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ain observation and conclusion

The limit ability of traditional antibiotics to treat drug resistant bacteria calls for new therapeutic alternatives. A class of unique sulfanil-
amide aminophosphonates as new potential agents against microbes was synthesized by one-pot three-component reaction. Noticea-
bly, fluorobenzyl derivative 5d (MIC = 2 ug/mL) was active against drug resistant E. coli infection and exerted no obvious toxicity towards
human mammalian cells. Compound 5d also displayed good anti-biofilm activity and low possibility to induce drug resistance. Mecha-
nism investigation elucidated that molecule 5d could disrupt E. coli membrane through generation of reactive oxygen (ROS) and then
intercalate into deoxyribonucleic acid (DNA) to form a steady 5d-DNA complex, which led to bacterial death. These results indicated
that sulfanilamide aminophosphonates would shed light on developing novel potential antibacterial agents.
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Background and Originality Content

Sulfanilamides are the first synthetic antifolic agents in treat-
ment of a variety of bacterial infections to safeguard human health.
-3 sylfanilamide drugs with a structural resemblance to p-amino-
benzoic acid (PABA) effectively impede the biosynthesis of dihydro-
folate and obstruct the generation of bacterial nucleic acid precur-
sor, subsequently triggering the death of microbial pathogens. 4 3!
To date, aromatic heterocycles-derived sulfanilamide drugs, [ such
as sulfadiazine, sulfamethoxypyridazine, sulfathiazole and sulfa-
r ethoxazole have been extensively employed in clinical infection
therapy, especially for patients intolerant to antibiotics. ”°! Never-
+*eless, this kind of antibacterial drugs are also associated with sig-
nificant risk of adverse reactions. Researches indicated that oxida-
tive metabolism of the anilino fragment in the core skeleton of sul-
“ nilamide generated reactive metabolites that combined with pro-
teins, giving rise to antigen presentation and an immune response,

hich was the culprit of hypersensitivity reactions 1%, This pro-
moted the development of a series of structurally unique organo-
“hosphorus sulfanilamides as novel alternative antibacterial drugs.

First author et al.

Aminophosphonates as significant alternatives for a-amino ac-
ids and transition state mimics of peptide hydrolysis, play a vital
role in agricultural, medicinal and organic chemistry. 1 A great
number of organophosphorus agents have achieved commercial
success on account of their multitudinous biological and pharma-
cological applications, 12! for instance, ACE inhibitor fosinopril for
the treatment of hypertension and nitrogen mustards cyclophos-
phamide and ifosfamide as anticancer agents. 13 14 Moreover,
fosfomycin as a natural antibiotic hindered the synthesis of bacte-
rial cytoderm as well as destroyed the bacterial biofilm, accelerat-
ing the death of Gram-positive and Gram-negative bacteria, which
encouraged us to develop highly bioactive a-substituted phospho-
nate derivatives along with low toxicity and residual effects on
mammalian cells.

On account of the unlimited biological potentiality and further
extension of existed drugs into bioactive compounds, the purpose
of this research was to develop a series of new potential antibacte-
rial sulfanilamide agents through hybridization of core skeleton p-
aminobenzene sulfanilamide, organophosphorus compounds and
different aldehydes to overcome the multidrug resistance observed
in existing first-line drugs. The design of sulfanilamide aminophos-
phonates took the following factors into consideration:
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Figure 1 Design of novel sulfanilamide aminophosphonates as potential antibacterial agents

(1) The unique imidazole [*517] scaffold with electron-rich fea-
t1 re, amphoteric characteristic and high polarity can easily bind to
wwverse receptors and enzymes in organism through a variety of
weak interactions to improve the bioavailability and target selectiv-
ity. 181 A |ot of imidazole-derived natural products and pharmaceu-
tical molecules with potential therapeutic consequences covering
antibacterial, antifungal, anticancer, antiparasitic and other medic-
inal activities were reported. [*°!

(2) Thiophene is an important biological isostere of imidazole in
drug design with great development potentiality in the organic and
pharmaceutical chemistry. Furan-derived drugs are a class of syn-
thetic antibacterial agents with broad-spectrum antimicrobial effi-
cacy. The biological isosteres thiophene and furan fragments were
introduced into a-aminophosphonate sulfanilamides to explore the
effect of different five-membered aromatic heterocycles on biolog-
ical activity.

(3) The type of different aromatic rings or heterocycles and the
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ring size of conjugated system with various substituents were intro-
duced to investigate their effects on antibacterial activities. Phenyl
fragments extensively existed in marketed medicinal 2% agents
such as penicillin, amoxicillin, ampicillin and aspirin. The aromatic
moieties with different electrical properties could regulate the ri-
gidity and enhance liposolubility and membrane permeability of
target compounds to effectively affect drug absorption and metab-
olism.

(4) Aloe-emodin (AE) with a history of over 2000 years is a nat-
urally anthraquinone derivative and an active ingredient of various
Chinese herbs, such as Aloe vera and Rheum officinale. 2! However,
the pharmaceutical applications of AE were still in a fledging period,
because most researches focused on illustrating the mechanism of
action of existing aloe-emodin drugs rather than the preparation of
novel AE medicinal compounds. 221 Herein, the hybridization of AE
and sulfanilamide produced a target molecule to investigate its bi-
ological potency.

Chin. J. Chem. 2021, 39, XXX— XXX
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Considering of these circumstances, a series of novel sulfanila-
mide aminophosphonates was developed (Figure 1). Their antimi-
crobial activities, bactericidal kinetics and bacterial resistance were
evaluated. Cytotoxicity assay was performed to ensure that this
kind of compounds was safe for mammalian cells. To further ex-
plore the antibacterial mechanism of the promising molecule, bio-
film elimination, membrane disruption, oxidative damage, interac-
tion with DNA as well as molecular docking with dihydrofolate re-
ductase were carried out.

" asults and Discussion

Chemistry. A practical synthetic process for sulfanilamide ami-
nophosphonates was described in Scheme 1. The target benzene-
s 1lfonamide derivatives were developed from sulfanilamide, di-

Scheme 1 Preparative process of sulfanilamide aminophosphonates

Chin. J. Chem.

ethyl phosphite and various aldehydes by Kabachnik—Fields reac-
tion. The imidazole derivative 2 in a yield of 47.1% was prepared by
the reaction of sulfanilamide, diethyl phosphite and 2-butyl-4-
chloro-5-formylimidazole in toluene at 110 °C. However, further
structural modifications of compound 2 were not successful by ar-
omatic chlorides and aliphatic bromides. Therefore, the reaction
conditions for the synthesis of a-aminophosphonate derivatives
were further optimized. A number of imidazole aldehydes were af-
forded in acceptable yields based on the reported syntheses
(Scheme 2). A mixture of intermediates 10-12, sulfanilamide and
diethyl phosphite was stirred in acetonitrile using boron trifluoride
etherate as the catalyst to afford sulfanilamide aminophospho-
nates 3-5 in yields of 42.0-85.5%. Subsequently, the target com-
pounds 6-8 were readily prepared by the reaction of sulfanilamide,
diethyl phosphite and various aromatic aldehydes under the same
condition with yields ranging from 14.0% to 88.1%.
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Table 1. The ClogP values of compounds 2—-8 were calculated and
listed in Table S1. Alkyl-modified sulfanilamide derivatives 3a—f and

Antibacterial activity. The antibacterial efficacy 23 of sulfanila-
mide aminophosphonates 2-8 was evaluated and represented in
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ester-substituted analogue 4a gave similar antibacterial activities
against the tested germs in comparison to corresponding unsubsti-
tuted compound 2. Especially, molecules 3a (MIC = 16 pug/mL) and
3c (MIC = 16 pg/mL) displayed moderate inhibitory potencies
against P. aeruginosa ATCC 27853 and MRSA, respectively. How-
ever, the antibacterial efficiency of dodecyl and cetyl derivatives 3e
(ClogP = 6.576) and 3f (ClogP = 9.756) decreased possibly because
high lipid solubility. This fact declared that alkyl chains of different

First author et al.

lengths almost had no positive effect on the bioactivity. The intro-
duction of unsaturated alkyl chain into imidazole yielded com-
pounds 4b—c, in particular, alkynyl modified molecule 4c (ClogP =
1.921) was active against the listed bacterium (MIC = 8-32 pg/mL).
The above results suggested that incorporation of unsaturated
fragments could be beneficial to inhibit the growth of the tested
microbes.

Table1 Biological data (MIC, pg/mL) and hemolytic activity (HCs, pg/mL) of compounds 2-8 %*

Gram-positive bacteria Gram-negative bacteria HCs®
Com-
S. a. S. a. S. a. E.c P a.
pounds MRSA E.f K. p. E.c A. b. RBCs?
6538 25923 29213 25922 27853

2 128 16 32 128 64 64 128 64 64 32 64 >512
3a 64 64 32 64 128 64 64 64 32 16 32 >512
3b 64 64 64 128 64 64 64 128 128 64 64 >512
3c 16 64 64 128 64 32 64 128 64 64 32 >512

3d 128 128 128 128 128 32 128 128 128 128 128 38

3e 128 128 128 128 128 128 128 128 128 128 128 93

3f 128 128 128 256 128 256 128 256 256 256 256 155
4a 128 32 64 64 128 64 64 64 64 32 64 >512
ab 64 128 128 128 32 32 128 64 64 32 64 >512
4c 32 16 16 8 8 16 16 32 32 16 8 >512
5a 128 32 32 64 16 16 16 64 64 16 8 >512
5b 16 32 128 32 128 32 32 64 128 16 64 >512
5c 32 128 32 64 16 64 64 64 128 32 32 >512
5d 16 32 8 16 4 16 2 32 16 32 16 >512
5e 64 64 64 128 16 64 64 64 128 32 32 >512
5f 128 64 64 64 128 32 128 128 64 64 64 >512
6a 128 128 8 64 128 32 64 64 128 32 64 >512
6b 64 32 4 32 64 64 32 64 128 64 16 >512
7a 32 64 16 32 16 64 128 64 128 64 32 >512
7b 128 128 8 32 32 64 128 128 128 64 64 >512
7c 128 128 128 8 64 16 64 64 128 64 64 >512
7d 128 128 128 256 128 128 256 128 128 125 128 >512
7e 128 128 128 256 256 256 256 128 256 256 128 >512
7f 128 64 256 256 256 256 256 256 256 256 256 >512
8 128 64 64 64 32 64 128 32 128 64 64 >512

A° 16 8 8 8 4 8 16 32 32 8 16 ND?

