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Role of disulfide linkage in action of
bis(dialkylaminethiocarbonyl)disulfides as potent oudle-Edged

microbicidal spermicide: Design, synthesis anddggf
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Jain,” Lokesh Kumar,” Bhavana Kushwaha,” Atindra K. Pandey,® Shagun Krishna,® Tara Rawat,® Praveen
K. Shukla,® Jagdamba P. Maikhuri,” Mohammad . Sddiqj,” Gopal Gupta,” and Vishnu L. Sharma* ¢

®Medicinal& Process Chemistry DivisionEndocrinology Division, ‘Microbiology Division,
9Molecular& Structural Biology Division,CSIR-Centrabrug Research Institute, Lucknow-226031
(India) Academy of Scientific & Innovative Research (AcSIRgw Delhi-110001 (India).

Abstract:

Trichomoniasis and Candidiasis are amongst the swsmon morbidity-causing reproductive
tract infections, generally treated by Metronidazahd Fluconazole respectively. Poor vaginal
efficacy, drug-resistance and non-spermicidal matimit their use as topical microbicidal
contraceptives. Bis(dialkylaminethiocarbonyl)digidis 4—38 were designed as dually active,
non-surfactant molecules capable of eliminafingchomonas vaginalis and Candida strains as
well as irreversibly immobilizing 100% human spemstantly, at doses non-cytotoxic to human
cervical epithelial cells and vaginal microflamtro. Compoundsl2, 16, 17were fifty times
more active than nonoxynol-9, OTC vaginal spernaciahd compounds2 and17 have shown
remarkablen vivo activity in rabbit model. Most promising compouhdhas shown promise for
further development as a double-edged vaginal ricide due to their improved activity and
safety along with notablen vivo trichomonicidal activity. Role of disulfide group as
established by loss of spermicidal activity on cleanmodifications 89-56. These disulfides
might be targeting thiol groups present over cahrbrane of human sperm ahdchomonasas
shown by fluorescence labeling of free thiols.

KEYWORDS: Dithiocarbamate, Disulfide, Disulfiramp&micide, Sulfhydryl, Contraceptive.
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1. Introduction:

Increasing sexually transmitted infectibiiSTIs) along with the population explosion is almll
challengé”® that cannot be overlooked. Growing drug-resistarafe Trichomonas to
Metronidazole, and fungal strains to Fluconazalea icause of serious concéfhFurthermore,
nonoxynol-9 (N-9), the OTC vaginal spermicide doeg protect against STIs and HIV in
clinical situations but may in fact enhances theaidences due to its non-specific surfactant
action’® Most heterosexual women would like to reduce thle af acquiring ST and control
their fertility. Trichomoniasis, the most prevalenon-viral STI, affects 250—-350 million people
worldwide every year causing serious discomfortvtomen along with associated problems of
adverse pregnancy outcomes, pre-term delivery,dioth-weight infants, infertility, and cervical
cancer! It is now well established that trichomonidSiextensively raises the vulnerability to
HIV 3% and therefore controlling trichomoniasis aloneldaignificantly reduce the incidence
of new HIV infections. Similarly, candidiasis caddey the fungu€andida albicans, is strongly
associated with HIV-AIDS?In spite of increased ‘weapon store’ for antifunagénts, currently
available drugs do not suffice the growing demahdnanaging infections in complex patient
populations® *” One of the major problems is increased drug msist mainly due to chronic
antimycotic therapy in HIV-infected and other immoscompromised patient§.Usually, the
female partner shoulders the primary responsibalit$ Tl and pregnancy protection during most
of the heterosexual contacts, including ‘vulnerabt®ntacts amongst adolescents and
promiscuous adultS.As prevention of pregnancy and infection is betien abortion and cure
later, the best strategy would be to arrest thectidn along with sperm in vagina during
transmission, and therefore there is a need tolaleetopically active medication against STIs
(trichomoniasis and candidiasis) and sperm. Freg gnoups critically control the survival of
predominantly anaerobic cells likeTrichomonas vaginalis®® Candida albicans and
spermatozo& For example, the cleavage of disulfide bonds ofmapeell-specific hexokinase
type 1 is associated with increased hexokinaseigcind initiation of sperm motility* The
unique redox properties of protein thiols play amportant role in enzyme catalysis, protein
folding, and redox signaling, making it a key remidfor chemical interventiéh® for
manipulating cellular energy metabolism, motilitydasubsistence d@frichomonas, Candida and
sperm cells. Consequently, sulfhydryl binding ageoan impede spernfrichomonas and

Candida cells to achieve prophylactic contraception asmlidied by N-ethyl maleimidé’, a
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specific sulfhydryl alkylating agent, acrylophendheuinoline$’ and a variety of other thiol
agents’®

Dithiocarbamate (DTC) is a desirable pharmacophiorevarious medicinally significant
compounds and is widely exploited in microbicidaesnicides®>® fungicided’*® and anti-
HIV3%4 agents. Thus, it was hypothesized that incorpagaffTC and disulfide in a single
chemical entity can make it to interact with mubigargets Trichomonas, fungi and sperm)
simultaneously. While investigating the DTC-disd#i hybrid framework, Disulfiram (DSF)
molecule (Figure 1) was found to be the most apptg structure. Disulfiram is a FDA
approved deterrent to alcohol abuse,which is cuirenlinical use*' DSF was synthesized and
as expected it exhibited sperm immobilizing activitvhich was mild. Encouragedby this
observation it was thought worthwhile to modify D&&amework and to synthesize is(
substituted piperazinethiocarbonyl) disulfides (Feg1l) as safe, multi-targeting microbicidal

contraceptives.

(Figure 1.)

2. Results and Discussion:

2.1. Chemistry

The compound€-38 have been synthesiZédaccording to Scheme 1 using different sodium
salts of dithiocarbamic acid3). Secondary amine was reacted with carbon disulfidder
alkaline condition to furnish sodium dialkylcarbagiitbioate 8) which was further treated with

sodium nitrite  and hydrochloric acid at 0-5 °C inater to provide corresponding
bis(dialkylaminethiocarbonyl) disulfided«38, Table 1).

(Scheme 1)

2.2 Biological Evaluation
2.2.1.Spermicidal activity
The spermicidal activity of compound4—-38, Table 1) was evaluated in comparison to N-9.

Twenty-five compounds4( 7-10, 12-18, 20-25, 28, 31 and 33-37) irreversibly immobilized
100% human sperm at concentration ranging fromQB406 (MEC) within 30 seconds. Six



90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

110

111
112
113

114
115
116
117
118

compounds 4, 12, 16-18 and 35) were found to be more potent than commerciallgilable
spermicide N-9.

The results of the effect on sperm motility of campds 4-38, Table 1) propose that if -NR?
was dimethyl amine4 the compound showed moderate spermicidal act{dtgC, 0.01%). If
methyl group was replaced by cyclohex$) or benzyl ¢), the activity was completely lost,
while introduction of cyclic amine7¢11) further decreases spermicidal activity. Amongraemsi
with single nitrogen like pyrrolidinegrj, piperidine 8), 4-methylpiperidineX0) and azepanell)
activity remains unchanged in fivé)(and six 8, 10) membered ring while decreases when ring
size increases to sevehl]. Incorporation of one oxygen ator) (nto compound increases
activity by 10 folds. Whereas introducing additibnarogen atom in amino residue remarkably
increased spermicidal activit§Z-18 MEC 1-0.001%). Among the alkyl substituted piaras
(12-15) chain length determine the spermicidal activigy,ibulkier the alkyl group lesser the
activity. While a substitution of the alkyl groupttvallyl (16), butyronitrile 7) and morpholino
alkyl (18) retained high activity. Furthermore presencergf/laeteroaryl group at N¥R?in this
framework decreased the spermicidal actib®23, MEC 0.1 and 1%) while a benzoyl group
imparted mild activity 24, MEC 0.5%). A decrease or complete loss of spedaieffect was
observed when carboxylate5-27), mesyl £8), tosyl @9), alkyl/benzyl carbodithioate30-34
and 38) groups were introduced at MR (Table 1). Interestingly replacement of alkyl
carbodithioate group with alkyl amino carbodithmatcreased the spermicidal acti@b<37,
MEC, 0.5-0.002%).

(Table 1)

A close look at structure activity relationship (®Aof bis(dialkylaminethiocarbonyl) disulfide
(4-38) revealed that small alkyl group af Nosition of piperazinel@, 16, 17, MEC 0.001%) is

desirable for sperm immobilization activity.

2.2.2. Anti-Trichomonas activity

Seventeen compoundgl,§-1316-18,2325,33,35and38; Table 2) showed anti-trichomonal
activity against Metronidazole (MTZ) susceptibleasts with MIC ranging from 3.125-100
pag/mL (MTZ = 2.0 pg/mL),while fourteen compounds §-13, 16-18, 25 and38) among these

exhibited trichomonicidal action against resiststnain at MIC 3.125-100 pg/mL (MTZ = 50.0
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pa/mL). It is evident from the results (Table 2attleleven compoundd,(6, 7, 9-12, 16-18 and
29) illustrated better activity than MTZ agairigtichomonas resistant strain. The comparison of
anti-Trichomonas activity against susceptible and resistant stragvealed that MTZ lost its
activity by 25 times against resistant strain windenpounds4, 7, 9, 10, 17and25) had better
profile as there was no loss of activity.

The results of trichomonacidal activity against M3idsceptible strain revealed that if -N@&
was alkyl substituted acyclic amines-§), dimethylamine 4) and benzylmethyl amin&) were
more preffered as their activity was comparablestemdard drug MTZ. Whereas with cyclic
amines 7-11) the activity was significant and pyrroliding) (and morpholine9) seemed to be
more desirable (MIC, 3.125 pg/mL) and an enhancémeing size 8,11) resulted in decreased
activity. An addition of a methyl groud Q) in compoundat position 4 enhanced the activity by
four fold. While a two nitrogen system i.e., alkslibstituted piperazine at -NRZ (12-18)
smaller alkyl groups12 and 16-18) were more desirable as the trichomonicidal atgtiwas
retained. When alkyl group was replaced by arydtesryl 19-23), benzoyl 24), carboxylate
(25-27), mesyl/tosyl 28-29) and substituted carbodithioate&30438) activity was decreased or
completely lost. The results suggested that smalleyl group in cyclic/acyclic amine and
piperazine framework was essential for dmiichomonas activity. The antitrichomonicidal
activity against resistant strain ®fichomonas (Table 2) suggested that -NR substitution 4—
38) had similar SAR as exhibited against suscepstin. The small alkyl groups in one or two
nitrogen scaffolds were more desirable in cyclid acyclic amines as four compounds 7, 9
and17;3.125 pg/mL) were sixteen fold more active thanaMhile compoun®5 6.25pg/mL),

6, 10-12(12.5 pg/mL) andl6, 18 5.0 pg/mL) were eight, four and two times mordvact

respectively. Compoun8lwas equipotent and two compound8 &nd38) were less active.

(Table 2)

The activity profile of compounds4{38) against both the susceptible and resistant strain
Trichomonas suggested that compound§ 6, 7, 9 andl7) exhibiting activity (3.125 pg/mL)
comparable to MTZ (2 pg/mL) in susceptible straereavmore effective against resistant strain.
MTZ lost the activity by twenty five times while icompoundd#d, 7, 9andl7 activity was not
decreased and in compou@dhe activity was lost by only four times. The résuggested that

dimethylamino 4), pyrrolidino (7), morpholino 9) and 4-(3-cyanoproyl)piperaziné?®) groups
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in bis(dialkylaminethiocarbonyl) disulfides were raodesirable to be effective against both
susceptible and resistant strainsTofchomonas. Further a docking study was also carried out
with less (3) and most active compound4 §nd17) to ascertain their cysteine biosynthesis
pathway.

Cysteine is indispensably vital for all living liferms as an amino acid for protein synthesis, as a
precursor for glutathione and biomolecules sucbha@mzyme A, and as a source of sulphide for
synthesis of iron-sulphur clusters. This series compounds containing bMN{substituted
piperazinethiocarbonyl) disulfide moiety possibkhibit anti-trichomonal activity by inhibiting
the cysteine biosynthesis pathway. To better utaedsthe mechanism of inhibition of these
compoundsthe important component of cysteine bibggis pathway was explored.

