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ABSTRACT 

The current review frameworks different approaches of synthesis and various biological activities of allyl 
sulfides. The food-based natural products (allyl sulfides) are major organo-sulfur constituent of garlic had been 
studied extensively due to their moderate toxicity accompanied by number of biological applications such as 
anti-cancer, anti-microbial, antibiotic, antimutagenic and detoxification etc. The broad-spectrum application of 
allyl sulfides inspires us to do advance research on it 
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INTROUDCTION 
Garlic (Allium sativum L.) is widely used in traditional 
herbal remedies and alternative medicine for 
centuries (Rivlin 2001). The potential health benefits 
of garlic such as antibacterial, antimicrobial, 
antifungal, antioxidant and anti-tumour are largely 
attributed to its organo-sulfur compounds. Among 
organosulfur compounds allyl sulfides such as diallyl 
monosulfide, diallyl disulfide, diallyl trisulfide, diallyl 
tetrasulfide, diallyl penta and hexasulfides, methyl 
allyl sulfide, ajoene ,vinyldithins etc are major 
organo-sulfur compound found in garlic known for 
their unique therapeutic properties such as 
anticancer (due to their lipid soluble nature), 
antimutagenic, detoxification (Seki et al., 2012), 
antibiotic and antibacterial (Casella et al., 2013) 
metal binding and catalytic activities. These are 

considered to be most active moieties along with key 
advantage of moderate toxicity (Anwar et al., 2017). 
Sulfur present in allyl sulfide is termed as sulfane 
sulfur attributed to the extraordinary biological 
potential of allyl sulfides.(Toohey J.I 1989). The S-S 
bond linkage found in allyl sulfides open a new gate 
way as potent anticancer agents in modern 
medicinal chemistry (Allah et al., 2015, Dvorkova et 
al., 2015, Dong et al., 2014 and Nakagawa et al., 
2001). The reason behind the remarkable biological 
applications of allyl sulfides are their sensitivity 
towards the cellular components of living system 
(Venkatesh et al., 2018 ). A series of independent 
studies indicates that in comparison to normal cells, 
cancer cells show more sensitivity towards the 
treatment of diallyl monosulfide and diallyl disulfide 
(Nakagawa et al., 2001) 

               
SYNTHESIS OF ALLYL SULFIDES  
Bhaumik et al., 2017 synthesized symmetrical disulfides involving rapid conversion of alkyl halides into disulfides 
(1) by reaction of sodium sulfide and carbon disulfide in DMF at room temperature. 

RX CS2+ + Na2S.9H2O
r.t., 2-5 min

RSSR

R = alkyl, glycosyl, glycosylalkyl, X = Cl, Br, F

DMF

(1)

 
 
Kanemoto et al., 2017 reported odourless procedure for diaryl sulfides (2) using treatment of S-aryl 
thiosulfonates with borylarenes followed by deborylthiolation using rhodium as a catalyst. 
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R
B(OH)2

+ Ts
S

p-Tol

[Rh(OH)(cod)]2

 K2PO4

MeOH 50oC, 24h

R
S

p-Tol

R= C6H5OH, C6H5OCH3, C6H5Br, C6H5COOCH3

(2)

 
 
Grayson et al., 2016 reported synthesis of optically active sulfides (3) by carried out conjugate addition between 
thiols and various α,β-unsaturated in the presence of urea organocatalyst derived from cinchona alkaloid. 

R R,

O

+ HS-Ar
catalyst

toulene
r.t., 8-18 h

R R,

O S
Ar

R= alkyl,Ph
R,= alkyl

Ar

H
N

HN

O

N

N

H

catalyst

(3)

 
 
Mohammadi and Beigi 2016 proposed simple and green method for synthesis of symmetrical trisulfides (4) from 
alkyl halides in water and using PMoxt as a sulfur donor. 

2R-X+

N N

OH3C S-k
H2O

25-40oC
R-SSS-R

R= primary alkyl,secondary and tertiary alkyl

(4)

 
 

Oueslati et al., 2016 reported a direct route for synthesis of allyl sulfides (5) using cyclic p-TsOH-mediated 
followed by the direct α-substitution of cyclic Morita–Baylis–Hillman alcohols with aliphatic and aromatic thiols 
in refluxing THF. The reaction proceeded with complete α-regioselectivity and provided the corresponding allyl 
sulfides in moderate to good yields. 

O

n

OH

R

R1SH

p- TsOH , THF

O R

SR

R=H, n=2,R=Me, n=2,R=H, n=1

n
(5)

 
 
Selvaraj et al., 2016 synthesized diallyl sulfide (6) using ultrasound assisted multisite phase transfer catalyst 
1,3,5,7-tetrabenzylhexamethylenetetraammonium tetra bromide (MPTC) which was prepared by carrying out 
reaction between hexaethylenetetramine and benzyl bromide in presence of ethanol. 

H2C Br         +     Na2S
MPTC

H2C
S

CH2
+ NaBr

(6)  
 

Wu et al., 2016 reported an efficient pathway for synthesis of aryl methyl sulfides (7) via coupling of arylboronic 
acids with dimethyl disulfide under metal-free conditions. 
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Ar B(0H)2 + 2MeS SMe
3 eq. DTBP

MeCN

120oC, 12h

Ar SMe

(7)

 
 

Abbasi et al., 2016 reported synthesis of symmetrical disulfides (8) by reacting organic halides and Na2SO3 in 
DMSO at 60-70ºC. The progress of the reaction checked by litmus paper, the color of litmus paper changed from 
yellow to red which indicated formation of product. 

