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I. INTRODUCTION

A large number of cyclic thiones has been syn-
thesized. These include alicyclic and heterocyclic
thiones, the latter including those with potential
aromatic character. It is the intention of this paper
to summarize the reactions of a number of simple
systems of this type with a variety of reagents which

lead to modification of the thione function. Re-
actions may either lead to oxidation of the molecule,
replacement of the thione sulfur atom by oxygen, or
even replacement by hydrogen. Data are also included
for some thiols which are capable of tautomerism
with thiones and give similar or related products.

II. TYPES OF THIONES OXIDIZED

These include alicyclic thiones with three to
seven-membered rings, and are usually conjugated.
Non-conjugated thiones correspond to aliphatic
acyclic thiones and are likely to be polymeric.!
Heterocyclic thiones described here have five- to
seven-membered rings, and thione functions are
stabilized by interaction with heteroatoms, including
nitrogen, oxygen and sulfur, or by conjugation with

185

double bonds. In some compounds, especially in
nitrogen heterocycles, they may exist substantially
as thiol forms. Heterocyclic thiones described also
include those with two or more heteroatoms. Types
of thiones oxidized are classified and appear with
the appropriate reagents and types of products in
Tables I to XXVIL.
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Oxidation Reactions of 2-Mercapto Pyridines or Pyrid-2-Thiones

TABLE 1

& Nl/2 SH N N on NSs0 SN SOH N Slp
. H
5 Ry 3 a b c d ]
& l N 25
I
Derivative Oxidizing agent Product Reference
Parent HNO3 d 145
parent H202 c 7a
1-Ma Ho04 c 7a
5-Cl 10% H204 e 1
5-Br 10% H2049 [} 11
6-1 10% Ho04 e 11
5-NOy 10% Hy05 e 11
5-NO2 KMnOg4/acetone b 18
5-NO» KMnO4/NH 40H b 18
5-NOj crO3 b 18
5-NO5 HNO3 b 18
5-NHCOCH3 H205 d 18
3-CI-5-NOg 10% H0, ° 1
3-CN-4,6-Meg H202/NaOH d 40
3-CN-4,6-Mey HNOg3 ] 40
3-CN-4,6-Meo 12/K2C0O3 [ 40
5,6-(—CH=CH—CMe=CH-) t2/KI ] 88
4-Me-5,6-(—CH=CH—-CCI=CH-) 19/K1 e 88
TABLE Il
Oxidation Reaction of 4-Mercaptopyridines
SH H OH SO SOH s-
x
200 Q0|0
N N N N N |2
I a b p d e
Derivative Oxidizing agent Product Aeference
Parent HNO3 d 92
Parent HNO3 d+e 39
Parent Cl2/HCI d 39
Parent Cly/ether e 39
Parent Cia/HNOg [] 39
Parent 12/K1, NaOH e 92
Parent 12/NaOH [} 39
Parent NaOCI/NH40H, NaOH L] 39
Parent H205/NH40H [] 39
Parent Hp02 c 7
3,6-X5, X=I, Br, C H205 a 12
3,5-X9, X=1, Br, CI HNO3 b 12
KMnOg4q d 12
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TABLE I

Oxidation Reactions of Pyridine-4-Thiones

s SO5 0
4
i ® ]

6 N N N

1t l |

a b

Derivative Oxidizing agent Product Reference
1,2,6-Meg H202/HOAC a 50a
1-Et,-2,6-Mey Ho0o/HOAC ] 50a
1-Me-2,6-Phy H202/HOAC a 50a
1-Et-2,6-Phg HoOo/HOAC a 50a
3,5-Brp-1,2,6-Meg H202/HOAC a 50b
3,5-8r2-1-Et-2,6-Mey H02/HOAC a 60b
3,5-Bra-1-Me-2,6-Phy Ho02/HOAC a 50b
3,5-8rp-1-Et-2,6-Phy H02/HOAC 8 50b
TABLE IV

Oxidation Reactions of Indolinethiones

j:::o
N S

i :N/: s
2

a b
Compound Oxidizer Product Reference
Parent Q2/ethar a 2
1-Me Og/ether a 2
3-Me Ogp/ether a 2
3-Ph Og/ethar a 2
3-CHgPh Og/ether a 2
3-t-Bu Op/ether a 2
3-CgHg4p -OMe Og/ether a 2
1-Me-3-Ph Og/ether a 2
1-Me 02/2 weeks b 2
3,3,7-Meg KaFe(CN)g a 173
3,3,5-Meg K3Fe(CN)g a 173
TABLE V
Oxidation of Miscellansous Heterocycles Containing One
Nitrogen Atom
Refer-

Compound Oxidizer Product ence
Monothiosuccinimide  H02  Succinimide 7b
Dithiophthalimide H202 Monothiophthalimide 7b
Monothiophthalimide H205 Phthalimide 7b
Thiocaprolactone H202 Thiocaprolactone 7a

