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INTRODUCTION
In the course of a systematic investigation on the oxidation of organic
sulfur compounds, it was found that the oxidation of thiols, disulfides and
sulfinic acids with N204 gives S-nitroso or S-nitro compounds such as thio-
nitrites (1), thionitrates (II) or sulfonyl nitrites (III) as key inter-
1

-3

mediates. Both thionitrites and thionitrates are less stable than corres-

R-S-NO R-S-NO2 R-SOZ-NO
I IT 111

ponding oxygen analogs such as alkyl nitrites or alkyl nitrates. Hence,
these S-nitroso and S-nitro compounds display very interesting chemical beha-
vior which is merkedly different from those of the oxygen analogs. The sul-
fur-nitrogen bonds in S-nitroso and nitro compounds are weak compared with
those of the corresponding oxygen-nitrogen bonds in nitrites (0-nitroso)

and nitrates (0-nitro). Therefore, compounds containing S-NO bonds would be
expected to be more reactive and be more useful in organic synthesis. Indeed,
thionitrite (RSN=0) and thionitrate (RSN02) are not only good sulfenylating
agents but are also powerful nitrosating agent; sulfonyl nitrites are even
more powerful nitrosating agents. Aromatic amines are very readily converted
to corresponding aryl derivatives upon treatment with S-nitroso or S-nitro

compounds in the presence of cupric halides, halogen or disulfides. While
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alkyl nitrates (R0N02) are not diazotizing reagents, thionitrates (RSN02)
are not only used as powerful diazotizing reagents but also display interes-
ting chemical reactivity which would not be expected if thionitrates are
regarded as simple analogs of alkyl nitrates. Since many of the reactions
with S-nitroso and S-nitro compounds are so useful in organic synthesis,

we now have summarized in this review the characteristic reactions and also

synthetic applications of these S-nitroso and S-nitro compounds.

I.  THIONITRITES

1. Syntheses of Thionitrites

As early as 1840, a red color was observed when thiols were treated
with nitrous acid. Much later, Tasker and Jones reported that unstable red
colored phenyl thionitrite 2 was formed when benzenethiol 1 was treated with
nitrosyl chloride (Eq. 1).4 However, 2 was found to decompose rapidly to
give diphenyl disulfide 3 and nitrogen oxide.4 The same authors also treated
ethanethiol 4 with nitrosyl chloride to afford ethyl thionitrite 5 as a
rather stable 1iquid (Eq. 2).5

PhSH  +  NOCT —= [ PhSNO ] —= (PhS-), + NO (1)
1 2 3
EtSH  +  NOC1 —=— EtSNO (2)
4 5

Later, several thionitrites were prepared by treatment of thiols with
nitrosyl chioride, alkyl nitrites, dinitrogen tetroxide, dinitrogen trioxide,
nitrogen dioxide, nitrous acid and so on (Eq. 3). It was recently found
that the treatment of thiols with N204 in inert solvents such as CHC13 or
CC14 1S the most convenient method for obtaining th1'on1't1r‘1"ces.2’]5’]6

Therefore, it would be quite interesting to see if free thiol groups in pro-
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tein molecules can be masked to form -S-N=0 groups by the same treatment.

Noc18-9
8-13

RONO

12,14-16

N.0,14-17 o RSNO  (3)

RSH 203

18
NO2

19-21
HNO2

Meanwhile, Rao et al. studied the photolysis of dimethyl disulfide 6
in the vapor phase,22 and considered the primary process to involve the
direct formation of two CH3S- radicals, each of which has an excess energy
and is converted to methyl thionitrite 7 in the presence of nitrogen oxide

(Eq. 4).

NO
CH,SSCHy  —== [CH3S-] —————= CH3SNO (4)

6 A

A reversible formation of thionitrite 9 from 4-phenyi-1,3,2-oxathia-

z0lylio-5-oxide 8 by photolysis was also reported {Eq. 5).23’24
Ph 0" Ph
] . (@ — ~£=C=0 (5)
S 0 ) /
N~ 7 0=N-S
8 9

Formation of thionitrites 11 as the intermediate in the oxidation of

disulfides 10 with N,0, was first recognized by Oae et al. in 1978 (Eq. 6).]

