 5 min,
and then the appropriate aldehyde (1.1 equiv) was added.
After 1 h, a saturated aqueous solution of NaHCO3 and
CH2Cl2 was added. The phases were separated, and the
aqueous layer was extracted with CH2Cl2. The combined
organic layers were dried over Na2SO4, filtered, and evaporated
under vacuum. The crude residue was purified by flash column
chromatography to give the title compound.
2-Amino-6-chlorobenzamide (26). 2-Amino-6-chloroben-

zonitrile (2.00 g and 13.1 mmol) was hydrolyzed in 18 mL of
nanopure water according to general procedure A to afford 2-
amino-6-chlorobenzamide 26 (2.22 g, 13.0 mmol, and 99%) as
a white powder. The crude compound was taken directly in the
next step. Spectral data are consistent with literature values.23
1H NMR (300 MHz, CDCl3) δ 7.06 (t, J = 8.0 Hz, 1H), 6.73
(dd, J = 7.9, 1.0 Hz, 1H), 6.60 (dd, J = 8.2, 1.0 Hz, 1H), 6.19
(s(br), 1H), 5.97 (s(br), 1H), 4.84 (s(br), 2H).
2-Chloro-6-(4-chlorobutanamido)benzamide (27). 2-

Amino-6-chlorobenzamide 26 (2.22 g and 13.0 mmol) and

4-chlorobutanoyl chloride (1.75 mL and 15.6 mmol) were
reacted according to general procedure B. Purification by flash
column chromatography (SiO2, hexanes/EtOAc 60/40 to 30/
70) afforded 2-chloro-6-(4-chlorobutanamido)benzamide 27
(3.11 g, 11.3 mmol, and 87%) as a white solid. Spectral data
are consistent with literature values.23 1H NMR (300 MHz,
CDCl3) δ 9.26 (s(br), 1H), 8.11 (d, J = 8.3 Hz, 1H), 7.31 (t, J
= 8.2 Hz, 1H), 7.15 (dd, J = 8.1, 1.1 Hz, 1H), 6.44 (s(br), 2H),
3.62 (t, J = 6.3 Hz, 2H), 2.55 (t, J = 7.2 Hz, 2H), 2.15 (quint, J
= 6.6 Hz, 2H).

6-Chloro-2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one
(28). 2-Chloro-6-(4-chlorobutanamido)benzamide 27 (220 mg
and 0.800 mmol) was cyclized according to general procedure
C. Purification by flash column chromatography (SiO2,
CH2Cl2/MeOH 95:5) provided 6-chloro-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one 28 (175 mg, 0.793 mmol, and
99%) as a white solid. Spectral data are consistent with
literature values.23 1H NMR (300 MHz, CDCl3) δ 7.52 (t, J =
8.1 Hz, 1H), 7.39 (dd, J = 8.0, 1.1 Hz, 1H), 7.07 (dd, J = 8.2,
1.1 Hz, 1H), 4.19 (t, J = 7.4 Hz, 2H), 3.15 (t, J = 8.1 Hz, 2H),
2.40 (quint, J = 7.6 Hz, 2H).

(E)-6-Chloro-3-(2-ethylbutylidene)-2,3-dihydropyrrolo-
[1 ,2 -a]qu inazo l in -5 (1H) -one (3 ) . 6-Ch loro -2 ,3 -
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 28 (156 mg and
0.707 mmol) and 2-ethylbutanal (96 μL and 0.78 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-
vided 3 (146 mg, 0.482 mmol, and 68%) as a white solid.
Spectral data are consistent with literature values.23 1H NMR
(300 MHz, CDCl3) δ 7.45 (t, J = 8.1 Hz, 1H), 7.30 (dd, J =
7.9, 1.1 Hz, 1H), 7.04 (dd, J = 8.3, 1.1 Hz, 1H), 6.85 (dt, J =
10.8, 2.7 Hz, 1H), 4.20−4.09 (m, 2H), 2.99 (ddd, J = 7.9, 6.6,
2.7 Hz, 2H), 2.22−2.07 (m, 1H), 1.63−1.47 (m, 2H), 1.45−
1.28 (m, 2H), 0.85 (t, J = 7.4 Hz, 6H); HRMS (ESI) calcd for
[C17H19ClN2O + H]+: 303.12587, found 303.12554, calcd for
[C17H19ClN2O + Na]+: 325.10781, found 325.10795; HPLC
purity: >99%.

2-Amino-5-chlorobenzamide (29). 2-Amino-5-chloroben-
zonitrile (500 mg and 3.28 mmol) was hydrolyzed in 6 mL of
nanopure water according to general procedure A. Purification
by flash column chromatography (SiO2, hexanes/EtOAc 50:50
to 0:100) provided 2-amino-5-chlorobenzamide 29 (421 g,
2.47 mmol, and 75%) as a white solid. Spectral data are
consistent with literature values.32 1H NMR (300 MHz,
methanol-d4) δ 7.53 (d, J = 2.4 Hz, 1H), 7.14 (dd, J = 8.8, 2.5
Hz, 1H), 6.72 (d, J = 8.8 Hz, 1H).

5-Chloro-2-(4-chlorobutanamido)benzamide (30). 2-
Amino-5-chlorobenzamide 29 (421 mg and 2.47 mmol) and
4-chlorobutanoyl chloride (0.331 mL and 2.96 mmol) were
reacted according to general procedure B. Purification by flash
column chromatography (SiO2, hexanes/EtOAc 60/40 to 30/
70) provided 5-chloro-2-(4-chlorobutanamido)benzamide 30
(463 mg, 1.68 mmol, and 68%) as a yellow solid. Spectral data
are consistent with literature values.32 1H NMR (300 MHz,
CDCl3) δ 11.08 (s(br), 1H), 8.61 (d, J = 8.9 Hz, 1H), 7.51−
7.43 (m, 2H), 6.14 (s, 1H), 5.75 (s, 1H), 3.65 (t, J = 6.3 Hz,
2H), 2.60 (t, J = 7.2 Hz, 2H), 2.19 (quint, J = 6.6 Hz, 2H).