S-oxide

187
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TABLE VI

Oxidation Reactions of Pyran-2-Thiones

4
507 X3 x
& L [0
07 s 07 S0 07 '$12
a b
Derivative Oxidizing agent Product type Reference
4,6-Phy H204/HOAC a 52
5,6-(CH=CH-), H202/HOAC a 52
Hp05/KOH a a6
3-Me-5,6-(CH—-CMe—CH=CH-) Hg(OAc)y a 97
4 0OH-4,6-(—CH=CMe—CH=CH-) Nitrous fumes 3-nitro ‘‘a”’ 89
12/EtOH b 89
3,4-(CH=CH)2-6-Ph KMnOg4 a 123
6-CgHgp-Br-5-OPh EtgN a 149
6-CgHgp-Br-5-OCgHgp -Me EtgN a 149
6-CgH4p -Ph-5-Ph EtgN a 149
6-CgH4p Ph-65-OCgHgp-Me EtgN a 149
4,6-Phy-5-OPh H2042/HOAC a 51
4,6-Ph2-5-OCgH4p -Me Ho02/HOAC a 51
4,6-Phy-5-OCgH4p -ClI H202/HOACc a 51
4,6-Pha-5-OCgHgp -Br H202/HOAC a 51
4,5,6-Ph3 H2042/HOAC a 51
4-Ph-5-0Ph-6-O-CgH 4p - Me H2049/HOAC a 51
TABLE ViI
Oxidation Reactions of Pyran-4-Thiones
s o] SO S-
O 0 Q
0] ¢} ¢} 0~ "2
a b c
Derivative Oxidizing agent Product type Reference
" Parent 0g/hw a 3
2,6-Mes Og/hv a 3
2,6-Meg Hp02/HOAC a 4p, 52
2,6-Pho Op/hy a 3
2,6-Phg Ho0O/HOAC a 62, 4b
2,-CgH4p ‘OMe-6-Ph H,02/HOAC a 40
2,6-(CgHgqp-OMa) H202/HOAC a ab
05 a 4b
5,6-(CH=CH)2-2-Ph Ho05/HOAC a 52
2,3:5,6-(CH=CH—CH=CH) 5 SOClIg a 148
2,3:5,6-(CH=CH—-CH=CH) CICO - COCI a 148
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TABLE Vil—continued

Oxidation Reactions of Pyran-4-Thiones

Derivative Oxidizing agent Product type Reference
2,3:5,6-(CH=CH—CH=CH) HO2C,CgH4 - OCO3H b 53
2,3:5,6-(CH=CH-CH=CH) Oa a 4
2-Ph-[1,2-b]-Naphtho KMnQOg4 a 129
2-CgHg40 - OMe-[1,2-b]-Naphtho KMnOg4 a 129
2-CgHgp - OMe-{1,2-b]-Naphtho KMnOg4 a 129
2-CgH3(2,3-(OMe) 2)-[1,2-b]-Naphtho KMnO4 a 129
2-CgH3(3,4-(OMe)3)-[1,2-b]-Naphtho KMnQ4 a 129
2-CgH4p - Me-[1,2-b)-Naphtho KMnO4 e 129
2-(2-Furyl)-[1,2-b)-Naphtho KMnOg4 a 129
2-(2-Thienyl}-[1,2-b)-Naphtho KMnOg4 a 129

TABLE VIlIl

Oxidation Reactions of Thiopyran-2-Thiones

4
5 3 _ AN
r QL
s s s7 H s 0
a b
Derivative Oxidizing agent Product type Refarence

Parent HgCla b 93
3,6-Phy HoO2/HOAC a 52
3,6-Phy H05/HOAC a 160
4,6-Phy Hy04/HOAC a 52
4,6-Phy HgOAc b 96
3-COCgH4POMe-6-CgHgp - OMse Ha(OAC), b 56
3-COCgH 4pOMe-6-CgHy4p - OMe KMnQOg4 b 56
5,6-(CH=CH)2 HgCly b 93
3,4(CH=CH)5-6-Ph KM504 b 123
3,4-(CH=CH)5-6-Ph Hy04/HOAC b 160
3,4(CH=CH)5-6-CgHg4p - Me KMnO4 b 123
3,4-{CH=CH) 2-6-CgHgp - OMe KMnOg4 b 123
3,4-(CH=CH) 2-6-CgHg4p - Cl KMnOg4 b 123
3,4-(CH=CH)2-6-[—CgH3-2",4'(OMe) 3] KMnOg4 b 123
3,4-(CH=CH) 5-6-[CgH3-3",4"-(OMe} 3] KMnOg4 b 123
3,4(CH=CH) 2-6-[CgH3-2',5'-(OMae) 5] KMnOyg4 b 123
3,4(CH=CH) 2-6-(CgH3-2',4"-Mey) KMnO4 b 123
3,4(CH=CH)2-6-(CgH3 4 -Me3) KMnO4 b 123
3,4(CH=CH)5-6-(CgH3-2',5'-Me3) KMnOg4 b 123
3,4-(CH=CH)5-5,6-Phy KMnO4 b 123
5,6-(CH=CH)5-3-Me Ho05/HOAC a,b 160
5,6-(CH=CH—CH=CMe)-3-Me Hy02/HOAC b 160
5,6-(CH—COMe-—CH=CH) Hy02/HOAC b 160

3,4:5,6-(CH=CH—CH=CH)5 H205/HOAC b 160
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S

TABLE IX

o]