0
RSSR + N0, —= [ ng-s-R 1 + No,” —=— [RSNO ] + [ Rs0" ] (6)
0
10 N
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The presence of thionitrite 11 was also observed by Fuji et al. in the
NMR spectrum of the red solution resulted in the reaction of dithioacetal

12 with isoamyl nitrite in CDC]3 (Eq. 7).25

R'_,OH
Kt
+NO /R $-R\
R\ SR i-AnONO R'><§R ORI OH NO R'ey (7)
R'ZSR R"VSR peng. R'SR T pen R
12 11

Philippe et al. also reported that methyl thionitrite is found in the

smoke of tobacco.26

2. Physical Properties of Thionitrites

Alkyl thionitrites are relatively stable and can be stored refrigerated
in the dark. t-Butyl thionitrite is one of the most stable thionitrites
and can be stored for several weeks. However, most aryl thionitrites are
unstable and must be used in situ.

a) Color

Thionitrites are usually red or green colored compounds. For example,

thionitrites 13 and 15 are deep green crysta]s.6’2] Thionitrite 16 is a
red gas8 while thionitrite 14 is a red-green 11'qu1'd.12
(Ph)5CSNO t£-BuSNO ONSCMeZCH(NHAc)COZH CF4SNO
13 14 15 16

b) Dipole Moment

Thionitrites have nearly the same dipole moments (Table 1) as alkyl

nitrites (2.3 D for EtONO).

c) Infrared Spectra

2,8,12,13,27-29

Infrared spectroscopic data have been reported, and the
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TABLE 1. Dipole Moments of Thionitr‘ites]2
Solvent t-BuSNO (Ph) ;CSNO CH,CN
CS2 2.45 - 3.21
CC]4 2.55 1.86 3.42
Benzene 2.63 1.93 3.47
Dioxane 2.71 - 3.56

frequencies of nitroso groups were compared with those of other nitroso com-

pounds by Mason (Table 2).8 Thionitrites show the IR absorption bands of

N=0 bond at lonaer wavelengths than those of corresponding alkyl nitrites.

The same trend observed in the carbonyl stretching of ester and thioester.

is explained in terms of the electronegativity difference between sulfur and

oxygen.
TABLE 2. Streching and Bending Frequencis of the Nitroso Groups (em™ )8
Compound v (NO) 8 (NO)
NOC1 (s) 1946 245
(g) 1799 332
CF3SN0 (s) 1700 614, 610
EtSNO (1) 1536 620
t-BuSNO (1) 1490-1530 670, 662
MeONO (g) cis 1625 617
trans 1680 565
CF3NO (g) 1595 405
£-BuNO 1574
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d) Ultraviolet and Visible Spectra

2,8,29,30 The absorp-

Ultraviolet and visible spectra are also known.
tions at 250 nm (log € = 4.3) and 360 nm (Jog € = 2.1) were measured by
Mason et al. on gaseous CF3SN0.8 Oae et al. also observed a strong absorp-
tion at 340 nm for liquid E_—BuSNO,2 which is responsible for the characte-
ristic red color of this thionitrite.

15

e) N-NMR Spectroscopic Data

15N-NMR chemical shifts data of triphenylmethyl thionitrite (Ph3CS]5NO)

3 The nitrogen atom (15N) in this thionitrite

15,,, +
NH,

was reported by Bonnett et al.

shows & 785.2 ppm in CDC13 (0.5 M) relative to as nitrate (5 M-

15 .
NH4N03 in 2 M-HN03).

f) X-Ray Analysis and Molecular Structure

The stable thionitrite 15 was prepared by Field et al. and the molecu-

21 1pe ¢-S bond

lar structure of this compound was determined by X-ray.
(1.841 A) is rather long and the S-N bond (1.771 A) is nearly the same as

the calculated bond length with Pauling's covalent bond radii.

NHAC C N {214/3
HO,CCHEMe, #100.4° AN
SN0 o 1.777A A
1.841A AN
15 S 113.2

3. Reactions of Thionitrites

a) Thermal Decomposition

Almost all the thionitrites are unstable at room temperature and decom-
pose to give corresponding disulfides and nitrogen oxide. Ethyl thionitrite
5 undergo about 2% decomposition at 13° after 4.5 hrs and is completely decom-

10

posed at 70-130° after 2 hrs. However, tertiary thionitrites such as 13.