2RX  +   2Na2SO3

DMSO

60-70oC
RSSR

R= CH3C6H4CH2Cl,CH2=CH2Br,CH2=C(CH3)CH2Cl,PhCH2Cl

(8)

 
 
Gosh et al., 2015 reported a convenient method for the synthesis of aryl methyl sulfides (9) via cu (I)-mediated 
methylthiolation of haloarenes with DMSO which act source of sulphur. 

X

R
Cu/IDABCO

DMSO,1300C

SMe

R

(9)  
 
A new solvent and catalyst free approach of synthesis of disulfides (10) reported by Tabarelli et al., 2014. Prior 
to the synthesis 1,3-diphenylprop-2-en-1-ol and benzenethiol were made to react in the absence of solvent and 
catalyst followed by microwave irradiations for 20min. The reaction was very sensitive towards temperature 
change. 

OH

+

SH Microwave

S

(10)  
 

Baker et al., 2013 prepared symmetrical disulfides (11) using phase transfer catalysis. Disodium disulfide 
prepared in situ by carrying reaction between sodium sulfide and sulphur at 50°C in water, with addition of TBAB 
(Tetrabromide ammonium bromide) as phase transfer catalyst in ethanol. Trisulfides and other polysulfides 
were also synthesized by using same scheme by varying the concentration of sulfur. 
 

H2C

Br
Na2S2, H2O
     TBAB

20°C, 2h
H2C

S S
CH2

(11)  
 

 Wang et al., 2013 synthesized diallyl polysulfanes (12) by treatment of diallyl disulfide and liquid sulphur at 
120ºC resulted into families of polysulfanes with up to 22 sequential sulphur atoms. The resulted product 
characterized by ultra-performance liquid chromatography and obtained in good yield. 
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X

Z

W

S

Y

S

Y W

Z

X
X

Z

W

Sn

Y

Y W

Z

XS8

n= 3-22

a. W =X=Y=Z=H
b. W =X=Y=Z=Me
c. W =X=Y=Z=Cl
d.W = X= Me, Y=Z=H
e.W =Y= -(CH2)3-, X=Z=H
f. X=Ph, W = Y=Z=H

(12)

 
  
Nishimoto et al., 2012 reported an efficient method for synthesis of allyl sulfides (13) via substitution of the 
acetoxy group in alkyl, benzyl, allyl, and propargyl acetates with thiosilanes in the presence of indium triiodide 
as catalyst. The product was obtained in good yield. 

 
 

Bahrami et al., 2011 proposed efficient synthesis of allyl sulfides (14) using TAPC as catalyst by reaction of 
benzylic alcohols with aryl, heteroaryl, and alkyl thiols under metal-free and solvent-free conditions. The 
products were obtained in good yield and were characterized by spectrometric techniques. 

 
 

Gao et al., 2011 reported an iridium-catalyzed regio-and enatioselective synthesis of allyl sulfides (15) via 
allylation of allyl carbonates with aliphatic thiols as the nucleophile in dichloromethane enables the 
regioselective synthesis of branched allyl sulfides in good yields and high enantioselectivity. 

 
Mashika, 2011 reported new method for synthesis dimethyl sulfide (16) by treatment of dimethyl disulfide with 
methanol in the presence of solid catalyst, aluminum γ-oxide. The yield of dimethyl sulfide depend upon 

R OAc    +    Me3Si SR,
InI3

R= alkyl, aryl, benzyl, allyl
R,= Ar, alkyl

R
S

R
(13)

RHO + HS-R,
TAPC

Solvent free
R S

R,

R = Ar, vinyl R,= Ar, alkyl TAPC = P
Cl Cl

N N

PCl

Cl
N

P Cl

Cl

(14)

Ar OCO2Me     +  R-SNa
[Ir(COD)Cl]2

ligand, DCM
Ar

CH2

SR

R= alkyl, allyl Ligand =
O

O P N

(15)
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temperature, contact time, and content of methanol in the reaction mixture. The product obtained in good yield 
at room temperature and characterized by mass spectrometry and FT-IR. 

 
 Lee et al., 2011 reported cross-coupling reactions between carbon and sulfur with indium tri(organothiolates) to 
synthesis di-, tri- and tetrasulfides (17) in a one-pot procedure which involve reaction of indium 
tri(organothiolates) with polybromonated aromatic and hetero aromatic compounds. 

 
 

Qiao et al., 2011 proposed efficient synthesis of aryl methyl sulfide (18) by carried out methylthiolation using 
(methylthio)trimethylsilan. To a solution of 1-iodo-3,5-dinitrobenzene in DMSO was added Cs2CO3 and followed 
by stirring for 2 min. A dark purple solution obtained and TMSSMe was added. 

 
 

et al., 2010 reported synthesis of unsymmetrical trisulfides (19) followed by treatment of SCl2 with mixture of 
dodecane-1-thiol and 5,5-dimethyl-2-sulfanyl-2-thioxo-1,3,2-dioxaphosphorinane at 30°C and resulting 
intermediate 1-[(5,5-dimethyl-2-thioxo-1,3,2-dioxaphosphorinan-2-yl)-trisulfanyl]dodecane11-
sulfanylundecanol. The intermediate further afforded a complex mixture of product such as unsymmetrical and 
symmetrical trisulfides on treatment with Et3N.  