S

Oxidation Rseactions of Thiopyran-4-Thiones

Derivative Oxldizing agent Product type Refarence
Parent Og/hv a 3
HgClp s 93
2,6-Meg Og/hv a 3
KMnOg4 2 124
2-Ph HgCip a 94
2,6-Phg Og/hw a 3
2,6-Phy HgCly a 95
2,6-Phy H202/HOAC 8 52
2,6-(SMe)-3,5-Phy SOCI5 s 148
2,6-(SMe) 2-3,5-Phy Cl -COCoOcCI a 148
2,6-(SEt)-3,5-Phy SOCly a 148
CCl +COCOC! a 148
2,6-{CH=CH)o HgClap a 93
2-Ph-5,6-(CH=CH) SOCiy a 148
2-Ph-5,6-(CH=CH) Ct-CO-COCi a 148
2-Ph-5,6-(CH=CH), H202/HOAC a 52
2,3:6,6-(CH=CH—CH=CH)5 Oo/hv a 4
c HO2C . CgH40COgH a 53
2~Ph-1,8-[—C=CH—CH=CH—é—CH=CH—CH=CH—] KMnOg4 a 122
TABLE X
Oxidation Reactions of 1,2-Dithiole-3-Thiones
2
$—5 s—ls+ .- SC-/L
5 K/Lss \/k.. X0
a b
Derivative Oxidizing agent Product type Reference
Parent H20/HOAC a 57
Parent KMnOg4 b 120
Parent Hg(OAc) o b 98
4 Me Hg(OAc) o b 99
4-Et Hg(OAc) o b 99
4,5-Mey H202/HOAC a 63
5tCgHqq Cig/H,0 b 85
4-(Me) 3C-5-Me Cia/H20 b 85
5CO2H CH3-COgzH 5-H-a 58a
4Ph CHg -COgH a 56, 68b
4Ph Cl3C—N=CCl, b 150
4-Ph CSCls b 150
Cl
4-Ph HON=C—CO3Et b 151
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TABLE X—continued

191

Derivative Oxidizing agent Product type Reference
cl
4-Ph HON=C—/-COPh b 151
5-Ph CH3-COg3H a 56, 58b
5-Ph H209/HOAC a8 59
5-Ph D202/DOAC 3-D-8 64
5-Ph Ho02 Ph—CH,0H 14
5-Ph HNO3 PhCH20H 14
5-Ph KMnOg4 b 14, 126
5-Ph ClI3C—N=CCl, or CSClp b 150
5-Ph HON=C<CI , HON=C <CI 151
CO5Et COPh
5-Ph Clo/HOAC, HyO b, 4-Ci-b 79
5-Ph Brg b, 4-Br-b 79
4,5Phy CH3-:COgH a 56
4,5Phy C13CN=CCly, CSCly b 150
4,5Phy non=cZ " Hon=c <CI b 151
CO5Et COPh
5-CgHgp - C! CH3a:COgH a 56
5-CgHgp - C! Cly 4-Cl-B 79
B-CgHgp - Cl Bro 4-Brb 79
]
§-CgHgp - C! CI3—C—N=C< , CSCly b 150
cl
ci ci
5-CgHagp - Cl HON=C—CO5,Et, HONC—~COPh b 151
5-CgHgp ' Br Clp b+ 4Cl-b 79
5-CgHg4p *Br Bro 4-Br-b 79
5-CgHgp -8r Cl3--C=N=CCiy, CSCly b 150
o] c!
5-CgHgp - Br HON(I:—CozEt, HONC—COPh b 151
6-(2-Thisny}) CHg-COgH a 56
5(CgH3-3,4'-(OMa) ) KMnOg4 b 120
6-(CgH3-3'-Cl-4'-OMe) KMnO4 b 79
5-(CgH3-3"-Cl-4"-OMe) Cip b, 4Ci-b 79
4-8r-5-Ph CIgC—N=CCla, CSCly b 150
4-D-56-Ph Hp02/HOAC a 62
4-Me-5-Ph H202/HOAC a 59
5-pCgHgp - Me CH3-COgH L] 56
Ci3CH=CCI3, or CSCiy b 150
H0N=c<zlo . HON=C<c' b 151
2Bt COPh
5-CgH4p -OMe Clo/HOAc ab 79
KMnO2 b 121, 126
CHg3-COgH a 56
Bra b and 4-8rb 79
Croz MeOCgH4pCO2H 137
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TABLE X—continued

Derivative Oxidizing agent Product type Reference
CI3CN=CCly, CSCip b 160
HON=C=CO5Et, HON=C—COPh b 161
a c
4-Ph-5-CO5Et Hg(OAc)o b 100b
4-CO5Et-5-Ph Hg(OAc)o b 100a
4-CO2Et-5-CgHgp -OMe Hg(OAc)2 b 100a
4-CO2Et-6-CgHgp ' Ci Hg(OAc) 2 b 100a
4 COgEt-5-(2-thienyl) Hg(OAc)y b 100a
4.CN-5-Ph Hg(OAc) b 100a
4-CN-5-CgHgp -OMe Hg(OAc) b 100a
4-CN-5-CgHgp - Cl Hg(OAc)2 b 100a
4-CN-5-(2-Thienyl) Hg(OAc)s b 1008
4.CI-5-Ph Hg(OAc) b 100a
4-CI-5-CgH4p : OMe Hg(OAc)2 b 100a
.4C1-5-CgHygp - Cl Hg(OAc) 2 b 100a
4-Cl-6-(2-Thienyl) Hg(OAc), b 100a
4,5.-Phy HO2/HOAC a 56, 59
5-SMe-4-Ph CH3-COgH a 61
5-SMe-4-Ph Hg(OAc) o b 61
5-SMe-4-CgHgp * Me Hg(OAc)o b 61
5-SMe-4-CgHgp - C(CH3) 3 Hg(OAc)5 b 61
5-Sme-4-CgHgp - C(CH3) 95— CHy—CH3 Hg(OAc) b 61
5-SMe-4-CgHg—p - Cl He(CAc)y b 61
5-SMe-4-CgH4p - NO3 Hg(OAc); b 61
4, 5(—CH=CH), CI3CN=CCly, CSCly b 150
Ho~=c<CI HON=C<CI b 151
CO5ETL, COPh
4,5-(CHa)3— Hor\|=c<cI Hon\|=c<cI b 151
CO,ET, COPh
o}
2,5-CHaCMey—CHp—C— KMnO4 b 102
Hg(OAc), b 102
2,5-C(PhCH3)9—COCHa—CMeg— HglOAc) 3 b 102
s—s
X
s CH3-CO3H a 71
CHy
§———s
s
©© CHg3 -COgH a 71
Hg(OAc)5 b 71
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TABLE XI