7-Chloro-2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one
(31). 5-Chloro-2-(4-chlorobutanamido)benzamide 30 (463 mg
and 1.68 mmol) was cyclized according to general procedure
C. Purification by flash column chromatography (SiO2,
CH2Cl2/MeOH 95:5) provided 7-chloro-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one 31 (73 mg, 0.33 mmol, and
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20%) as a beige solid. Spectral data are consistent with
literature values.32 1H NMR (300 MHz, CDCl3) δ 8.19 (d, J =
2.4 Hz, 1H), 7.63 (dd, J = 8.7, 2.4 Hz, 1H), 7.15 (d, J = 8.8 Hz,
1H), 4.24 (t, J = 7.4 Hz, 2H), 3.20 (t, J = 8.1 Hz, 2H), 2.42
(quint, J = 7.8 Hz, 2H).
(E)-7-Chloro-3-(2-ethylbutylidene)-2,3-dihydropyrrolo-

[1 ,2 -a ]qu inazo l in -5 (1H) -one (7 ) . 7-Ch loro -2 ,3 -
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 31 (73 mg and
0.33 mmol) and 2-ethylbutanal (45 μL and 0.36 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-
vided 7 (61 mg, 0.20 mmol, and 61%) as a beige solid. Spectral
data are consistent with literature values.32 1H NMR (300
MHz, CDCl3) δ 8.19 (d, J = 2.4 Hz, 1H), 7.56 (dd, J = 8.7, 2.4
Hz, 1H), 7.13 (d, J = 8.7 Hz, 1H), 6.89 (dt, J = 10.8, 2.7 Hz,
1H), 4.19 (dd, J = 7.9, 6.7 Hz, 2H), 3.02 (ddd, J = 8.0, 6.6, 2.8
Hz, 2H), 2.25−2.08 (m, 1H), 1.63−1.47 (m, 2H), 1.45−1.28
(m, 2H), 0.85 (t, J = 7.4 Hz, 6H); 13C NMR (75 MHz,
CDCl3) δ 169.32, 160.40, 143.08, 137.32, 133.86, 131.82,
131.03, 128.25, 120.73, 116.17, 45.99, 44.27, 27.58, 23.06,
12.05; HRMS (ESI) calcd for [C17H19ClN2O + H]+:
303.12587, found 303.12598; HPLC purity: >99%.
2-Amino-4-chlorobenzamide (32). 2-Amino-4-chloroben-

zonitrile (500 mg and 3.28 mmol) was hydrolyzed in 6 mL of
nanopure water according to general procedure A. Purification
by flash column chromatography (SiO2, hexanes/EtOAc 50:50
to 0:100) provided 2-amino-4-chlorobenzamide 32 (400 mg,
2.34 mmol, and 71%) as a beige solid. 1H NMR (300 MHz,
methanol-d4) δ 7.47 (d, J = 8.5 Hz, 1H), 6.74 (d, J = 2.1 Hz,
1H), 6.54 (dd, J = 8.5, 2.1 Hz, 1H); 13C NMR (75 MHz,
DMSO-d6) δ 169.91, 140.83, 136.62, 130.30, 122.11, 119.43,
117.96.
4-Chloro-2-(4-chlorobutanamido)benzamide (33). 2-

Amino-4-chlorobenzamide 32 (400 mg and 2.35 mmol) and
4-chlorobutanoyl chloride (0.316 mL and 2.82 mmol) were
reacted according to general procedure B. Purification by flash
column chromatography (SiO2, hexanes/EtOAc 60/40 to 30/
70) provided 4-chloro-2-(4-chlorobutanamido)benzamide 33
(357 mg, 1.30 mmol, and 55%) as a beige solid. 1H NMR (300
MHz, CDCl3) δ 11.36 (s(br), 1H), 8.76 (d, J = 2.1 Hz, 1H),
7.44 (d, J = 8.5 Hz, 1H), 7.06 (dd, J = 8.4, 2.1 Hz, 1H), 6.06
(s(br), 1H), 5.77 (s(br), 1H), 3.65 (t, J = 6.3 Hz, 2H), 2.61 (t,
J = 7.2 Hz, 2H), 2.20 (quint, J = 6.7 Hz, 2H); 13C NMR (151
MHz, CDCl3) δ 171.01, 170.58, 141.41, 139.83, 128.38,
122.93, 121.54, 116.43, 44.35, 35.08, 27.98.
8-Chloro-2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one

(34). 4-Chloro-2-(4-chlorobutanamido)benzamide 33 (346 mg
and 1.26 mmol) was cyclized according to general procedure
C. Purification by flash column chromatography (SiO2,
CH2Cl2/MeOH 95:5) provided 8-chloro-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one 34 (80 mg, 0.36 mmol, and
29%) as a beige solid. 1H NMR (300 MHz, CDCl3) δ 8.06 (d,
J = 8.5 Hz, 1H), 7.28 (dd, J = 8.5, 1.9 Hz, 1H), 7.11 (d, J = 1.9
Hz, 1H), 4.17 (t, J = 7.4 Hz, 2H), 3.14 (t, J = 8.1 Hz, 2H), 2.39
(quint, J = 7.8 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ
169.36, 167.26, 140.02, 139.43, 130.35, 126.38, 116.94, 114.70,
48.95, 32.87, 18.70.
(E)-8-Chloro-3-(2-ethylbutylidene)-2,3-dihydropyrrolo-

[1 ,2 -a ]qu inazo l in -5 (1H) -one (8 ) . 8-Ch loro -2 ,3 -
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 34 (80 mg and
0.36 mmol) and 2-ethylbutanal (49 μL and 0.40 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-

vided 8 (107 mg, 0.353 mmol, and 98%) as a beige solid. 1H
NMR (300 MHz, CDCl3) δ 8.29 (d, J = 8.5 Hz, 1H), 7.41 (dd,
J = 8.5, 1.9 Hz, 1H), 7.22 (d, J = 1.9 Hz, 1H), 7.00 (dt, J =
10.8, 2.7 Hz, 1H), 4.19 (dd, J = 8.0, 6.8 Hz, 2H), 3.06 (ddd, J
= 9.6, 6.8, 2.8 Hz, 2H), 2.27−2.12 (m, 1H), 1.65−1.51 (m,
2H), 1.49−1.32 (m, 2H), 0.89 (t, J = 7.4 Hz, 6H); 13C NMR
(75 MHz, CDCl3) δ 169.76, 160.79, 143.46, 140.03, 139.84,
130.96, 130.69, 126.64, 118.20, 114.37, 45.96, 44.41, 27.65,
23.15, 12.11; HRMS (ESI) calcd for [C17H19ClN2O + H]+:
303.12587, found 303.12559, calcd for [C17H19ClN2O + Na]+:
325.10781, found 325.10818; HPLC purity: >99%.