The Trichomonas vaginalis cysteine synthase (TvCS) shows 44% of sequenaditievith
template. The super imposition of the modeled cemplith template showed a root-mean-
square deviation (RMSD) of 0.186A.The validationtioé resulting model was done with the
Structural Analysis and Verification Server (SA¥S)The model in which the majority of the
residues (97%) occupy the most favorable regioRarhachandran plot and 2% and 1% residue
lie in additionally allowed region and generouslipwaed region respectively was selected for
further docking studies. Autodock4 tool was useddentify the possible binding site of the
enzyme for inhibitory activity of our molecules. &lstructure preparation and minimization
before studies were performed with compounds uSBYL 7.1 program packadton silicon
graphics fuel work station with IRIX 6.5 operatiagstem. The structure of the compounds were
prepared with the help of sketch module of Sybybhil geometry optimization was done using
MMFF94 force field with Powell energy minimizati@gorithm, Gasteiger-Huckel charges, and

0.001 kcal/(mol.A) energy gradient convergencesdon.

(Figure 2)

In a recent studythe analysis of the amino acid sequence of TvCSbkas presented and it
revealed that TvCS contains all the active sitedtes identified for CS of Typhimurium and

A. thaliana. It was also suggested that the predicted actiedysine that covalently binds with

PLP is Lys43. However, residues Asn73, GInl44, B4s1Gly178, Thrl79, Serl80, Thrl82, and
Ser259 are also connected to the co-factor withhélp of hydrogen bonding. Therefore the

docking studies were performed by considering #usve site including the above mentioned
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residues. The compounds docked well at the caldy is suggested to involve in Pyridoxal-5'-
phosphate (PLP) binding. Figure 2 shows the bindnogle of docked complexes of the most
active compounds with highest trichomonacidal agtiMost of the compounds in their docked
conformation are interacting with Lys43 residuet tisgpredicted to binds covalently with PLP.
The compound! is also interacting with Gly178, Thr179, Ser180y182 and Ser259. These
interactions are reported to play important rol® kP binding to the CS, mentioned in the study
done by Westropet al.*® The docked conformation of most and less potenteoubks was
analyzed to see how they differ from each otherethasn their binding affinity with pocket
residues of PLP. Interestingly, in docking expentse the less active compoud@® did not
mimic the active analogue compoutd and 4 (Figure 2). It is not involved in formation of
hydrogen bond. Moreover, the thiocarbonyldisulfirdeiety of compound.3 is protruding from
the PLP binding region (Figure 2). These studidsriad that compound7 and4 are more
potent compared to others due to its favorable Rdbateractions with Lys43 residue that may

be responsible for binding with PLP.

2.2.3. Antifungal activity

The compoundsAE38) were screened against five fungal strains (Tapknd thirty one of these
(4-26 and 28-35) inhibited the growth of one or more fungal steast MIC 0.78-50 pg/mL
whereas eleven compound$ 7-13, 15, 25 and 35) were active against all the strains. The
subsequent SAR has been discussed on the basastfMIC against any of the strain. The
results (Table 2) suggested that a secondary amthene nitrogen was more preferred scaffold
as six compounds 6-8, 10 and11 of the eight4-11) had remarkable activity (MIC, 0.78-3.125
pg/mL) whereas compounsl and 9 were active at MIC 12.5 pg/mL. Among two nitrogen
secondary amine derivatives i.e., piperazine skch{fi—38) the activity decreased drastically as
only three compoundd4, 20 and25) had activity at MIC 12.5 pg/mL and nine compou(iti®

16, 21, 22, 28, 30, 31, 33, 34) were marginally active (MIC 25 pg/mL) while rest the
compounds were either active at highest testederdration (MIC 50 pg/mL) or inactive. The
activity data of compound$-6 implied that if -NRR? was alkyl substituted acyclic amines the
smaller alkyl groups were most suitable for antifainactivity as dimethylamino derivativé, (
MIC, 0.78-12.5 pug/mL) exhibited significant actiitOn the other hand, among cyclic amines
(7-12), pyrrolidine ) and piperidine&) were most active and an addition of oxygen at®mn (

methyl group 10) and enhancement of ring siZel) resulted in less active compounds.
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2.2.4. Safety and compatibility of promising compounds (4, 12, 16, 17, 18 and 35)

The overall assessment of biological profile ofta# compounds suggested that five compounds
(4, 12, 16, 17, 18 and 35) of the series were most promising based on g@rmicidal, anti
Trichomonas and antifungal activities as compared to vaginatrobicide available in the
market N-9. To assess the potential of these comgmior the choice as a candiditeaginal
microbicide, the safety (Table 3) against vagingithelium HelLa cells) and flora
(Lactobacillus) was evaluated. The evaluated compourgsi@, 16, 17, 1&nd 35, Table 3)
displayed better safety towartglLa cells (IGo 156-1414 pug/mL) and much better compatibility
with Lactobacillus (ICso 361-3550 pg/mL) than N-9 (K 32.5 and 33.2 pg/mL respectively).
The selectivity index of compounds 12, 16, 17, 1&nd35was much higher (7—368) than that
of N-9 (0.64), with compound4 and17 exhibiting the highest selectivity index of 188da368,

respectively.
(Table 3)

These compounds were three to forty three foldsededen to ninety four folds safer against
HelLa cells and.actobacillus than N-9 and therefore appeared apparently mueh f&a vaginal

use. Of these compound®, 16 and 17 were most potent spermicides but the shelf-life of
compoundl6 was not good, therefor®2 and17 were considered to be worthwhile in carrying

out thein vivo spermicidal activity (Table 4) in rabbit model.

2.2.5. In vivo spermicidal activity*’of compound 12 and 17

Apparently a dose dependent reduction in pregnaaty was evident in rabbits receiving
intravaginal instillation of compoundi2 and 17, however the effect was more prominent with
compoundl?7. With compoundl2 about 50-60% animals did not conceive at vaginakdaf
15-20 mg and with compourdd this efficacy was 86—-100% at 10-50 mg doses, whiewas
only 20% in case of nonoxynol-9 (20 mg). The aver#ter size of animals receiving compound
12 before mating was reduced by 67%, 74% and 769,13 and 20 mg groups, respectively.
With compoundl7 the average litter size was diminished by 90%, 1@ 100% respectively
at doses 10, 25 and 50 mg groups. On the other, iMu&dat 20 mg dose caused only 37%

reduction in average litter size of rabbits (Table

(Table 4)



239 2.2.6. In vivo Anti- Trichomonas efficacy of compounds 4 and 17 in the mouse subcutaneous
240  abscess assay model*®

241 The in vivo efficacy of compoundgl and 17 was evaluated using the mouse abscess assay
242  (Figure 3). Subcutaneous injection of live tricharads resulted in a small pustule of ~70 mm
243 area on day-8 of injection (day-1 of treatmentexperimental and control animals that grew to
244 ~109 mnf in area in controls but was reduced to ~15-25°rafter 5-days of treatment with
245 compounds4, 17 and Metronidazole. Thereafter the growth of albsosas exponential in
246 controls and 7 days after treatment it was ~19C imnarea while it was further subdued to ~5-
247 10 mnf in treated animals. On the day of autopsy (i.e ¢y following seven days of
248 treatment), the abscess was ~190°rmmarea in untreated controls, 7.59 frim metronidazole,
249  4.45 mnf in compound4 and 5.75 mrhin compoundL? treated groups. The spleen weight at
250 autopsy was ~0.4 g in control, ~0.59 g in salieated, ~0.50 g in metronidazole treated, ~0.30 g
251 in compound4 treated and ~0.30 g in compoufhd treated animals. From the results it was

252 found that compound and17 were found more potent than MTZlin vivo.

253 (Figure 3)

254  2.2.7.Mode of action of bis(dialkylaminethiocarbonyl) disulfides:

255 2.2.7.1. Role of disulfide group in sperm immobilization

256 The activity of compoundsi{38) may be due to the disulfide linkage of the mole@s it has
257 been found that disulfide-sulfhydryl (S-S to SH)enconversion plays an important role for
258 motility, membrane integrity and fluidity of speffrand also very vital for the viability of
259 Candida®* and Trichomonas.®? Therefore, to establish the role of disulfide gromodifications
260 (Scheme 2) were carried out in bis(dialkylaminethidonyl) disulfide scaffold. S-alkylated
261 compounds39-44 and45-56 were synthesized and evaluated for spermicidaligctAlkyl 4-
262 alkylpiperazine-1-carbodithioates 39-44) were synthesized by reaction of sodium
263 dialkylcarbamodithioate3] with alkyl halides in methanol at room temperatu/hile alkylene
264 bis(4-alkylpiperazine-1-carbodithioate)45-56) were synthesized by reaction & and
265 dihaloalkanes in acetonitrile at room temperatukikyl 4-alkylpiperazine-1-carbodithioates
266 (3944, Table 5) were inactive at 1% concentration whilempounds45-56 (Table 6)
267 immobilized the sperm at MEC 0.5-1%. These ressitggested that any modification at
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disulfide linkage resulted in 500 fold to 1000 faldcease or complete loss of activity. These

findings confirmed the role of disulfide group ipesmicidal activity of this active scaffold.
(Scheme 2)
(Table 5)
(Table 6)

2.2.7.2. Mode of action of compound 12: Fluoroscence labeling of sperm thiols
To study the mode of action of bis(dialkylaminettadoonyl) disulfides, free —SH groups were
localized by fluorescence detection (after labeiiith the thiols capturing dye mBBr) of human
sperm that were either motile (control) or immatall by compound?2 treatment, and digitally
imaged for qualitative assessment. It became gleaxlident by visual assessment of
fluorescence intensities that control sperm (Figdiyehad remarkably higher number of free
thiols as compared with sperm immobilized by commubll (Figure 4).

(Figure 4)

Even though the difference was marked throughoaitsthucture of sperm, it was prominently
noticeable in the tail region (principal piece).eTdiminished fluorescence with compouh?

suggested the interaction with free thiol mightte mechanism of spermicidal action.
2.2.7.3. Mode of action of compound 4 and 17: Fluorescence labeling of Trichomonas thiols
(Figure 5)

The compounds were designed to target free thigs theTrichomonas and the inhibition was
gualitatively assessed by fluorescence detectiter &ibeling the free thiols with fluorimetric
thiol detector which specifically binds free thio{Eigure 5). Motile Trichomonasvaginalis
(control) and compound4 and 17-treatedTrichomonas were digitally imaged for qualitative
assessment. It was clear from Figure 5 that thex® neduction in free thiol fluorescence with
compound4 and17 treatedTrichomonas. Fluorescence intensities were higher in contclg, to

the higher number of free thiols available thancampounds-treated samples. The decreased
fluorescence with the compounds treatment suggdiséethteraction of compountiand17with

free thiols present ovéirichomonas, which could be the mechanism of trichomonicidaian.

10



295 3. Conclusion

296 Bis(dialkylaminethiocarbonyl) disulfide4£38) designs were conceptualized, synthesized and
297 evaluated for spermicidal, antifungal and alriichomonas activities. 4-Substituted piperazine
298  group with smaller alkyl chain at’Nposition (2, 16, 17, MEC 0.001%) was most desirable for
299 spermicidal activity as these were fifty times maive than N-9. Whereas single nitrogen
300 secondary aminesi{11) were more appropriate for antifungal and aifitichomonas action,
301 though the activity was retained in two nitrogec&lary amines i.e., piperazine derivatives.
302 Eleven compounds were 2-16 fold more active tharZMgainst resistanirichomonas strain.
303 The findings suggested that bis(dialkylaminethiboaryl) disulfide is a very versatile scaffold.
304 Most promising compounds4( 12, 16, 17, 18&nd 35) were found to be highly safe and
305 compatible with cervico-vaginal epithelium and #00f thesel2 and17 exhibited remarkable
306 in vivo contraceptive activity in rabbit model with pertamye efficacies of 62 and 100%,
307 respectively. Similarly the most active trichomadat compounds4 and 17 demonstrated
308 betterin vivoactivities in mice model compared to the standargdTZ. Further a docking
309 study was carried out with les$3) and most active trichomonicidal compoundsafd17) to
310 determine their interaction with cysteine synthdseas inferred that compourfland17 were
311 more potent compared to other compounds due to faeorable H-bond interactions with
312 Lys43 residue, which may be responsible for bindwnth pyridoxal-5'-phosphate (PLP). The
313 role of disulfide group was also established byltss of spermicidal activity on carrying out
314 chemical modification in this scaffold. These digld compounds might be imparting their
315 activity by interacting with sulfhydryl grouf’ present over cell membrane of sperm and
316 Trichomonas as  shown by  fluorescence labeling of thil€ Thus
317 bis(dialkylaminethiocarbonyl) disulfide frame workas evolved as a potent lead for

318 development of double-edged vaginal microbicides.

