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Alkyl thiosulfi(o)nates, analogs of allyl-2-propene-1-thiosulfinate isolated from Allium sativum and
having antibacterial activity, were chemically synthesized and their biological activities were inves-
tigated. Alkyl thiosulfinates were prepared by oxidation of corresponding disulfides with organic
peroxy acid, while alkyl thiosulfonates could be obtained by oxidation of the alkyl thiosulfinates
using sodium periodate. All synthetic thiosulfi(o)nates showed antibacterial activity against Staphy-
lococcus aureus B33 and antifungal activitiy against Candida utilis ATCC42416. Further more syn-
thetic alkyl thiosulfonates displayed antioxidant activity and have also prevention effect of platelet
aggregation induced by collagen in rat.
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Fig. 1. Synthesis of alkyl thiosulfinates.
(mCPBA), sodium periodate (NalO,), butyl disulfide, sec-
butyl disulfide, tert-butyl disulfide, ethyl disulfide, isopropyl
disulfide & propyl disulfide= AldrichA} AE-S R3] AR

Sk},

Alkyl thiosulfinates®] 34 (Fig. 1). 250 m/ 4+ Z&}2==0)
dialkyl disulfide 0.04 mol3} CH,ClL, 20 m/& 23 0°Cell4 10
7+ WHA713L m-chloroperoxybenzoic acid(mCPBA) 8.96 g
(0.04molyS CH,ClL, 100mp] &3 & Ast 27|12 S8 1

A A S I, 0O 19T S 5%
NaHCO; 489 300m/Z 33, & 300m/Z 33] A&
o G rkdge s 74}.)\]53 T 2 slelM gulE Al
?If} T A7 47 o]&ste] AAIske] alkyl thiosulfinates
£ Aotk

Ethyl thiosulfinate (1): 428 ¢ (F5&: 78%), light yellow
liquid. E7F4] CH,,0S5; 'H—NMR(CDCI;) § 130GH, t, J=
7.5Hz), & 136(3H, t, J=74Hz), § 3.07-2.99 (4H, m); "C-
NMR (CDClLy) & 7.9, 6 16.3, & 27.1, § 50.1

Propyl thiosulfinate (2): 3.93 g (5-&: 79%), light yellow
liquid. %74 CH,OSy; 'HANMR (CDCL) & 0.95GH, t, J-
73Hz), 8 100 GH, t, J=74Hz), & 1.79-1.72 (4H, m), &
3.06-2.97 (4H, m); “"C-NMR (CDCly) & 128, & 132, &
17.3, 6 243, 5 349, & 58.1

Isopropyl thiosulfinate (3): 3.66g (F5&: 74%), light

yellow liquid. ¥AF] CeH,,0S,; 'H-NMR (CDCL) & 1.38
(6H, d, J=7.0Hz), 147 (6H, d, J=7.0Hz), 5 3.18 (IH, m),
8 3.62 (IH, m); "C-NMR (CDCly) 8 160, 5 249, & 385,
5 555

Butyl thiosulfinate (4): 4.89 g (5&: 84%), light yellow
liquid. B4+ CH,0S, H-NMR (CDCL) & 094 (3H, t,
J=56Hz), 5 0.96 (3H, t, J=5.6Hz), 5 1.50-144 (4H, m), &
1.81-1.75 (4H, m), & 3.143.08 (4H, m); "C-NMR (CDCl,)
o6 136, 0 13.7, & 218, & 22.0, & 256, & 32.7, & 33.0, &
56.1

sec-Butyl thiosulfinate (5): 4.71g (5£5&: 81%), light
yellow liquid. #AF] CgH,g0S,; 'H-NMR (CDClLy) & 1.00
GH, t, J~70Hz), 8 1.03 GH, t, J~7.0Hz), & 137 (3H, d,
J=68Hz), 6 146 (3H, d, J=6.8Hz), & 1.75 (2H, m), &
194 (2H, m), & 2.94 (1H, m), & 3.40 (1H, m); “C-NMR
(CDCly)) 6 112, & 116, & 129, 6 223, 5 240, & 310, &
453, & 62.1

tert-Butyl thiosulfinate (6): 4.92g (F5&: 85%), light
yellow liquid. 57424 CH,40S,; 'HNMR (CDCly) & 133
(OH, s), & 147 (9H, s); "C-NMR (CDCL) & 243, & 324,
5 487, 6 59.5