6-Amino-2,3-dichlorobenzamide (35). 6-Amino-2,3-di-
chlorobenzonitrile (500 mg and 2.67 mmol) was hydrolyzed
in 4.5 mL of nanopure water according to general procedure A
to afford 6-amino-2,3-dichlorobenzamide 35 (547 mg, 2.67
mmol, quant.) as a beige powder. Compound was used in the
next step without further purification. 1H NMR (300 MHz,
DMSO-d6) δ 7.92 (s(br), 1H), 7.66 (s(br), 1H), 7.23 (d, J =
8.8 Hz, 1H), 6.66 (d, J = 8.8 Hz, 1H), 5.30 (s, 2H); 13C NMR
(75 MHz, DMSO-d6) δ 166.83, 145.51, 129.96, 127.74,
123.50, 117.25, 115.00.

2,3-Dichloro-6-(4-chlorobutanamido)benzamide (36). 6-
Amino-2,3-dichlorobenzamide 35 (499 mg and 2.43 mmol)
and 4-chlorobutanoyl chloride (0.327 mL and 2.92 mmol)
were reacted according to general procedure B. Purification by
flash column chromatography (SiO2, hexanes/EtOAc 60/40 to
30/70) provided 2,3-dichloro-6-(4-chlorobutanamido)-
benzamide 36 (269 mg, 0.869 mmol, and 36%) as a white
solid. 1H NMR (300 MHz, CDCl3) δ 8.88 (s(br), 1H), 8.13
(d, J = 9.0 Hz, 1H), 7.50 (d, J = 9.0 Hz, 1H), 6.21 (s(br), 1H),
6.14 (s(br), 1H), 3.64 (t, J = 6.2 Hz, 2H), 2.56 (t, J = 7.2 Hz,
2H), 2.17 (quint, J = 6.6 Hz, 2H); 13C NMR (75 MHz,
DMSO-d6) δ 171.34, 165.66, 134.51, 134.03, 129.92, 128.12,
127.98, 125.84, 44.94, 33.08, 28.25.

6,7-Dichloro-2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-
one (37). 2,3-Dichloro-6-(4-chlorobutanamido)benzamide 36
(94 mg and 0.30 mmol) was cyclized according to general
procedure C. Purification by flash column chromatography
(SiO2, CH2Cl2/MeOH 95:5) provided 6,7-dichloro-2,3-
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 37 (21 mg,
0.082 mmol, and 27%) as a beige solid. 1H NMR (300
MHz, DMSO-d6) δ 7.96 (d, J = 9.0 Hz, 1H), 7.45 (d, J = 9.0
Hz, 1H), 4.19 (t, J = 7.3 Hz, 2H), 3.00 (t, J = 8.0 Hz, 2H), 2.24
(quint, J = 7.7 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ
166.69, 166.60, 140.26, 134.50, 132.00, 130.10, 116.86, 116.73,
49.92, 32.47, 18.51.

(E)-6,7-Dichloro-3-(2-ethylbutylidene)-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one (9) . 6,7-Dichloro-2,3-
dihydropyrrolo[1,2-a]qui]]nazolin-5(1H)-one 37 (21 mg and
0.082 mmol) and 2-ethylbutanal (11 μL and 0.089 mmol)
were reacted according to general procedure D. Purification by
flash column chromatography (SiO2, CH2Cl2/MeOH 96:4)
provided 9 (14 mg, 0.042 mmol, and 51%) as a beige solid. 1H
NMR (300 MHz, CDCl3) δ 7.66 (d, J = 8.9 Hz, 1H), 7.04 (d, J
= 8.9 Hz, 1H), 6.90 (dt, J = 10.8, 2.7 Hz, 1H), 4.18 (dd, J =
8.0, 6.8 Hz, 2H), 3.03 (ddd, J = 8.0, 6.7, 2.8 Hz, 2H), 2.26−
2.11 (m, 1H), 1.66−1.50 (m, 2H), 1.48−1.31 (m, 2H), 0.88 (t,
J = 7.4 Hz, 6H); 13C NMR (75 MHz, CDCl3) δ 159.35,
146.35, 143.42, 139.53, 134.20, 134.05, 131.88, 130.62, 117.89,
113.87, 46.51, 44.47, 27.66, 23.01, 12.16; HRMS (ESI) calcd
for [C17H18Cl2N2O + H]+: 337.08690, found 337.08631, calcd
for [C17H18Cl2N2O + Na]+: 359.06884, found 359.06781;
HPLC purity: >99%.
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2-Amino-5-methoxybenzamide (38). 2-Amino-5-methox-
ybenzonitrile (500 mg and 3.37 mmol) was hydrolyzed in 6
mL of nanopure water according to general procedure A.
Purification by flash column chromatography (SiO2, hexanes/
EtOAc 50:50 to 0:100) provided 2-amino-5-methoxybenza-
mide 38 (385 mg, 2.32 mmol, and 69%) as a beige solid.
Spectral data are consistent with literature values.32 1H NMR
(300 MHz, methanol-d4) δ 7.09 (d, J = 2.9 Hz, 1H), 6.89 (dd,
J = 8.9, 2.9 Hz, 1H), 6.73 (d, J = 8.9 Hz, 1H), 3.74 (s, 3H).
2-(4-Chlorobutanamido)-5-methoxybenzamide (39). 2-