319 4. Experimental
320 4.1 Chemistry

321 In general, all reagents and solvents were comalequiality and were used without further
322 purification. Melting points were determined in opeapillary tubes on an electrically heated

323 block and are uncorrected. IR spectraqf in cnmi?) of the compounds were recorded on Perkin
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Elmer's FT-IR RX1 PC spectrophotometéd NMR &'C NMR spectra were recorded on
BrukerSupercon Magnet Avance DRX-300 spectrométgrsrating at 300 and 400 MHz fo;
50, 75, 100 and 125 MHz for’C) in deuterated solvents with TMS as internal neriee
(chemical shiftsd in ppm, J in Hz). Electrospray lonisation Mass spectra (K&} were
recorded on Thermo Lcq Advantage Max-IT and HR-DARS were recorded on JEOL, JMS
T100LC Accu TOF. Elemental analyses were perfororec€arlo Erba EA-1108 micro analyzer
/ Vario EL-lIll C H N S analyzer. All compounds weamalyzed of C, H, N and the results
obtained were within + 0.3% of calculated valudse Teaction progress was routinely monitored
by thin layer chromatography (TLC) on pre-coateticai gel plates (Aldrich). Column
chromatography was performed over Merck silica (3€I0-200 Mesh). All compounds were
characterized by TLCH and™*C NMR, MS. Elemental analyses data meet the itef>95%
purity. All chemicals and solvents were procureairSigma-Aldrich / Merck India Ltd. Sodium

dialkylcarbamodithioate3j were prepared by known proceddte.

Bis(dimethylaminothiocarbonyl) disulfide (4). The mixture of sodium
dimethylcarbamodithioate (0.38 g, 2.7 mmol), sodinitnite (0.19 g, 2.7 mmol, dissolved in 1
mL methanol) and 5 mL distilled water was stirradOa5 °C for 5 minutes. Then 1 mL
concentrated HCI| was added drop wise and the oceaatixture was stirred at 0-5 °C for 20
minutes. White solid separated which was extraetét chloroform (10x2 mL). Combined
organic layer was washed with distilled water (3%R) and dried over sodium sulfate. Sodium
sulfate was filtered off and filtrate was concetddaunder reduced pressure. The crude product
was purified after recrystallization with ethanol afford compound as white crystals (0.18 g,
56%); mp: 116-118 °C: IR (KBK (cn™): 2977, 2943, 1587, 1473, 1436 NMR (300 MHz,
CDCl): 03.63-3.61 (12H, m)-*C NMR (50 MHz, CDC}): 5193.6 (C=S), 47.5, 42.1; ESI-MS:
(m'2) 241 (MH); Anal. (%) calcd. for @H1.N,S,: C, 29.97; H, 5.03; N, 11.65; found, C, 29.89;
H, 5.13; N, 11. 73.

The following compounds5¢38) have been synthesized according to general puoeadsing
the corresponding sodium dialkylcarbamodithioate.

Bis(dicyclohexylaminothiocarbonyl) disulfide (5)The title compound was synthesized by
oxidation of sodium dicyclohexylcarbamodithioate5b yield as semi-solid; IR (KBK) (cm

1): 2946, 1645, 1434'H NMR (300 MHz, CDCJ): 45.35-4.90 (2H, m), 3.30-2.71 (2H, bs),

12
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376
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379
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1.86-1.16 (40H, m); ESI-MSn{z) 513 (MH); Anal. (%) calcd. for gH4N,Ss: C, 60.88; H,
8.65; N, 5.46; found, C, 60.71; H, 8.82; N, 5.55.

Bis(benzylmethylaminothiocarbonyl) disulfide (6)The title compound was synthesized by
oxidation of sodium benzyl(methyl)carbamodithioate&s7% yield as white solid; mp: 150-152
°C; IR (KBr) v (cni™): 2978, 2927, 1596, 1487, 1444 NMR (300 MHz, CDCJ): 57.37 (10H,
m), 5.40-3.30 (4H m) 3.54 (6H, SJiC NMR (75 MHz, CDCY): 4195.5 (C=S), 134.8, 134.3,
128.9, 128.3, 128.0, 127.8, 127.5, 62.1, 58.5,,48043; ESI-MS: 1fv2) 393 (MH"); Anal. (%)
calcd. for GgH2oN2Sy: C, 55.06; H, 5.13; N, 7.13; found, C, 55.14; k2% N, 7.03.
Bis(pyrrolidinylthiocarbonyl) disulfide (7). The title compound was synthesized by oxidation
of sodium pyrrolidine-1-carbodithioate in 69% yield white solid; mp:136-138 °C; IR (KBr)
(cmi™): 2948, 1657, 1434H NMR (300 MHz, CDCY): 64.11-3.96 (8H, m), 2.16-2.02 (8H, m);
3¢ NMR (75 MHz, CDC)): d188.2 (C=S), 56.0, 50.0, 25.6, 23.3; HRMSzcalcd. for
Ci0H16N2Ss (MH™): 293.0275; found 293.0265; Anal. (%) calcd. fopHGeN,Ss: C, 41.06; H,
5.51; N, 9.58; found, C, 41.15; H, 5.48; N, 9.51.

Bis(piperidinylthiocarbonyl) disulfide (8).The title compound was synthesized by oxidation of
sodium piperidine-1-carbodithioate in 71% yieldvasite solid; mp: 124-126 °C; IR (KBKN
(cmi™): 2934, 1688, 1478, 1428 NMR (300 MHz, CDCJ): 4.24 (8H, bs), 1.77 (12H, m);
13C NMR (50 MHz, CDC}):5191.7 (C=S), 52.0, 25.0, 23.2; HRMSzcalcd. for GoHzoN2S,
(MH™): 321.0588; found 321.0573; Anal. (%) calcd. fapH3oN,Ss: C, 44.96; H, 6.29; N, 8.74;
found, C, 44.86; H, 6.22; N, 8.79.

Bis(morpholinylthiocarbonyl) disulfide (9).The title compound was synthesized by oxidation
of sodium morpholine-4-carbodithioate in 70% yiaklwhite solid; mp: 118-120 °C; IR (KBr)
(cmi™®): 2979, 2927, 1587, 1469, 1426/ NMR (400 MHz, CDCJ): 4.23 (8H, s), 3.78-3.76
(8H, m); *C NMR (50 MHz, CDC{): J 193.8 (C=S), 66.4, 52.7; HRM$zcalcd.
forCigH16N20,S, (MH™): 325.0173; found 325.0160; Anal. (%) calcd. fojohieN2O.Ss: C,
37.01; H, 4.97; N, 8.63; found, C, 37.16; H, 4.X58.56.

Bis(4-methylpiperidinylthiocarbonyl) disulfide (10).The title compound was synthesized by
oxidation of sodium 4-methylpiperidine-1-carbodithie in 68% yield as white solid; mp: 128—
130 °C; IRV(KBr) (cmi™): 2929, 1587, 1480, 1437 NMR (300 MHz, CDC)): 6 5.39-4.88
(4H, m), 3.34-3.33 (4H, m) 1.83-1.80 (6H, m), 1489 (4H, m), 1.01-1.00 (6H, mC NMR
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(75 MHz, CDC}): d192.6 (C=S), 54.9, 52.0, 51.8, 34.0, 33.4, 30.82;2ESI-MS: (Wz) 349
(MH™); Anal. (%) calcd. for gH24N>Ss: C, 48.23; H, 6.94; N, 8.04; found, C, 48.15; % N,
8.12.

Bis(azepanylthiocarbonyl) disulfide (11)The title compound was synthesized by oxidation of
sodium azepane-1-carbodithioate in 65% yield atendolid; mp: 112-114 °C; IR (KBg) (cm’

): 2934, 1599, 1492, 14214 NMR (300 MHz, CDCY): J4.21-4.15 (8H, m), 2.04-2.01 (4H
m), 1.94-1.86 (4H, m), 1.65-1.61 (8H, M}C NMR (75 MHz, CDC}): J193.2 (C=S), 58.1,
53.6, 28.0, 26.5, 26.3, 25.7; HRM$zcalcd. for G4H24N,S, (MH™): 349.0876; found 349.0901;
Anal. (%) calcd. for @H24N2Ss: C, 48.23; H, 6.94; N, 8.04; found, C, 48.31; k84 N, 8.16.
Bis(4-butyl-1-piperazinylthiocarbonyl) disulfide (12).The title compound was synthesized by
oxidation of sodium 4-butylpiperazine-1-carboditti® in 61% yield as yellow solid; mp: 105—
107 °C; IR (KBr)v (cniY): 2957, 1586, 1473, 1436 NMR (300 MHz, CDCJ): J4.29 (8H,
bs), 2.60 (8H, bs), 2.39 (4H,X= 7.2 Hz), 1.53-1.46 (4H, m), 1.43-1.33 (4H, m930(6H, t,J

= 7.2 Hz):*C NMR (75 MHz, CDC}): §193.3 (C=S), 57.8, 52.7, 39.5, 28.9, 20.6, 14RM$
m/zcalcd. for GgHasN4S; (MH™): 435.1745; found 435.1739; Anal. (%) calcd. fagHsN4Ss: C,
49.73; H, 7.88; N, 12.89; found, C, 49.53; H, 7.8812.80.
Bis(4-octyl-1-piperazinylthiocarbonyl) disulfide (13).The title compound was synthesized by
oxidation of sodium 4-octylpiperazine-1-carbodittti® in 55% yield as white solid; mp: 93-95
°C; IR (KBr) v (cm™): 2930, 1585, 1471, 14384 NMR (300 MHz, CDCY): §4.29 (8H, bs),
2.60 (8H, bs), 2.38 (4H, tJ = 7.3 Hz), 1.49 (4H, bs), 1.28 (20H, bs), 0.88 (6H = 6.9 Hz);
13C NMR (75 MHz, CDC})): 193.4 (C=S), 58.2, 52.8, 31.8, 29.5, 29.3, 228, 22.7, 14.1;
ESI-MS: (W2) 547 (MH'); Anal. (%) calcd. for gHsoN4Ss: C, 57.09; H, 9.21; N, 10.24; found,
C, 57.39; H, 9.18; N, 10.04.

Bis(4-hexadecyl-1-piperazinylthiocarbonyl) disulfice (14)The title compound was
synthesized by oxidation of sodium 4-hexadecyl@pere-1-carbodithioate in 56% vyield as off
white solid; mp: 95-97 °C; IR (KBry (cmi™): 2926, 1586, 1471, 1436 NMR (300 MHz,
CDCl): 04.43-4.29 (8H, m), 2.60—2.49 (8H m), 2.40-2.35, (a1}, 1.49 (4H, m), 1.25 (52H,
m), 0.88 (6H, tJ = 7.2 Hz);**C NMR (75 MHz, CDC}): §193.3 (C=S), 58.1, 52.7, 31.9, 29.6,
29.6, 29.5, 29.5, 29.3, 27.4, 26.8, 22.6, 14.1;-BSI (m/2) 771 (MH); Anal. (%) calcd. for
CsoHgoNsSs: C, 65.40; H, 10.71; N, 7.26; found, C, 65.55;18,61; N, 7.19.
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Bis(4-admentyl-1-piperazinylthiocarbonyl) disulfide (15).The title compound was synthesized
by oxidation of sodium 4-adamentylpiperazine-1-odithioate in 59% yield as white solid; mp:
125-127 °C; IR (KBry (cnmi™): 2927, 1590, 1433, 13744 NMR (300 MHz, CDC)): 54.27—
3.58 (8H, m), 2.59—1.54 (24H, m), 1.25 (12H, bs)71(2H, bs)**C NMR (75 MHz, CDCJ): &
193.5 (C=S), 58.2, 32.0, 29.8, 29.7, 29.7, 29.64,287.5, 26.9, 22.8, 14.2; ESI-MSw/f) 591
(MH™); Anal. (%) calcd. for GgHeN4Ss: C, 60.97; H, 7.85; N, 9.48; found, C, 61.15; H,(B N,
9.25.