172



11: 46 27 January 2011

Downl oaded At:

ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW

14, and 15 are stable at room temperature, but decompose upon heating to

afford corresponding disulfides.’>21232

7,21

EtsNo'0 (Ph) ,CSNO £-BuSNO®2  ONSCMe,,CH(NHAC ) COH?!

5 13 14 15

Thionitrite 13 was shown to decompose thermally to give triphenyl-
methanethiol 17 in the presence of a radical scavenger such as 9,10-dihydro-

anthracene (Eq. 8).33

(Ph)3CSNO —= [ (Ph)3CS* ] — (Ph)3CSH (8)
13 SO S

b) Photolysis
Thionitrites 11 and 18 were also shown to decompose upon photolysis to

give corresponding disulfides and nitrogen oxide (Eq. 9,10).34’35 Barrett

2 RSNO + hv (3650A) ——= RSSR + 2 NoS4:35 (9)
1
(3650A)

18
- =}
et al. considered that the absorption af 3650A-radiation resulted in exci-

tation to the extent of 79 Kcal/mol, which is sufficient to cause the fiss-

d.35 35

ion of the bon The process can be formulated as follows (Eq. 11)

PhCH25N0 o PhCHZSNO* —— PhCHZ- + NO-

(11)

PhCHz- + PhCH25N0 —_—— PhCHZSSCHZPh

c) Oxidation
Thionitrite 14 was shown to be oxidized further with fuming nitric

36

acid in a vigorous reaction, to give t-butyl thionitrate 20. Oae et al.

found that thionitrate 20 can be prepared nearly quantitatively by treat-
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ment of thiol 19 with an excess N204 (Eq. ]2).2’37 Oxidation of aryl thiols
21 with excess N,0, at -60° also gives aryl thionitrates 22 in good yields.

However, these compounds are unstable at room temperature and decompose to

give corresponding disulfides 23 and thiolsulfonates 24 (Eq. 13).2 When the
t-BuSNO  + HNO3
H \
;_-BuSNO2 (12)

t-BuSH  + N0, 20

19 (excess)

2
21 22 23

ArSH + N 04 —= [ArsSNO] --Ar‘SNOZ -= ArSSAr + Ar‘gSAr‘ (13)
2

4

reaction mixture of thiol 1 with N204 was quenched with MeOH or i-PrOH,
alkyl benzenesulfinate 26 was obtained, suggesting that perhaps benzene-

sulfinyl nitrite 25 is the reaction intermediate (Eq. 14).2’37

eq. N204 N204
PhSH ————=——m—  [PhSNO] —=——==— [PhSNO,] === [PhSONO]
-20°, in Et,0 -20°
1 (14)
8 R'OH 8 Q
== [PhSNO] — == PhSOR' + thSSSR +  PhSSPh

25 26

Oae et al. have also shown that when thiols 21 are mixed with excess
N204 at -20-0° and then quenched with t-BuOH, the corresponding thiolsulfo-
nates 28 can be obtained in good yields as shown in Table 3. Sulfinate 29
was not obtained because of the steric hindrance of t-butyl glr'oup.z’37
Thus, symmetrical thiolsulfonates 28 can be prepared by this simple one-
step procedure (Eq. 15). Although, thiolsulfonate 27 cannot be prepared by

this direct oxidation of thiol 19 with N,0, and subsequent treatment with
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t-BuOH, it can be prepared by the treatment of thionitrate 20 with pyridine

(Eq. 16).2
TABLE 3. Reactions of Thiols with N,0,%-37>%8
. Reaction Reaction N,0 a) Isolated
Thiol Time(min) Temp(°C) ﬁéﬁi Product yield(%)
PhSH 5 ca. -15 2 PhSSOZPh 81
{H)sH 5 ca. -15 2 <::>5502<C:> 62
2-C6H13SH 5 ca. -10 2 g:C6H13-SSOZC6H]3-g> 63
t-BuSH ca. 15 ca. 25 2.5 t-BuSNO, ca. 80-100

a) Mol ratio.