Amino-5-methoxybenzamide 38 (245 mg and 1.47 mmol)
and 4-chlorobutanoyl chloride (0.197 mL and 1.76 mmol)
were reacted according to general procedure B. Purification by
flash column chromatography (SiO2, hexanes/EtOAc 60/40 to
30/70) provided 2-(4-chlorobutanamido)-5-methoxybenza-
mide 39 (396 mg, 1.46 mmol, and 99%) as a beige solid.
Spectral data are consistent with literature values.32 1H NMR
(300 MHz, CDCl3) δ 10.76 (s(br), 1H), 8.50 (d, J = 9.0 Hz,
1H), 7.08−7.01 (m, 2H), 6.17 (s(br), 1H), 5.72 (s(br), 1H),
3.82 (s, 3H), 3.65 (t, J = 6.3 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H),
2.19 (quint, J = 6.7 Hz, 2H).
7-Methoxy-2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-

one (40). 2-(4-Chlorobutanamido)-5-methoxybenzamide 39
(396 mg and 1.46 mmol) was cyclized according to general
procedure C. Purification by flash column chromatography
(SiO2, CH2Cl2/MeOH 95:5) provided 7-methoxy-2,3-
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 40 (217 mg,
1.00 mmol, and 68%) as a beige solid. Spectral data are
consistent with literature values.32 1H NMR (300 MHz,
CDCl3) δ 7.57 (d, J = 2.9 Hz, 1H), 7.21 (dd, J = 9.0, 2.9 Hz,
1H), 7.09 (d, J = 9.0 Hz, 1H), 4.20 (t, J = 7.3 Hz, 2H), 3.83 (s,
3H), 3.12 (t, J = 8.0 Hz, 2H), 2.36 (quint, J = 8.1 Hz, 2H).
(E)-3-(2-Ethylbutylidene)-7-methoxy-2,3-dihydropyrrolo-

[1,2-a]quinazolin-5(1H)-one (10) . 7-Methoxy-2,3-
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 40 (111 mg and
0.513 mmol) and 2-ethylbutanal (69 μL and 0.56 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-
vided 10 (123 mg, 0.412 mmol, and 80%) as a beige solid. 1H
NMR (300 MHz, CDCl3) δ 7.60 (d, J = 2.8 Hz, 1H), 7.13 (dd,
J = 8.9, 2.8 Hz, 1H), 7.06 (d, J = 8.9 Hz, 1H), 6.78 (dt, J =
10.8, 2.7 Hz, 1H), 4.12 (dd, J = 7.8, 6.6 Hz, 2H), 3.77 (s, 3H),
2.93 (ddd, J = 8.0, 6.6, 2.7 Hz, 2H), 2.17−2.02 (m, 1H), 1.57−
1.37 (m, 2H), 1.37−1.19 (m, 2H), 0.78 (t, J = 7.4 Hz, 6H);
13C NMR (75 MHz, CDCl3) δ 170.32, 158.90, 157.75, 141.14,
132.94, 131.27, 123.16, 120.82, 115.96, 108.65, 55.74, 45.84,
43.93, 27.46, 22.94, 11.85; HRMS (ESI) calcd for
[C18H22N2O2 + H]+: 299.17540, found 299.17538; HPLC
purity: >99%.
2-Amino-4-methoxybenzamide (41). 2-Amino-4-methox-

ybenzonitrile (500 mg and 3.37 mmol) was hydrolyzed in 6
mL of nanopure water according to general procedure A.
Purification by flash column chromatography (SiO2, hexanes/
EtOAc 50:50 to 0:100) provided 2-amino-4-methoxybenza-
mide 41 (133 mg, 0.800 mmol, and 24%) as a beige solid. 1H
NMR (300 MHz, DMSO-d6) δ 7.48 (d, J = 8.8 Hz, 1H), 6.73
(s, 2H), 6.19 (d, J = 2.6 Hz, 1H), 6.06 (dd, J = 8.8, 2.6 Hz,
1H), 3.69 (s, 3H); 13C NMR (75 MHz, DMSO-d6) δ 170.99,
162.18, 152.42, 130.47, 106.85, 102.11, 99.28, 54.77.
2-(4-Chlorobutanamido)-4-methoxybenzamide (42). 2-

Amino-4-methoxybenzamide 41 (133 mg and 0.800 mmol)
and 4-chlorobutanoyl chloride (0.11 mL and 0.98 mmol) were
reacted according to general procedure B. Purification by flash

column chromatography (SiO2, hexanes/EtOAc 60/40 to 30/
70) provided 2-(4-chlorobutanamido)-4-methoxybenzamide
42 (180 mg, 0.665 mmol, and 83%) as a beige solid. 1H
NMR (300 MHz, CDCl3) δ 11.71 (s(br), 1H), 8.35 (d, J = 2.6
Hz, 1H), 7.44 (d, J = 8.8 Hz, 1H), 6.59 (dd, J = 8.8, 2.6 Hz,
1H), 6.02 (s(br), 2H), 3.85 (s, 3H), 3.65 (t, J = 6.3 Hz, 2H),
2.61 (t, J = 7.2 Hz, 2H), 2.20 (quint, J = 6.7 Hz, 3H); 13C
NMR (75 MHz, CDCl3) δ 171.50, 171.18, 163.70, 142.85,
128.96, 110.21, 109.98, 105.10, 55.67, 44.39, 35.29, 28.08.

8-Methoxy-2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-
one (43). 2-(4-Chlorobutanamido)-4-methoxybenzamide 42
(180 mg and 0.665 mmol) was cyclized according to general
procedure C. Purification by flash column chromatography
(SiO2, CH2Cl2/MeOH 95:5) provided 8-methoxy-2,3-
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 43 (64 mg, 0.30
mmol, and 45%) as a beige solid. 1H NMR (600 MHz, CDCl3)
δ 8.04 (d, J = 8.8 Hz, 1H), 6.85 (dd, J = 8.9, 2.3 Hz, 1H), 6.40
(d, J = 2.3 Hz, 1H), 4.09 (t, J = 7.4 Hz, 2H), 3.85 (s, 3H),
3.10−3.04 (m, 2H), 2.33 (quint, J = 7.8 Hz, 2H); 13C NMR
(151 MHz, CDCl3) δ 169.86, 166.44, 163.82, 140.35, 130.40,
113.67, 112.21, 97.85, 55.83, 48.79, 32.74, 18.57.