B 8 4 8 32 2 16 8 16 8 32 8 ND?

MRSA, Metbhicillin-resistant Staphylococcus aureus (N315); E. f., Enterococcus faecalis (V583); S. a. 6538, Staphylococcus aureus ATCC 6538; S. a.
25923, Staphylococcus aureus ATCC 25923; S. a. 29213, Staphylococcus aureus ATCC 29213; K. p., Klebsiella pneumonia KPN325; E. c., Escherichia coli
(I 1109); E. c. 25922, Escherichia coli ATCC 25922; P. a., Pseudomonas aeruginosa ST235; P. a. 27853, Pseudomonas aeruginosa ATCC 27853; A. b, Acineto-
acter baumannii R674. The experiments were performed with three duplicates. ¢ HCs, Concentration causing 5% haemolysis RBCs, ¢ Human red blood cells.

¢ A = Chloramphenicol, f B = Norfloxacin & ND = Not determined.

Among benzyl modified imidazole ones, 2-fluorobenzyl deriva-
tive 5d (ClogP = 3.482) with an appropriate lipid solubility displayed
the best bacteriostatic activity towards the evaluated bacteria with
" IC values of 2-32 ug/mL while 4-fluorobenzyl derivative 5a
showed a weaker activity against the listed germ, which pointed
o 1t that the substituted position of fluorine in phenyl ring showed
iemarkable influence in the antibacterial potency. Especially, com-
pound 5d exhibited excellent inhibition potency against E. coli with
a low MIC value of 2 ug/mL, which was 4-fold greater than norflox-
acin (MIC = 8 ug/mL) and 8-fold better than chloramphenicol (MIC
=16 ug/mL). Replacement of 4-fluorobenzyl group by 4-chloroben-
zyl moiety produced molecule 5b with similar bioactivities against
Gram-negative microbes to compound 5a. Furthermore, the intro-
duction of nitro group with strong electron-attracting property
showed little effect on the improvement of biological activity. Ad-
ditionally, N-substitution in the imidazole with 2, 4-difluorobenzyl
or dichlorobenzyl group produced the corresponding molecules 5e

and 5f with a slight loss of potency than mono-substituted analogue.

Five aromatic heterocycle derivatives 6a and 6b were not sen

www.cjc.wiley-vch.de
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Figure 2 Resistance study for fluorobenzyl derivative 5d against drug re-
sistant E. coli. Norfloxacin was employed as a positive control.

sitive to most of the microbes except that compound 6b had a quite
better selectively inhibitory activity to S. aureus ATCC 6538 (MIC =
4 pg/mL). Furthermore, the antibacterial effects of phenyl-modi-
fied compounds 7a—f were evaluated. Nitro-bearing compound 7b

Chin. J. Chem. 2021, 39, XXX— XXX



Running title

was favorable for anti-S. aureus ATCC 6538 efficiency (MIC = 8
pg/mL). Simultaneously, cyano-containing derivative 7¢ (MIC = 8
pg/mL) gave a 4-fold improved inhibition toward S. aureus ATCC
25923 in contrast with norfloxacin. However, compound 7d-f was
not sensitive to the listed strains. This result implied that introduc-
tion of electron-attracting groups on the benzene ring was benefi-
cial to biological activity. A hybrid 8 of aloe-emodin and sulfanila-
mide exerted inferior inhibitory effects.

Tendency to induce bacterial resistance. Bacteria resistance
has become a threat for human health due to the decreasing effec-
ti reness of existed drugs, 2 which means that human infections
are becoming too difficult to be eliminated and create a challenging
nroblem on a global scale. The experimental result in Figure 2 dis-
piayed that the susceptibility of E. coli against fluorobenzyl deriva-
tive 5d almost unaffected, while the MIC value of norfloxacin to-
v ard E. coli got dramatically increased after several passages,
which showed that E. coli was more difficult to develop resistance
~ainst compound 5d than norfloxacin.

4 pgml 128 pg/mL.

16 pg/ml.

32 pg/ml.

Figure 3 Influence of fluorobenzyl derivative 5d on the viability of E. coli
biofilm. DMSO was used as a negative control. The experiments were per-
formed with three duplicates.

Biofilm disruption. The sinister nature of bacterial resistance is
amplified when the microbes are kept in isolation in biofilms that
~lield them from effective antimicrobials and/or the innate im-
mune system, 12 simultaneously resulting that microbes are invul-
n=rable to most marketed antibiotics. (26! In consequence, bacterial

ihesion and biofilm formation are vital targets for the develop-
ment of new drugs. The fluorobenzyl derivative 5d was selected to
- raluate the anti-biofilm activity against E. coli by crystal violet
staining assay. The negative control of water showed no effect on
= coli biofilm damage because the biofilm layer remained intact,
whnile active molecule 5d completely eradicated performed E. coli
n at the concentration of 4 x MIC (Figure 3). The result indi-
cated that fluorobenzyl derivative 5d was able to detach and dis-
prse E. coli biofilm into planktonic culture, which might reduce
‘acterial resistance.
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Figure 4 Bactericidal kinetic of fluorobenzyl derivative 5d at (1/4 x MIC,
1/2 x MIC, 1 x MIC, 2 x MIC, 4 x MIC) against E. coli. Norfloxacin at 4 x MIC
was used as a positive control and E. coli cells untreated was employed as
growth control. The experiments were performed with three duplicates.
Time-dependent killing assay. The time-kill kinetic assay was
executed to explore the ability of fluorobenzyl derivative 5d on

Chin. J. Chem. 2021, 39, XXX— XXX
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eliminating E. coli over a short period of time. 271 As shown in Figure
4, compound 5d (4 x MIC) could kill viable E. coli and decrease the
bacterial amount of 2.5 Log (CFU/mL) within 2 hours. The rapid bac-
tericidal capacity might be related to the disruption of cell mem-
brane integrity.

Depolarization of cytoplasmic membrane. The depolarization
of cytoplasmic membrane can disturb membrane potential of bac-
terial cells, which subsequently resulting in the physical damage of
the lipid bilayer or membrane disruption, thus inducing the death
of microbes. 2229 The fluorobenzyl derivative 5d was screened to
investigate the ability of causing bacterial membrane depolariza-
tion using fluorescence dye diSC35. The results clearly indicated
that compound 5d could interact with the E. coli membrane and
rapidly dissipate the membrane potential (Figure 5), which pro-
vided a new method for enhancing the antibacterial potency.

2900

2800 e o @ e 8 & & & @
b d -

N r = Control

‘E.mm o ®  Compound 5d

,E__‘ i 4 Norfloxacin

=

= 2500 |-

2 °

=

S 2400 |

w

»

S 2300 -

EE

=

2200 [

200 § a-h-g-a—a—d & 4 b4

2000 1 1 1 1 1 1 1
] 20 40 60 30 100 120

Time (min)

Figure 5 Transformation of membrane potential of E. coli in the existence
of fluorobenzyl derivative 5d at 4 x MIC. DMSO was used as a negative con-
trol. Norfloxacin was used as a positive control. The experiments were per-
formed with three duplicates.

Outer membrane permeability. The outer membrane compos-
ing of lipopolysaccharide, phospholipid bilayer and lipoprotein
shields bacteria from effective antimicrobials and toxic external fac-
tors, which creates difficulties to kill Gram-negative organisms. 3%
31 The hydrophobic dye N-phenyl naphthylamine (NPN) was used
to research outer membrane permeabilization, which generally
passed through the impaired outer membrane of bacteria, increas-
ing the intensity of fluorescence. The enhancement of fluorescence
intensity in E. coli after treatment with compound 5d at the con-
centration of 4 x MIC (Figure 6) indicated that fluorobenzyl deriva-
tive 5d damaged the outer membrane effectively.
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Figure 6 Variation of membrane permeability in E. coli after treatment
with fluorobenzyl derivative 5d at 4 x MIC. DMSO was used as a negative
control. Norfloxacin was used as a positive control. The experiments were
performed with three duplicates.
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Inner membrane damage. Bacterial inner membrane disrup-
tion of fluorobenzyl derivative 5d was explored using a common
dye propidium iodide (Pl), which entered merely damaged mem-
brane of E. coli and fluoresced strongly after interaction with cellu-
lar DNA. B2 331 The maximum fluorescence intensity was observed
after treatment with compound 5d (at 4 x MIC) within 80 minutes
as shown in Figure 7A, indicating fluorobenzyl derivative 5d (4 x
MIC) caused certain damage to E. coli membrane on account of the
existence of PI-DNA complex possibly. Meanwhile, compound 5d
could permeabilize the membrane of the Gram-negative bacteria in
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a dose-dependent behavior, leading to cell death (Figure S1A and
Figure 7B). The morphology of bacterial membrane were analyzed
by scanning electron microscopy (SEM), the internal substance
leaked to the surrounding districts of E. coli cell (Figure S1B) be-
cause fluorobenzyl derivative 5d could influence the membrane
function and eventually lyse the cells. The above results showed
that molecule 5d enhanced the antibacterial effect against E. coli
by destroying the bacterial membrane.

Inner membrane disruption, DMSO was used as a negative control. Norfloxacin was used as a positive control. (A) Inner membrane disruption of

¢ ug-resistant E. coli after treatment with fluorobenzyl derivative 5d at the concentration of 4 x MIC. (B) Propidium iodide staining in Escherichia coli treated
with fluorobenzyl derivative 5d at concentrations of 2 x MIC, 4 x MIC and 8 x MIC for 24 h. The images were captured with fluorescence microscope at
maghnification of 400X magnification. Scale bar for all images is 100 um. The experiments were performed with three duplicates.