Oxidation Reactions of Miscellaneous O, O; O, S, and S, S Heterocycles

193

Compound Oxidizing agent Product Reference
s s
I I CH3—-COg3H @\ X 67
S H
s
|| /k CH3—CO2H/H205 57
§-S
S ]
| /L Hg(OAc) o | /L 98
s S s~ Y0
S s _
|| /L CHg, COgH,H202 @ X 57
PR NS P H
N 5 NC s
| /L CH3—CO3H || /L 66
N Ns T S N s TS0
s s
l /k HNOg 147
S S s o]
s s
I /k Hg(OAc)» I /k 110
PhCHZ g~ 8 PhCHF™\g X0
S s
/L Pb(OAc) 4 /k 65
s 8 5§77 S0
" CH3—CO3H 155
S
" Hg(OAc) o S/Lo 65
(:FS KMnOg4 (Ts 155
/ks ) fo)
s Pb(OAC) 4 § 155
S S
S/Ls CH3—COgH s/Lo 165
s S o
>-s N
o [ Pb(OAc)4 R 139
RO
M,;7£o
Ma740 ]
Me
b(OAc)4 165
/Ls O/Lo
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TABLE X!—continued
Compound Oxidizing agent Product Raference
o o)
/Ls Pb(OAc) 4 s— 166
OAc
0 0 2
>:S
0 0 s-
Pb(OAc)4 Y 139
Mo ° Me
Me o
O,
>=S >=-O
o o Pb{OAc)4 o
RO RO 139
e P AgNO3 Me-_P
Me” O Me” O
0
| /L 60% HNO3 l /Lo 140
578 S
Ph o Ph
| /L Hp02, CH3COgH If i 160
Ph s S Ph s 0
0
CrL, o o -
s 8 s~ Y0
Ph Ph
s — s =
| S H2504 L 0 162
S,
- .
Ph Ph
s =
| S H2S04 sI 0 162
— —
Me Me
* Suggested starting materials and products have wrongly assigned structures.
Oxidation Reactions of Miscellaneous O, N Heterocyclic Thiones
Compound Oxidizing agent Product Reference
H
N N
[ >=s H202 E }so 25
(¢] (0]
H
N
l[ »=s I2 [%—s 90
0 (o] 2
........... e DR T,
O -NY
< S Ogy—N,
s /2 >°
0> (0]
4,4-Mey Cig/H20 84
1,4-May-5-Et Cla/H20 84
1-Et,4,4-Mep Cla/H20 84
1,4,4-Meg Clg/H 0 84
1,4,4-Me3 Bra/Ho0 84
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TABLE XW—continued
Compound Oxidizing agent Product Reference
1,4,4-Meg KMnOg4 84
S ........................................................
L3 H e
H20A ‘@: >=s 12/NaHCO3 20 \‘: >=o 74
o
H
(CH3hL N {CHy)5C
>=S 30% Ho02/HOAC B: 4g
S
] Ph
N7 Xy Fh Ph
I CH3—COgH /L 60
Ph/ko s phJ\
% S \(O
H20
NH 2Y2 @ N 28
0
Br 0
o, - oL,
8r N 0
R=H,CHy R
o] 0
| H204/0H™ /L 27
) N0
H H
TABLE XiHl
Oxidation Reactions of Thiazoline-2-Thiones
s) s s,
5
Drs 0 CF Doyl
3 ¥ S A i
ay as b c d ]
Derivative Oxidizing agent Product type Reference
Parent Ethylene Oxide b 158
Parent 2 (] 90
4-Me H202, neutral aq 20
H205/0H" d 20
4-CO5Et H202/H* aq 30
5-Me Ethylene oxide b 158
4,5-Meg Ha02 e+a 22
4,5-Meo Ha02/H* 8y 31, 32
3-Ph Hg(OAc) o b 103
3-CgH4p - Me Hg(OAc)y b 103
3-CgH40Me Hg(OAc), b 103
3-CgHap -OMe Hg(OAc) ) b 103
3-CgHg0 - OMe Hg(OAc),y b 103
3-Me-4-Ph H202/HOAc ay 160
3-Et-4-Ph H205/0H™ b 47
5-COoH-4-Me H,09/H* a4 30
5-COoEt-4-Me H;_)C)z/H+ a, 30
3-CHy pyrimidyl-4-Me-5-CH—~CHZ0H H202/HCI 2 38
3-CHy pyrimidyl-4-Me-5-CHa~CH20H H205, pH7,8,78 b 16
3-CHy pyrimidyl-4-Me-5-CH0Ac H202/HOAC 3, 48
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s
5[ 2
=S
4~N
3
|

TABLE XIV

Oxidation Reactions of Thiazolidine-2-Thiones

o

E:\/=so

(-

a b [
Derivative Oxidizing agent Product type Reference
Parent Ho09 b 79
Ho02 c 19
40 H202 b 7a, 7b
5,5-Meg H2049 [+ 21
3-Ph,—4-0—-5—(CHg)oC= Hg(OAc) 5 a 104
TABLE XV
Oxidation Reactions of Benzothiazoline-2-Thiones
A s! s, s
6 S«
O O Oy OO [0
2 13 't ) 2
a b c d
Derivative Oxidizing agent Product type Reference
Parent HoO2/H* a 33
H209/0H" ¢ 41
2HZ02/0H™ a 42
4Ho04/OH™ € 2
Clg/HCI a 33
3-Me H202/HOAC b 160
Alkyl, amino and nitro Ho02 d 13
derivatives
5-NMe, Ho02/H* e 34
HpOo/ethanol e 34
TABLE XVI
Oxidation Reactions of Isothiazoline-3-and-5-Thiones and Benzisothiazoline-3-and-5-Thiones
2 2 ’
N S—s S——N+  §—— s—~