Alkyl thiosulfonates®] ¥4 (Fig. 2). 250 m/ A+ Z&f==3
ol alkyl thiosulfinate 0.03 mol, YI1E-E 20 mis ol A
10027F SHIAID U HCES: 95l 3087F w171t Sodium
periodate 6.41 g(0.03 molyS- & 100 mpol| &A1) 5 3} 7
715 Fal 1xI7bel AA HHs] Hrlsiaint. d2olxd 2417F
JHEAIZTEA BESAIZ] & 5% NaHCO; 89 300 mZ 33,
2 300 mz 33] AFsIT o bvkavlgeR A
- 7S SellA BulE AAsL A7 ARlE ol8sie]
A3k alkyl thiosulfonatesE AT},

Ethyl thiosulfonate (7): 1.99 g (5-&: 43%), light yellow
liquid. 22 CH0,Sy 'H-NMR (CDCL) & 140 (3H, t,
J=16Hz), & 145 GH, t, J=74Hz), & 3.14 H, g, 7.5), &
332 (2H, q, J=73 Hz); “C-NMR (CDCL;): & 8.5, 6 153, §
30.8, & 57.3

Propyl thiosulfonate (8): 2.18g (F5&: 40%), light
yellow liquid. 274 CH,40.8,; 'HNMR (CDCL) & 1.03
GH, t, J~73Hz), & 1.08 GH, t, J~75Hz), & 1.76 (2H,
m), 5 1.94 QH, m), & 3.11 (H, t J~73Hz), 8 328 (2H,
t, J=7.7Hz); “CNMR (CDCL): & 128, & 132, 8 175, &
233, 5 382, & 645

Isopropyl thiosulfonate (9): 2.24g (T5&: 41%), light
yellow liquid. #AF CeH,0,S,; 'H-NMR (CDCLy) & 1.46
6H, d, J=29Hz), & 1486H, d, J=3.0Hz), & 336 (IH,
sept, J=6.7Hz), & 3.69 (IH, sept, J=7.0Hz); “C-NMR
(CDClLy) & 16.5, 6 244, & 43.1, & 63.7

Butyl thiosulfonate (10): 2.8 g (75-&: 44%), light yellow
liquid. %74 CeHOsSy; 'H-NMR (CDCL) & 094 (3H, t,
J=74Hz), 5 096 (3H, t, J=74Hz), 6 1.49-1.41 (4H, m), o
1.72 2H, m), 5 1.89 (2H, m), & 3.13 (2H, t, /=73 Hz), &
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Fig. 2. Synthesis of alkyl thiosulfonates.

329 (2H, t, J=8.0Hz); “C-NMR (CDCl;) & 13.5, § 13.6, §
214, 5 21.8, 8 25.6, 6 31.8, & 36.0, 5 62.6

sec-Butyl thiosulfonate (11): 2.52g (55&: 40%), light
yellow liquid. E24] CH;0.S,; 'H-NMR (CDCly) & 1.03
(3H, t, J=7.0Hz), & 1.06 3H, t, J=7.0Hz), & 1.46 (3H, d,
J-68Hz), 5 147 (3H, d, J~7.0Hz), 5 158167 (2H, m),
8 1.68-1.78 (2H, m), & 3.083.13 (1H, m), 5 3.47-3.52 (IH,
m), "C-NMR (CDCL) & 113, & 114, & 135, & 222, &
234, 5 30.5, & 49.5, 5 69.6

tert-Butyl thiosulfonate (12): 2.84 g (F5&: 45%), light
yellow liquid. %72 CgHi 30,8, 'H-NMR (CDCL) & 1.46
(9H, s), § 1.62 (9H, s); “C-NMR (CDCl;) & 23.9, & 317,
5 56.5, & 68.2
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Table 1. Minimum inhibition concentration of alkyl thiosulfinates
and alkyl thiosulfonates against Candida utilis ATCC42416 and
Staphylococcus aureus B33

MIC (ppm)
Compounds Candida utilis ~ Staphylococcus
ATCC42416 aureus B33
Garlic oil 25 100
Alkyl thiosulfinates
Ethyl thiosulfinate (1) 3 50
Propy! thiosulfinate (2) 5 40
Isopropyl thiosulfinate (3) 30 300
Butyl thiosulfinate (4) 7 35
sec-Butyl thiosulfinate (5) 20 200
tert-Butyl thiosulfinate (6) 90 500
Alkyl thiosulfonates
Ethyl thiosulfonate (7) 30 50
Propy! thiosulfonate (8) 11 50
Isopropy! thiosulfonate (9) 9 50
Butyl thiosulfonate (10) 8 40
sec-Butyl thiosulfinate (11) 8 40
tert-Butyl thiosulfinate (12) 8 35