Evaluation of intracellular oxidative stress. In order to investi-
gote the reason of membrane disruption, 2,7-dichlorofluoroscein
.iacetate (DCFH-DA) was used to detect the existence of reactive
oxygen species (ROS). The oxidative damage interferes the basic
¢ mponents of cells. 3% The fluorescence intensity is positively as-
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1200 | T

Fluorescence intensity

Control 2= MIC 4 = MIC 6= MIC

Concentration

Fizure 8

r I I
I I
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sociated with the concentration of peroxide produced. It was ob-
served that treatment of E. coli cells with fluorobenzyl derivative 5d
led to the increased ROS accumulation in a dose-dependent man-
ner (Figure 8). This was consistent with dose-dependent data ob-
served for membrane damage, which indicated generation of ROS
could disrupt cell membrane, thereby killing microbes.

B Control

4 X MIC

© 8 X MIC

Intracellular ROS production in E. coli treated with increasing concentrations of fluorobenzyl derivative 5d (at 2 x MIC, 4 x MIC, 6 x MIC and 8 x

«1C), DMSO was employed as a negative control. (A) Intracellular oxidative stress; (B) Intracellular ROS was measured by DCFH-DA staining after treatment
with fluorobenzyl derivative 5d for 24 h. The intensity of the green fluorescence indicates ROS concentration in Escherichia coli. The images were captured
with fluorescence microscope at magnification of 400X magnification. Scale bar for all images is 100 um. The experiments were performed with three

duplicates.

Interaction between fluorobenzyl derivative 5d and DNA. DNA
is a significant drug target in many therapeutic agents and has been
widely exploited for rational design of novel efficient DNA-targeting
antibacterial drugs with low drug resistance. 33 Calf thymus DNA is
often regarded as DNA model. Herein, in vitro interaction between
active fluorobenzyl derivative 5d with calf thymus DNA was inves-
tigated regarding AO (Acridine orange) as a spectral probe to inves-
tigate the possible mechanism of action at a molecular level.

Variation of DNA in the existence of fluorobenzyl derivative
5d. Hyperchromism and hypochromism are extremely crucial spec-
tral features examined by absorption spectroscopy to certify the
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variation of double-helical DNA. 133 The enhancement in maximum
absorption of DNA was proportional to the increased concentration
of fluorobenzyl derivative 5d along with a slight red-shift under a
fixed content of DNA (Figure 9A). Meanwhile, the 5d-DNA complex
showed lower absorption value than free DNA and free fluoroben-
zyl derivative 5d. This observed hypochromism was occasioned by
intercalation of fluorobenzyl derivative 5d into DNA double-helical
structure and good aromatic m-mt overlap with DNA bases, which
disclosed the formation of compound 5d-DNA complex.
Competition between fluorobenzyl derivative 5d and AO with
DNA. The organic dye acridine orange (AO) has been proven to be
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a very sensitive fluorescent probe and emits green fluorescence
when binds to DNA. B¢ The fluorescence intensity of DNA-AO com-
plex decreased significantly at 537 nm with the increased addition
of fluorobenzyl derivative 5d (Figure 9B), indicating that it could
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embed in the double-helical DNA by competing with the AO. The
purpose was to understand the mechanism of drug treatment and
provided theoretical basis for the design of new and effective drugs.

10040
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Interaction between fluorobenzyl derivative 5d and DNA. (A) UV absorption spectra of calf thymus DNA with different contents of fluorobenzyl

uerivative 5d (pH = 7.4, T =290 K). ¢(DNA) = 7.41 x 10 mol L and ¢(fluorobenzyl derivative 5d) = 0-1.17 x 10> mol L™%. Inset: Comparison of the absorption
at 260 nm between the value of fluorobenzyl derivative 5d—-DNA complex and the sum values of free DNA and free fluorobenzyl derivative 5d. (B) Competi-
tion between fluorobenzyl derivative 5d and AO with DNA. ¢(DNA) = 7.41 x 10~ mol L™ and c(fluorobenzyl derivative 5d) = 0-1.17 x 10~ mol L. The

experiments were performed with three duplicates.

..gure 10 3D conformation of fluorobenzyl derivative 5d docked in dihy-
drofolate reductase (PDB code: 3DRC)

Interaction with dihydrofolate reductase. Dihydrofolate re-
ductase is essential for the biosynthesis of nucleic acids in bacteria.
ine 1ack of dihydrofolate reductase will hinder the formation of tet-
rahydrofolate and ultimately affect the biosynthesis of bacterial nu-
< 2ic acid precursor to restrain the survival of germ. The fluoroben-
2yl derivative 5d was explored to interact with the dihydrofolate
reductase (Figure 10). The oxygen atom of phosphorus oxygen dou-
' e bond was adjacent to THR-46 residue via hydrogen bond with a
space distance of 2.8 A. The imidazole nitrogen atom of compound
54 also took part in the noncovalent interaction with ALA-7 residue
' hydrogen bond reciprocity with a space distance of 2.8 A. More-
over, the oxygen atom of sulfonamido fragment could participate
i~ the hydrogen bonding interaction with ASN-23 residue with a
space distance of 2.8A, hydrogen atoms of benzenesulfonamido
fragment could form hydrogen bonds with the SER-49 and ALA-145
residues with the corresponding distances of 1.94 and 2.1A, respec-
tively, which indicated that sulfonamido group was an indispensa-
ble and important existence in pharmaceutical molecules. All of the
hydrogen bonds might help to stabilize the supramolecular com-
plex of fluorobenzyl derivative 5d with dihydrofolate reductase,
which possibly provided a theoretical basis for good antibacterial
potency of fluorobenzyl derivative 5d.

Hemolytic assay. The capacity of compounds to lyse red blood
cells (RBCs) is an assessment of their toxicity to mammalian cells.
The hemolytic activity of the sulfanilamide aminophosphonates
were expressed as their HCs values. 37! Cytotoxicity of sulfanilamide
derivatives 3c—f with different aliphatic chain was found to enhance
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on account of the increase of alkyl chain length except molecules
3a and 3b with HCs values of > 512 pg/mL, respectively. The cetyl-
modified compound 3f with the longest chain in this series had a
HCs value of 154 pg/mL. Except for compounds substituted with
long alkyl chains were toxic to red blood cells, other types of target
molecules were found to HCs values greater than 512 ug/mL.
Fluorobenzyl derivative 5d, one of the most potent antibacterial
compounds gave good selectivity (S = HCs/MIC) against E. coli (>
256). The erythrocyte morphology did not change after treatment
with fluorobenzyl derivative 5d at the concentration of 2 ug/mL in
comparison to control (Figure S3A). Simultaneously, there was no
obvious hemolysis when human red cells were treated with the in-
creased concentration of the fluorobenzyl derivative 5d within 3
hours (Figure S3B), indicating the compound 5d was a low-toxic
molecule.

1.0+

0.8+

-
-
. 0,64 -
0,24
0.0 T T T T
Q‘_{-, o ~ e ™ e D

Concentration (pg/mL)

Figure 11 Cytotoxic assay of compound 5d on 293T cell line evaluated by
MTT method. The experiments were performed with three duplicates.

Cytotoxicity. Viability of 293T human renal epithelial cells
treated with different contents of fluorobenzyl derivative 5d was
determined using MTT assay to evaluate the toxicity against mam-
malian cell. 371 No obvious toxicity was observed at the concentra-
tion of 2 pg/mL (Figure 11). The result clearly indicated that highly
selective nature of compound 5d to cause toxicity toward E. coli
cells specifically, which further ascertained the therapeutic poten-
tial to bacterial infection.

Brief chemical biological summary of synthesized target sul-
fanilamide aminophosphonates. From the above observation, the
hybrids of sulfanilamide with imidazole and phosphonates pro-

www.cjc.wiley-vch.de



Report

duced the desired sulfanilamide aminophosphonates with large in-
hibitory potentiality against the screened microbes, especially
drug-resistance Escherichia coli by biofilm disruption, DNA interca-

First author et al.

lation and oxidative damage etc. The antimicrobial behavior of syn-
thesized sulfanilamide aminophosphonates could be described as
following in Figure 12.

The oxygen atom Was gple
to form hydrogen bond
with ASN-23 residue.

Hydrogen atoms could form

o
hydrogen bonds with the H
SER-49 and  ALA-145 .\
residues, respectively. H H

The oxygen atom interacted with
THR-46 residue via hydrogen bond.

4

The nitrogen atom took part in the
hydrogen bond interaction with ALA-
7 residue.

(a) Replacement Of ifriidazole by
other five aromatic heterocycles |
WasHor helpful t© improve .
antibacterial activity. |
(b) Substitution by large aromatic |
rings Was not fayorable to the |
antibacterial efficacy.

1
1
1
1
1
1
1
1
1
1
1
|

(a) Aliphatic chain showed N0 positive effect ON the bioactivity.

(b) Unsaturated fragments Were beneficial to the antibacterial efficacy.

(c) The 2-fluorobenzyl substituent resulted in better bactericidal activity against the tested strains than 4-fluorobenzyl one
(d) Disubstituted benzyl derivatives showed 3 gjight loss of potency in comparison with monosubstituted ones.

onclusions

In this work, a class of novel sulfanilamide aminophosphonates
as antibacterial agents was developed through a practical protocol.
The structure-activity relationship revealed that the imidazole-de-
rived compounds exerted a significant effect on bioactivity. Notice-
.ly, fluorobenzyl derivative 5d was active against E. coli (MIC = 2
11 ;/mL) and exerted no obvious toxicity against mammalian cells.
iMlechanism investigation elucidated that molecule 5d could disrupt
the E. coli membrane through generation of reactive oxygen (ROS)
= 1d then intercalate into deoxyribonucleic acid (DNA) to form a
steady 5d-DNA complex, which resulted in bacterial death. This re-
search provided a new platform to develop highly active com-
pounds with multiple antibacterial mechanisms of action.

Experimental

General methods

All the reactions were monitored by thin layer chromatography
1LC). Melting points were measured with X-6 melting point instru-
ment. 'H and 3C NMR spectra were recorded on the Bruker
A /ANCE 1l 600MHz spectrometer regarding tetramethylsilane
.1MS) as an internal standard. The high resolution mass spectra
(HRMS) were performed on an lonSpec FTICR mass spectrometer.
N icrobalance with 0.1mg resolution was applied to weigh sample
.nasses. All chemicals and solvents were commercially available
and were used without further purification.