Bis(4-allyl-1-piperazinylthiocarbonyl) disulfide (16). The title compound was synthesized by
oxidation of sodium 4-allylpiperazine-1-carbodithie in 65 % vyield as light yellow solid; mp:
105-107 °C; IR (KBry (cniy): 2919, 1588, 1471, 14284 NMR (300 MHz, CDCJ): 5.91—
5.78 (2H, m), 5.25-5.18 (4H, m), 4.30 (8H, bs)538H, d,J = 6.5 Hz), 2.63—2.60 (8H, m)°C
NMR (100 MHz, CDC}):5193.5 (C=S), 134.2, 118.8, 61.1, 54.0, 52.5, SHIRMS m/zcalcd.
for CieH2eN4Ss (MHY): 403.1119; found 403.1115; Anal. (%) calcd. fagHGeNsSs: C, 47.72; H,
6.51; N, 13.91; found, C, 47.96; H, 6.31; N, 13.74.
Bis[4-(3-cyanoproyl)-1-piperazinylthiocarbonyl] disulfide (17). The title compound was
synthesized by oxidation of sodium 4-(3-cyanoptjpyerazine-1-carbodithioate in 62% yield
as off white solid; mp: 108-110 °C; IR (KBv)(cm™): 2951, 1585, 1473, 14284 NMR (400
MHz, CDCL): J4.23 (8H, bs), 2.55 (8H, s), 2.47(4HJt= 6.6 Hz), 2.39 (4H, tJ = 7.0 Hz),
1.82-1.75 (4H, m)**C NMR (75 MHz, CDCJ): 4 193.5 (C=S), 119.5, 55.6, 52.5, 51.2, 22.6,
14.9; HRMSnvzcalcd. for GgHgNeSs (MH™): 457.1337; found 457.1337; Anal. (%) calcd. for
CigH2sNsSs: C, 47.34; H, 6.18; N, 18.40; found, C, 47.456H,0; N, 18.26.
Bis[4-(2-morpholinoethyl)-1-piperazinylthiocarbonyl] disulfide (18). The title compound was
synthesized by oxidation of sodium 4-(2-morphaoditiyl)piperazine-1-carbodithioate in 60%
yield as white solid; mp: 110-112 °C; iRKBr) (cni™): 2955, 1589, 1471, 14384 NMR (300
MHz, CDCk): J4.28 (8H, bs), 3.72-3.69 (8H m), 2.67—2.47 (24H;, C NMR (75 MHz,
CDCl): 0193.5 (C=S), 66.9, 56.4, 56.3, 55.4, 55.0, 54313553.0, 51.4; ESI-MSn{z) 549
(MH™); Anal. (%) calcd. for HiNgO,Ss: C, 48.14; H, 7.35; N, 15.31; found, C, 48.32; H,
7.21; N, 15.45.

Bis[4-(4-fluorophenyl)-1-piperazinylthiocarbonyl] disulfide (19)The title compound was
synthesized by oxidation of sodium 4-(4-fluoropyigmperazine-1-carbodithioate in 69% yield
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as white solid; mp: 140-142 °C; IR (KBv) (cm™): 2924, 1586, 1474, 14294 NMR (300
MHz, CDCk): & 7.04-6.99 (4H, m), 6.94-6.89 (4H, m), 4.46 (8H B§2-3.29 (8H, m)**C
NMR (75 MHz, CDC}): 6 193.8 (C=S), 159.5, 147.0, 147.0, 118.7, 118.6,1,1115.8, 50.3;
ESI-MS: (W2) 511 (MH); Anal. (%) calcd. for GH4FNsSs: C, 51.74; H, 4.74; N, 10.97;
found, C, 51.69; H, 4.81; N, 10.87.

Bis[4-(2-methoxyphenyl)-1-piperazinylthiocarbonyl] disulfide (20)The title compound was
synthesized by oxidation of sodium 4-(2-methoxypiigmperazine-1-carbodithioate in 60%
yield as white solid; mp: 125-127 °C; IR (KBrYcrm™): 2998, 1592, 1474, 14284 NMR (300
MHz, CDCL): J 7.08-6.88 (8H, m), 4.47 (8H m), 3.89 (6H, s), 3(8#, bs);*C NMR (75
MHz, CDCk): 0 193.6 (C=S), 152.2, 139.9, 123.8, 121.1, 118.4,4,155.5, 50.3; ESI-MS:
(m/2) 535 (MH); Anal. (%) calcd. for gH30N4O.Ss: C, 53.90; H, 5.65; N, 10.48; found, C,
53.98; H, 5.52; N, 10.39.

Bis[4-(4-nitro-2-(trifluoromethyl)phenyl)-1-piperaz inylthiocarbonyl] disulfide (21). The title
compound was synthesized from sodium 4 (4-nitrtrie(oromethyl)phenyl)piperazine-1-
carbodithioate in 56% yield as white solid; m.p61448 °C: IR (KBry (cmi?): 2925, 2854,
1535, 1468, 1425,1327,122'4 NMR (300 MHz, CDC)): 8.14 (2H, dJ = 1.4 Hz), 7.75 (2H,
dd,J = 8.64, 1.8 Hz), 7.26—7.20 (2H, m), 4.49 (8H, 13538 (8H, tJ = 4.9 Hz);"*C NMR (100
MHz, CDCk): d198.6 (C=S), 156.8, 142.8, 128.0, 124.6, 124.5,4,2W4.4, 122.9, 52.6, 51.5,
50.5, 45.4; ESI-MSm/z 701 (MH); Anal. (%) calcd. for GHxFeNsOsSs: C, 41.14; H, 3.16; N,
11.99; found, C, 41.37; H, 3.19; N, 12.15.

Bis(4-pyridin-2-yl-1-piperazinylthiocarbonyl) disulfide (22)The title compound was
synthesized by oxidation of sodium 4-(pyridin-2pyherazine-1-carbodithioate in 61% yield as
white-yellow solid; mp: 168-170 °C; IR (KB¥) (cm™): 2944, 1657, 1561, 14744 NMR (300
MHz, CDCk): §8.19-8.14 (2H, m); 7.57-7.47 (2H, m); 6.72—6.6M,(%); 4.41 (8H, bs), 3.78
(8H, bs); ESI-MS: itVz) 477 (MH); Anal. (%) calcd. for gH24NgSs: C, 50.39; H, 5.07; N,
17.63; found, C, 50.55; H, 5.32; N, 17.41.

Bis(4-pyrimidin-2-yl-1-piperazinylthiocarbonyl) disulfide (23).The title compound was
synthesized by oxidation of sodium 4-(pyrimidinA2piperazine-1-carbodithioate in 62% yield
as white solid; mp: 125-127 °C; IR (KBr)(cn™): 2991, 2861, 1586, 1552, 1481, 1420, 1352,
1221;H NMR (300 MHz, CDC}): 08.35 (4H, d,J = 4.7 Hz), 6.59—6.56 (2H, m), 4.38 (8H, bs),
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4.06-4.03 (8H, m); ESI-MSn{z) 479 (MH); Anal. (%) calcd. for @H.2NgSs: C, 45.16; H,
4.63; N, 23.41; found, C, 45.29; H, 4.42; N, 23.24.

Bis(4-benzoyl-1-piperazinylthiocarbonyl) disulfide(24). The title compound was synthesized
from sodium 4-benzoylpiperazine-1-carbodithioateb#?% yield as white solid; m.p: 150-152
°C; IR (KBr) v (cn™): 2969, 1742, 1530, 1364, 1268 NMR (300 MHz, CDC}): §7.44-7.42
(10H, m), 4.32-3.70 (16H, mJ*C NMR (75 MHz, CDC}): 197.5, 163.4, 135.6, 133.5, 132.1,
129.4, 129.1, 128.7, 127.9, 127.8, 50.1, 42.2; MSi-m/z 531 (MH"); Anal. (%) calcd. for
CoqH2eN4OSs: C, 54.31; H, 4.94; N, 10.56; found, C, 54.125H,5; N, 10.69.
Bis(4-ethoxycarbonyl-1-piperazinylthiocarbonyl) disilfide (25).The title compound was
synthesized by oxidation of sodium 4-(ethoxycagihmiperazine-1-carbodithioate in 61% yield
as white solid; mp: 120-122 °C; IR (KBr)(cni™): 2978, 2901, 1686, 1479, 1418, 1282, 1162,
1126;*H NMR (300 MHz, CDCY): d4.29 (8H, bs), 4.22-4.15 (4H, §= 7.1 Hz), 3.70-3.67
(8H, m), 1.29 (6H, tJ = 7.1 Hz);**C NMR (75 MHz, CDCJ): 4194.0 (C=S), 155.2 (C=0), 62.0,
52.0, 43.2, 14.6; ESI-MSn{(2) 468 (MH); Anal. (%) calcd. for GH2eN4OsSs: C, 41.18; H,
5.62; N, 12.01; found, C, 41.24; H, 5.41; N, 12.28.
Bis(4-isobutoxycarbonyl-1-piperazinylthiocarbonyl) disulfide (26). The title compound was
synthesized from sodium 4-(isobutoxycarbonyl)pipera-1-carbodithioate in 50% vyield as
white solid; m.p 130-132 °C; IR (KBr) (cmi™?): 2927, 2866, 1639, 1455, 1415 NMR (300
MHz, CDCk): #4.30 (8H, bs), 3.92 (4H, d,= 6.6 Hz), 3.69 (8H, bs), 2.02-1.89 (2H, m), 0.95
(12H, d,J = 6.7 Hz);*3C NMR (50 MHz, CDC}): d194.0, 155.2, 62.0, 51.8, 49.2, 24.9, 14.7;
ESI-MS:m/z 523(MH"); Anal. (%) calcd. for goH34N4O04Ss: C, 45.95; H, 6.56; N, 10.72; found,
C, 46.12; H, 6.65; N, 10.85.

Bis(4-tert-butoxycarbonyl-1-piperazinylthiocarbonyl) disulfide (27)The title compound was
synthesized by oxidation of sodium #¥(-butoxycarbonyl)piperazine-1-carbodithioate in 69%
yield as white solid; mp: 163-165 °C; IR (KBr)(cm™): 2976, 2843, 1690, 12281 NMR (300
MHz, CDCL): #.27 (8H, bs), 3.64-3.61 (8H, m), 1.48 (18H,&}; NMR (50 MHz, CDCJ):
4193.9 (C=S), 154.4 (C=0), 80.7, 52.3, 43.1, 28.44S: (m/2) 545 (M + Na); Anal. (%)
calcd. for GoH3aN404Ss: C, 45.95; H, 6.56; N, 10.72; found, C, 46.146:#12; N, 10.61.
Bis(4-methylsulfonyl-1-piperazinylthiocarbonyl) disulfide (28). The title compound was

synthesized from sodium 4-(methylsulfonyl)piperaziircarbodithioate in 46% vyield as white
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solid; m.p: 138-140 °C: IR (KBn (cmi™): 2969, 1742, 1530, 1364, 1268{ NMR (300 MHz,
CDCI3): .41 (4H,tJ =5.2 Hz), 3.96 (4H, ) = 5.4 Hz), 3.50 (4H, t) = 5.1 Hz), 3.24 (4H, t,
J=5.3 Hz), 2.84 (6H s)*C NMR (50 MHz, CDC}): d194.0, 62.0, 51.8, 43.2; ESI-MBvz 479
(MH™); Anal. (%) calcd. for @H2oN4O4Ss: C, 30.11; H, 4.63; N, 11.70; found, C, 30.40; H,
4.90; N, 11.52.

Bis(4-tosyl-1-piperazinylthiocarbonyl) disulfide (2). The title compound was synthesized
from sodium 4-tosylpiperazine-1-carbodithioate B%&yield as white solid; m.p: 140-142 °C;
IR (KBr) v (cm™): 2969, 1742, 1530, 1364, 1268| NMR (300 MHz, CDC)): d7.64—-7.61 (4H,
m), 7.35-7.26 (4H, m), 4.38-4.32 (5H, m), 3.92-389, m), 3.27-2.97 (9H, m), 2.43 (6H, s);
13C NMR (100 MHz, CDGJ): 4198.5, 146.7, 128.9, 128.8, 122.9, 48.9, 45.3,: 2SI-MS: m/z
653 (M" + Na); Anal. (%) calcd. for £H3oN404Ss: C, 45.69; H, 4.79; N, 8.88; found, C, 45.58;
H, 4.95; N, 8.70.