APES 2] GASAT N80, hexane:ethyl acetate=
2:1). T F2 vhS ARSI TS FakEe] o] Hol
Slag kA 7o) A-st o] FQsit)
W 255 ARET WEA =W wkgo] 2 dojuA] et
o} A8t 2715 3l NalOE A7l =¥ vkgo] H=
7F oA &7t ASEHATE webs A7kl A A48
HA7FE Folof ol& WAE F ATt
Fu) P& A, Alkyl thiosulfinateE7} alkyl thiosulfonatesS
o IJMAE A Ai= Table 13+ 7T} Alkyl thiosulfinates
9} alkyl thiosulfonates®] ™22 Candida utilis ATCC42416
of thall Zgk B8 Btk dEE 4] Hojuriar o
A d 71¥ =22 Garlic oil®] Candida utilis ATCC42416
o that MIC7T 25 ppmel A3} v gS- w, ethyl thiosulfinate
(1), propyl thiosulfinate (2), butyl thiosulfinate (4), ethyl
thiosulfonate (7), propyl thiosulfonate (8), isopropyl thiosulfonate
(9), butyl thiosulfonate (10), sec-butyl thiosulfonate (11)%14+=
10ppm H|¥Ee R Hojd &go] USS & & AUMUTE E=F
alkyl thiosulfinateE3} alkyl thiosulfonate S}=5-2 X317
w2} o2 o] YeRdT Alkyl thiosulfinate 3FHESolA]
gdan AL ethyl>propyl>butyle] =02, x|87]e] =717}
245 Aol Egkth. 2y alkyl thiosulfonatesol A &
butyl>propyl>ethyl>methyl2 R =02 7}t &2do] Yelsh
t}. =, alkyl thiosulfonatedll A= X377} S92 E4do] £k
t}. 22)3L alkyl thiosulfinatesol e 71X X|$h7| 8o} AREE
218710014 o ZFeF @2do] YERIARE alkyl thiosulfonates=
7 Xg7elA Eide] o U 7AE X% Hlws)
H, alkyl thiosulfinates”} alkyl thiosulfonates®t} © 738 24
< Bk
Staphylococcus aureus B339t MIC= garlic oilol| Al

Table 2. Free radical scavenging activity of alkyl thiosulfinates and
alkyl thiosulfonates by DPPH

Antioxidant activity (%)
Compounds
1% 05%  0.1% 0.01%
Ascorbic acid 100
AlKkyl thiosulfinates
Ethyl thiosulfinate (1) 11.6 59 45 1.0
Propyl thiosulfinate (2) 8.4 53 23 0.9
Isopropyl thiosulfinate (3) 75 2.7 0.7 0
Butyl thiosulfinate (4) 8.2 5.1 2.0 0.5
sec-Butyl thiosulfinate (5) 4.7 1.8 0.5 0
tert-Butyl thiosulfinate (6) 0.5 0.1 0 0
Alkyl thiosulfonates
Ethyl thiosulfonate (7) 449 35.1 17.7 23
Propy! thiosulfonate (8) 39.0 29.3 10.2 1.8
Isopropy! thiosulfonate (9) 10.5 52 2.1 0.8
Butyl thiosulfonate (10) 36.6 273 8.7 1
sec-Butyl thiosulfinate (11) 6.0 3.4 0.9 0.4
tert-Butyl thiosulfinate (12) 22 1.7 0.5 0

Table 3. Effect of alkyl thiosulfinates and alkyl thiosulfonates on
rat platelet aggregation induced by collagen

Aggregation activity (%)
Compounds
10 ppm 3 ppm 1 ppm
Control 100
AlKkyl thiosulfinates
Ethyl thiosulfinate (1) 1 59 85
Propyl thiosulfinate (2) 5 62 95
Butyl thiosulfinate (4) 17 71 91
AlKkyl thiosulfonates
Ethyl thiosulfonate (7) 18 58 77
Propy! thiosulfonate (8) 57 57 62
Butyl thiosulfonate (10) 80 85 85