Imidazole aldehydes (10a—f, 11a—-f and 12a-c): Compounds
10a-f, 11a-f and 12a-c were obtained on the basis of the synthetic
processes reported in literature. 138

Compound (2): A mixture of sulfanilamide (200 mg, 1.16 mmol),
2-butyl-4-chloro-1H-imidazole-5-carbaldehyde (217 mg, 1.16 mmol)
and diethyl phosphite (161 mg, 1.16 mmol) in toluene (20 mL) was
refluxed under N; protection for 3 h. After cooling to the room tem-
perature, the compound 2 (500 mg) was obtained by filtration as
yellow solid. Yield: 47.1%; mp: 232-233 °C; 'H NMR (600 MHz,
DMSO-ds) & 11.96 (s, 1H, Im-3-NH), 7.53 (d, J = 8.7 Hz, Ph-3,5-2H),
6.98 (s, 2H, SO;NH;), 6.78 (d, J = 8.8 Hz, 2H, Ph-2,6-2H), 6.35 (s, 1H,
Ph-NH), 4.90 (dd, J = 23.6, 9.1 Hz, 1H, CH), 4.09 (dd, J = 11.3, 4.4 Hz,
2H, OCH,CHs), 3.96 (dd, J = 7.3, 2.8 Hz, 1H, OCH,CH3), 3.83 (dd, J =
12.2, 4.9 Hz, 1H, OCH,CHjs), 2.54-2.50 (m, 2H, Im-CH,CH,CH,CH3),
1.54 (m, J = 15.3, 7.6 Hz, 2H, Im-CH,CH,CH,CH3), 1.27-1.19 (m, 5H,
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“zure 12 Brief chemical biological summary of synthesized target sulfanilamide aminophosphonates

Im-CH,CH,CH,CH3, OCH,CH3), 1.11 (t, /= 7.0 Hz, 3H, OCH,CH3), 0.85
(t,J = 7.4 Hz, 3H, Im-CH,CH,CH,CH;); 3C NMR (151 MHz, DMSO-ds)
6149.8,147.9,133.2,127.6,113.0, 63.6, 63.2,30.2, 28.0, 21.9, 16.7,
16.5, 14.0; 3'P NMR (243 MHz, DMSO-dg) & 19.60; HRMS (ESI) calcd.
for C1gH28CIN4OsPS [M + H]*, 479.1285; found, 479.1275.

Compound (3a): A mixture of sulfanilamide (201 mg, 1.17
mmol), compound 11a (280 mg, 1.40 mmol), diethyl phosphite (256
mg, 1.91 mmol) and a catalytic amount of boron trifluoride
etherate in acetonitrile (10 mL) was refluxed under N, protection
for 6 h. Upon completion of the reaction, the solvent was evapo-
rated under reduced pressure. The mixture was further purified by
silica gel column chromatography (eluent, petroleum ether/ethyl
acetate (4/1, V/V)) to afford the desired product 3a (360 mg) as yel-
low solid. Yield: 62.9%; mp: 156-157 °C; *H NMR (600 MHz, CDCls)
67.69 (d, J = 8.6 Hz, 2H, Ph-3,5-2H), 6.67 (d, J = 8.7 Hz, 2H, Ph-2,6-
2H), 5.44 (t, J = 8.0 Hz, 1H, NH), 5.35 (s, 2H, SO,NH.), 5.01 (dd, J =
26.2,6.9 Hz, 1H, CH), 4.24-4.16 (m, 2H, OCH,CHs), 4.00 (m, J = 21.6,
7.2 Hz, 1H, OCH,CHs), 3.88 (dd, J = 15.7, 8.2 Hz, 1H, OCH,CHs), 3.67
(s, 3H, NCH;), 2.58 (t, J = 7.7 Hz, 2H, Im-CH,CH,CH,CH3), 1.70-1.59
(m, 2H, Im-CH,CH,CH,CH3), 1.35 (dd, J = 13.7, 6.8 Hz, 5H, Im-
CH,CH,CH,CH3, OCH,CH;s), 1.19 (t, J = 7.0 Hz, 3H, OCH,CH;), 0.90 (t,
J = 7.3 Hz, 3H, Im-CH,CH,CH,CHs); 3C NMR (151 MHz, CDCls) &
149.3, 131.6, 128.4, 118.0, 112.8, 64.1, 63.9, 47.6, 46.6, 31.9, 29.5,
26.7, 22.3, 16.4, 16.2, 13.7; 3P NMR (243 MHz, CDCls) 6 19.24;
HRMS (ESI) calcd. for CigH30CIN4OsPS [M + H]*, 493.1441; found,
493.1438.

Compound (3b): Compound 3b was prepared in the same way
as compound 3a, starting from sulfanilamide (198 mg, 1.15 mmol),
compound 11b (270 mg, 1.18 mmol) and diethyl phosphite (181 mg,
1.31 mmol), the desired product 3b (356 mg) was obtained as white
solid. Yield: 58.8%; mp: 189-190 °C; *H NMR (600 MHz, DMSO-ds)
§7.52(d, J = 8.8 Hz, 2H, Ph-3,5-2H), 7.22 (s, 1H, NH), 6.96 (SO,NH,,
2H), 6.77 (d, J = 8.6 Hz, 2H, Ph-2,6-2H), 4.90 (dd, /= 27.3, 6.7 Hz, 1H,
CH), 4.29 (s, 1H, OCH,CH3), 4.18-4.07 (m, 2H, OCH,CHjs), 3.94-3.88
(m, 1H, OCH,CH3), 3.86-3.80 (m, 1H, NCH,CH,CHs), 3.74 (dd, J =
16.4, 7.9 Hz, 1H, NCH,CH,CH3), 2.58 (m, J = 15.4, 7.6 Hz, 1H, Im-
CH,CH,CH,CHs), 1.59 (dd, J = 14.8, 7.6 Hz, 2H, Im-CH,CH,CH,CH3),
1.41 (s, 1H, Im-CH,CH,CH,CH3), 1.31 (dd, J = 14.9, 7.4 Hz, 2H, Im-
CH,CH,CH,CHs), 1.24 (t, J= 7.0 Hz, 3H, OCH,CH;), 1.06 (t, /= 7.0 Hz,
3H, OCH,CHj3), 0.90-0.83 (m, 6H, Im-CH,CH,CH,CH3, NCH,CH,CHj3);
13C NMR (151 MHz, DMSO-dg) § 150.1, 148.7, 132.7, 127.7, 118.2,
112.0,63.4,47.1,46.2,46.0, 45.9, 29.6, 26.0, 24.1, 22.1, 16.7, 16.4,
14.2,11.2; 3P NMR (243 MHz, DMSO-dg) & 19.19; HRMS (ESI) calcd.
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for C21H34CIN4OsPS [M + H]*, 521.1754; found, 521.1751.

Compound (3c): Compound 3c was prepared in the same way
as compound 3a, starting from sulfanilamide (200 mg, 1.16 mmol),
compound 11c (293 mg, 1.14 mmol) and diethyl phosphite (157 mg,
1.14 mmol), the desired product 3c (420 mg) was obtained as white
solid. Yield: 66.0%; mp: 217-218 °C; *H NMR (600 MHz, DMSO-ds)
6 7.53 (d, J = 8.5 Hz, 2H, Ph-3,5-2H), 7.18 (s, 1H, NH), 6.97 (s, 2H,
SO;NH.), 6.78 (d, J = 8.2 Hz, 2H, Ph-2,6-2H), 4.92 (dd, J = 27.0, 5.3
Hz, 1H, CH), 4.32 (d, 1H, NCH,CH,CH,CH,CHs), 4.19-4.10 (m, 2H,
OCH,CHs), 3.97-3.84 (m, 2H, OCH,CHs), 3.75 (d, J = 7.4 Hz, 1H,
N TH,CH,CH,CH,CHs), 2.59 (m, J = 152, 7.5 Hz, 2H, Im-
<H,CH,CH,CH3), 1.60 (dd, J = 14.5, 7.2 Hz, 2H, NCH,CH,CH,CH,CHjs),
142-1.28 (m, 5H, Im-CH,CH,CH,CH3, OCH,CH3), 1.26 (t, J = 7.0 Hz,
4|‘|, NCH2CH2CH2CH2CH3), 1.20 (d,./= 6.5 HZ, ZH, |m-CH2CH2CH2CH3),
107 (t, J = 6.9 Hz, 3H, OCH,CH;), 0.88 (t, J = 7.3 Hz, 3H, Im-
¢ {,CH,CH,CH3), 0.81 (t, J = 7.1 Hz, 3H, NCH,CH,CH,CH,CH3); 13C
NMR (151 MHz, DMSO-dg) 6 150.0, 148.6,132.8, 127.6,112.0, 63.4,
"7.1,46.1,44.9, 30.5, 29.6, 28.6, 26.0, 22.3, 22.1, 16.7, 16.4, 14.3,
14.1; 31P NMR (243 MHz, DMSO-ds) 6 19.19; HRMS (ESI) calcd. for
€ 3H35CIN4OsPS [M + H]*, 549.2067; found, 549.2061.

Compound (3d): Compound 3d was prepared in the same way
as compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
~ampound 11d (57 mg, 0.58 mmol) and diethyl phosphite (81 mg,
0.58 mmol), the desired product 3d (156 mg) was obtained as white
<slid. Yield: 47.7%; mp: 234-235 °C; *H NMR (600 MHz, DMSO-ds)
07.52(d,J = 7.9 Hz, 2H, Ph-3,5-2H), 6.92 (s, 1H, NH), 6.77 (d, J = 7.3
Hz, 2H, Ph-2,6-2H), 6.44 (s, 2H, SO;NH,), 4.91 (d, J = 27.5 Hz, 1H,
CH), 4.29 (s, 2H, OCH,CHs), 4.14 (d, J = 6.6 Hz, 2H, OCH,CHs), 3.91
(d, J = 7.8 Hz, 2H, NCH2(CH,)4CHs), 3.76 (s, 2H, Im-CH,CH,CH,CHs),
2.57 (d, J = 7.1 Hz, 2H, NCH,CH2(CH,)sCHs3), 1.64-1.55 (m, 2H, Im-
£4,CH,CH,CHs), 1.33-1.30 (m, 2H, NCH,CH,CH2(CH,),CHs), 1.25 (d,
J=6.7 Hz, 6H, Im-CH,CH,CH,CH3, NCH,CH,CH,CH,CH,CHs), 1.21 (d,
" = 6.9 Hz, 3H, OCH,CH3s), 1.07 (d, J = 6.5 Hz, 3H, OCH,CHS3), 0.90-
0.80 (m, GH, |m-CH2CH2CH2CH3, NCHz(CH2)4CH3); 13C NMR (151 MHZ,
DMSO-dg) & 150.0, 148.6, 132.8, 127.6, 118.3, 112.0, 63.5, 47.1,

o.1,44.9,31.3,31.1, 30.8, 29.6, 26.0, 22.4, 22.1, 16.7, 16.4, 14.3,
14.1; 3P NMR (243 MHz, DMSO-dg) 6 19.17; HRMS (ESI) calcd. for
~ 4H41CIN4OsPS [M + H]*, 563.2224; found, 563.2222.