1
u
]
3N S
4

o )\)5 v
SN
4

N

a b c
Derivative Oxidizing agent Product type Reference
2-Me—5-Ph—3-§ H9Qo/HOAC a 70a
2-Me—4,5Ph,-3-S H2Q,/HOAC a 708
2,5-Phy-3-8 H20,/HOACc 8 160
1-CHoPh-5-CgHgp - OMe Ph N=C=0 b 156
2,4-Phy-5-8 Hp02/HOAC a 69
2,3-Phy-5-S Ho02/HOAC a 69
2-Me-4-Ph-5-S H205/HOAC a 160
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TABLE XVi-—continued

Derivative Oxidizing agent Product type Reference
2-CHoPh-4-Ph-5-S H202/HOAc a 160
2—Me-4,5‘(CH=CH)2-3-S H2049/HOACc a 160
2-Me-3,4-(CH=CH) 5-5-S H204/HOAC a 160
2-Ph-3,4-(CH=CH) 2-5-8 KMnOg4 c 134
2-Ph-3,4-(CH=CH) »-5-S H202/HOAC a 160
2-CgH4p - Me-3,4(CH=CH) -5-5 KMnOg4, CuQ c 134
2-CgHgp - OMe-3,4(CH=CH) »-5-§ KMnQOg4q c 134
2-CgHgp - C1-3,4-(CH=CH) »-5-5 KMnO4 c 134
2-Ph-3,4-(CH=CCI—-CH=CH)-5-S KMnOg4 c 134
2-CgHgp - CH3—3,4{CH=CCI—CH=CH)-5-S Cuo c 134

TABLE XVII
Oxidation Reactions of Miscellaneous N, S-Heterocyclic Thiones
Compound Oxidizing agent Product Reference
Ph P
N/ h Ph N/Ph
s><Ls 30% H202 )(go 17
PR~ NH Ph” “H
@i\s s
H202/0H™ 27
N/LS /ko
H H
Nae R N\\rR
KMnOg4 105
S
S
Hg(OAc) o 105
N
XA R
NaOH 105
TABLE XVIiil
Oxidation Reactions of Imidazoline-2-Thiones
rlq | H H |
N N N
5
q[ ks [/>—H [>—OH [)—sosn [ />-S
r[ws N N N N 2
a b c d
Derivative Oxidizing agent Product type Reference
Parent HNOg3 b 146, a, b
4,5-dihydro 1o d, HI, 21y 83
4-Me Io d, Hi, 21, 83

197




15:50 30 January 2011

Downl oaded At:

198 Sheena M. Loosmore and David M. McKinnon

TABLE XVIll—continued

Derivative Oxidizing agent Product type Reference
4-Me,4,5-dihydro la d, Hi, 2ip 83
4.CHpNH2 HNOg3 4-CHo0H-a 142
4.CHy—~NH-CS—NHo HNOg3 4-CH20H-8 142
1,3-Mey Pt elactrode b 1562
4-CgHgp - CI HNOg s 143
4.(CgH3-3',4'(OMe) o) HoPtClg a 112

HNO3 a 112
EtNO, a 112
4-(CgH2-2"-Me-3',4'-(OMe) 9} HyPtClg a 112
4-Me-6-Ph HNO3 a 138
4-Me-5-CH2Ph HNOg3 a 141
4.5.Phy HNO3 a 119,127
KMnO4 c 119, 127
Cl
HON=C-CO3Et b 163
Cl
4,5 (CH=CH)9 HON=l—COzEt b 153
4,5-(CH=CH)y 12 d 91
4,5-(CH=CH), KMnOg4 [ 91
4,6-(CH=CH)5 AuCig a 113
4,5-(CH=CH(AsO3H3)CH=CH) 12/NagCO3 a 74
4,5-(CH=CH(Ag503H2)CH=CH) 12 d-H 91
4,5(CH=CH(A50O3H2)CH=CH) KMnOg4 ¢ 91
4,5-(CH=CH(A$O3H2)CH=CH) AuClg a 113
TABLE XIX
Oxidation Reactions of Imidazolinethiones
Compound Oxidlzing agent Product Reference
N N
[ KMnOg4 [ 136
N\/Ls N\/JM
Me NO
s
m’\]_ N N
HNO 43
N s 3 0
Me Me Me
Me N
Ho02,0H" 43
0]
Me Me
l__ N ,——_ N
H/N\/L HNO3 /N\% 75
S
Me Me
E+0,C E+0L
\[—_._N ]——__N
12,NaCOg3 76