 
 

Kertmen et al., 2009 proposed a novel and efficient method for synthesis of symmetrical trisulfides (20) with 
treatment of bis (5,5-dimethyl 2-thioxo-1,3,2-dioxaphosphorinan-2-yl) disulfide or 5,5-dimethyl-2-sulfanyl-2-
thioxo-1,3,2-dioxaphosphorinane with bromine at 30 °C resulting into desirable products. 

(CH3)2S2  +  CH3OH
H+

2(CH3)2S   +   2H2O

(16)

Ar (Br)n
Or

Heteroaryl (Br)n

+ In(SR)3
catalyst.Pd

DMF

Ar (SR)n
Or

Heteroaryl (SR)n

(17)

O2N

TMSSMe, Cs2CO3

DMSO r.t, 16 h

R

MeS

R=CN,CH3-C=O,CH3-COOH,CF3,NO2, F, Cl, Br, I

R

(18)

O

O
P

S

SH

+ SH
SCl2, -300C

CH2Cl2

O

O
P

S

S
S

S

RSH

S
S

SR

(19)
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Das et al., 2007 reported synthesis of (Z)- and (E)-allyl sulfides (21) using Morita-Baylis-Hillman Acetates. The 
product obtained in good yield and characterized by various spectrometric techniques. The reaction occurs at 
room temperature and without presence of any catalyst. 

 
 

Yatusmonji et al., 2007 synthesized allylic sulfides (22) by treatment of allylic acetates with thiols in the presence 
of nickel (0) triethyl phosphite complex with retention of configuration without allylic rearrangement.  

 
 

 Begue et al., 1996 prepared Trifluromethyl vinyl sulfides (23) by witing reaction on thiotrifluoroacetates. 

 

O
P

O S

S S
P

S O

O

O

O
P

S

SH

O

O

P
S

S Br

O

O

P
S

S S R
R-SH

t-Bu-O S-

S

K+

MeOH, 30 min
or

MeCSNH,Et3N

CH2Cl2, 30 min

R
S

S
S

method A

method B

Br2

(20)

R

R= (CH2)11CH3, (CH2)11OH, (CH2)10CO2H, (CH2)2OH(R),CH2CH(NHBoc)CO2Et

R

O

CH2

Ac

O
Me

O

Ph-SH
R S-Ph

C
O

OMe

R= Ph, O Me,

Cl

(21)

OAc

R,

R
+ NuH

Ni[P(OEt)3]4

THF/ DMF
reflux

Nu

R,

R

Nu= S-alkyl, SPh, O-alkyl

(22)

F3C SR1

O Ph3P CHR2

2h, r.t.
F3C SR1

R1=alkyl, R2= phenyl,CO2Et

(23)
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 The one step formation of unsymmetrical disulfides (24) reported by Hunter et al., 2006 which involved 
oxidation of 1-chlorobenzotriazole (BtCl) in the presence of CH2Cl2 at -78ºC and different thiols agents. The 
products were obtained in moderate yield. The product was analysed by various spectroscopic techniques. 

 
 
Zhan and Lang, 2004 proposed a new convenient synthetic procedure for allyl sulfides (25) which involve 
treatment of alkyl thiocyantes or aryl disulfides with allyl bromide in the presence of samarium iodide as a single 
electron transfer reagent as shown above: 

 
 

Ren et al., 2009 reported synthesis of 1,3-Diallyltrisulfane (26) by carried out reaction between sodium 
thiosulfate and unsaturated alkyl bromide at 500-600C with continuous stirring followed by addition of sodium 
sulfide solution. The product obtained in good yield. 

 
 
Bates et al., 2004 proposed a palladium-free approach for the synthesis of vinyl sulfides (27) in presence of 
copper(i) catalyst [cu(phen)(pph3)2]NO3, the desired product are observed with retention of stereochemistry in 
excellent yield. 

 
 

Sinha et al., 2003 synthesized diorganotrisulfides (28) by carried out reaction of organic halide and elemental 
sulfur using catalytic copper (II) halide and Tin (II) chloride in the solution of DMSO and THF at 30-70ºC. 

 
 

Prakash et al., 2002 reported synthesis of aryl phenyl sulfides (29) and aryl methyl from arenediazonium 
tetrafluoroborates and trimethyl(methylthio)-and trimethyl(phenylthio)silanes. A solution of 
trimethyl(phenylthio)-silane in dimethylformamide was added drop wise over 20 min to a solution of the 
corresponding diazonium tetrafluoroborate salt in DMF at –10°C (ice/salt mixture bath). 