Bis(4-butylthiocarbonothioyl-1-piperazinylthiocarbonyl) disulfide (30).The title compound
was synthesized by oxidation of sodium 4-(butylthidonothioyl)piperazine-1-carbodithioate
in 56% yield as light green solid; mp: 172-174 fR;(KBr) v (cnmi™?): 2927, 2866, 1639, 1216;
'H NMR (300 MHz, CDCY{): #.40-4.39 (16H, m), 3.33 (4H,X= 7.4 Hz ), 1.75-1.66 (4H, m),
1.52-1.40 (4H, m), 0.95 (6H,d,= 7.3 Hz );**C NMR (50 MHz, CDC}): 4198.7 (C=S), 194.0
(C=S), 48.7, 37.2, 30.6, 22.2, 13.7;ESI-MB¥Z) 587 (MH"); Anal. (%) calcd. for goHz4N;Sg:

C, 40.92; H, 5.84; N, 9.54; found, C, 41.10; H,75.8, 9.69.
Bis(4-hexylthiocarbonothioyl-1-piperazinylthiocarbonyl) disulfide (31).The title compound
was synthesized by oxidation of sodium 4-(hexylthitbonothioyl)piperazine-1-carbodithioate
in 69% vyield as yellow solid; mp:158-160 °C; IR (KB (cmi™): 2923, 2860, 1628, 12144
NMR (300 MHz, CDC4): #4.40-4.39 (16H, m), 3.50 (4H,i,= 7.4 Hz), 2.68-2.63 (4H, m),
2.47 (8H, bs), 1.59-1.57 (8H, m), 1.45-1.43 (4H; M NMR (75 MHz, CDCJ): 5198.6
(C=S), 194.0 (C=S), 57.4, 54.4, 48.9, 34.6, 25A42ESI-MS: (Wz) 643 (MH"); Anal. (%)
calcd. for G4Ha2N4Ss: C, 44.82; H, 6.58; N, 8.71; found, C, 44.65; H,B N, 8.86.
Bis(4-heptylthiocarbonothioyl-1-piperazinylthiocarbonyl) disulfide (32)The title compound
was synthesized by oxidation of sodium 4-(heptgitarbonothioyl)piperazine-1-carbodithioate
in 55% vyield as white solid; mp: 169-171 °C; IR (B (cm™): 2930, 2854, 1639, 12184
NMR (300 MHz, CDCY{): #4.41-4.39 (16H, m), 3.32 (4H,3,= 7.4 Hz), 1.76-1.74 (4H, m),
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1.42-1.25 (16H, m), 0.91-0.86 (6H, MfC NMR (125 MHz, CDGCJ): 498.7 (C=S), 193.9
(C=S), 48.8, 48.1, 37.5, 31.7, 29.0, 28.9, 28.56,224.1; ESI-MS:1tVz) 671 (MH"); Anal. (%)
calcd. for GeHaeN4Sg: C, 46.53; H, 6.91; N, 8.35; found, C, 46.74; & N, 8.46.
Bis(4-octylthiocarbonothioyl-1-piperazinylthiocarbonyl) disulfide (33).The title compound
was synthesized by oxidation of sodium 4-(octylthaidonothioyl)piperazine-1-carbodithioate in
62% yield as pale yellow solid; mp: 147—-149 °C;(KBr) v (cmiY): 2923, 2855, 1643, 1218
NMR (300 MHz, CDC}): #4.66-4.24 (16H, m), 3.32 (4H, 3,= 7.4 Hz), 1.76-1.66 (4H, m),
1.44-1.28 (20H, m), 0.90-0.86 (6H, nMfC NMR (100 MHz, CDCJ + DMSO-&): J97.6
(C=S), 193.2 (C=S), 47.2, 36.8, 36.5, 31.0, 28812227.8, 21.9, 13.4; ESI-MSm(z) 699
(MH™); Anal. (%) calcd. for ggHsoN4Ss: C, 48.09; H, 7.21; N, 8.01; found, C, 47.93; k88 N,
8.16.

Bis(4-decylthiocarbonothioyl-1-piperazinylthiocarbanyl) disulfide (34).The title compound
was synthesized by oxidation of sodium 4-(decytthrbonothioyl)piperazine-1-carbodithioate
in 65% vyield as light yellow solid; mp:138—140 & (KBr) v (cn™): 2926, 2856, 1635, 1218;
'H NMR (300 MHz, DMSO-g): #.49-4.46 (4H, m), 4.38-4.05 (8H, m), 3.80 (4H] & 5.7
Hz), 3.25 (4H, tJ = 7.4 Hz), 1.68-1.58 (4H, m), 1.41-1.24 (28H, thB7-0.83 (6H, m);ESI-
MS: m/z 755 (MH); Anal. (%) calcd. for @HsgN4Ss: C, 50.88; H, 7.74; N, 7.42; found, C,
51.03; H, 7.56; N, 7.28.

Bis[4-((2-(prrrolidin-1-yl)ethylthio)carbonothioyl) -1-piperazinylthiocarbonyl] disulfide
(35).The title compound was synthesized by oxidation safdium 4-((2-(pyrrolidin-1-
yl)ethylthio)carbonothioyl)piperazine-1-carbodithate in 63% yield as white solid; mp: 140-145
°d; IR (KBr) v (cmi™): 2921, 2863, 1642, 12184 NMR (300 MHz, CDCJ): #.40-4.39 (16H,
m), 3.53 (4H, tJ = 7.0 Hz ), 2.82 (4H, t] = 7.0 Hz), 2.60 (8H, bs), 1.80 (8H, b$¥ NMR (75
MHz, CDCh): d198.5 (C=S), 194.0 (C=S), 54.7, 54.1, 50.8, 486%4,39.7, 23.6;ESI-MSn{2)
669 (MH"); Anal. (%) calcd. for gH4oNeSs: C, 43.08; H, 6.03; N, 12.56; found, C, 42.93; H,
6.14; N, 12.33.

Bis[4-((2-(piperidin-1-yl)ethylthio)carbonothioyl)- 1-piperazinylthiocarbonyl] disulfide
(36).The title compound was synthesized by oxidation sddium 4-((2-(pireidin-1-
yhethylthio)carbonothioyl)piperazine-1-carbodithte in 57% yield as white solid; mp:182-184
°C: IR (KBr) v (cmi™): 2926, 2854, 1638, 1214 NMR (300 MHz, CDC}): #.40-4.39 (16H,
m), 3.50 (4H, tJ = 7.3 Hz), 2.66 (4H, t) = 7.3 Hz), 2.47 (8H, bs), 1.59-1.57 (8H, m), 1.45—
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565 1.43 (4H, m)™C NMR (75 MHz, CDCJ): 4198.6 (C=S), 194.0 (C=S), 57.4, 54.4, 48.9, 34.6,
566 25.9, 24.4; ESI-MS:n/2) 697 (MH"); Anal. (%) calcd. for gHa4NeSs: C, 44.79; H, 6.36; N,
567 12.05; found, C, 44.92; H, 6.14; N, 12.29.

568 Bis[4-((2-(morpholin-1-yl)ethylthio)carbonothioyl)- 1-piperazinylthiocarbonyl] disulfide
569 (37).The title compound was synthesized by oxidation sofdium 4-((2-(morpholin-1-
570 ylethylthio)carbonothioyl)piperazine-1-carbodithate in 54% yield as white solid; mp:170-172
571 °C; IR (KBr)v (cni™): 2923, 2858, 1639, 12154 NMR (300 MHz, CDCY): #.41-4.39 (16H,
572 m), 3.73-3.70 (8H, m), 3.51 (4H,Jt= 7.2 Hz), 2.70 (4H, t) = 7.2 Hz), 2.55-2.52 (8H, m)’C
573 NMR (125 MHz, CDC}): d198.2 (C=S), 193.9 (C=S), 66.9, 57.0, 53.4, 49443, ESI-MS: (/2
574 701 (MH); Anal. (%) calcd. for HiNgO-Ss: C, 41.11; H, 5.75; N, 11.99; found, C, 41.27; H,
575 5.91;N, 12.13.

576 Bis(4-benzylthiocarbonothioyl-1-piperazinylthiocarbonyl) disulfide (38)The title compound
577 was synthesized by oxidation of sodium 4-(benzgttarbonothioyl)piperazine-1-carbodithioate
578 in 61% yield as white solid; mp:135-137 °C; IR (KBr(cni™): 2918, 2850, 1639, 1534, 1494,
579 1452, 1219!H NMR (300 MHz, CDCY): d7.39-7.25 (10H, m), 4.58 (4H, s), 4.39-4.38 (16H,
580 m);*C NMR (75 MHz, CDCJ): 4.97.5 (C=S), 135.6, 129.4, 128.7, 127.7, 48.6,/22-MS:
581 (mV2) 655 (MH'); Anal. (%) calcd. for GsH3oN4Sg: C, 47.67; H, 4.62; N, 8.55; found, C, 47.89;
582 H, 4.75; N, 8.31.

583 Propyl 4-butylpiperazine-1-carbodithioate (39).To the mixture of sodium 4-butylpiperazine-
584 1-carbodithioate (2.0 g, 8.33 mmol), triethyl am{de21 g, 12.49 mmol) and methanol (10 mL)
585 was added propyl bromide (1.02 g, 8.33 mmol) draopewthrough dropping funnel over 30
586 minutes at room temperature. The above reactiotungxvas further stirred at room temperature
587 for one hour. The reaction mixture was concentratext rotavapor and 50 mL ethyl acetate was
588 added to it. Ethyl acetate layer was washed walil#id water (5 x 3 mL) and dried over sodium
589 sulfate. Sodium sulfate was filtered off and fileravas concentrated under reduced pressure. The
590 crude product was purified over column chromatolgyafi00—200 mesh) using MeOH/CHCI
591 as eluent to afford compound as yellow liquid (0g/065%); IR (Neaty (cni™): 3019, 2400,
592 1632, 1523, 1215H NMR (400 MHz, CDCY): 4 4.34-3.96 (4H, m), 3.30-3.27 (2H, m), 2.51
593 (4H, t,J = 5.1 Hz), 2.38-2.34 (2H, m), 1.76-1.70 (2H, m), £B24 (2H, m), 1.38-1.29 (2H,
594 m), 1.02 (3H, tJ = 7.4 Hz), 0.92 (3H, tJ = 7.3 Hz);*C NMR (100 MHz, CDGJ): J 197.3,
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58.0, 52.7, 49.9, 39.2, 29.0, 22.2, 20.7, 14.16;1&SI-MSm/z 261 (MH"); Anal. (%) calcd. for
CioH24N2S: C, 55.34; H, 9.29; N, 10.76; found C, 54.52; HI& N, 10.85.

The following compounds4(0-44) were prepared using a procedure similar to tkeatdbed for
compound39 from the corresponding sodium dialkylcarbamodiitéoand haloalkane.

Hexyl 4-butylpiperazine-1-carbodithioate (40). The title compound was synthesized from
sodium 4-butylpiperazine-1-carbodithioate and hdagmide in 62% yield as yellow liquid; IR
(Neat)v (cmi™): 3020, 2932, 2401, 1634, 1466) NMR (400 MHz, CDCY): 6 4.34-3.74 (4H,
m), 3.29 (2H, tJ = 7.5 Hz), 2.52-2.49 (4H, m), 2.38-2.34 (2H, m), +Z.66 (2H, m), 1.49-
1.28 (10H, m), 0.94-0.88 (6H, myC NMR (100 MHz, CDG)): § 197.3, 58.0, 52.7, 51.1, 37.3,
31.4, 29.0, 28.8, 28.6, 22.6, 20.7, 14.1, 14.1;-ESImvz. 303 (MH"); Anal. (%) calcd. for
CisH3oN2S,: C, 59.55; H, 9.99; N, 9.26; found C, 59.63; H,1¥) N, 9.33.

Propyl 4-allylpiperazine-1-carbodithioate (41). The title compound was synthesized from
sodium 4-allylpiperazine-1-carbodithioat and propybmide in 87% yield as yellow liquid;IR
(Neat)v (cn™): 3434, 2968, 2402, 1423, 1218) NMR (400 MHz, CDCJ): 05.89-5.79 (1H,
m), 5.23-5.16 (2H, m), 4.35-3.97 (4H, m), 3.30-328, m), 3.04-3.01 (2H, m), 2.52 (4H,Jt,

= 5.1 Hz), 1.77-1.70 (2H, m), 1.04-1.00 (3H, ME NMR (100 MHz, CDGJ): §197.4, 134.3,
118.7, 61.2, 52.4, 49.8, 39.2, 22.1, 13.6; ESI-M& 245 (MH); Anal. (%) calcd. for
CuiH20N2S: C, 54.05; H, 8.25; N, 11.46; found C, 54.03; (B8 N, 11.41.