(E)-3-(2-Ethylbutylidene)-8-methoxy-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one (11) . 8-Methoxy-2,3-
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 43 (64 mg and
0.30 mmol) and 2-ethylbutanal (39 μL and 0.32 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-
vided 11 (43 mg, 0.14 mmol, and 47%) as a beige solid. 1H
NMR (300 MHz, CDCl3) δ 8.14 (d, J = 8.9 Hz, 1H), 6.91−
6.81 (m, 2H), 6.45 (d, J = 2.3 Hz, 1H), 4.08 (dd, J = 8.0, 6.7
Hz, 2H), 3.86 (s, 3H), 2.97 (ddd, J = 8.0, 6.6, 2.7 Hz, 2H),
2.22−2.07 (m, 1H), 1.60−1.45 (m, 2H), 1.43−1.26 (m, 2H),
0.84 (t, J = 7.4 Hz, 6H); 13C NMR (75 MHz, CDCl3) δ
170.23, 163.82, 160.15, 141.94, 140.59, 131.29, 130.49, 113.66,
113.32, 97.60, 55.85, 45.76, 44.11, 27.56, 23.02, 11.99; HRMS
(ESI) calcd for [C18H22N2O2 + H]+: 299.17540, found
299.17565; HPLC purity: >99%.

(E)-3-(2-Ethylbutylidene)-7-hydroxy-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one (12). A solution of the methoxy
substrate 10 (40 mg, 0.13 mmol, and 1 equiv) in dry CH2Cl2
(2.7 mL) was cooled to 0 °C. Boron tribromide 1 M in
CH2Cl2 (1.3 mL, 1.3 mmol, and 10 equiv) was added dropwise
to the stirred reaction mixture. The reaction was stirred at
room temperature for 24 h. The mixture was then diluted with
CH2Cl2 and a saturated aqueous solution of NaHCO3. The
aqueous phase was extracted with CH2Cl2, and the combined
organic phases were dried over Na2SO4, filtered, and
evaporated under vacuum. The crude residue was purified by
flash column chromatography (SiO2, CH2Cl2/MeOH 95:5) to
give the title compound 12 (36 mg, 0.13 mmol, quant.) as a
yellow solid. 1H NMR (300 MHz, methanol-d4) δ 7.57 (d, J =
1.5 Hz, 1H), 7.55 (d, J = 4.5 Hz, 1H), 7.38 (dd, J = 9.0, 2.7 Hz,
1H), 6.84 (dt, J = 10.6, 2.6 Hz, 1H), 4.53−4.43 (m, 2H), 3.15
(td, J = 7.5, 7.0, 2.7 Hz, 2H), 2.41−2.23 (m, 1H), 1.72−1.58
(m, 2H), 1.54−1.37 (m, 2H), 0.95 (t, J = 7.4 Hz, 6H); 13C
NMR (75 MHz, methanol-d4) δ 165.95, 159.20, 157.80,
145.40, 132.41, 132.04, 125.48, 122.23, 119.85, 112.72, 45.57,
28.54, 24.37, 12.24; HRMS (ESI) calcd for [C17H20N2O2 +
H]+: 285.15975, found 285.16012, calcd for [C17H20N2O2 +
Na]+: 307.1417, found 307.1417; HPLC purity: >99%.

(E)-3-(2-Ethylbutylidene)-8-hydroxy-2,3-dihydropyrrolo-
[1,2-a]quinazolin-5(1H)-one (13). A solution of the methoxy
substrate 11 (38 mg, 0.13 mmol, and 1 equiv) in dry CH2Cl2
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(2.7 mL) was cooled to 0 °C. Boron tribromide 1 M in
CH2Cl2 (1.3 mL, 1.3 mmol, and 10 equiv) was added dropwise
to the stirred reaction mixture. The reaction was stirred at
room temperature for 24 h. The mixture was then diluted with
CH2Cl2 and a saturated aqueous solution of NaHCO3. The
aqueous phase was extracted with CH2Cl2, and the combined
organic phases were dried over Na2SO4, filtered, and
evaporated under vacuum. The crude residue was purified by
flash column chromatography (SiO2, CH2Cl2/MeOH 95:5) to
give the title compound 13 (7.8 mg, 0.027 mmol, and 21%) as
a yellow solid. 1H NMR (300 MHz, methanol-d4) δ 8.06 (d, J
= 8.8 Hz, 1H), 6.99 (dd, J = 8.8, 2.2 Hz, 1H), 6.80−6.73 (m,
2H), 4.33−4.25 (m, 2H), 3.09 (td, J = 7.5, 2.8 Hz, 2H), 2.39−
2.20 (m, 1H), 1.70−1.56 (m, 2H), 1.51−1.35 (m, 2H), 0.94 (t,
J = 7.4 Hz, 6H); 13C NMR (151 MHz, methanol-d4) δ 172.95,
164.81, 161.92, 142.63, 142.56, 133.95, 131.04, 116.97, 112.99,
101.04, 47.53, 45.21, 28.71, 24.17, 12.29; HRMS (ESI) calcd
for [C17H20N2O2 + H]+: 285.15975, found 285.15902, calcd
for [C17H20N2O2 + Na]+: 307.1417, found 307.14081; HPLC
purity: 98%.
(E)-6-Chloro-3-(2-methylbutylidene)-2,3-dihydropyrrolo-

[1 ,2-a]quinazol in-5(1H)-one (14 ) . 6-Chloro-2 ,3-
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 28 (66 mg and
0.30 mmol) and 2-methylbutanal (35 μL and 0.33 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-
vided 14 (50 mg, 0.17 mmol, 57%) as a white solid. 1H NMR
(300 MHz, CDCl3) δ 7.42 (t, J = 8.1 Hz, 1H), 7.27−7.23 (dd,
J = 7.9, 0.7 HZ, 1H), 7.02 (dd, J = 8.2 Hz, 0.7 Hz, 1H), 6.84
(dt, J = 10.3, 2.7 Hz, 1H), 4.12 (t, J = 7.3 Hz, 2H), 3.02−2.92
(m, 2H), 2.39−2.26 (m, 1H), 1.50−1.33 (m, 2H), 1.04 (d, J =
6.7 Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H); 13C NMR (75 MHz,
CDCl3) δ 168.01, 159.43, 143.42, 141.00, 135.77, 132.92,
129.66, 128.59, 116.35, 113.45, 46.46, 36.68, 29.52, 22.56,
19.48, 12.04; HRMS (ESI) calcd for [C16H17ClN2O + H]+:
289.11022, found 289.1108; HPLC purity: >99%.
(E)-3-Butylidene-6-chloro-2,3-dihydropyrrolo[1,2-a]-