 
 

N

N

N

Cl

R1SH,  BtH

R1, R2= aryl, heteroaryl, alkyl

R2SH
R2SBt

R1SSR2

(24)CH2Cl2

RSCN
Sm/ Allyl bromide/MeOH

rt, 30 min
RSCH2CH=CH2

(25)

R Br
Na2S2O3 R S2O3Na

Na2S
R

S
S

S
R

R = Br, Br, Br
(26)

R-SH + I
R

[Cu(phen)(PPh3)2]NO3

K3PO4, Toulene
110 C, 4-24 h

R
S

R,

R= Ar, alkyl

(27)

RX    +  S8

SnCl2(or SnCl2.2H2O)

CuX2,  DMSO-THF

R2S3

R= CH2=CHCH2Br, CH2=CHCH2Br, CH3CH=CHCH2Br, C6H5CH2I, 4-NO2C6H5CH2Br

(28)

Ar N N + Me3Si SR N N

Ar

SR

-N2

Ar SR

-Me3SiF,

-BF3
(29)
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Ayodele et al., 1999 synthesized aryl trisulfides (30) by treatment of 1,2,4-trichlorobenzene with sulfur 
monochloride and aluminurn gives the S,S'-trisulfide.. 

 
  
Kondo et al., 1999 reported first ruthenium –catalyzed synthesis of allylic sulfides (31) via allylation of thiols 
involving treatment of aliphatic/ aromatic thiols with allyl methyl carbonate in the presence of RuCl(cod) in 
CH3CN at room temperature under argon atmosphere. 
  

 
Ogawa et al., 1999 studied stereocontrolled and region formation of vinyl sulfides (32) via reaction of thiols with 
alkynes using transition-metal-Catalysis at 25°C. After the reaction was complete the solvent was removed in 
vacuo. Purification was done by a recycling preparative HPLC. 

 
Zhan et al., 1999 reported a novel synthesis of allyl sulfides (33) via. Sm-BiCl3 system in aqueous media. The best 
yield were obtained under nitrogen atmosphere. The result indicated that Sm-BiCl3 system facilitates the 
cleavage of S-S bond which was considered one of the major advantage of this method. The products were 
characterized by various spectroscopic techniques. 
 

 
Mingxin and Zhang, 1997 reported a convenient procedure for allyl sulfides (34) which involve treatment of alkyl 
or aryl disulfides in the presence of samarium as a catalyst with allyl bromide in THF lead to product in good 
yield. 

 

Cl

Cl Cl

+ S2Cl2
Al

Cl

Cl Cl

sss

Cl

Cl Cl

(30)

OCO2Me   +    RSH
RuCl(cod)

CH3CN
S R

R = n-C5H11, Ph

(31)

R CH + PhSH

Pd (OAC)2

Catalyst R

PhS

CH2

(32)

Br + RYYR BiCl3-Sm

THF- H2O

YR

Y = S

R= Ph, p-CH3C6H4, p-ClC6H4, p-CH2,

(33)

R-S-S-R

Br
CH2

Sm, THF, reflux
R

S
CH2

R= -CH2 Ph,-(CH2)15-Me, -(CH2)5-Me, NO2

(34)
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A new synthetic route for synthesis of disulfides (35) reported by Wu et al., 1996. The reaction was carried out 
between thiols and bromine which act as a oxidizing agent without use of any solvent. The reaction conditions 
were mild and the yields were essentially quantitative. 

 
Archer et al., 1994 reported synthesis of sulfide (36) from camphor by treatment of camphor with a thiol agent 
in the presence of a lewis acid (F3B.OH2) result into formation of thionium ion as a intermediate further reacted 
with Et3SiH to form chiral sulfides. 

 
Babudri et al., 1998 synthesized vinyl aryl sulfides (37) using conjugated (E,E)-1-phenylthiobuta-1,3-dienes as a 
intermediate formed by treatment of trimethylsilylalkyne with Ni11- based cross coupling between Grignard 
reagents and 1-chloro-2-phenylthioethene. The intermediate undergo desilylation and treated with NBS (N-
Bromosucinide) to give product. 
 

 
Backvall et al., 1994 synthesized vinyl sulfides (38) via palladium catalysed thioboration of alkynes with 9-
(alkylthio)-BBN. The products were obtained in good yield 
 

+ 2R S B

(i)Pd(PPh3)4

THF, 50 C, 24h.
(ii) MeOH

1R

S

R1=vinyl, R2= alkyl,phenyl

1R CH R2

(38)

 
Goux et al., 1994 reported synthesis of allyl, homoallyl sulfides (39) by approaching various methods. The 
allylation reaction of thiols using carbonated and aromatic thiols in the presence of Pd0 gives moderate to 
excellent yield of allyl and cinnamyl aryl sulfides. 

 

RSH + Br2 RSSR + 2HBr

R= CH2(CH2)3SH, CH3(CH2)4SH, CH3(CH2)6SH,CH3(CH2)7SH

(35)

MeMe

Me O

RSH,  F3B.OH2

MeMe

Me S+

R

Et3SiH
MeMe

Me

R = alkyl, aryl

SR
(36)

PhS
Cl

Me3Si MgBr

NiCl2(dppe),THF
PhS

SiMe3

(i) KF,MeOH

(ii) Cp2Zr(Cl)H

(iii) NBS

PhS
Br

(37)

R OCO2Me
PhSH, Pd2(dba)3

dppb, THF,500oC
R SPh

(39)
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Hiver et al., 1994 proposed synthesis of unsymmetrical benzylic disulfides (40) from benzylic bromides and 
chlorides derived bunate salts. The reaction involve chemical treatment of  thiosulfinate in DMSO subsequently 
followed by addition of thiolate to generate unsymmetrical disulfide.  