Compound (3e): Compound 3e was prepared in the same way

s compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
compound 11e (316 mg, 0.64 mmol) and diethyl phosphite (90 mg,

amol), the desired product 3e (181 mg) was obtained as white

solid. Yield: 48.3%; mp: 242-243 °C; 'H NMR (600 MHz, DMSO-ds)
87.51(d,J = 8.1 Hz, 2H, Ph-3,5-2H), 6.95 (s, 1H, NH), 6.76 (d, J = 8.0
iz, 2H, Ph-2,6-2H), 6.50 (s, 2H, SO,NH,), 4.91 (d, J = 27.3 Hz, 1H,
CH), 4.29 (s, 1H, OCH,CHs), 4.19-4.11 (m, 2H, OCH,CHs), 3.90 (dd, J
=15.9, 7.7 Hz, 2H, NCH»(CH,)sCHs), 3.75 (d, J = 7.1 Hz, 1H, OCH,CHs),
~.60-2.51 (m, 2H, Im-CH,CH,CH,CH3), 1.58 (m, J = 13.5, 6.8 Hz, 2H,
NCH,CH(CH,)sCHs), 1.31 (dd, J = 14.9, 7.5 Hz, 3H, OCH,CH;), 1.23
(* J=20.0 HZ, 20H, |m-CH2CH2CH2CH3, NCHchz(CH2)3CH3), 1.06 (t,
. = 6.9 Hz, 3H, OCH,CHs), 0.86 (dd, J = 13.6, 7.0 Hz, 6H, Im-
CH,CH,CH,CH3, N(CH2)10CH3); 3C NMR (151 MHz, DMSO-ds) &

18.6, 127.6, 118.3, 112.0, 63.5, 47.1, 44.9, 40.5, 40.4, 40.2, 39.9,
39.7, 39.6, 31.8, 31.1, 30.8, 29.6, 29.5, 29.3, 29.1, 29.0, 26.3, 26.0,
22.5,22.1, 16.7, 16.4, 14.4, 14.1; 3P NMR (243 MHz, DMSO-ds) &
19.16; HRMS (ESI) caled. for Cs3HssCIN4OsPS [M + H]*, 647.3163;
found, 647.3156.

Compound (3f): Compound 3f was prepared in the same way
as compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
compound 11f (329 mg, 0.60 mmol) and diethyl phosphite (92 mg,
0.65 mmol), the desired product 3f (198 mg) was obtained as white
solid. Yield: 46.3%; mp: 213-214 °C; *H NMR (600 MHz, DMSO-ds)
8 7.52 (d, J = 8.7 Hz, 2H, Ph-3,5-2H), 6.95 (s, 2H, SO,NH.), 6.87 (s,
1H, NH), 6.78 (d, J = 8.5 Hz, 2H, Ph-2,6-2H), 4.92 (dd, J = 26.8, 6.3
Hz, 1H, CH), 4.30 (s, 1H, OCH,CHs), 4.19-4.11 (m, 2H, OCH,CH),
3.97-3.84 (m, 2H, NCH(CH,)14CHs), 3.76 (d, J = 7.2 Hz, 1H,
OCH,CH3), 2.61-2.52 (m, 2H, Im-CH,CH,CH,CH3), 1.60 (m, J = 13.2,
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6.4 Hz, 2H, NCH,CH:(CH,)1sCHs), 1.35 (d, J = 7.3 Hz, 2H, Im-
CHzCHzCHzCH3), 1.26 (d, J=83 HZ, 28H, NCHchz(CHz)BCHg, Im-
CH,CH,CH,CH3), 1.20 (s, 3H, OCH,CH;), 1.07 (t, J = 7.0 Hz, 3H,
OCH,CH;), 0.89 (d, J = 7.4 Hz, 3H, NCH,(CH,)14CH3), 0.87-0.85 (m,
3H, Im-CHCH,CH,CHs); 13C NMR (151 MHz, DMSO-ds) 6 148.6,
132.8, 127.9, 127.6, 112.9, 63.4, 47.1, 46.1, 44.9, 40.5, 40.3, 40.0,
39.9, 39.7, 31.8, 30.8, 29.5, 29.3, 29.2, 29.0, 26.3, 26.0, 22.5, 22.1,
16.7,16.4,14.4, 14.1; 3P NMR (243 MHz, DMSO-dg) 6 19.17; HRMS
(ESI) calcd. for C34He1CIN4OsPS [M + H]*, 703.3789; found, 703.3784.

Compound (4a): Compound 4a was prepared in the same way
as compound 3a, starting from sulfanilamide (200 mg, 1.16 mmol),
compound 12a (319 mg, 1.17 mmol) and diethyl phosphite (174 mg,
1.26 mmol), the desired product 4a (444 mg) was obtained as white
solid. Yield: 67.7%; mp: 191-192 °C; *H NMR (600 MHz, DMSO-ds)
57.48 (d, J = 8.8 Hz, 2H, Ph-3,5-2H), 7.17 (s, 1H, NH), 6.95 (s, 2H,
SO,;NH,), 6.71 (d, J = 8.7 Hz, 2H, Ph-2,6-2H), 6.52 (s, 2H, Im-CH>),
5.22(d,J=18.5Hz, 1H, OCH,CHjs), 5.05 (d, J = 18.5 Hz, 1H, OCH,CH3),
4.86 (dd, J = 26.8, 5.7 Hz, 1H, CH), 4.18 — 4.10 (m, 2H, OCH,CHs),
3.94 (dt, J = 14.4, 7.2 Hz, 2H, OCH,CH3), 3.78 (d, J = 7.4 Hz, 2H, Im-
CH,CH,CH,CHs), 1.54 (dd, J = 15.0, 7.2 Hz, 2H, Im-CH,CH,CH,CHjs),
1.29 (dd, J=14.8, 7.4 Hz, 2H, Im-CH,CH,CH>CHs), 1.23 (t,J = 7.0 Hz,
3H, OCH,CH;s), 1.10-1.03 (m, 6H, OCH,CH3, CO,CH,CH3), 0.85 (t, J =
7.4 Hz, 3H, Im-CH,CH,CH,CH3); 3C NMR (151 MHz, DMSO-dg) &
167.8 (C=0), 150.2, 150.0, 132.9, 127.4, 119.1, 112.2, 63.6, 61.5,
47.1, 46.3, 46.0, 28.9, 25.8, 22.1, 16.7, 16.4, 14.4, 14.3, 14.2; 3'p
NMR (243 MHz, DMSO-ds) &6 18.96; HRMS (ESI) calcd. for
C2H34CIN4O7PS [M + H]*, 565.1653; found, 565.1651.

Compound (4b): Compound 4b was prepared in the same way
as compound 3a, starting from sulfanilamide (200 mg, 1.16 mmol),
compound 12b (260 mg, 1.15 mmol) and diethyl phosphite (170 mg,
1.23 mmol), the desired product 4b (235 mg) was obtained as white
solid. Yield: 42.0%; mp: 171-172 °C; *H NMR (600 MHz, DMSO-ds)
5 7.50 (d, J = 8.8 Hz, 2H, Ph-3,5-2H), 7.09 (s, 1H, NH), 6.95 (s, 2H,
SO,;NH,), 6.73 (d, J = 8.6 Hz, 2H, Ph-2,6-2H), 5.70 (s, 1H, CH=CH,),
5.08 (d, J = 15.6 Hz, 1H, NHCH), 4.92 (dd, J = 26.8, 7.5 Hz, 2H,
CH=CH,), 4.65 (d, ) = 17.4 Hz, 2H, Im-CH,), 4.20-4.10 (m, 2H,
OCH,CHs), 3.95 (dd, J =12.3, 4.9 Hz, 1H, OCH,CH3), 3.81 (dd, ] = 16.1,
8.1 Hz, 1H, OCH,CHs), 2.56-2.51 (m, 1H, Im-CH>CH,CH,), 2.48-2.40
(m, 1H, Im-CH.CH,CH,), 1.57 (dd, J = 14.9, 7.5 Hz, 2H, Im-
CH,CH,CH,), 1.28 (dd, J = 14.8, 7.4 Hz, 2H, Im-CH,CH,CH,), 1.24 (t, )
=7.0 Hz, 3H, OCH,CHs), 1.08 (t, ) = 7.0 Hz, 3H, OCH,CH3), 0.85 (t, ) =
7.4 Hz, 3H, Im-CH,CH,CH,CH3s); 3C NMR (151 MHz, DMSO-dg) &
150.1, 149.2 (C=CHy), 133.9, 132.7, 127.5 (C=CH,), 118.8, 116.6,
116.0,112.2,63.5,47.1,46.9,45.9,29.3,26.1, 22.1,16.7, 16.5, 14.1;
31p NMR (243 MHz, DMSO-dg) & 19.18; HRMS (ESI) calcd. for
C21H32C|N405PS [M + H]+, 5191598, fOUI’]d, 519.1594.