N
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Compound Oxidizing agent Product Reference
N —=N
— —
H/N\(Ls HNO3 H- N~ 75
Ph _ Ph
[: N
o 02 H-NF s 5
L Ph 2
(:N r l_— N
Hy0 5
H/N\} 2v2 H/N = S
CgHapOMe 12/KI,0H" CgHgapOMe
Ph H Ph
N N
T . T
N H202/0H N o 24
Me Ph Me Ph
Ph -H
N
H20o/MeOH uh 24
' SO
Me 'Ph
Ph | N
' 12,NeHCO3 ' s 24
Me Ph |2
TABLE XX
Oxidation Reactions of Pyrazolinethiones
1 |
\N—zN/____ N-—IN N-——|N N—'N N—IN N—IN
=
5§/bs Vsn VH K)\on l\)‘sosn K/Ls 2
a b c d
Derivative Oxidizing agent Product Reference
5-Me-2-Ph 12 d 8
5-Me-2-Ph KMnOg4 d 8
5-Me-2-CgHgy4p - Me HNO2 d 8
6-Me-2-CgH4p - Mo FeClg b 8
5-Me-2-CgH4p - Me H,02/0H" c 8
1,5-Me3-2-Ph H202 c 23
1,5-Mey-2-Ph H202/0H™ b 23
1,2-Me2-6-Ph Cla/HOAC c 80
4-PhCO-5-Me-2-Ph H202 c 8
12.Kl d 8
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TABLE XXI
Oxidation Reactions of Miscellaneous Heterocyclic Thiones Containing Two Nitrogen Atoms
Compound Substituents Oxidizing agent Product type Reference
R R=Ry=Ay=H Hp02/NaOH, HCI . R 36
Riy® “NH R=Ry=NHy,R=H H02/NaOH,HCI YN 37
Ry \N/Ls Rq1=Ry=R2=NH3 H202/NaOH, HCI R N) 37
[ OS]
Ji\rm
N .
v X=8,Y=0,R=H i L s_J? 90
—_ B
NH
| X=0,Y=S,R=H I | 90
R N 0
N L H 12
X=$,Y=0,A=CHg Ho05 /9\ 27
Pt
s L
R=Ph Hg(OAc)y Ho 106
| j*\ R=CgHgp CF3 HglOAc) 2 N 106
N P R=CgHg4p ' F Hg(OAc) 2 | | 106
R m Ph
R
( R=Rq=H Ho04, 50 25
R=Me,Rq=H H20
s 1 202 Rl 26
N’R R=(Mae)2CH,Rq=H H202 25
/L < R=(Ma)3C,Ry=H Ho04 N2 R 25
.
NI R R=(Me) 3gCCH3,R1=H H202 o 25
R=Ph,R'=Me Hg{OACc) 2 } n-Ri 101
L R=Bu,R'=Ph Hg(OAc)2 P 101
N
P 3-
NH N
< I; H202 QI 7a
N NN 2
Me 3 Me
NrN’Me <N:[9\N,Mo
Ho02/HOAC I 7a
< | 202 S
Ny o
Me Me. MaM
Me . Me e
S/S I NH s/s | NH
Hg(OAc)
N’LS 9 2 N Lo 111
2] S H
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TABLE XXii

Oxidation Reactions of 4,1,2-Oxadiazoline-3-Thiones and
4,1,2-Thiadiazoline-3-Thiones

H H
N—nN N—~N N—N
s X x” 872
Derivative Oxidizing agent Product Reference
X=0, 5-Me HON=CCI-CO»3Et a 1563
X=0, 5-Ph 12/OH” b 76
X=0, 5-CgHgm - CH3 12/OH" b 76
X=0,-5-(4-Pyridyt) H202/0H™ a 44
X=S§, 5-NHgy FeCig b
H02 b
lo b 9
X=8,1,5-dihydro-5-Ph 12/0OH" b 76
X=§, 5-NH-CgHgp-CHz 15 b 77
X=8§, 5-Ph—NH—-NH FeClg b 116
TABLE XXIilIl
Oxidation Reactions of 1,2,4-Dithiazoline-3-Thiones
t 2
§——58 S$———S$S
5 \N S N 0
4
Derivative Oxidizing agent Reference
&-Ph Ho02/HOAC 68
Hg{OAc) o 7a, 108
5-CgHgp - Br Hg(OAc) 2 108
5-CgHgp * Ci Hg{OAcly 108
5-CgHo0 - Ci Hg(OAc)o 108
5-CgH3-2'-2'-Clp Hg(OAc) 2 108
5-CgH4p - Me H204/HOAC 159
5-CgH4p - OMe Hg(OAc) 2 108
5-CgHgp - NO, Hg(OAc)2 108
5-(2'thienyl) Hg{OAc)2 108
TABLE XXIV
Oxidation Reactions of 1,2,4-Triazolinethiones
N—N N—N N—N N——N N—N
5 — |} Lo S S
kN/ks kNJ k‘ﬁVLoH '\NVLS%H kN/LS )
a b d
Derivative Oxidizing agent Product Reference
Parent Og,HCI d 6
Cla ac 6
Brog a 6
1-Ph ethylene oxide, AcOH 2-CHp—CHZ0H-b 157
4-Ph ethylene oxide AcOH 2-CHy—CHZ0H-b 157
5-NHPh FaClg d 115

201
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TABLE XXIV—continued

Derivative Oxidizing agent Product Reference

5-0 12 d 81

FeClg,H* d 81
5-N=CH-Ph H205 d 10
§-N—_N=CH—Ph 12 d 82
2-Me-4-Ph ethylene oxide b 168
5-NHPh-4-Ph H202 d 10

FeClg d 10
H2S04 Hos04 d 10
1,2-Phgy 1o d 86
1-(CgH40 - OH)-2-Ph 12 d 86
1-(CgH4p - C-2-Ph 12 d 86
1-(CgH3-2'-CI-4'-NO3)-2-Ph PN d 86
4(CgHgp - CH3)-5-8 12/0H" d 78
4-(CgHg40 - CH3)-5-S 12/OH" d 78
1,2,5-Phg dioxane at 160° b 154

TABLE XXV

Oxidation Reactions of Miscellaneous Heterocyclic Thiones Containing Three and Four
Nitrogen Atoms