 
  
Miranda et al., 1994 reported synthesis of unsymmetrical sulfides (42) using a new reagent trisopropylsilanethiol 
(TIPS) which formed by conversion of H2S to triisopropylsilyl (HSTIPS) further treated with potassium salt and 
akyl halide  

 
  
 Another interesting method allyl sulfides (43) reported by  Nava-Salgado et al; 1995 involve extrusion of CO2 
from the intermediate (substituted ß- lactone) with retained stereochemistry as reactant resulted into main 
product. 

 
 
Richter et al., 1994 reported synthesis of disulfides (44) by carried out benzylation of different thiols sources. 

RSH + HO N
H

O

O

CH2

CF3CO2H

CH2Cl2
70-90% yield

RS N
H

CH2

O

(i) Bu3SnH, PdCl2(PPh3)2

CH3CO2H, CH2Cl2
(ii) I2

RSSR

(44)  
  
Coldham et al., 1993 reported formation of allylic sulfides (45) via formation of a intermediate (episulfonium 
ion) by shift of a phenylthio group from ß-hydroxy sulfide followed by removal of a proton and resulted into 
achievable product. 

 

Y
Y

SSO3Na

Y

SX Na2S2O3

DMSO

ButSK
S

But

X=Br,Cl

Y=H,NO2,Br,OMe, MeOCOAr

(40)

H2S
1. LiBu

2. TIPSCl
HSTIPS

1. KH

2.RX
RSTIPS

Bu4NF

- TIPS
RSR'

R = n-Bu, ethyl, n-oct,PhCH2
R'= CH2=CHCH2, Br(CH2)2,-CHMe(CH2)2-

(42)

O O

R1

SR2

-CO2

R1

SR2
R2SH

(43)

N
H

SPh OH Ac TsOH N
H

S+

Ac
H

Ph TsO-

N
H

SPh

Ac

(45)
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Gridnev et al., 1993 reported one pot method for synthesis of vinyl sulfides (46) using thioalkynes via cataltytic 
hydroboration.The synthetic procedure involve reaction of a thioalkyne in presence of Pd0 with catechol borane 
resulting into main product. 
 

 
Meshram, 1993 reported synthesis of disulfides (47) through cleavage of thiol acetate by clayfen (Fe (NO)3) in 
the absence of solvent at room temperature. The product was extracted with dichloromethane and purified 
with column chromatography. The non-solvent feature of this method promoted solid phase synthesis. 

 
Banerji and Kalena, 1980 synthesized organic trisulfides (48) with addition of hexane solution of n-
trimethylailylimidazole with sulfur dichloride in hexane under dry conditions followed by addition of freshly 
distilled allyl thiol. 

N

N

SiMe3

SCl2

r.t.
2

N

N
S

N

N

2RSH

0-25
RS3R+ 2

N

H

R= Allyl, n-propyl,iso-propyl,n-butylt-butyl,
n-amyl, benzyl, phenyl

(48)

 
 
 
Meijer and Vermer, 1974 synthesized substituted disulfide ie. (1-(methy1thio)propyl propenyl disulfide ) (51) at -
300C by adding butyllithium with mixture of of cis/trans-l-propenethio in dry ether followed by continuous 
stirring of ten minutes. The desirable product was obtained on pouring the reaction mixture on ice and 
possessed almost same configuration as same asreactant. 
 

C2H5CH2(S)SCH3

NaBH4

           H2O,

 (CH3OCH2-CH2)2

CH

SH

C2H5

SCH3 (SC N)2

ether
C2H5 C

H

S

SCH3

SC N

CH3CH CHSLi

ether

CH3CH C

SCH3

SCH3

C2H5S

(51)

HC

 
 
  

R1 SR2
+

O

O

B H
PdCl2(dppf)

C6H6

O

O

B
R1

H

SR2  PdCl2(dppf)

NaOH,

H

SR2

R3

R1

(46)

R
S Me

O clayfen
R

S
S

R

R = alkyl, aryl

(47)
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 Oswald et al., 1968 synthesized allyl sulfides (52) via addition of dithiols to allene involved free radical 
mechanism lead to polymer formation. The polyadditions were usually followed by nuclear magnetic resonance 
(NMR) spectroscopy of samples from the reaction mixtures. The crude liquid products were stripped with 
nitrogen bubbling at 1350C. under a pressure of about 0.3 mm. to remove all the volatile starting materials and 
impurities. The solid polyadducts were purified by fractional reprecipitation with a benzene-methanol solvent-
precipitant pair. 

 
Moore et al., 1963 prepared allyl sulfides by carried out reduction of cis-1,3-dimethylbut-2-enyl disulfide (53) 
and trans-2-methylpent-2-enyl disulfide (54) in the presence of triphenylphosphine (PPh3) at 80ºC for 96 hr. The 
organic sulfides were isolated by chromatography. 

 
The organic disulfides (55) can be prepared by thioalkylation of thiosulfinates in the presence of thio agents 
Nakabayashi 1961. The reaction of sulfenic sulfonic thioanhydride with p-toulenethiol produced 
dipropyltrisulfide at room temperature. The product was purified with column chromatography and obtained as 
a pale yellow color oil. 
 