Compound (4c): Compound 4c was prepared in the same way
as compound 3a, starting from sulfanilamide (100 mg, 0.581 mmol),
compound 12¢ (131 mg, 0.581 mmol) and diethyl phosphite (81 mg,
0.581 mmol), the desired product 4c (131 mg) was obtained as
white solid. Yield: 43.3%; mp: 142-143 °C; 'H NMR (600 MHz,
DMSO-dg) 6 7.50 (d, J = 8.8 Hz, 2H, Ph-3,5-2H), 7.05 (d, / = 51.8 Hz,
1H, NH), 6.94 (s, 2H, SO;NH,), 6.81 (d, J = 8.0 Hz, 2H, Ph-2,6-2H),
5.22 (d, J = 18.5 Hz, 1H, NHCH), 4.99 (d, J = 1.9 Hz, 2H, NCH,CCH),
4.18-4.12 (m, 2H, OCH,CHs), 3.99 (dd, J = 15.9, 8.3 Hz, 2H,
OCH,CH3), 2.71-2.58 (m, 2H, Im-CH,CH,CH,CHs ), 1.66-1.58 (m, 2H,
Im-CH,CH,CH,CH3), 1.32 (dd, J = 149, 7.4 Hz, 2H, Im-
CH,CH,CH,CH3), 1.24 (t, J = 7.0 Hz, 3H, OCH,CH;), 1.10 (t, J = 7.0 Hz,
3H, OCH,CHs), 0.87 (t, J = 7.4 Hz, 3H, Im-CH,CH,CH,CHs); 13C NMR
(151 MHz, DMSO-dg) 6 149.91, 148.9, 132.8, 127.4, 118.9, 112.5,
78.7 (C=CH), 76.3 (C=CH), 63.8, 63.5, 46.9, 45.8, 34.4, 31.1, 29.1,
26.2,22.2,16.7, 16.5, 14.1; 3P NMR (243 MHz, DMSO-ds) § 19.00;
HRMS (ESI) calcd. for Ca1H3oCIN4OsPS [M + H]*, 517.1441; found,
517.1435.

Compound (5a): Compound 5a was prepared in the same way
as compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
compound 10a (190 mg, 0.65 mmol) and diethyl phosphite (90 mg,
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0.65 mmol), the desired product 5a (189 mg) was obtained as white
solid. Yield: 55.4%; mp: 177-178 °C; 'H NMR (600 MHz, DMSO-dj)
67.41 (d, J=7.3 Hz, 2H, Ph-3,5-2H), 6.97 (s, 5H, 4-F-Ph-2,3,5,6-4H,
NH), 6.76 (s, 2H, Ph-2,6-2H), 6.48 (s, 2H, SO,NH.), 5.65 (d, J = 16.3
Hz, 1H, NCH,), 5.28 (d, J = 17.1 Hz, 1H, NCH,), 4.94 (dd, J = 27.1, 7.6
Hz, 1H, CH), 4.19-4.08 (m, 2H, OCH,CHs), 4.04-3.81 (m, 2H,
OCH,CH3), 2.33 (d, J = 72.5 Hz, 2H, Im-CH,CH,CH,CHs), 1.46-1.32
(m, 2H, Im-CH,CH,CH,CHs), 1.23 (t, J = 6.8 Hz, 3H, OCH,CHj5), 1.20—
1.14 (m, 2H, Im-CH,CH,CH,CHs), 1.12 (t, J = 6.7 Hz, 3H, OCH,CH3),
0.74 (d, J = 6.8 Hz, 3H, Im-CH,CH,CH,CH;); 13C NMR (151 MHz,
[ VISO-dg) 6 160.9, 149.8, 133.4, 132.7, 128.5, 127.4, 119.3, 116.0,
+15.7, 115.5, 112.1, 63.6, 47.5, 47.1, 46.0, 29.2, 26.3, 22.0, 16.7,
16.5, 14.0; 3'P NMR (243 MHz, DMSO-ds) & 19.04; HRMS (ESI) calcd.
ior C25H33C|FN405PS [M + H]+, 5871660, found, 587.1655.
Compound (5b): Compound 5b was prepared in the same way
compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
compound 10b (198 mg, 0.64 mmol) and diethyl phosphite (89 mg,
2 64 mmol), the desired product 5b (164 mg) was obtained as white
solid. Yield: 46.9%; mp: 204-205 °C; 'H NMR (600 MHz, DMSO-ds)
8 7.42 (d, J = 8.3 Hz, 2H, Ph-3,5-2H), 7.17 (s, 2H, 4-CI-Ph-3,5-2H),
.97 (s, 3H, 4-Cl-Ph-2,6-2H, NH), 6.72 (s, 2H, SO,NH,), 6.48 (d, J =
8.2 Hz, 2H, Ph-2,6-2H), 5.66 (d, J = 16.5 Hz, 1H, NCH.), 5.30 (d, J =
17.4 Hz, 1H, NCH,), 4.95 (dd, J = 27.2, 7.9 Hz, 1H, CH), 4.20-4.09 (m,
2H, OCH,CHjs), 4.04-3.81 (m, 2H, OCH,CH3), 2.42—2.20 (m, 2H, Im-
C4,CH,CH,CH3), 1.48-1.33 (m, 2H, Im-CH,CH,CH,CHs), 1.23 (t, J =
1.0 Hz, 3H, OCH,CH;), 1.15 (m, 2H, Im-CH,CH,CH,CH3), 1.11 (t, J =
7.0 Hz, 3H, OCH,CH;), 0.73 (t, J = 7.3 Hz, 3H, Im-CH,CH,CH,CH3); 13C
NMR (151 MHz, DMSO-dg) 6 149.8, 149.4, 136.3, 132.7, 132.2,
128.7,128.4,127.4,119.4, 112.0, 63.6, 47.5, 47.0, 46.0, 29.1, 26.3,
22.0,16.7,16.5, 14.0; 3'P NMR (243 MHz, DMSO-ds) 6 19.02; HRMS
7SI) calcd. for CisH33CIN4sOsPS [M + H]*, 603.1365; found,
603.1356.

Compound (5c): Compound 5c was prepared in the same way
as compound 3a, starting from sulfanilamide (71 mg, 0.10 mmol),
compound 10c (132 mg, 0.41 mmol) and diethyl phosphite (59 mg,

.43 mmol), the desired product 5¢ (109 mg) was obtained as yel-
low solid. Yield: 43.7%; mp: 209-210 °C; *H NMR (600 MHz, DMSO-
) 67.93 (s, 2H, SO,NH,), 7.36 (d, J = 8.4 Hz, 2H, 4-NO,-Ph-3,5-2H),
7.07 (s, 1H, NH), 6.88 (d, J = 34.2 Hz, 4H, 4-NO;,-Ph-2,6-2H, Ph-3,5-
°H), 6.43 (d, J = 8.3 Hz, 2H, Ph-2,6-2H), 5.83 (d, / = 18.0 Hz, 1H,
NCH;), 5.51 (d, /= 18.2 Hz, 1H, NCH,), 4.97 (dd, J = 27.1, 7.0 Hz, 1H,

_.18-4.08 (m, 2H, OCH,CHs), 3.98 (dd, J = 15.7, 8.3 Hz, 1H,
OCH,CH3s), 3.85 (d, J = 7.6 Hz, 1H, OCH,CH3), 2.42-2.33 (m, 1H, Im-
C 1,CH,CH,CH3), 2.25 (d, J = 7.0 Hz, 1H, Im-CH,CH,CH,CHs), 1.51—
_.36 (m, 2H, Im-CH,CH,CH,CHs), 1.23 (t, J = 6.9 Hz, 3H, OCH,CH3;),
1.17 (d, J = 4.8 Hz, 2H, Im-CH,CH,CH,CH3), 1.11 (t, J = 6.9 Hz, 3H,
C TH,CHs3), 0.74 (t, J = 7.2 Hz, 3H, Im-CH,CH,CH,CH3); 3C NMR (151
vIHz, DMSO-dg) 6 149.6, 147.0, 145.0, 132.7, 127.3, 123.7, 119.4,
111.8, 63.6, 47.6, 46.9, 45.9, 29.1, 26.1, 22.0, 16.7, 16.6, 14.0; 3P
MWVR (243 MHz, DMSO-ds) 6 18.97; HRMS (ESI) calcd. for
<25H33CINsO7PS [M + H]*, 614.1605; found, 614.1599.

Compound (5d): Compound 5d was prepared in the same way

. compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
compound 10d (189 mg, 0.64 mmol) and diethyl phosphite (87 mg,
0.63 mmol), the desired product 5d (251 mg) was obtained as white
solid. Yield: 73.6%; mp: 169-170 °C; 'H NMR (600 MHz, DMSO-ds)
67.33(d,J=7.6Hz, 2H, Ph-3,5-2H), 7.21 (s, 2H, 2F-Ph-3,4-2H), 6.95
(s, 4H, 2F-Ph-5,6-2H, SO,NH.), 6.69 (s, 1H, NH), 6.39 (d, J = 6.5 Hz,
2H, Ph-2,6-2H), 5.70 (d, / = 15.8 Hz, 1H, NCH,), 5.35 (d, J = 17.6 Hz,
1H, NCH;), 4.93 (dd, J = 26.9, 7.2 Hz, 1H, CH), 4.17-4.09 (m, 2H,
OCH,CHs), 4.00 (d, J = 7.2 Hz, 1H, OCH,CHs), 3.87 (s, 1H, OCH,CHs),
2.47-2.42 (m, 1H, Im-CH,CH,CH,CHs), 2.31 (s, 1H, Im-
CH,CH,CH,CH3), 1.51-1.40 (m, 2H, Im-CH,CH,CH,CH3), 1.23 (t, J =
6.4 Hz, 3H, OCH,CHs), 1.18 (d, J = 6.5 Hz, 2H, Im-CH,CH,CH,CHjs),
1.12 (t, J = 6.2 Hz, 3H, OCH,CH;), 0.75 (d, J = 6.5 Hz, 3H, Im-
CH,CH,CH,CH3); 3C NMR (151 MHz, DMSO-ds) 6 149.8, 149.8,
149.4, 132.6, 127.3, 124.8, 124.1, 119.5, 112.0, 63.7, 63.6, 63.6,
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42.4, 29.1, 26.0, 22.0, 16.7, 16.7, 16.5, 16.5, 14.0; 3P NMR (243
MHZ, DMSO-ds) ) 1899, HRMS (ESI) calcd. for C25H33C|FN405PS [M
+ H]*, 587.1660; found, 587.1654.