Compound Oxidizing agent Product Reference

d B 7 N
< N\{ dil - HNO3 SN 144
H
Ny Nan
|
R KMnO4 ©;(NH 118

)
KN\NH Y JiN\IN .
PN \N/Ls Ph \N)‘s-
2
N
§5% Hp02/NH3 ( NH 45
ph s, ko
Phrw cl Ph /N\NH
0 N/Ls ) N/Lo
H HON=C—CO5Et T H 153
o ]
‘ se
NJ‘SH s-|,
H FeCig = $ fo 116
'N* NO-
& O
H*sn NHg3,K3Fe(CN)g | NAS:J 2 114
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TABLE XXV—continued

Compound Oxidizing agent Product Reference
R=Me,R1=H KMnO4/0H"™ 1256
R=H,Rj=Me KMnO4/OH"~ 125
R=R{=Me KMnO 4/OH"~ H 125
N‘N’R
R=R¢4=H KMnO4/OH™ ] 125
r|¢ NéLSoJH
R
Ph
IN—N’ 54—N/Ph
4 -
\N)s KMnO4/0OH P‘\N).to 157
H H
TABLE XXVI
Oxidation Reactions of Alicyclic Thiones
Compound Oxidizing Agent Product Reference
(LD oo (T
s )
O‘O HO2C—-CgH40CO3H O‘O 55
s S0
Ph Ph Ph Ph
V HO2C—CgH40CO3H V 72
s S0
Ph Ph
" Pb{OAc) 4 V 72
¢}
" Cl—CgH4mCOgH " 72

TABLE XXVII

Oxidation Reactions of Thiaphosphazinethiones

§ T

Ra N pzS Rp Nxp?®
$\OR1 KMnOg é\ORl
S
Derivative Reference
R R4 Ra 135
Ph Me H 135
Ph Me Ci 136
Ph Et H 135

Ph Et Ci 135

203
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TABLE XXVll—continued

Derivative
CgHgqm- CHg3 Me
CgHgm: CHg Et
CgHap - Me Me
CgHap ' Me Me
CgHgp: Me Et
CgHap - Me Et
CgHgo- OMe Me
CgHgo OMe Me
CgHg4o OMe Et
CgH4p - OMe Me
CgHap - OMe Me
CgHgp - OMe Et
CgHap - OMe Et
CgHgm - CI Me
CegHap - Cl Et
2-Naphthyl Me
2-Naphthyi Et
2-Naphthyi Et

Reference
H 135
H 1356
H 135
Cl 135
H 135
Cl 135
H 135
Cl 135
H 135
H 135
Ci 135
H 135
Cl 135
H 135
H 136
Ci 135
H 135
(o] 135

M1. OXIDIZING AGENTS USED

There appears to be little limitation on which
oxidizing agents may be employed. Even molecular
oxygen is effective, sometimes under light-catalyzed
conditions.? "5 Ozone has also been used.® Reagents
commonly used include hydrogen peroxide alone or
at pH 7,7 2% in acidic medium>° ~3® or alkaline
medium®16:20:23,27,36-43 ;i combination as per-
acids.”**73 Three halogens, chlorine, bromine,
and iodine are extensively used, in alkaline
medium,15’39’74"78 acidic medillm,:""”’”g'80 or in
neutral medium or organic solvent,8:%39:45,81-92

Other reagents commonly used include mercuric
salts®5: 71931 poble metal halides, 12113 ferric
salts, 32 8L 1417 b tacsium permanganate 1214
18,56,65,79,84,91,102,105,118-136 ;1 4 <jhrornc o
anhydride.lg'137 Nitric acid, nitrous acid, nitrates,

and nitrous fumes represent another large group of
oxidants used 8 12:14,18,43,75,89,92,119,127,138-147

Miscellaneous other reagents are also used, 610:72.83,

134,139,148-155 314 in other cases thione sulfur is
replaced by oxygen in organic reagents via cyclic
intermediates. 56 7158

I'V. PRODUCTS OF REACTION

In some cases, especially by treatment with hydrogen
peroxide, or peracetic acid under acidic conditions,
the exocyclic thione group is replaced by hydrogen. The
sulfur atom is eliminated as an oxidized species, usually
sulfate. The organic moiety is left as a stabilized,
usually aromatic, cation. This method has been widely
used for thiopyran-2-thiones (Table VIII), 1,2-dithiole-
3-thiones (Table X), 1,3-dithiole-2-thiones (Table XI)
and isothiazoline-3-and-5-thiones (Table XVI). e.g.

L, —
- HS04" (57)
A s MH

The added hydrogen atom is derived from the acetic
acid used as a solvent; or from the peracetic acid.®?
Thus reaction in monodeuteroacetic acid (CH; - CO, D)
of 1,2-dithiole-3-thiones gave 3-deutero-1,2-dithiolium
salts. In some heterocyclic mercaptans, particularly of
nitrogen heterocycles, the mercapto group is lost, and
the corresponding heterocycle is obtained which is
unsubstituted in the position originally occupied by
the mercapto group. In some non-aromatic examples,
particularly 1,3-dithiolane-2-thiones, the thione
function is reduced to a methylene group, although
other sites are oxidized. !S>
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No exhaustive evidence is available on intermediates
in these reactions, but sulfines (thione-S-oxides, see
below) have been determined in many cases, and are
almost certaimnly the intermediates in others. Noble
metal halides (AuCl,, H, PtCly), and nitric acid may
also produce such reduced compounds, but no
information is available on intermediates.