 
 
BIOLOGICAL PROPERTIES 
Extensive research has shown that oil soluble allyl 
sulfides present in garlic responsible for high 
biopotential (Iciek et al., 2012). Diallyltrisulfide and 
other allyl sulfides such as diallyl disulfide, diallyl 
pentasulfide and diallyl hexasulfidedomestically 
marketed in china since 1981 for treatment of 
fungal, parasitic and bacterial infections in man 
especially organo-sulfur compounds derived from 
garlic exhibit anticancer, antibacterial, 
antimicrobial,antivirus and antioxidant properties, 
immune system stimulation, cholesterol reducing 
properties (Johnson et al., 2016, Mnayer et al., 2014, 
Wang 2012) 
 
Antimicrobial activity: 
 Li et al., 2015 studied antimicrobial activity of fresh 
garlic extract against Pseudomonas aeruginosa and 
Candida albicans. The result showed that Fresh garlic 
extract displayed evident inhibition properties 

against C. albicans yet weak inhibition properties 
against P. aeruginosa. 
 
Casella et al., (2013) studied the role of diallyl and 
dipropyl sulfides in vitro antimicrobial activity against 
P. aeruginosa and E. coli. The antimicrobial activity 
was evaluated by measuring growth of inhibition 
zone. The result indicated that presence of 
CH2=CHCH2 group in sulfides structure contributed to 
its antimicrobial activity as dipropyl sulfides did not 
show any antimicrobial activity due to complete 
absence of CH2=CHCH2 group. The antimicrobial 
potent of the DPDS (dipropyl disulfide) and DADS 
(diallyl disulfide) were also studied. The results 
showed presence of the allyl moiety responsible for 
antimicrobial effect of sulfide derivatives . The DADS 
showed inhibition zone of 15.9mm on S. aureus and 
for P. aeruginosa was 21.9 mm where as for E. coli 
inhibition zone was 11.4 mm. 
 

H2C C CH2
HSRSH CH2 C

CH3

SRSH HSRSH HSRSCH2CHSRSH

CH3

(52)

CH3

H3C CH3S

S

CH3

CH3

PhP3
C

H3C

CH3

S
CH3

CH3 +

CH3

H3C CH3S
CH3

(53) (54)

H3C C6H5 S

O

O

S S C6H5CH3 +H3C C6H5SH H3C C6H5 S S S C6H5CH3

(55)

90 



  
 

Vol. 7, Issue 8 | pharmatutorjournal.com 

PharmaTutor  
ISSN: 2347-7881 | Vol 7, Issue 8 

Alli et al., 2011 studied mode of action of crude garlic 
(Allium sativum) and its antimicrobial effects on 
clinical isolates of S. aureus and P. aeruginosa and 
further compared with strains of Staphylococcus 
aureus ATTC 25923 as control. The minimum 
bactericidal concentration (MBC) and minimum 
inhibitory concentration (MIC) were measured using 
agar dilution method for isolates of S. aureus and P. 
aeruginosa. The experimental investigation showed 
zone of inhibition was 201mg/ml for S. aureus 
followed by 134mg/ml for P. aeruginosa. 
 
Rattanachaikunsopon et al., 2009 studied 
antimicrobial activity of elephant garlic oil against 15 
different strains of V.cholera. The estimated sulfide 
content of the oil (diallyl monosulfide- 1.62%, diallyl 
disulfide-25.09%, diallyl trisulfide- 16.04%, diallyl 
tetrasulfide- 10.58%) and their activity compared 
with commercially available diallyl tetrasulfide, diallyl 
trisulfide, diallyl disulfide and diallyl monosulfide. 
The result showed that obtained MIC value varied 
according to the different strains of V.cholera 
ranging from 25 to100 µg/ml for diallyl for diallyl 
disulfide, 1.57 to 12.5 µg/ml for diallyl disulfide, 0.2 
to 1.57 µg/ml for diallyl trisulfide and 0.005 to 0.4 
µg/ml for diallyl tetrasulfide. 
 
The antimicrobial activity of diallyl sulfide content in 
chive oil studied by Rattanachaikunsopon et al., 2008 
against food-borne pathogenic bacteria Bacillius 
cereus, Clostridium botulinum, Listeria 
monocytogenes, Salmonella enterica, S.aureus and 
Vibrio cholera. The results indicate that diallyl 
sulfides considered to be responsible for 
antimicrobial activity in Alliaceae family, but due to 
their low content in chive oil diallyl sulfide exhibited 
low antimicrobial activity.  
 
Leuschner et al., 2003 reported antimicrobial effects 
of garlic oil, clove and red hot chilli on Listeria 
monocytogenes (food borne pathogen). The garlic 
and clove both exhibited bacteriocidal activity where 
as red chilli found to be less inhibitory. The result 
indicate that garlic kill 50% colonies of L. 
monocytogenes at concentration of 3×106 CFU/ml 
where as clove show activity at concentration of 
1×103 CFU/ml. 
 

Ross et al., 2001 examined antimicrobial effect of 
garlic oil and powder. The result indicated that 
antimicrobial may involve sulfhydryl reactivity. All 
bacteria tested, which included both gram-negative 
and -positive bacteria and pathogenic forms, were 
susceptible to garlic materials. On the basis of 
weight-of-product basis, 24 h MICs for GO (0.02 to 
5.5 mg/ml, 62 enteric isolates) and dimethyl 
trisulfide (0.02 to 0.31 mg/ml, 6 enteric isolates) 
were lower than those for a mixture of diallyl 
sulfides (0.63 to 25 mg/ml, 6 enteric isolates) and for 
GP, which also exhibited a smaller MIC range (6.25 to 
12.5 mg/ml, 29 enteric isolates). 
 