Compound (5e): Compound 5e was prepared in the same way
as compound 3a, starting from sulfanilamide (100 mg, 0.58mmol),
compound 10e (198 mg, 0.63 mmol) and diethyl phosphite (85 mg,
0.62 mmol), the desired product 5e (300 mg) was obtained as yel-
low solid. Yield: 85.5%; mp: 135-136 °C; *H NMR (600 MHz, DMSO-
ds) 6 7.49 (d, J = 8.4 Hz, 2H, Ph-3,5-2H), 7.31 (t, J = 9.7 Hz, 1H, 2,4-
2F-Ph-6-H), 7.03 (t, J = 7.8 Hz, 1H, 2,4-2F-Ph-5-H), 6.97 (s, 2H,
SO,NH,), 6.84 (d, J = 8.4 Hz, 2H, Ph-2,6-2H), 6.70 (dd, J = 14.9, 8.0
Hz, 1H, 2,4-2F-Ph-3-H), 6.60 (dd, /= 8.3, 5.2 Hz, 1H, NH), 5.19 (s, 2H,
NCH,), 4.86 (dd, J = 22.8, 9.2 Hz, 1H, CH), 4.07 (dd, /= 18.3, 11.3 Hz,
2H, OCH,CHs), 3.98 (m, J = 14.1, 7.2 Hz, 1H, OCH,CHs), 3.88 (dd, J =
16.1, 8.3 Hz, 1H, OCH,CH3), 2.63-2.55 (m, 2H, ImCH,CH,CH,CH3),
1.48 (dd, J = 14.6, 7.2 Hz, 2H, ImCH,CH,CH,CHs), 1.27-1.24 (m, 2H,
ImCH,CH,CH>CHs), 1.21 (t, J = 7.0 Hz, 3H, OCH,CH3), 1.10 (t, /= 6.9
HZ, 3H, OCH2CH3), 0.80 (t, J=73 HZ, 3H, |mCH2CH2CH2CH3); 13C
NMR (151 MHz, DMSO-ds) 6 150.4, 148.4, 132.3, 130.2, 129.6,
127.4, 120.2, 114.7, 112.7, 112.3, 104.9, 104.7, 104.6, 62.9, 49.0,
48.0, 29.5, 26.8, 22.0, 16.8, 16.6, 14.0; 3P NMR (243 MHz, DMSO-
d5) ) 2048, HRMS (ESI) calcd. for C25H32C|F2N405PS [M + H]+,
605.1566; found, 605.1566.

Compound (5f): Compound 5f was prepared in the same way
as compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
compound 10f (205 mg, 0.59 mmol) and diethyl phosphite (90 mg,
0.65 mmol), the desired product 5f (170 mg) was obtained as white
solid. Yield: 45.9%; mp: 139-140 °C; *H NMR (600 MHz, DMSO-ds)
6 7.63 (s, 1H, 2,4-2CI-Ph-3-H), 7.39 (d, J = 8.6 Hz, 2H, Ph-3,5-2H),
6.95 (s, 3H, 2,4-2CI-Ph-5-H, SO;NH), 6.82 (s, 1H, 2,4-2CI-Ph-6-H),
6.45 (d, J = 8.6 Hz, 2H, Ph-2,6-2H), 5.69 (d, J = 16.7 Hz, 2H, NCH,),
5.30(d, J=18.3 Hz, 1H, NH), 4.95 (dd, J = 27.0, 7.4 Hz, 1H, CH), 4.14
(dd, J = 14.7, 7.3 Hz, 2H, OCH,CHjs), 4.03-3.96 (m, 1H, OCH,CHjs),
3.90-3.83 (m, 1H, OCH.CHs), 2.39 (dd, J = 15.0, 8.2 Hz, 1H, Im-
CH,CH,CH,CH3), 2.24 (s, 1H, Im-CH,CH,CH,CHs), 1.50-1.41 (m, 2H,
Im-CH,CH,CH,CH3), 1.23 (t, /= 7.0 Hz, 3H, OCH,CH;), 1.20-1.16 (m,
2H, Im-CH,CH,CH,CH3), 1.13 (t, /= 7.0 Hz, 3H, OCH,CH3), 0.75 (t, J =
7.3 Hz, 3H, Im-CH,CH,CH,CH3); 3C NMR (151 MHz, DMSO-dg) &
149.8, 149.6, 133.7,133.0, 132.8, 132.2,129.0, 128.1, 127.4, 119.5,
112.0, 63.6, 46.9, 45.9, 45.7, 29.0, 25.9, 22.0, 16.7, 16.5, 14.0; 3P
NMR (243 MHz, DMSO-ds) & 18.87; HRMS (ESI) calcd. for
C25H32C|3N405PS [M + H]+, 6370975, found, 637.0972.

Compound (6a): Compound 6a was prepared in the same way
as compound 3a, starting from sulfanilamide (250 mg, 1.45 mmol),
2-thenaldehyde (253 mg, 2.26 mmol) and diethyl phosphite (613
mg, 4.44 mmol), the desired product 6a (391 mg) was obtained as
white solid. Yield: 66.6%; mp: 239-240 °C; 'H NMR (600 MHz,
DMSO-dg) & 7.48 (d, J = 8.6 Hz, 2H, Ph-3,5-2H), 7.43 (d, J = 4.7 Hz,
1H, thiophene-4-H), 7.22 (s, 1H, NH), 7.03-6.97 (m, 2H, Ph-2,6-2H),
6.97-6.91 (m, 4H, thiophene-2,3-2H, SO,NH,), 5.50 (dd, /= 24.1, 9.5
Hz, 1H, CH), 4.14-4.03 (m, 2H, OCH,CHs), 4.03-3.96 (m, 1H,
OCH,CH3), 3.88 (m, J=17.3, 8.5 Hz, 1H, OCH,CH3), 1.18 (t,/= 7.0 Hz,
3H, OCH,CHs3), 1.13 (t, J = 7.0 Hz, 3H, OCH,CH3); 3C NMR (151 MHz,
DMSO-ds) 6 150.4, 140.0, 132.4, 127.6, 127.3, 127.2, 126.3, 112.9,
63.3, 63.1, 50.6, 49.6, 16.8, 16.5; 3P NMR (243 MHz, DMSO-ds) &
20.52; HRMS (ESI) caled. for CisHa1N>OsPS, [M + H]*, 405.0708;
found, 405.0701.

Compound (6b): Compound 6b was prepared in the same way
as compound 3a, starting from sulfanilamide (248 mg, 1.44 mmol),
furfural (213 mg, 2.22 mmol) and diethyl phosphite (593 mg, 4.29
mmol), the desired product 6b (385 mg) was obtained as white
solid. Yield: 68.3%; mp: 219-220 °C; *H NMR (600 MHz, DMSO-ds)
§7.62 (s, 1H, NH), 7.49 (d, J = 8.6 Hz, 2H, Ph-3,5-2H), 6.94 (d, J = 3.7
Hz, 4H, Ph-2,6-2H, SO,NH,), 6.81 (s, 1H, furan-5-H), 6.45 (d, /= 31.6
Hz, 2H, furan-3,4-2H), 5.31 (dd, J = 23.6, 9.8 Hz, 1H, CH), 4.12-4.04
(m, 2H, OCH,CH3s), 4.03-3.97 (m, 1H, OCH,CH3s), 3.94-3.87 (m, 1H,
OCH,CHs), 1.18 (t, J = 7.0 Hz, 3H, OCH,CH;), 1.14 (t, J = 7.0 Hz, 3H,
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OCH,CHs); 133C NMR (151 MHz, DMSO-dg) 6 150.4, 149.9, 143.3,
132.4, 127.4, 112.8, 111.1, 109.4, 63.1, 49.2, 48.1, 16.7; 3P NMR
(243 MHz, DMSO-ds) & 19.67; HRMS (ESI) calcd. for C15H21N206PS
[M + H]*, 389.0936; found, 389.0928.

Compound (7a): Compound 7a was prepared in the same way
as compound 3a, starting from sulfanilamide (250 mg, 1.45 mmol),
2,4-dichlorobenzaldehyde (382 mg, 2.18 mmol) and diethyl phos-
phite (600 mg, 4.34 mmol), the desired product 7a (501 mg) was
obtained as white solid. Yield: 73.9%; mp: 210-211 °C; *H NMR (600
MHz, DMSO-ds) 6 7.66 (d, J = 6.9 Hz, 2H, Ph-3,5-2H), 7.49 (t, ) = 8.7
k., 3H, Ph-3,5,6-3H), 7.38-7.29 (m, 1H, NH), 6.93 (s, 2H, SO,NH,),
2.75(d, ) =8.6 Hz, 2H, Ph-2,6-2H), 5.25 (dd, J = 24.4, 9.5 Hz, 1H, CH),
4 18-4.05 (m, 2H, OCH,CHs), 3.92 (m, J =14.6, 7.1 Hz, 1H, OCH,CHjs),
5.84-3.73 (m, 1H, OCH,CH3), 1.22 (t, J = 7.0 Hz, 3H, OCH,CH3), 1.06
(t. 1 = 7.0 Hz, 3H, OCH,CHs); 13C NMR (151 MHz, DMSO-ds) 6 149.9,
7 4.8, 133.8, 132.9, 131.3, 129.1, 128.2, 127.7, 112.7, 63.6, 63.2,
51.3,50.3, 16.8, 16.5; 3'P NMR (243 MHz, DMSO-ds) 6 20.30; HRMS
‘7SI) caled. for Cy7H21CILN,0sPS [M + H]*, 467.0364; found,
467.0358.