1. 2 eq. N0
24
RSH —- T-BuOH = [ RgNO ] —I Rg-gR ] —=RSO,5R 28 -
15
2L R, Alkyl, Substituted phenyl Bosut 2
N,0, .
t-BuSH * £-BuS0,SBu-t (16)
27
13 \\\\\s\ ////)’;yridine -
-BusNO,

20

Earlier, Lecher et al. passed air into thionitrite 5 for about 3 hrs
and obtained corresponding diethyl disulfide and N204 (Eq. ]7).9 However,

they could not isolate any of the primary product of the auto-oxidation.

2 EtSNO + 02 —_— (EtS—)2 + N,0

274 a7

5

Holm et al. obtained a small amount of ethyl phenylglyoxylate 32 (2%)
upon photolysis of ethyl (nitrosothio)-phenylglyoxylate 30 in the presence

of oxygen. The main product was corresponding disulfide 31 (Eq. 18).23
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[PhCHS-]
PRCHCOEL — ™ [ PhGHCOEL ] 31 (18)
$NO -NO §
30 PRCOCO,,Et
32

d) Reduction
Thionitrite 33 can be reduced by Hg(II) ion to give thiol 34 (Eq.

20 20

19) This reaction was used for analysis of mercapto group by Saville.

2+
Hg
Cysteine-SNO ——————=— Cysteine-SH + HNO, (19)

33 34

Field et al. obtained disulfide 35 upon reduction of thionitrite 15
with NaBH, (Eq. 20).%"
NaBH4 in

ONSCMeZCH(NHAc)COZH [-SCMeZCH(NHAC)COZH]2 (20)
EtOH 56%

15 35

e) Reattion with Triphenylphosphine

Haake et al. isolated phosphinimine 37 as orange colored crystals upon

treatment of thionitrite 13 with 2 eq. of triphenylphosphine 36 (Eq. 21).39

in benzene

(Ph)3CSN0 + (Ph)3P - (Ph)3CSN=P(Ph)3 (21)
25°, ca. 100%

13 36 3

When this reaction was carried out in the presence of dimethyl sulfo-
xide, N-triphenylmethylthio-dimethylsulfoximide 38 was obtained in addition

to the phosphineimine 37 (Eq. 22).39
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Me
13+ 3%+ DMSO —= 37+ (Ph)jCSNe$>0 (22
Me

(30%) 8 (117)

f) Reactions with Thiols or Suifinic Acids

The reaction of thionitrite (RSNO) with thiols or sulfinic acids give
unsymmetrical disulfides 39 and thiolsulfonates 40 in good yie]ds.ls’]6 A
few typical results are listed in Table 4. This is probably one of the
most convenient procedures to prepare unsymmetrical disulfides 39 and thiol-
sulfonates 40, since the preparation can be carried out in a one-pot process.
In a typical run, to an ethereal solution of a thiol is added either a chlo-
roform or a carbon tetrachloride solution of an equimolar amount of N204.
Immediately either greenish or reddish color appears. Then an equimolar
amount of either another thiol or sulfinic acid is added into the reaction
mixture. When the typical color of thionitrite disappears, neutralization
with weak alkaline solution and subsequent evaporation of the solvent give

the desired unsymmetrical disulfide or thiolsulfonate in an excellent yield

(Eq. 23).

TABLE 4. Reactions of Thionitrites with Thiols or Sulfinic Acids'>>'®
RSNO RSH or RSO,H Product Yield (%)
PhSNO t-BuSH PhSSBu-t 9gP)

PhSNO p-ToTSH PhSSTo1-p 812)
A a)

QfC8H175NO n-BuSH n-CgH,,SSBu-n 81

PhSNU p-Tol S0, PhSSO,Tol-p 740)

a) GC yield. b) Isolated yield.
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R'SH RSSR'
/ 2
RSNO (23)
R"SOH RSSOR"
40

g) Reaction with Olefins

Lecher et al. reported that thionitrites did not lose their colors
upon treatment with olefins at 25°.10 However, Field et al. obtained hard
polymers from a mixture of thionitrite 15 and such olefins as methyl metha-
crylate in the presence of benzoyl peroxide; they also obtained polymers

by UV irradiation of olefins and thionitrite 15 (Eq. 24).21

=R R' R
RSNO —= RS. —== RSCHCH:  —=— RS(-CHZCH—)nSR (24)