Tsao et al., 2001 studied In-vitro antimicrobial 
activity of four diallyl sulfides diallyl monosulfide, 
diallyl disulfide, diallyl trisulfide, diallyl tetrasulfide 
respectively against Aspergillus spp., Staphylococcus 
aureus, methicillin-resistance S.aureus, and Candida 
spp. The magnitude of activity of four diallyl sulfides 
followed the order diallyl monosulfide < diallyl 
disulfide < diallyl trisulfide < diallyl tetrasulfide 
showed that their antimicrobial activity directly 
related to no. of disulfides bonds, the more disulfide 
bonds greater the antimicrobial activity. 
Avato et al., 2000 studied allylsulfides components of 
garlic oil as antimicrobial agents against Candida spp, 
Blastoschizomyces capitatus, Bacillus subtilis, S. 
aureus, E. Coli and P.aeruginosa. The result showed 
that out of all the component of garlic oil diallyl 
trisulfide and diallyl disulfide found to be more 
potent antimicrobial agent with different MIC values. 
The garlic extract containing DDS (41%) and DTS 
(40%) exhibited antimicrobial action against C. spp 
with MIC value 0.8µg/ml followed by MIC value 
0.25µg/ml against B.subtilis, S. aureus and 
P.aeruginosa. It also concluded that none of the 
garlic extract found to active aginst growth of E. Coli. 
 
Antibacterial activity: 
Soltan et al., 2016 examined antbacterial activity of 
garlic essential oil against four pathogenic bacteria 
Agrobacterium tumefaciens, Erwinia amylovora, 
Rhodococcus fascians and Corynebacterium fascians 
by Agar dilution method. The result indicated that 
garlic oil crudes (diallyl monosulfide, diallyl disulfide, 
diallyl trisulfide, diallyl tetrasulfide) exhibited 
stongest pramylovorawith MIC value 300 µg/ml. 
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Liu et al., 2010 studied antibacterial mode of action 
of allitridin (diallyl trisulfide) against Heliocobacter 
pylori infection. The studies indicated allitridin 
exhibited inhibitory effect on H.pylori in 
concentration-dependent manner. In 24 hours time 
course examination 1µg/ml dose of allitridin was 
enough for its inhibitory action. The further study on 
the inhibitory action of allitridin indicate that the two 
proteins of H.pylori namely cytotoxin-associated 
gene A and neutrophil-activating protein were down 
regualted by allitridin which was reason for its 
inhibitory action. 
 
Gara et al., 2000 reported activities of garlic powder 
(GP), garlic oil (GO) and their diallyl constituents 
against different strains of H.pylori. The garlic 
material exhibited anti H. pylori effects with variable 
MICs value (8 to 32µg/ml) as well as MBCs value (16 
to 32µg/ml).The MICs and MIBs values of GO found 
to be lower than MICs and MIBs value of GP due to 
presence of allicin. Allicin with (MIC 6µg/ml; MIB 
6µg/ml) values was more potent than diallyl disulfide 
content of GO with (MIC 100µg/ml; MIB 100µg/ml), 
However diallyl tetrasulfide show similar result as 
allicin with (MIC 3-6µg/ml; MIB 3-6µg/ml) values and 
indicated that antimicrobial effect of diallyl sulfides 
increases with increase in the no. of sulfur atoms. 
 
Jonker et al., 1999 studied antibacterial impact of 
two different garlic extracts, home-made raw garlic 
extract and commercially available garlic tablets 
alone and in accordance with omeprazole or 
antibiotics contrast to clinical isolates of H pylori. The 
study indicated that MIC values of the commercial 
tablets were based on the allicin content, no 
differences between the three types were observed. 
The amalgam of omeprazole and showed a 
synergistic effect which was concentration 
dependent. The MIC values ranged from 10,000 to 
17,500 mg/L 
 
Nematicidal activity: 
Anastasiadis et al., 2011 studied effect of garlic oil 
component (diallyl disulfide) and entomopathogenic 
nematodes as biocontrol agent on root- knot 
nematodes on tomato (Meloidogyne javanica). The 
result indicate that diallyl disulfide showed more 
effective  
nematicidal activity. 

Park et al., 2007 reported nematicidal activity of 
components from garlic and plant essential oils and 
cinnamon oil against the pine wood nematode 
(Bursaphelenchus xylophilus). The nematicidal 
activity varied according to compound dose, stage 
and sex of nematode. The compound found to be 
most toxic to pine wood nematode was diallyl 
trisulfide with LC50 value 3.72, 2.79 and 2.79 µlL-1 
followed by cinnamyl acetate (from cinnamon oil) 
with LC50 value 39.30 µlL-1, diallyl disulfide with LC50 
value 43.20, 46.48, 37.06 µlL-1 against male, female 
and juvenile nematode respectively. 
 