Compound (7b): Compound 7b was prepared in the same way
as compound 3a, starting from sulfanilamide (250 mg, 1.45 mmol),
4-nitrobenzaldehyde (218 mg, 1.44 mmol) and diethyl phosphite
212 mg, 4.43 mmol), the desired product 7b (409 mg) was ob-
tained as yellow solid. Yield: 63.6%; mp: 214-215 °C; 'H NMR (600
NHz, DMSO-dg) 6 8.23 (d, J = 8.5 Hz, 2H, 4-NO,-Ph-3,5-2H), 7.80 (d,
s =7.4 Hz, 2H, Ph-3,5-2H), 7.46 (d, J = 8.7 Hz, 2H, 4-NO»-Ph-2,6-2H),
7.31-7.24 (s, 1H, NH), 6.95-6.88 (m, 4H, 4-NO,-Ph-3,5-2H, Ph-2,6-
2H), 5.48 (dd, J = 25.7, 9.7 Hz, 1H, CH), 4.08 (m, J = 24.5, 12.3 Hz,
2H, OCH,CH,CH3), 4.01-3.81 (m, 2H, OCH,CH,CH3;), 1.20 (t, J = 7.0
Hz, 3H, OCH,CH,CHs), 1.10 (t, J = 7.0 Hz, 3H, OCH,CH-,CH3); 13C NMR
1151 MHz, DMSO-dg) 6 150.2, 147.5, 145.2, 132.6, 129.9, 127.5,
123.7,113.0, 63.5, 63.1, 54.2, 53.2, 16.7, 16.5; 3'P NMR (243 MHz,
= VISO-dg) & 20.72; HRMS (ESI) calcd. for Ci7H2,N30,PS [M + HI",
444.0994; found, 444.0988.

Compound (7c): Compound 7c was prepared in the same way

> compound 3a, starting from sulfanilamide (253 mg, 1.47 mmol),
4-cyanobenzaldehyde (280 mg, 2.14 mmol) and diethyl phosphite
‘19 mg, 4.48 mmol), the desired product 7c (542 mg) was obtained
as white solid. Yield: 88.1%; mp: 120-121 °C; *H NMR (600 MHz,
"MSO-ds) 6 7.83 (d, J = 8.0 Hz, 2H, 4-CN-Ph-3,5-2H), 7.72 (d, /= 7.6
Hz, 2H, Ph-3,5-2H), 7.46 (d, J = 8.6 Hz, 2H, 4-CN-Ph-3,5-2H), 7.22 (dd,
, 6.8 Hz, 1H, NH), 6.91 (s, 2H, SO,NH), 6.89 (d, J = 8.6 Hz, 2H,
Ph-2,6-2H), 5.39 (dd, J = 25.5, 9.8 Hz, 1H, CH), 4.11-4.02 (m, 2H,
CCZH,CH3), 3.96 (m, J = 17.3, 7.3 Hz, 1H, OCH,CH3), 3.87-3.79 (m,
_d, OCH,CHs), 1.19 (t, J = 7.0 Hz, 3H, OCH,CHs), 1.10-1.08 (t, 3H,
OCH,CHs); 3C NMR (151 MHz, DMSO-ds) & 150.3, 143.0, 132.5,
1°9.6,127.5, 119.2, 113.0, 110.8, 65.4, 63.4, 63.0, 16.7, 16.7, 16.5,
.6.5,15.6;. 3P NMR (243 MHz, DMSO-ds) § 20.95; HRMS (ESI) calcd.
for C1gH22N305PS [M + H]*, 424.1096; found, 424.1090.

Compound (7d): Compound 7d was prepared in the same way
as compound 3a, starting from sulfanilamide (300 mg, 1.74 mmol),
4-hydroxybenzaldehyde (319 mg, 2.61 mmol) and diethyl phos-
ite (722 mg, 5.23 mmol), the desired product 7d (101 mg) was
obtained as white solid. Yield: 14.0%; mp: 111-112 °C; *H NMR (600
MHz, DMSO-ds) 6 9.37 (s, 1H, OH), 7.44 (d, J = 8.8 Hz, 2H, Ph-3,5-
2i),7.31(d, J = 7.1 Hz, 2H, Ph-2,6-2H), 7.00-6.94 (m, 1H, NH), 6.89
(s, 2H, SO,NH.), 6.86 (d, J = 8.8 Hz, 2H, 4-OH-Ph-2,6-2H), 6.70 (d, J
= 8.4 Hz, 2H, 4-OH-Ph-3,5-2H), 4.99 (dd, J = 23.8, 9.6 Hz, 1H, CH),
4.02 (dd, J = 15.0, 7.6 Hz, 2H, OCH,CHs), 3.87 (dd, J = 17.3, 7.2 Hz,
1H, OCH,CH3), 3.71 (dd, J = 12.2, 4.9 Hz, 1H, OCH,CH3), 1.17 (t, J =
7.0 Hz, 3H, OCH,CHs), 1.05 (t, J = 7.0 Hz, 3H, OCH,CH;); 3C NMR
(151 MHz, DMSO-ds) 6 157.3, 150.6, 131.8, 129.9, 129.9, 127.4,
126.6,115.4, 112.9, 62.9, 62.8, 53.9, 16.8, 16.6; 3'P NMR (243 MHz,
DMSO-ds) & 22.67; HRMS (ESI) calcd. for Ci7H23N,06PS [M + HI",
415.1093; found, 415.1087.

Compound (7e): Compound 7e was prepared in the same way
as compound 3a, starting from sulfanilamide (300 mg, 1.74 mmol),
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4-fluorobenzaldehyde (432 mg, 3.48 mmol) and diethyl phosphite
(722 mg, 5.23 mmol), the desired product 7e (219 mg) was ob-
tained as white solid. Yield: 30.2%; mp: 197-198 °C; *H NMR (600
MHz, DMSO) & 7.57 (s, 2H, SO,NH,), 7.45 (d, J = 8.6 Hz, 2H, Ph-3,5-
2H), 7.18 (t, J = 8.5 Hz, 2H, 4-F-Ph-3,5-2H), 7.15-7.09 (m, 1H, NH),
6.91 (s, 2H, 4-F-Ph-2,6-2H), 6.89 (d, J = 8.6 Hz, 2H, Ph-2,6-2H), 5.22
(dd, J=24.4,9.8 Hz, 1H, CH), 4.05 (dd, J = 14.5, 7.3 Hz, 2H, OCH,CHs),
3.91 (dd, J = 16.9, 7.3 Hz, 1H, OCH,CHs), 3.81-3.71 (m, 1H,
OCH,CHs), 1.18 (t, J = 7.0 Hz, 3H, OCH,CHS3), 1.07 (t, J/ = 7.0 Hz, 3H,
OCH,CHs); 3C NMR (151 MHz, DMSO-ds) & 162.9, 161.2, 150.5,
150.4, 133.0, 132.2, 130.7, 127.4, 115.5, 112.9, 63.1, 62.9, 53.7,
52.7,16.8, 16.5; 3P NMR (243 MHz, DMSO-ds) 6 22.00; HRMS (ESI)
calcd. for Cy7H2,FN,0sPS [M + H]*, 417.1049; found, 417.1043.

Compound (7f): Compound 7f was prepared in the same way
as compound 3a, starting from sulfanilamide (300 mg, 1.74 mmol),
4-methoxybenzaldehyde (474 mg, 3.48 mmol) and diethyl phos-
phite (723 mg, 5.23 mmol), the desired product 7f (329 mg) was
obtained as white solid. Yield: 44.1%; mp: 181-182 °C; 'H NMR (600
MHz, DMSO-dg) & 7.44 (d, J = 8.7 Hz, 4H, Ph-3,5-2H, 4-OCH3-Ph-2,6-
2H), 7.07-7.02 (m, 1H, NH), 6.90 (d, J = 3.1 Hz, 3H, Ph-2,6-2H, 4-
OCHs-Ph-3-H), 6.88 (s, 2H, SO,NH,), 6.87 (s, 1H, 4-OCHs-Ph-5-H),
5.08 (dd, J = 24.1, 9.8 Hz, 1H, CH), 4.04 (dd, J = 14.9, 7.2 Hz, 2H,
OCH,CHs), 3.89 (dd, J = 7.2, 2.9 Hz, 1H, OCH,CHs), 3.74 (d, J = 8.4 Hz,
1H, OCH,CHs), 3.71 (s, 3H, Ph-4-OCHs), 1.18 (t, J = 7.0 Hz, 3H,
OCH,CHs3), 1.06 (t, J = 7.0 Hz, 3H, OCH,CH3); 3C NMR (151 MHz,
DMSO-dg) 6 159.2, 150.7, 150.6, 132.0, 129.9, 128.4, 127.4, 114.0,
112.9, 62.9, 62.8, 62.7, 55.5, 53.8, 52.8, 16.8, 16.6; 3P NMR (243
MHz, DMSO-dg) & 22.48; HRMS (ESI) calcd. for C1gHasN2OgPS [M +
H]*, 429.1249; found, 429.1244.

Compound (8): Compound 8 was prepared in the same way as
compound 3a, starting from sulfanilamide (100 mg, 0.58 mmol),
4,5-dihydroxy-9,10-dioxo-9,10-dihydroanthracene-2-carbaldehyde
(226 mg, 0.84 mmol) and diethyl phosphite (245 mg, 1.10 mmol),
the desired product 8 (211 mg) was obtained as white solid. Yield:
64.9%; mp: 197-198 °C; 'H NMR (600 MHz, DMSO-ds) & 11.88 (s,
2H, OH), 7.97 (s, 1H, NH), 7.75 (d, J = 44.9 Hz, 2H, Ph-3,5-2H), 7.57
(s, 1H, anthraquinone-4-H), 7.48 (d, J = 8.7 Hz, 2H, Ph-2,6-2H), 7.37
(s, 1H, anthraquinone-2-H), 7.34-7.29 (m, 1H, anthraquinone-6-H),
6.96 (d, J = 8.8 Hz, 2H, anthraquinone-5,7-2H), 6.91 (s, 2H, SO,NH,),
5.53(dd,J=25.8,9.0 Hz, 1H, CH), 4.16-4.07 (m, 2H, OCH,CH3), 4.03
(m, J=10.2, 7.2 Hz, 1H, OCH,CHs), 3.91 (dd, J = 16.4, 9.0 Hz, 1H,
OCH,CHs), 1.21 (t, J = 7.0 Hz, 3H, OCH,CHs), 1.17-1.11 (m, 3H,
OCH,CHs); 3C NMR (151 MHz, DMSO-ds) & 192.2 (C=0), 181.9
(C=0), 161.8,161.6,150.3, 147.9, 137.8,127.5, 124.8,123.9, 119.8,
116.5, 113.0, 63.6, 63.2, 54.4, 53.4, 16.7, 16.5; 3P NMR (243 MHz,
DMSO-ds) ) 2045, HRMS (ESI) calcd. for CstzsNzOgPS [M + H]+,
561.1097; found, 561.1093.
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