In another class of products obtained, an oxygen
atom simply replaces the thione or thiol sulfur atom.
Thus, a thione may give the corresponding “oxo0”
compound, beit a thiolactone, lactone, lactam or
ketone, and mercaptans give the corresponding
hydroxy compounds. Sulfines or related structures
are almost certainly intermediates in these reactions.
Recent evidence!®? also indicates that sulfenes
(thione-S,S-dioxides) are the next oxidative stage at
least in a few examples. Whether the reaction product
obtained on treatment of thione with peracetic acid
is the reduced product above, or “‘oxo” product has
been correlated with the absence or presence resp. of
other fused aromatic rings and electron withdrawing
groups of substituents. 160 1t appears that in a limited
number of cases the presence of ¢ trivalent nitrogen
favors reduced product.

“Ox0” products are obtained by treatment with a
variety of other reagents, particularly mercuric salts.
These probably function by reaction with the hetero-
cyclic thione to produce mercuri-thio derivatives of
heterocyclic cations, or uncharged heterocyclic
molecules, comparable to products found in the
reaction of heterocyclic mercaptans with mercuric
nitrate.'®! These mercurithio compounds then under-
go nucleophilic attack by oxygen containing species
to form “oxo” products by elimination of mercury
containing substituents. Such mercury derivatives are
often used in the purification of heterocyclic thiones.

Protonation by mineral acids, followed by nucleo-
philic attack probably accounts for the conversion by
sulfuric acid 12 and the reaction with chlorine or
bromine is probably similar, with initial formation of
1:1, thione: halogen adducts®®7%-85 which undergo
nucleophilic attack with displacement of halide. Use
of a variety of chlorine containing organic reagents
also leads to formation of “oxo” compounds. Initial
salt formation by these seems reasonable.

Permanganate treatment of thiones also leads to
“ox0” compound formation. Presumably the reaction
is comparable to that with olefines, with initial
formation of a cyclic manganate ester. Reaction of
permanganate with compounds which can tautomerize
to thiols has been reported.!53158 [nitial attack by
mercaptan on ethylene oxide is suggested, to give a
substituent with a f-hydroxyethylthio substituent.

A simple exchange mechanism has been proposed.!5®

However, the reaction of an isothiazoline-3-thione with
benzonitrile oxide leading to isothiazoline-3-one
proceeds via a dipolar mechanism. 5 A spiran inter-
mediate which decomposes to form isothiazoline and
phenylisothiocyanate is suggested.

Disulfide product formation is common when
compounds may exist as thiol forms and is compar-
able to the oxidation of simple thiols. Reagents used
include iodine, or halogen in the presence of alkali,
although dilute hydrogen peroxide and iodine have
also been used. Suitable thiols are formed by thione-
thiol tautomerism, or in some cases by processes akin
to hemi-ketal formation, involving attack of an alcohol
on a thione to generate a thiol. The oxidation is also
effected by ferric chloride, ferricyanide or aerial
oxidation.

Sulfines (thione—S—oxides) are the products
obtained in a number of examples, and are almost
certainly intermediates in further oxidation. It is also
suggested that these are intermediates in the conversion
of acyclic thiones to “oxo” compounds, 164 and this
may hold for certain heterocyclic thiones. Hydrogen
peroxide and per-acids are almost invariably used as
oxidizing agents. An intramolecular proton transfer
mechanism, such as has been suggested for sulfide
to sulfoxide oxidations, seems reasonable.'®®

) N
=5, o< S5~c-R — >:s=o + Ne—r
K_/\L/“// H—O/

In a few cases lead tetraacetate has been used.
Various oxidation mechanisms have been proposed
to account for sulfines and other products of the
reaction, %3 among then ““oxo0” compounds. These
writers do not take into account possible direct
sulfine-to-“ox0’ compound conversion as has been
suggested above and suggest that the different
products of the reactions depend on different degrees
of polarization of the thione group.

Like acyclic sulfines,'¢4166 cyclic sulfines should
be capable of geometrical isomerism, but no isolation
of isomers appears to have been reported. In many
cases these could exist mainly as sulfenic acid or
sulfenate forms by tautomerism or resonance, and
these forms due to ready rotation would be incapable
of such isomerism. Indeed for the isomerization of
acyclic sulfines a rotational mechanism is favored over
inversion.'6” The bulk of evidence for acyclic sulfines
appears to favor the sulfine over sulfenate form,6%
but aromatic stabilization would favor the sulfenate
form in many cyclic cases.

Further oxidation of sulfine should produce
sulfenes. These have not been isolated, but their
transitory existence in a variety of aliphatic reactions
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has been established, 6 and recent evidence's?

indicates their probable intermediacy in the oxida-
tion of benzopyran-2-thiones by hydrogen peroxide
or per-acids. It is also conceiyable that in some cases
there should be appreciable stabilization by resonance
with forms having charge separation (sulfinates)
especially where the aromatic ring acquires aromatic
character.

0
>=s\o — +>>— 50,

Such forms are akin to sulfonates (see below).

The most highly oxidized products obtained have
three oxygen atoms attached to the sulfur atom. Such
compounds, which have been termed “thiotrioxides”,
have been isolated from the oxidation of many

nitrogen-containing heterocycles and are sulfonic
acids or sulfonates of heterocyclic cations. It is
possible that these may be precursors of products
where hydrogen or oxygen replaces the original thione
sulfur atom. The first of these could arise by processes
related to aromatic desulfonation, and the latter by
nucleophilic attack of an oxygen containing species.
Some ““thiotrioxides™ are known to be converted by
treatment with sulfides to thiones.'’®™¥72 Reagents
used to prepare these “thiotrioxides” include hydrogen
peroxide or potassium permanganate. In one interest-
ing series of compounds, the pyridine-4-thiones, the
presence of halogen in a system which when unsub-
stituted is oxidized to sulfonate, leads to formation
of 4-pyridone.>%»® This may be explained by
enhanced nucleophilic attack and displacement of
sulfate or sulfite.
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