Antifungal activity: 
The antifungal evalution of garlic oil was checked 
against Candida albicans by multiple methods 
including the poisoned food technique. The garlic oil 
due to its antifungal oragnosulfur components 
(diallyl monosulfide, diallyl trisulfide, diallyl disulfide 
and diallyl tetrasulfide) showed effective antifungal 
activity with MIC value 0.35µg/ml. The Transmission 
electron microscopy revealed penetration of cellular 
membrane of C. albicans as well as in membranes of 
organelles like mitochondria, resulting into ultimate 
cell death. The test fungi further analysed for its RNA 
sequence which showed that garlic oil caused the 
destruction of those critical genes which involved in 
oxidation-reduction processes (Li et al., 2015). 
 
The antifungal effect of garlic oil on Penicillium 
funiculosum examined by Li et al., 2014 using 
poisoned food technique. The GC/MS analysis of 
garlic oil indicate that sulfides, disulfides, trisulfides 
were the main consituents of the oil which hold for 
its biological activity. The result showed that 
0.0313% (v/v) garlic oil can kill 5×105 CFU/ml of P. 
funiculosum conidia within 6 days where as 0.25% of 
garlic oil kill fungus thoroughly within 4 days. 
 
Antiparasitic activity: 
The in vitro antiparasitic activity of diallyl trisulfide 
examined by Lun et al., 1993 against animal and 
human pathogenic protozoa Entamoeba histolytica, 
Giardia lamblia and Trypanosoma sp. The result 
showed that diallyl trisulfide exhibited excellent 
activity with LC50 value range of 0.8-5.5µg/ml for 
different T. spp, LC50 value of 49µg/ml for E. 
histolytica and LC50 value of 59µg/ml for G. lamblia. 
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Soffar and Mokhtar 1991 studied antiparasitic effect 
of garlic aqueous extract hymenolepiasis nana and 
giardiasis. The result showed that the minimal lethal 
concentration which was found to be 1/20.  
 
Anticancer activity: 
Allah et al., 2015 screened anticancer potential of 
synthetically prepared diallyl sulfanes derivatives. 
The results indicated that diallyl sulfanes derivatives 
caused oxidative stress in cancer cells which lead to 
apoptosis at effective concentration of 50µg/ml. 
 
Dvorkova et al., 2015 studied anticancer potent of 
allyl sulfides on both normal as well as cancer cell. 
The outcome indicated that Cancer cells were prone 
to be more sensitive towards biological immune 
processes like apoptosis induced by garlic 
compounds (allyl sulfides) in comparsion to the 
healthy cells of body. Diallyl disulfide caused the 
reduction of histone deacytylase enzyme which 
further leads to histone acetylation in cancer cells of 
rat liver and cancer cells of human breast, where as 
diallyl trisulfide was found to be responsible for self-
death (apoptosis) in cancer cells of human prostate 
in comparison with diallyl disulfide. 
  
Dong et al., 2014 studied black garlic extract for their 
anticancer potential. The results demonstrated that 
garlic extract inhibited HT29 cell growth via the 
induction of apoptosis and cell cycle arrest. The cell 
growth inhibition rate at concentrations of 100, 50 
and 20 mg/ml was 46.7±4%, 40.4±5 and 24.6±4 
respectively, at 24 h; 55.2±3%, 48.1±4 and 28.3±5 
respectively, at 48 h; and 63.9±5%, 56.1±6 and 
34.2±4 respectively, at 72 h (P<0.05). 
 
Na et al., 2012 examined anticancer potential of 
diallyl trisulfide. The study indicated diallyl sulfide 
(DAS), diallyl disulfide (DADS), and diallyl trisulfide 
(DATS) all out turn to negative effects on cancerous 
cells. Among all sulfides DATS exhibited highest 
potent anti-proliferative rate in MCF-7 cells of 
human breast cancer.  

Seki et al., 2012 studied anticancer effects of diallyl 
trisulfide on human colon cancer cells at 100µg/ml 
concentration for different interval of time indicated 
that diallyl trisulfide possed anticancer potent due to 
its sulfhydryl group which react with the cysteine 
group of affected cell and ultimately responsible for 
mitotic arrest of cancer cells. The anticancer potent 
of the alk(en)yl sulfides was tested using human 
colon cancer cells HCT-15 and DLD-1. The 
experimental results indicated that diallyl trisulfide 
suppressed the major fraction of cancerous cells 
followed by diallyl disulfide and diallyl monosufide., 
further reults indicated that diallyl trisulfide 
disrupted microtubule network formation of the 
cancer cells, and microtubule fragments could be 
seen at the interphase. 
 
The anticancer effect of tetrasulfides were checked 
for human breast cancer cells is mediated through 
the inhibition of the cell division cycle 25 
phosphatases by Viry et al., 2011. The result 
indicated that tetrasulfides appear to target different 
signaling pathways to inhibit cancer cell 
proliferation. 
 
Nakagawa et al., 2001 studied growth inhibitory 
effect of diallyl disulfide on human breast cancer cell 
lines. The study indicated that diallyl disulfide proved 
to be an effective inhibitor of both ER-positive and 
negative human breast cancer cells and implied that 
diallyl disulfide caused apoptosis and DNA 
fragmentations in HCT-15 human colon tumor cells. 
The effective concentrations for diallyl disulfide 
found to be 1.82µM for 72 hours. 
 
CONCLUSION 
The present review literature describes the different 
synthetic schemes for synthesis of allyl sulfides along 
with their broad spectrum biological applications. 
The immense therpautical properties of allyl sulfides 
seeks scientist attention and demands their further 
exploration in medicinal field and agriculture field. 
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