quinazolin-5(1H)-one (15). 6-Chloro-2,3-dihydropyrrolo[1,2-
a]quinazolin-5(1H)-one 28 (75 mg and 0.34 mmol) and
butyraldehyde (33 μL and 0.37 mmol) were reacted according
to general procedure D. Purification by flash column
chromatography (SiO2, CH2Cl2/MeOH 96:4) provided 15
(11 mg, 0.040 mmol, and 12%) as a white solid. 1H NMR (300
MHz, CDCl3) δ 7.46 (t, J = 8.1 Hz, 1H), 7.29 (dd, J = 7.9, 0.7
Hz, 1H), 7.06 (dd, J = 8.2, 0.7 Hz, 1H), 7.03−6.96 (m, 1H),
4.20−4.13 (m, 2H), 2.99 (t, J = 6.1 Hz, 2H), 2.21 (q, J = 7.4
Hz, 2H), 1.53 (sext, J = 7.3 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H);
13C NMR (75 MHz, CDCl3) δ 168.19, 159.42, 141.06, 138.39,
136.08, 133.10, 130.95, 128.87, 116.41, 113.56, 46.65, 32.09,
22.72, 21.78, 14.07; HRMS (ESI) calcd for [C15H15ClN2O +
H]+: 275.09457, found 275.09405, calcd for [C15H15ClN2O +
Na]+: 297.07651, found 297.07538; HPLC purity: >99%.
(E)-6-Chloro-3-propylidene-2,3-dihydropyrrolo[1,2-a]-

quinazolin-5(1H)-one (16). 6-Chloro-2,3-dihydropyrrolo[1,2-
a]quinazolin-5(1H)-one 28 (75 mg and 0.34 mmol) and
propionaldehyde (28 μL and 0.37 mmol) were reacted
according to general procedure D. Purification by flash column
chromatography (SiO2, CH2Cl2/MeOH 96:4) provided 16
(0.6 mg, 0.002 mmol, and 1%) as a white solid. 1H NMR (300
MHz, CDCl3) δ 7.55 (t, J = 8.1 Hz, 1H), 7.44 (d, J = 7.5 Hz,
1H), 7.22−7.15 (m, 1H), 7.11 (d, J = 7.3 Hz, 1H), 4.20 (t, J =
6.8 Hz, 2H), 3.09−2.96 (m, 2H), 2.37−2.21 (m, 2H), 1.13 (t,

J = 7.5 Hz, 3H); HRMS (ESI) calcd for [C14H13ClN2O + H]+:
261.07892, found 261.07797; HPLC purity: 98%.

(E ) -6 -Ch loro-3 - (2 ,2 -d imethy lpropy l idene) -2 ,3 -
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one (17). 6-Chloro-
2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 28 (75 mg
and 0.34 mmol) and pivalaldehyde (40 μL and 0.37 mmol)
were reacted according to general procedure D. Purification by
flash column chromatography (SiO2, CH2Cl2/MeOH 96:4)
provided 17 (17 mg, 0.059 mmol, and 17%) as a beige solid.
1H NMR (300 MHz, CDCl3) δ 7.46 (t, J = 8.1 Hz, 1H), 7.33
(dd, J = 7.9, 1.0 Hz, 1H), 7.12 (t, J = 2.7 Hz, 1H), 7.05 (dd, J =
8.2, 1.0 Hz, 1H), 4.17−4.07 (m, 2H), 3.16 (td, J = 7.4, 7.0, 2.8
Hz, 2H), 1.21 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 168.05,
160.72, 147.36, 141.06, 136.09, 132.93, 128.79, 127.18, 116.64,
113.40, 46.70, 34.30, 29.65, 23.19; HRMS (ESI) calcd for
[C16H17ClN2O + H]+: 289.11022, found 289.10894, calcd for
[C16H17ClN2O + Na]+: 311.09216, found 311.09099; HPLC
purity: >99%.

(E ) -6 -Ch loro-3 - (2 ,2 -d imethy lpropy l idene) -2 ,3 -
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one (18). 6-Chloro-
2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 28 (75 mg
and 0.34 mmol) and 3-methylbutanal (40 μL and 0.37
mmol) were reacted according to general procedure D.
Purification by flash column chromatography (SiO2, CH2Cl2/
MeOH 96:4) provided 18 (5 mg, 0.02 mmol, and 5%) as a
beige solid. 1H NMR (300 MHz, CDCl3) δ 7.50 (t, J = 8.1 Hz,
1H), 7.37 (d, J = 7.8 Hz, 1H), 7.12 (dt, J = 8.3, 2.5 Hz, 2H),
7.07 (d, J = 8.1 Hz, 1H), 4.21−4.11 (m, 2H), 2.99 (t, J = 6.2
Hz, 2H), 2.14 (t, J = 7.2 Hz, 2H), 1.94 − 1.75 (m, 1H), 0.97
(d, J = 6.6 Hz, 6H); HRMS (ESI) calcd for [C16H17ClN2O +
H]+: 289.11022, found 289.10879, calcd for [C16H17ClN2O +
Na]+: 311.09216, found 311.09085; HPLC purity: 97%.

( E ) - 6 -Ch lo ro -3 - ( 3 , 3 -d ime thy lbu t y l i dene ) - 2 , 3 -
dihydropyrrolo[1,2-a]quinazolin-5(1H)-one (19). 6-Chloro-
2,3-dihydropyrrolo[1,2-a]quinazolin-5(1H)-one 28 (70 mg
and 0.32 mmol) and 3,3-dimethylbutanal (44 μL and 0.35
mmol) were reacted according to general procedure D.
Purification by flash column chromatography (SiO2, CH2Cl2/
MeOH 96:4) provided 19 (10 mg, 0.033 mmol, and 10%) as a
beige solid. 1H NMR (300 MHz, CDCl3) δ 7.51 (t, J = 8.1 Hz,
1H), 7.39 (dd, J = 7.9, 1.0 Hz, 1H), 7.23−7.14 (m, 1H), 7.08
(dd, J = 8.2, 1.0 Hz, 1H), 4.21−4.11 (m, 2H), 3.00 (t, J = 6.0
Hz, 2H), 2.15 (d, J = 7.9 Hz, 2H), 0.99 (s, 9H); 13C NMR (75
MHz, CDCl3) δ 168.16, 159.14, 141.02, 135.84, 132.96,
132.22, 128.64, 116.34, 113.49, 113.42, 46.44, 44.30, 32.31,
29.57, 22.86; HRMS (ESI) calcd for [C17H19ClN2O + H]+:
303.12587, found 303.12722, calcd for [C17H19ClN2O + Na]+:
325.10781, found 325.10619; HPLC purity: >99%.