Hexyl 4-allylpiperazine-1-carbodithioate (42). The title compound was synthesized from
sodium 4-allylpiperazine-1-carbodithioate and hebigmide in 80% yield as yellow liquid; IR
(Neat)v (cni™): 3079, 2859, 2402, 1641, 1468f NMR (400 MHz, CDCJ): §5.88-5.84(1H,
m), 5.23-5.17 (2H, m), 4.69-3.97 (4H, m), 3.29 (2Hl = 7.5 Hz), 3.04-3.01 (2H, m), 2.53
(4H, t,J = 5.1 Hz), 1.71-1.64 (2H, m), 1.42-1.28 (6H, m), 6@87 (3H, m):*C NMR (100
MHz, CDCk): 6 197.5, 134.3, 118.7, 61.2, 52.4, 51.0, 37.4,,32848, 28.6, 22.6, 14.1; ESI-MS
m/z. 287 (MH"); Anal. (%) calcd. for gH2eN>S,: C, 58.69; H, 9.15; N, 9.78; found C, 58.53; H,
9.25; N, 9.83.

Propyl 4-(3-cyanopropyl)piperazine-1-carbodithioate (43). The title compound was
synthesized from sodium 4-(3-cyanopropyl)piperaZircarbodithioate and propyl bromide in
55% vyield as yellow liquid; IR (Neat) (cn™): 3444, 3019, 2400, 1637, 1466, 1218;NMR
(400 MHz, CDC}): #4.35-3.94 (4H, m), 3.30-3.26 (2H, m), 2.53-2.49,(6H, 1.87-1.80 (2H,
m), 1.79-1.70 (2H, m), 1.59 (2H, m), 1.02 (3H) t 7.4 Hz);**C NMR (100 MHz, CDCJ): &
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197.6, 119.6, 55.8, 52.5, 50.8, 49.7, 39.2, 2R77,22.1, 14.9, 13.6; ESI-M®&/z. 272 (MH');
Anal. (%) calcd. for &H21N3S,: C, 53.10; H, 7.80; N, 15.48; found C, 53.34; H)18 N, 15.27.
Hexyl 4-(3-cyanopropyl)piperazine-1-carbodithioate (44). The title compound was
synthesized from sodium 4-(3-cyanopropyl)piperadingarbodithioate and hexyl bromide in
58% vyield as yellow liquid; IR (Neat) (cm™) 3020, 2931, 2401, 1637, 1424 NMR (400
MHz, CDCk) #.31-3.86 (4H, m), 3.31-3.27 (2H, m), 2.53-2.48,(#t), 1.86 (2H, tJ = 6.8
Hz), 1.82-1.80 (2H, m), 1.73-1.70 (4H, m), 1.6951(8H, m), 1.60-1.55 (4H, m), 0.90-0.86
(3H, m); *C NMR (100 MHz, CDGJ) J 197.7, 121.1, 57.7, 55.8, 52.5, 37.4, 31.4, 28836,
22.7, 22.6, 15.0, 14.1; ESI-M@z 314 (MH); Anal. (%) calcd. for @H,/NsS;: C, 57.46; H,
8.68; N, 13.40; found C, 57.34; H, 8.51; N, 13.27.

Synthesis of methylene bis(4-methylpiperazine-1-chodithioate) (45). The mixture of 4-
methylpiperazine-1-carbodithioate (2.21 gm, 11.1&af) and diiodomethane (0.3 mL, 3.72
mmol) in CHCN (20 mL) was stirred at room temperature for oighit. The reaction mixture
was concentrated under reduced pressure, crudeigirags treated with water (10 mL) and
extracted withEtOAc (10 x 3 mL). EtOAc layer was shad with water (5 x 3 mL) and
combined organic layers were dried on anhydrougisodulfate, filtered, and concentrated. The
crude product was purified over column chromatolgyafi00—-200 mesh) using MeOH/CHCI
as eluent to afford compound as white solid (0.766§6); mp: 140-142 °C: IR (KBK) (cni™)
2929, 2799, 1658H NMR (300 MHz, CDCJ): §5.42 (2H, s), 4.32 (4H, bs), 3.90 (4H, bs), 2.48
(8H, bs), 2.31 (6H, s)°C NMR (75 MHz, CDC{): §195.7 (C=S), 54.3, 51.3, 49.9, 45.6; ESI-
MS: (m/2)365 (MH'); Anal. (%) calcd. for GH.4N4Ss: C, 42.82; H, 6.63; N, 15.37; found C,
42.96; H, 6.75; N, 15.42.

The following compounds46-56) were prepared using a procedure similar to tkeatdbed for
compound45 from the corresponding sodium dialkylcarbamodiitéoand dihaloalkane.
Ethane-1,2-diyl bis(4-methylpiperazine-1-carbodithpate) (46). The title compound was
synthesized from sodium 4-methylpiperazine-1-caitbazhte and 1,2-dibromoethane in 53%
yield as white solid; mp: 150-152 °C; IR (KBr)cn™): 2931, 2854, 1630H NMR (300 MHz,
CDCly): 34.35 (4H, bs), 3.96 (4H, bs), 3.68 (4H, s), 2.54838H, m), 2.33 (6H, s}’C NMR
(75 MHz, CDC}): 196.2 (C=S), 54.4, 51.2, 50.0, 45.7, 35.8; ESI-Ni$2)379 (MH'); Anal.
(%) calcd. for G4H26N4Ss: C, 44.41; H, 6.92; N, 14.80; found C, 44.32; H6[ N, 14.72.
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Propane-1,3-diyl bis(4-methylpiperazine-1-carboditioate) (47). The title compound was
synthesized from sodium 4-methylpiperazine-1-caitbaxhte and 1,2-dibromopropane in 53%
yield as white solid; mp: 120-122 °C; IR (KBr)Ycni™): 2927, 2853, 1654H NMR (300 MHz,
CDCl): 4.32-3.97 (8H, m), 3.43 (4H,3,= 7.2 Hz), 2.50-2.47 (8H, m), 2.32 (6H, s), 2.18—
2.09 (2H, m); ESI-MS:rfV2) 393 (MH'); Anal. (%) calcd. for @H2gN4Ss: C, 45.88; H, 7.19; N,
14.27; found C, 45.67; H, 7.21; N, 14.47.

Methylene bis(4-allylpiperazine-1-carbodithioate) 48). The title compound was synthesized
from sodium 4-allylpiperazine-1-carbodithioate ahiddomethane in 54% yield as white solid,;
mp: 125-127 °C; IR (KBry (cn™): 2908, 2804, 1646:H NMR (300 MHz, CDCY): & 5.88—
5.79 (2H, m), 5.42 (2H, s), 5.23-5.17 (4H, m), 4&H, bs), 3.90-3.89 (4H, m), 3.03 (4H,Jo
6.5 Hz), 2.52 (8H, bs,*C NMR (75 MHz, CDC)): 0195.8 (C=S), 134.2, 118.8, 61.1, 52.3,
51.6, 50.1, 45.7; ESI-MSm{2)417 (MH"); Anal. (%) calcd. for §HzsNsSs: C, 49.00; H, 6.77;
N, 13.45; found C, 49.25; H, 6.67; N, 13.59.

Ethane-1,2-diyl bis(4-allylpiperazine-1-carbodithiate) (49). The title compound was
synthesized from sodium 4-allylpiperazine-1-cartiudate and diiodoethane in 46% vyield as
white solid; mp: 140-142 °C: IR (KB¥) (cm™): 2925, 2856, 1659H NMR (300 MHz, CDC}

+ CCly): 55.87-5.78 (2H, m), 5.21-5.16 (4H, m), 4.36-3.89,(®), 3.63 (4H, s), 3.02 (4H, 4,

= 6.4 Hz), 2.52 (8H, bs}’C NMR (75 MHz, CDC} + CCl): 5196.2 (C=S), 134.6, 118.8, 61.4,
52.6, 51.0, 35.9; ESI-MSN{2)431 (MH'); Anal. (%) calcd. for GHsNsSs: C, 50.19; H, 7.02;
N, 13.01; found C, 50.21; H, 7.32; N, 13.30.

Propane-1,3-diyl bis(4-allylpiperazine-1-carbodithoate) (50). The title compound was
synthesized from sodium 4-allylpiperazine-1-cartfudate and diiodopropane in 50% yield as
white solid; mp: 108-110 °C; IR (KBrK) (cmiY): 2923, 2807, 1637H NMR (300 MHz, CDC}

+ CCL): 05.89-5.77 (2H, m), 5.23-5.17 (4H, m), 4.33-3.9H, (81), 3.42 (4H, tJ = 7.2 Hz),
3.03 (4H, dJ = 6.5 Hz), 2.54-2.51 (8H, m), 2.18-2.08 (2H, ML NMR (75 MHz, CDC} +
CCly): 0196.3 (C=S), 134.5, 118.6, 61.3, 52.5, 50.9, 58609, 28.2; ESI-MS:n/2)445 (MH");
Anal. (%) calcd. for GH3:N4.S,: C, 51.31; H, 7.25; N, 12.60; found C, 51.38; 27/ N, 12.63.
Methylene bis(4-butylpiperazine-1-carbodithioate) $1). The title compound was synthesized
from sodium 4-butylpiperazine-1-carbodithioate aliddomethane in 50% yield as white solid;
mp: 116-118 °C; IR (KBry (cm™): 2933, 2847, 1642H NMR (300 MHz, CDC} + CCL):
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5.38 (2H, s), 4.29-3.89 (8H, m), 2.50 (8H, bs),/2832 (4H, m), 1.48-1.29 (8H, m), 0.92 (6H,
t, J = 7.2 Hz);*3C NMR (75 MHz, CDC} + CCL): §195.6 (C=S), 57.9, 52.7, 51.5, 50.2, 45.6,
29.1, 20.7, 14.2; ESI-MSn(2)449 (MH"); Anal. (%) calcd. for @HseN4Ss: C, 50.85; H, 8.09;
N, 12.48; found C, 50.76; H, 8.21; N, 12.29.

Ethane-1,2-diyl bis(4-butylpiperazine-1-carbodithiate) (52). The title compound was
synthesized from sodium 4-butylpiperazine-1-carthodate and diiodoethane in 46% yield as
white solid; mp: 120-122 °C; IR (KB¥) (cn™): 2927, 2821, 1639H NMR (300 MHz, CDC}

+ CCl): 04.28-3.96 (8H, m), 3.64 (4H, s), 2.52-2.49 (8H, ;B7-2.33 (4H, m), 1.49-1.44
(4H, m), 1.37-1.30 (4H, m), 0.95-0.90 (6H, MC NMR (75 MHz, CDC} + CCL): 4 195.9
(C=S), 58.0, 52.8, 51.3, 50.3, 35.8, 29.1, 20.82;1B8SI-MS: (2463 (MH"); Anal. (%) calcd.
for CooH3sN4Sy: C, 51.90; H, 8.28; N, 12.11; found C, 52.11; EFB® N, 12.20.

Propane-1,3-diyl bis(4-butylpiperazine-1-carbodithoate) (53). The title compound was
synthesized from sodium 4-butylpiperazine-1-carthodate and diiodopropane in 40% yield as
white solid; mp: 80-82 °C: IR (KB (cmi™?): 2926, 2816, 1643H NMR (300 MHz, CDC} +
CCly): 04.29-3.97 (8H, m), 3.40 (4H, 3,= 7.1 Hz), 2.52-2.49 (8H, m), 2.38-2.33 (4H, m),
2.17-2.07 (2H, m), 1.50-1.42 (4H, m), 1.38-1.30,(#H, 0.93 (6H, tJ = 7.2 Hz):**C NMR
(75 MHz, CDC} + CCly): 0196.4 (C=S), 58.0, 52.8, 50.6, 35.9, 29.1, 28038,214.2; ESI-MS:
(mV2) 477 (MH); Anal. (%) calcd. for @H4oN4Ss: C, 52.90; H, 8.46; N, 11.75; found C, 52.88;
H, 8.35; N, 11.55.

Methylene bis(4-(3-cyanopropyl)piperazine-1-carbodhioate) (54). The title compound was
synthesized from sodium 4-(3-cyanopropyl)piperadirearbodithioate and diiodomethane in
65% yield as white solid; mp: 130-132 °C; IR (KBrfcni™): 2944, 2822, 2246, 1641 NMR
(300 MHz, CDC} + CCly): 65.36 (2H, s), 4.28-3.91 (8H, m), 2.53-2.41 (16Hi, 87-1.78
(4H, m);**C NMR (75 MHz, CDC} + CCL): §195.7 (C=S), 119.1, 55.8, 52.6, 50.0, 45.7 , 22.8,
15.0; ESI-MS: §V2)471 (MH"); Anal. (%) calcd. for @HsNeSs: C, 48.48; H, 6.42; N, 17.85;
found C, 48.55; H, 6.32; N, 17.62.