100 ppm¢! 23} H]walRS ) thiosulfinate 312 5 3, 5 2
7 5 W] 35-50 ppmOE i e EAS HAFITh 1
#HY  sec-butyl thiosulfinate(*), tert-butyl thiosulfinate(*),
isopropyl thiosulfinate(*)lX&= &/do] Ao Yeh}A] U
%, alkyl thiosulfinates®] 7350l 7HX8 X37|dMe E40]
YeREA] @ttt 22U} alkyl thiosulfonates®] 73-9-olle 714
@ AWM= e FAJo] vEehskon, o8] 7IRAE 2%
717y AEd A31ED o 2 @S Bk dAFem
thiosulfonateE°] Bt} £ a5 Yep it

32k813 =4, Mellors and Tappel MethodS ©]&-3le] kit
s} @A 543 A= Table 28} 2t} st EA4Jo] H ol
Ui deA e EFR] oI 2 HARS 100%E A4S
w, alkyl thiosulfonatesol X 36.6-47.3%% =& A4S et
WAARE alkyl thiosulfinate SIFEES BAS Ao 7IA &
tth HAAHS=Z  alkyl thiosulfonated] 3SHEL  alkyl
thiosulfinate#]| .t} EHdo] Eht}. 28] X|37]o wlel ethyl
thiosulfi(o)nate>propyl thiosulfi(o)nate>butyl thiosulfi(o)nate>
isopropyl  thiosulfi(o)nate>sec-butyl thiosulfi(o)nate>zerz-butyl
thiosulfi(o)nate & AE2 dAksl EXdo] Yttt X317 =2
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717F RS w2 A4S vrlen AEd A7t 7t
AX1E A&7 Heh FAJo] FUth. Alkyl thiosulfonates®] 73-¢-
o= AR A3VIeE 7ERZIE A9 4 ezt w2
Al vrebsk

831 24, Alkyl thiosulfinates®} alkyl thiosulfonates®] &F
531 €4 ZA3= Table 33+ 2t} Ethyl thiosulfinate (1= 10
ppm F=OA 4 $HTS Ao 3] Ao
propyl thiosulfinate (2) 10 ppm< 90% ©]’d, butyl thiosulfinate
(72} ethyl thiosulfonate (11)= 80% ©°]/F <AIsIATE 10
ppmol A sHE 115 A& alkyl thiosulfonates= alkyl
thiosulfinates?l] H|all €53 Hojxl= FSHss 7KL Ut
23} alkyl thiosulfinates®] 739 &%=7} 3 ppm3} 1 ppmS
2 golA 245 eg%e] AAs] "olxA =ARE, propyl
thiosulfonate (8)2} butyl thiosulfonate (10)= &=l W& Ax;
7F Z7] wiZell 1 ppmelA 2318 propyl thiosulfonate (8)2F
butyl thiosulfonate (10)7} B £ I3HTS 7KKe= 3L &

T ATk
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Alkyl thiosulfinatesi= disulfideZ AF8HAl(mCPBA)E. 4tslE
AlA BRI, alkyl thiosulfonatess= A 3F  alkyl
thiosulfinatesl] 2F8}A|(NalO,)S ©]-&3le] AsiAlA A6

3733t alkyl thiosulfinates®} alkyl thiosulfonates= & &
(Candida utilis ATCC 42416)°] ti3led MIC 3-90 ppme] 733+
o] et} Alst(Staphylococcus aureus B33)2] 74 X
g MIC 35-50 ppmo-2 9A] & daasprt vepodet. &
H alkyl thiosulfonatesE-2 DPPHel| 2|3t &4tsl &4d0] 36.5-
473%% F B0 YL, A87]e] 277 455 o
7eh &S Bk

r-3-31 EAollA= ethyl thiosulfinates= 10 ppm =04 &
2% TS A 3] A propyl thiosulfinate
10 ppme 90% ©J/d, butyl thiosulfinate®} ethyl thiosulfonate:=
80% ol iAlstiTt.

x K

2 Alile vk o drE ARSI e allyl-
2-propenyl-1-thiosulfinate®] FAFE<] alkyl thiosulfinate 2!
olo] 4k3}E<91 thiosulfonate 3}FESS A3t o9 AR
43S ARt Alkylsulfinate ]88} 315+ (disulfide)S
71 Fhksko 2 B alkyl thiosulfonate= thiosulfiniteE sodium
periodate® AFSIA|A dsIATE F4d3F B alkylthiosulfinate
2 alkyl thiosulfonateE-2  Staphylococcus aureus B33l U3
e SMTFAE, Candida utilis ATCC424169 tsiM <= =
Folds YeRITE Yot o5 stEES ks 3
3L F=E HERAIT

Key words: Alkyl thiosulfi(o)nate, 33374, TYEA, 3H3t
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