(E)-3-Benzylidene-6-chloro-2,3-dihydropyrrolo[1,2-a]-
quinazolin-5(1H)-one (20). 6-Chloro-2,3-dihydropyrrolo[1,2-
a]quinazolin-5(1H)-one 28 (75 mg and 0.34 mmol) and
benzaldehyde (38 μL and 0.37 mmol) were reacted according
to general procedure D. Purification by flash column
chromatography (SiO2, CH2Cl2/MeOH 96:4) provided 20
(2 mg, 0.006 mmol, and 2%) as a white solid. 1H NMR (300
MHz, CDCl3) δ 8.02 (t, J = 2.6 Hz, 1H), 7.58−7.51 (m, 3H),
7.48−7.37 (m, 4H), 7.14 (dd, J = 8.2, 0.9 Hz, 1H), 4.34−4.26
(m, 2H), 3.42 (td, J = 7.7, 2.7 Hz, 2H); HRMS (ESI) calcd for
[C18H13ClN2O + H]+: 309.07892, found 309.07753, calcd for
[C18H13ClN2O + Na]+: 331.06086, found 331.05951; HPLC
purity: 97%.

2-Chloro-6-(5-chloropentanamido)benzamide (44). 2-
Amino-6-chlorobenzamide 26 (2.18 g and 12.8 mmol) and
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5-chloropentanoyl chloride (1.97 mL and 15.3 mmol) were
reacted according to general procedure B. Purification by flash
column chromatography (SiO2, hexanes/EtOAc 60/40 to 30/
70) provided 2-chloro-6-(5-chloropentanamido)benzamide 44
(2.70 g, 9.3 mmol, and 73%) as a beige solid. Spectral data are
consistent with literature values.32 1H NMR (300 MHz,
CDCl3) δ 9.32 (s(br), 1H), 8.23 (dd, J = 8.4, 1.1 Hz, 1H), 7.34
(t, J = 8.2 Hz, 1H), 7.16 (dd, J = 8.1, 1.1 Hz, 1H), 6.31 (s(br),
1H), 6.12 (s(br), 1H), 3.57 (td, J = 5.6, 4.9, 2.8 Hz, 2H), 2.41
(td, J = 6.5, 5.4, 3.1 Hz, 2H), 1.90−1.83 (m, 4H).
7-Chloro-1,2,3,4-tetrahydro-6H-pyrido[1,2-a]quinazolin-

6-one (45). 2-Chloro-6-(5-chloropentanamido)benzamide 44
(655 mg and 2.27 mmol) was cyclized according to general
procedure C. Purification by flash column chromatography
(SiO2, CH2Cl2/MeOH 95:5) provided 7-chloro-1,2,3,4-
tetrahydro-6H-pyrido[1,2-a]quinazolin-6-one 45 (237 mg,
1.01 mmol, and 44%) as a beige solid. Spectral data are
consistent with literature values.32 1H NMR (300 MHz,
CDCl3) δ 7.25 (dd, J = 8.6, 7.8 Hz, 1H), 7.12 (dd, J = 8.7, 1.1
Hz, 1H), 7.04 (dd, J = 7.8, 1.0 Hz, 1H), 3.80 (t, J = 6.2 Hz,
2H), 2.74 (t, J = 6.6 Hz, 2H), 2.03−1.93 (m, 2H), 1.82−1.72
(m, 2H). 13C NMR (75 MHz, CDCl3) δ 165.59, 160.33,
142.81, 134.39, 132.25, 128.12, 116.50, 112.96, 47.06, 32.38,
22.17, 18.55.
(E)-7-Chloro-4-(2-ethylbutylidene)-1,2,3,4-tetrahydro-6H-

pyrido[1,2-a]quinazolin-6-one (21). 7-Chloro-1,2,3,4-tetrahy-
dro-6H-pyrido[1,2-a]quinazolin-6-one 45 (70 mg and 0.30
mmol) and 2-ethylbutanal (41 μL and 0.33 mmol) were
reacted according to general procedure D. Purification by flash
column chromatography (SiO2, CH2Cl2/MeOH 96:4) pro-
vided 21 (43 mg, 0.14 mmol, and 45%) as a yellow solid. 1H
NMR (300 MHz, CDCl3) δ 7.53−7.44 (m, 1H), 7.38−7.29
(m, 3H), 4.04−3.96 (m, 2H), 2.61 (ddd, J = 7.9, 4.3, 1.6 Hz,
2H), 2.32−2.18 (m, 1H), 2.13 (quint, J = 6.2 Hz, 2H), 1.62−
1.44 (m, 2H), 1.44−1.26 (m, 2H), 0.82 (t, J = 7.4 Hz, 6H);
13C NMR (75 MHz, CDCl3) δ 166.56, 155.71, 147.53, 143.62,
135.35, 132.51, 128.36, 127.54, 117.89, 113.00, 47.64, 42.85,
27.74, 23.55, 22.04, 12.20; HRMS (ESI) calcd for
[C18H21ClN2O + H]+: 317.14152, found 317.14249; HPLC
purity: >99%.
(E)-7-Chloro-4-((dimethylamino)methylene)-1,2,3,4-tetra-