Ethane-1,2-diyl bis(4-(3-cyanopropyl)piperazine-1-arbodithioate) (55). The title compound
was synthesized from sodium 4-(3-cyanopropyl)pip@e1-carbodithioate and diiodoethane in
51% yield as white solid; mp: 152—-154 °C; IR (KBrjcni™): 2929, 2814, 2248, 163244 NMR
(300 MHz, CDC}): 04.33-3.96 (8H, m), 3.68 (4H, s), 2.55-2.43 (16H, 1B9-1.80 (4H, m);
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13C NMR (75 MHz, CDCJ): §196.3 (C=S), 119.6, 55.8, 52.5, 50.1, 35.8, 225/0; ESI-MS:
(M/2)485 (MH'); Anal. (%) calcd. for gH3NeSs: C, 49.55; H, 6.65; N, 17.34; found C, 49.75;
H, 6.39; N, 17.19.

Propane-1,3-diyl  bis(4-(3-cyanopropyl)piperazine-Izarbodithioate) (56). The title
compound was synthesized from sodium 4-(3-cyangpyoiperazine-1-carbodithioate and
diiodopropane in 56% yield as white solid; mp: 1189 °C; IR (KBr)v (cm™): 2942, 2823,
2248, 1646:H NMR (300 MHz, CDC{ + CCl): 04.34-4.05 (8H, m), 3.40 (4H,3,= 7.1 Hz),
2.55-2.42 (16H, m), 2.16—2.07 (2H, m), 1.88—1.79, (@); *C NMR (75 MHz, CDC} + CCL):
0196.5 (C=S), 119.1, 55.9, 52.6, 50.7, 35.9, 2827, 15.0; ESI-MS:ny2)499 (MH"); Anal.
(%) calcd. for GiH34NsSs: C, 50.57; H, 6.87; N, 16.85; found C, 50.68; 846 N, 16.75.

4.2. Biological materials and methods

4.2.1. Spermicidal activity’®

Spermicidal assay was adapted from the standakguoe. Briefly, the test compounds were
dissolved in a minimum volume of DMSO and diluteiwphysiological saline (0.85% NaCl in
distilled water) to make a 1.0% test solution. 0n@5 of liquefied human semen was added to
0.25 mL of test solution and vortexed for 10 sesoatlow speed. A drop of the mixture was
then placed on a microscope slide, covered witlovgercglass and examined under a phase
contrast microscope in five fields of vision. Thergentage of motile spermatozoa was

determined by visual scoring in the next 30 sec@misrecorded (Table 1).

4.2.2. Anti-Trichomonas activity *?

Trichomonas vaginalis parasites to be used in drug susceptibility assare grown in TYM
medium supplemented with 10% FCS, vitamin mixturé 200 U/mL penicillin/streptomycin, at
37 °C in 15 mL tubes for one day, followed by regwubculturing, and were in the log phase of
growth. The cultures routinely attained a conceiumeof 2 x 10 cells/mL in 48h. Inoculums of

1 x 10 cells per tube were used for maintenance of thtareuln vitro drug susceptibility assays
were carried out using the standard procedure kStolutions (100 pg/mL) of test compounds
were prepared in DMSO. These stock solutions werally diluted with TYM medium to
obtain concentration up to 0.1 pg/mL in 48-welltpta DMSO/TYM was used as vehicle in
control wells. Parasites (5 x “fbphozoites/L) were added to these wells and iatd
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anaerobically at 37 °C. Cells were checked for ilitgtat different time intervals from 3 to 48 h
under the microscope at 40X magnification. Viapibf the cells was determined by trypan blue
exclusion assay. Minimum concentration of the &ggnt at which all cells were found dead in
48 h was considered as its MIC. The experiment niepeated three times to confirm the MIC
(Table 2)

4.2.3. Antifungal activity*

The MIC of compounds were determined by broth mdiftotion technique as per the guidelines
of National Committee for Clinical Laboratory Stands using RPMI 1640 media buffered with
MOPS [3-(N-Morpholino)propanesulfonic acid]. Starting inocuisi of test culture was 1-5 x°10
CFU/mL. Micro titer plates were incubated at 35 MICs were recorded after 48h of incubation
(Table 2).

4.2.4. Cytotoxicity towards human cervical (HeLa) ell line by lactate dehydrogenase —
release assay

A colorimetric assay for lactate dehydrogenase ()L D#ease was used for the evaluation of the
cytotoxicity of spermicidal compounds against thel B cell line. Exponentially growing HelLa
cells were seeded into 96-well tissue culture platea density of 2 xfCcells per well (in
triplicate). After 24 h incubation in a G@ncubator at 37 °C in 5% GQ 95% air atmosphere,
the culture medium [Dulbecco’s modified Eagle’s med (DMEM)] was replaced with 100.0
uL of fresh medium containing serially diluted speriatal compounds. Control wells contained
the medium only. Culture plates were incubated &oother 5 h, and then 50 of the
supernatant from each well of the assay plate waettpd into the corresponding well of a flat-
bottom 96-well plate. Colour reaction for LDH assayd 1G, measurement for cytotoxicity
were performed using CytoTox-96 kit (Promega, MadjsWI, USA) by following the
instructions of the manufacturer. Optical densig¢s190 nm were measured in a micro-plate
reader (Quant, Bio-Tek, USA) (Table 3).

4.2.5. Effect onLactobacillus acidophillusin vitro®
The effect of compounds exhibiting potent spernatidctivity on Lactobacillus acidophillus
was determined by following the method publishediera Briefly, Rogosa SL agar plates

(7.5%; containing 0.132% acetic acid), preparedhwéxperimental) or without (control) the
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addition of spermicidal compounds, were inoculatéth L. acidophillus (~70 spores/10 cf

and incubated at 37 °C in 5% g@nd 95% air for 72 h. The number and size of debwere
recorded at the end of the experiment. The averalpay size (% of control) was multiplied by
the colony number and divided by 100 to arrivehat data presented. The aver-age colony size

for the control was taken as 100% (Table 3).

4.2.6. Spermicidal activity {n vivo)*’

All animal experiments were conducted in accordammkas per the approval of the Institutional
Animal Ethics Committee of CSIR-Central Drug Resbarlinstitute (approval No.
IAEC/2014/93). The rabbits were housed in staintgssl cages and kept in uniform husbandry
conditions of temperature (25-26°C), relative hutyi@0-70%) and light/dark cycle (12/12 h).
Young, adult female Belgian rabbits were given teshpound through vaginal instillation. The
test compounds were incorporated in K-Y-Jelly (&mm & Johnson) through geometrical
dilution. Pure K-Y-Jelly was used in control grouppsvo mL of test/control jelly containing the
test compounds at indicated doses (Table 4) waHleds10-12 cm deep into the vagina of each
rabbit with a catheter attached to the gavage peafda syringe with the animal held in supine
position. The animal was released after 5 min. fBatdemales were hand-mated once with a
proven buck. Each buck was allowed one mating. Matvas re-confirmed by presence of
sperm in vaginal smear. The mated rabbits were Kegn in separate cages and allowed to
complete gestation of 30-34 days. The pregnancidditter size was recorded at completion of
the gestation (Table 4).

4.2.7. Anti-Trichomonalactivity (in vivo)*®

All animal experiments were conducted in accordammkas per the approval of the Institutional
Animal Ethics Committee of CSIR-Central Drug Resbarlinstitute (approval No.
IAEC/2014/94). The mice were housed in polypropgle@ages and kept in uniform husbandry
conditions of temperature (25-26°C), relative hutyi@0-70%) and light/dark cycle (12/12 h).
The subcutaneous abscess assay of Krieger et%d3)Ivas used. Briefly, the parasités (
vaginalis) were cultured under partial anaerobic conditionTiYM medium andon attaining
concentration of approximately 2xX86ells/ml (in ~48 hrs); trichomonads were harvesdteth

the culture by centrifugation at 250xg for 10 mimdahen re-suspended in sterile saline. Six-

week-old mice were inoculated subcutaneously Witkeginalis (50 pl of 2 x 18 organisms per
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ml) into the left hind flank. Control animals weirgected with sterile saline only. Five groups
were used for each experimemt=8). The abscess / lesion formation was determibgd
palpation 7 days after injection, and measuredydiéreafter.Fine needle biopsy specimens
were taken from the lesion and examined microsedlyito ensure infectiainfected animals
were then treated with compounds (subcutaneousty) avdose of 5.0 pg in 50 pL of saline
daily for 7 days and abscess size measured longgtlyl and the area calculated afg’.
Metronidazole was used as positive control. Contijgctions of sterile saline did not result in
abscess formation.

4.2.8. Fluorescent labeling of sperm thiof8

Free thiols on human sperm (after treatment withcle, and two most promising compouh?l
was examined and imaged using a fluorescence mmpes after labeling with the thiols
capturing dye mBBr. The semen sample (0.5 ml) weated with 2.5 ml of compount® at
MEC, as well as equal volume of saline (Controlparallel and incubated for 15 min at room
temperature. After incubation, sperm were pelleted00xg for 10 min and washed 2-3 times
with fresh PBS. To pelleted sperm in 1 ml PBS, b(final concentration) mBBr was added
and incubated for 15 min in the dark. After incubatsperm were pelleted and washed with
PBS, finally dissolved in 200 pl PBS. A drop ofgtgample was then taken on a microscope
slide, covered with a cover glass and imaged utiegUV1A filter on a Nikon Eclipse 80i
microscope equipped with epifluorescence illumimratiExposure times were the same for all

samples.

4.2.9. Qualitative estimation of inhibition of free sulfhydryl groups on
Trichomonasvaginalis

The effect of test compound on Trichomonas freégdtyl groups was examined and imaged
by a method published earlier with slight modifioat® using a fluorescence microscope, after
labelling with the fluorometric thiol detector ugima thiol —detection assay kit (Cayman).
Trichomonas vaginalis was treated with the vehil¢he test compound at MIC and incubated
for 24 h at 37°C. After incubation, trichomonadsrevpelleted at 700 xg for 10 min at 4°C and
washed 2-3 times with PBS. Thereafter 50 pL flawetric thiol detector (pre-diluted 100x with

dilution buffer), was added and incubated for 5 mithe dark. A drop of this sample was taken
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on a microscope slide, covered with a coverslip iamjed on a Nikon Eclipse 80i microscope
equipped with epifluoresence illumination, using tbV-1A filter. Exposure times were the

same for all samples.

4.2.10. Docking study

The sequence ofrichomonas vaginalis cysteine synthase (TvCS) was retrieved from Unipro
(A2GMGD5). Since crystal structure of TvCS is notidable, therefore a homology model was
constructed usingcrystal structure of cysteine lsyse fromEscherichia coli (PDB ID-2BHS}®

as template with the help of MODELLER packageill docking studies were carried using

AUTODOCK4.2 Packag&For molecular visualization and structure manipataChimera was
used>?
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morpholino)propanesulfonic acid]; LDH, lactate ddlggenase; DMEM,dulbecco’s modified

eagle’s medium; HCG, human chorionic gonadotrophit€, thin layer chromatography.
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Table captions

Table 1: Spermicidal activity (MEC) of synthesized compoui#is38

Table 2: Antifungal and antifrichomonas activity of synthesized compound$-39

Table 3 Toxicity and safety data of promising compoundisi@, 16, 17, 1&nd35)

Table 4:1n vivo vaginal contraceptive efficacy of compoub®and17 in Belgian rabbits using
K-Y Jelly (Johnson & Johnson) as vehicle

Table 5: Spermicidal activity of compoun®9-44

Table 6: Spermicidal activity of compound&—-56

Figure captions

Figure 1: Structures of Disulfiram and synthesized compoy#A€d88

Figure 2. Docked conformations of compoundk/( Grey) and4 (Magenta). Hydrogen bonds
are shown in black dashed lines and protein residcare shown in cyan colour; Docked

conformations of less active compoutfl(Red), Protein residues are shown in cyan colour.

Figure 3. The subcutaneous abscess assay in mice usingntirMTZ-susceptibld.vaginalis:

[A] Abscess size in untreated mice (1), controlreated animal (Il) and treated mice (lll, IV, V)

at days 1, 3, 7 of subcutaneous injections. [BliSteal data of decrease in abscess size at days
1, 3, 5, 7 and 8 (autopsy day) [C] Variations itesp size and weight per 100g body weight in
mice of control, experimental-control and treatathwITZ or compoundsgl, 17[Mean * SE of
three independent experiment; significant diffeeefrom the control is indicated as *P<0.05,
**P<0.01, **P<0.001].

Figure 4. Fluorescence labeling of human sperm thiols; (Agbelled with mBBr dye

specifically binds with free thiols, (B) Phase aqast image, (C) Merged image.
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1055 Scheme captions

1056 Scheme 1 Synthesis of compounds{39
1057 °Reagents and conditions: (a) NaOH, ethyl acetafe;®@; (b) NaNQ, water, HCI, 20 min.