hydro-6H-pyrido[1,2-a]quinazolin-6-one (22). To a solution
of 7-chloro-1,2,3,4-tetrahydro-6H-pyrido[1,2-a]quinazolin-6-
one 45 (70 mg, 0.30 mmol, and 1.0 equiv) in DMF was
added phosphoryl trichloride (56 μL, 0.60 mmol, and 2.0
equiv). The reaction was heated to 70 °C for 16 h, and then
the solution was cooled to room temperature, diluted with
CH2Cl2, and slowly quenched using a saturated aqueous
solution of NaHCO3. The aqueous layer was extracted twice
with CH2Cl2, and the combined organic phases were dried
over Na2SO4, filtered, and evaporated under vacuum.
Purification by flash column chromatography (SiO2, CH2Cl2/
MeOH 98:2 to 94:6) provided 22 (46 mg, 0.16 mmol, and
53%) as a yellow solid. 1H NMR (300 MHz, CDCl3) δ 8.17 (s,
1H), 7.30 (t, J = 8.2 Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.07 (d,
J = 8.4 Hz, 1H), 3.82−3.73 (m, 2H), 3.06 (s, 6H), 2.69−2.60
(m, 2H), 1.99 (quint, J = 6.1 Hz, 2H); 13C NMR (75 MHz,
CDCl3) δ 165.61, 158.40, 150.89, 144.18, 134.62, 131.58,
126.64, 117.36, 111.84, 94.06, 46.81, 43.67, 23.10, 22.28;
HRMS (ESI) calcd for [C15H16ClN3O + H]+: 290.10547,
found 290.10590, calcd for [C15H16ClN3O + Na]+: 312.08741,
found 312.08816; HPLC purity: 97%.

6-Chloro-3-(2-ethylbutyl)-2,3-dihydropyrrolo[1,2-a]-
quinazolin-5(1H)-one (23). A solution of substrate 3 (59 mg,
0.19 mmol, and 1.0 equiv) in MeOH was purged with argon
for 30 min at room temperature before treatment with Raney
nickel (41 mg, 0.70 mmol, 3.5 equiv, and pre-washed 3 times
with MeOH). The reaction mixture was then purged with
hydrogen before being stirred under a hydrogen atmosphere
for 1 h at room temperature. The mixture was then filtered
through a pad of celite, washed with MeOH, and concentrated
under pressure. Purification by flash column chromatography
(SiO2, CH2Cl2/MeOH 98:2 to 96:4) provided 23 (8 mg, 0.03
mmol, 13%) as a white solid. 1H NMR (300 MHz, CDCl3) δ
7.52 (t, J = 8.1 Hz, 1H), 7.39 (dd, J = 7.9, 0.8 Hz, 1H), 7.07
(dd, J = 8.2, 0.7 Hz, 1H), 4.17 (td, J = 9.7, 9.2, 3.9 Hz, 1H),
4.04 (dt, J = 10.3, 8.0 Hz, 1H), 3.25 (dtd, J = 12.0, 8.4, 3.8 Hz,
1H), 2.55 (dtd, J = 12.5, 8.3, 3.9 Hz, 1H), 2.18−2.07 (m, 1H),
2.06−1.92 (m, 1H), 1.53−1.39 (m, 3H), 1.37−1.27 (m, 4H),
0.88 (td, J = 7.2, 5.4 Hz, 6H); 13C NMR (151 MHz, CDCl3) δ
168.24, 141.12, 136.64, 132.99, 128.72, 116.30, 113.29, 47.73,
41.95, 38.27, 35.97, 26.05, 26.00, 24.35, 11.10, 10.52; HRMS
(ESI) calcd for [C17H21ClN2O + H]+: 305.14152, found
305.14167; HPLC purity: >99%.

6′-Chloro-2-(pentan-3-yl)-1′,2′-dihydro-5′H-spiro-
[cyclopropane-1,3′-pyrrolo[1,2-a]quinazolin]-5′-one (24 =
LM146). A solution of trimethylsulfoxonium iodide (40 mg,
0.18 mmol, and 1.5 equiv) in dry DMSO (0.7 mL) was cooled
to 0 °C. Sodium hydride 95% (5.0 mg, 0.18 mmol, and 1.5
equiv) was added to the stirred solution. The mixture was
allowed to warm-up to room temperature over 1 h. A solution
of substrate 3 (37 mg, 0.12 mmol, and 1.0 equiv) in dry
DMSO (0.8 mL) was added dropwise to the reaction mixture,
which was then stirred at 50 °C for 1 h 30 min under an argon
atmosphere. The mixture was diluted with CH2Cl2 and
quenched with a saturated aqueous solution of NH4Cl. The
aqueous phase was extracted with CH2Cl2 (three times).
Combined organic phases were washed with brine, dried over
Na2SO4, filtered, and evaporated under vacuum. Purification
by flash column chromatography (SiO2, CH2Cl2/MeOH 97:3)
provided racemic 24 (LM146) (31 mg, 0.098 mmol, and 82%)
as a white solid. 1H NMR (300 MHz, CDCl3) δ 7.49 (t, J = 8.1
Hz, 1H), 7.34 (dd, J = 7.9, 0.9 Hz, 1H), 7.04 (dd, J = 8.0, 0.9
Hz, 1H), 4.19 (dtd, J = 19.6, 10.2, 5.7 Hz, 2H), 2.49−2.25 (m,
2H), 1.74−1.63 (m, 2H), 1.62−1.47 (m, 2H), 1.46−1.33 (m,
2H), 0.90 (dt, J = 23.4, 7.5 Hz, 7H), 0.79 (dd, J = 6.7, 3.7 Hz,
1H); 13C NMR (75 MHz, CDCl3) δ 168.79, 168.36, 141.29,
136.41, 132.84, 128.32, 116.40, 112.89, 47.05, 41.48, 32.80,
28.89, 26.58, 26.10, 23.50, 22.75, 11.16, 10.96; HRMS (ESI)
calcd for [C18H21ClN2O + H]+: 317.14152, found 317.14255,
calcd for [C18H21ClN2O + Na]+: 339.12346, found 339.1219;
HPLC purity: 93%. 1H NMR analysis indicates that the
material purified by flash chromatography contains traces of
the starting material 3. LM-MS analysis confirmed the
presence of the starting material 3 (m/z = 303.3) and also
showed traces of a compound with a m/z ratio of 317.0 that is
most likely the diasteromeric product of 24. These impurities
could only be removed by reversed phase preparative HPLC
using a Sunfire C18 column (19 × 100 mm, 5 um) and 25 to
55% MeCN in water (+0.01% formic acid) as the eluent (21.6
mL/min) to afford small amounts sufficient for 1H NMR.
LM146 was crystallized by the solvent diffusion technique
using chloroform. The X-ray structure has been deposited into
the Cambridge Crystallographic Data Centre CCDC (no.
2070470).
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