1058 Scheme 2.Synthesis of compound&g-56

1059 °“Reagents and conditions: (a) alkyl halide, methanmbm temperature, 3 h; (b) dihaloalkane,
1060 acetonitrile, room temperature, overnight.

1061

1062

1063
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1064 Table 1.

"t
N__S. .R!
ety
S R2
Spermicidal Spermicidal
Comp. NR'R? Activity *MEC™ Comp. NR'R? Activity *MEC™
(%) (%)
4 - 0.01% 22 NN 1%
HaC’ ’ 0 <;>7N\_/N_ 0
|
5 ohe >1% 23 &t es 1%
Hac\ o Q o
6 @N— >1% 24 ,/C—N/\:/\N— 0.5%
HC/_O}/—N/_\N—
7 v 1% 25 © N 1%

8 C _ 1% 26 ~ >1%

O%NCN—
o /M
/
9 o N— 0.1% 27 %O N N— >1%
IR
10 H3CC — 1% 28 HaC—ﬁ—N\_/N— 1%
o

ey
11 G > >1% 29 {2 [N >1%

N\ _ :
12 HC N N 0.001% 30 e O >1%
)
13 X\ 0.1% 31 e 1%
N\_/N }—N\_/N
S
14 17“_,\(_\,“_ 1% 32 KS%NMN_ >1%
7/ IS -/

39



15 N_ N— 1% 33 v 1%
S _/
16 RS 0.001% 34 D O\ 1%
IS __/
2NN CN_\—S /\
17 AR S 0.001% 35 et 0.002%

O/_\N /\
18 - 0.005% 36 I 0.5%
/~\ —
19 F <:> NN >1% 37 i a 0.5%
/N
20 QNuN_ 1% 38 :L >1%
0 N N

/ s

ON N/_\N— ic] 0\/%OH
21 N 0.1% N-9 9 0.05%

7

1065 [a] All the experiments were carried out in trigiie; [0]MEC, Minimum Effective Concentration; Velgdcontrol)
1066 has >85%motility; [c] Nonoxynol-9 (positive contyol

1067
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1068 Table 2.

Anti-
Antifungal activity 2MIC ® ug/mL (uM) TrichomonasActivity ®MIC °
Entry pg/mL (UM)
Clinical Resistant
c d e f g
strain strain”

4 1.56 (6.5) 0.78(3.2) 125(51.8) 1.56(6.5) 1&58) | 3.12(129) 3.12(12.9
5 25 (48.7) 12.5 (24.3) 50 (97.4) 50 (97.4)  >50 (497, >100 (>194) >100 (>194
6 12.5 (31.8) 3.12(7.9) 12.5 (31.8) 25 (63.6) >5027) 3.12 (7.9) 12.5(31.8
7 3.12(10.6) 0.78(2.6) 6.25(21.3) 3.12(10.6) §2B3) | 3.12(10.6) 3.12(10.6
8 3.12 (9.7) 0.78(2.4) 125(38.9) 6.25 (19.4) 1389) 50 (155) 50 (155)
9 25 (76.9) 12.5 (38.4) 25 (76.9) 12.5(38.4) 259y6.| 3.12(9.6) 3.12 (9.6)
10 6.25 (17.9) 3.12 (8.9) 12.5 (35.8) 12.5(35.8) 543 12.5(35.8) 12.5(35.8
11 3.12 (8.9) 156 (4.4)  6.25(17.9)  6.25(17.9) 548)1 100 (286)  12.5(35.8)
12 25 (57.4) 50 (114) 50 (114) 50 (114) 25 (57.4) qP&63) 12.5(28.7)
13 50 (91.4) 50 (91.4) 50 (91.4) 50 (91.4) 50 (91.4) 00{182) 100 (182)
14 50 (64.8) 50 (64.8) 12.5(16.2) 12.5(16.2) >504(8% | >100 (>129) >100 (>129)
15 50 (84.6) 50 (84.6) 50 (84.6) 50 (84.6) 50 (84.6) 106 (>169) >100 (>169
16 25(62.0)  >50(>124) >50 (>124) 50 (124) 50 (124) .256(15.5) 25 (62.0)
17 >50 (>109)  >50 (>109) 50 (109) 50 (109) >50 (>109) 3.12 (6.8) 3.12 (6.8)
18 >50 (>91) >50 (>91) 50 (91) 50 (91) >50 (>91)  1@3.7) 25 (45.5)
19 50 (97.8)  >50(>97.8) 50 (97.8) 50 (97.8)  >50 (87} >100 (>195) >100 (>195
20 25 (46.7) 12.5 (23.3) 25 (46.7) 50 (93.4) >50 (493, >100 (>186) >100 (>186
21 25 (35.6) >50 (>71.3) >50 (>71.3) 50 (71.3) >501(8j | >100 (>142) >100 (>142)
22 | >50 (>104) 50 (104) 50 (104) 25(52.4)  >50 (>104) 106 (>209) >100 (>209
23 | >50 (>104) 50 (104) 50 (104) 50 (104) >50 (>104)  (54)  >100 (>208)
24 50 (94.1) >50 (>94.1) >50(>94.1) >50(>94.1) >504.1)| >100(>188) >100 (>188)
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1069
1070
1071

1072

25

26

27

28

29

30

31

32

33

34

35

36

37

38

FLU

MTZ

N-9

25 (53.4)
50 (95.6)
>50 (>91.7)
50 (104)
>50 (>76.5)
>50 (>85.1)
50 (77.7)
>50 (>74.5)
25 (35.7)
50 (66.2)
50 (74.7)
>50 (>71.7)
>50 (>71.3)
>50 (>76.3)
0.12 (0.39)

>50 (>81.1)

12.5 (26.7)
>50 (>95.6)
>50 (>91.7)
>50 (>104)
>50 (>76.5)
50 (85.1)
25 (38.8)
50 (74.5)
25 (35.7)
25 (33.1)
50 (74.7)
>50 (>71.7)
>50 (>71.3)
>50 (>76.3)
0.06 (0.19)

>50 (>81.1)

50 (106.8)
>50 (>95.6)
>50 (>91.7)
>50 (>104)
50 (76.5)
50 (85.1)
50 (77.7)
50 (74.5)
25 (35.7)
50 (66.2)
50 (74.7)
>50 (>71.7)
>50 (>71.3)
>50 (>76.3)
0.12 (0.39)

>50 (>81.1)

50 (106.8)
50 (95.6)
>50 (>91.7)
25 (52.1)
50 (76.5)
25 (42.5)
>50 (>77.7)
>50 (>74.5)
>50 (>71.5)
>50 (>66.2)
50 (74.7)
>50 (>71.7)
>50 (>71.3)
>50 (>76.3)
0.12 (0.39)

>50 (>81.1)

25453.
>505:4)
%501.7)
>50 (>10
>506:5)

25 (42.5

50 (77.7

50 §74.
50 (>71.

50 (66.2
50 (74.7
X501.7)
%501.3)
%506.3)
20(1.39)

(80.1)

6.25 (13.3)
>100 (>191)
>100 (>183)
4100 (>208)
>100 (>153)
) >100 (>170)
) >100 (>155)
>100 (>149)
5 62.5 (89.4)
) >100 (>132)
) 1.23 (46.7)
>100 (>143)
>100 (>142)
62.5 (95.4)
2.0 (11.6)

50.0 (81.1)

6.25 (13.3)
>100 (>191
>100 (>183
>100 (>208
>100 (>153
>100 (>170
>100 (>155
>100 (>149
>100 (>143
>100 (>132
>100 (>149
>100 (>143
>100 (>147
62.5 (95.4

50 (292)

50.0 (81.1

)

2All the experiments were carried out in triplicBC, minimum Inhibitory ConcentratiofGandidaalbicans,
dCryptococcusneoformans, ®Sporothrixschenckii, Trichophitonmentagrophytes, 9Candidaparapsilosis (ATCC
22019),"ATCC 50143, Flu=Fluconazole, MTZ= Metronidazole 9N-Nonoxynol-9.
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1073 Table 3.

1074
Lactobacillus Anti-Trichomonas activity
: . HelLalC
Comp NER2 Jensenii ATCC %0 Selectivity index (IGYMIC uM)
252581Go M (ug/ml)
UM (ng/ml) Clinical strain Resistant strain
4 e 8391.6 (2014)  2429.1 (583) 188 188
12 e N N 831.8 (361) 359.4 (156) o5 12
16 "\ 3614.4 (1453)  1338.3 (538) 86 21
17 e N e 6111.8 (2787) 2508.7 (1144) 368 368
18 -, 6478.1(3550) 1686 (92.4) 2 3
35 Nxsﬂq_ 6077.5 (3136) 2740.3 (1414) 58 ~18
s /
o)
Nonoxynol-o k" 53.9(33.2)  52.7 (32.5) 064 064
7
1075
1076
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1077 Table 4.

Treatment Group Vaginal Dose Number Percent Average Litter

(mg) Pregnant/Mated Efficacy Size

Vehicle (K-Y Jelly) 0 9/9 0 7.5
12 10 5/8 37.5 25

12 15 3/8 62.5 2.0

12 20 3/6 50.0 1.83

17 10 1/7 85.7 0.71

17 25 o/7 100.0 0.0

17 50 0/6 100.0 0.0
Nonoxynol-9 20 4/5 20.0 4.8

1078
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1079

1080

1081

Table 5.

Compound R Spermicidal activity MEC
(%)
I\ 9
39 H3C/_\—N N— propyl >1%
s
/N 0
40 ch/_\_N N— hexyl >1%
/
41 [ \— propyl >1%
/
42 N— hexyl >1%
43 NC/_\_N/_\N_ propyl >1%
7/
44 N C/_\_N/_\N_ hexyl >1%
7/
Table 6.
Compound n NER? Spermicidal activity MEC (%)
45 1 N N— 0.5%
—/
/\
46 2 HC-N  N— 0.5%
/
/\
47 3 HiC-N  N— 0.5%
s
48 1 N N 1.0%
7/
49 2 N N 0.5%
50 3 N 0.5%
7/
51 1 hd N N— 0.5%
52 2 he N N— 0.5%
53 3 he N N— 0.5%
54 1 NC/_\—N N— 0.5%
55 2 né NN he 0.5%
56 3 e N N 0.5%
Nonoxynol-9 0.05%
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Figure 1.

$ 4 s R2
/\N*S'STNV R1~N*S¢SYIN~R1

Disulfiram (DSF) General structure of compounds synthesized

Figure 2.

PHE283
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1098 Figure 3.

1099
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Scheme 1

Scheme 2
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1132

1133

1134

1135
1136
1137
1138
1139

disulfide

bis(dialkylaminethiocarbonyl)disulfides

Role of linkage in action of

as potent outlle-Edged

microbicidal spermicide: Design, synthesis anddggf

Nand Lal? Santosh JangfrVeenu Bald;® Dhanaraju MandalagbAmit Sarswaf, Lalit Kumar? Ashish
Jain® Lokesh Kumaf,Bhavana KushwahBAtindra K. Pandey,Shagun KrishniTara Rawat, Praveen
K. Shukla®Jagdamba P. Maikhutilohammad I. Siddidfi, Gopal Gupt&,and Vishnu L. Sharm&*

S
|
\,NTS.S)\N/\
S
Disulfiram (DSF)

Compound 17

Disulfide linkage | Loss of activity

Spermicidal MIC: 0.5%

[Spermicidal MEC: 0.001%
In vivo spermicidal efficacy: 100% (Belgian rabbit model)

Anti- Trichomonas activity :

against MTZ susceptible strain = MIC: 6.8 pM (MTZ-11.6 uM)
against MTZ Resistant strain = MIC: 6.8 uM (MTZ-292 uM)
In vivo trichomonicidal efficacy: more potent than MTZ

= MIC 3.2-114 uM

Anti-fungal activity:

modification
Y. - -
R2 R3 N LSy v SN o
3 Pd 2 N l ] _ > 0,
El S R jsl/ ‘(v)’n \Sﬁ Rl Spermicidal MIC: 0.5 - >1%

5




Highlights:
¢ 34 compounds synthesized and evaluated for spermicidal and microbicidal activities.
e Spermicida compounds were up to fifty fold more active than N-9 in vitro.
e Compounds 12 and 17 have exhibited remarkable in vivo efficacy.
* Roleof S-S bond was established by the loss of activity on chemica modification.

e Sulfhydryl inhibition over sperm and Trichomonas shown by fluorescence labeling.