15 g ~CMe,CH(NHAC) COH

h) Reaction with Amines

Treatment of thionitrites with cyclic secondary amines afforded N-

nitrosamines (Eq. 25).]6 N-Methylaniline was also converted to N-nitroso-
N-methylaniline with thionitrite 14 in a good yield (Eq. 26).38
RSNO + RéNH —_— RéNNO + RSSR (25)
in Et20, 25°
PhNHMe + t-BuSNO PhNMeNO (26)
1 3 days, 92%
— 1.7 eq.

Field et al. suggested the incipient formation of benzenediazonium
chloride in the reaction of thionitrite 15 with aniline hydrochloride, in
view of the formation of a coupling product upon treatment with g-naphthol

(Eq. 27).°]
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ONSMeZCH(NHAc)COZH
- B-Naphthol
+ 15 —= [PhN, C1 ] ————== Coupling product (27)
2 25%
PhNH2~HC1

It was independently found in our laboratories that various arylamines
react readily with thionitrite 14 in the presence of anhydrous copper(II)

halides to afford the corresponding halides 41 in excellent yields (Eq.

28).40’4] This reaction proceeds below room temperature, while the similar

43,44

reaction with alkyl nitrite requires heating in many cases. The

results are summarized in Table 5.

ArNH2
Cqu, 0-25°
+ e ArX + N, + t-BuSSBu-t + (t-Bu),S (28)
2 = = = 2°3
CH3CN
£-BuSNO 41 42 43
H

TABLE 5. Deamination of Arylamines with t-BuSNO and Anhydrous Copper(II)

Ha]ides40’4]
Yield (%)
ArNH2
ArCl ArBr
p-NO,CHyNH, 9g?) 782)
p-C1CgHNH, 78°) 710)
CHeNH, g6P) 58P
p-MeOCH,NH, 61°) 362
p-HOC GH,H, 572) 40?)

a) Isolated yield. b) GC yield.

When this reaction is carried out in the presence of several olefins,

the Meerwein reaction takes place and the corresponding 2-aryl-1-halo-
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).41

ethanes 44 are obtained as the main products (Eq. 29 The results are

listed in Table 6.

= - ——————
ArNH, + 14+ CuX, +  CHy=CH-Y
(29)

ArCH,CH-Y + 4 + 42 + 43 + N2

X

44 X3 Cl,Br Y5 CN, CgHg, CO

2
2H

TABLE 6. Deamination of Arylamines with t-BuSNO and Anhydrous Copper(II)

Halides in the Presence of Acry]onitri1e41

Product and yield (%)

ArNH2
ArCHZCHR ArX
X
p-NO,CeH,NH, 482) (32%)) 32%)
0-NO,CghH NH, 29%) (210, 252)
CHahH, 483) (31P)) 342)
p-MeOC4H,NH,, 50%) (40)) 432)

a) GC yield. b) Isolated yield.

The reaction of disulfide 42 with CuCl2 under similar conditions aff-
ords both the trisulfide 43 and tetrasulfide 45 (Eq. 30). Probably in the
presence of thionitrite 14, the anionic intermediate t-BuSS™ or radical
intermediate t-BuSS‘ reacts with the thionitrite 14 to give the trisulfide
43 (Eq. 31).%
(t-Bu)pS, + CuCl, ——== (t-Bu),S; + (t-Bu),S, (30)

42 43 45
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t-BusNO  +  CuCl, ——  (t-Bu),S, + (t-Bu),S, (31)
14 4z 43

IT. THIONITRATES

1. Syntheses of Thionitrates

As described previously in the oxidation of thionitrites [I-3, ¢)],
thionitrate 20 had been prepared by further oxidation of thionitrite 14
with fuming nitric acid36 or N204 (Eq. 32).]2 It was found that stable t-
alkyl thionitrates 47 can be prepared in good yields by treating thiols 46

2,37 1he aryl thionitrates 22 were also isolated

with excess N204 (Eq. 33).
in good yields as unstable white crystals upon treatment of the correspon-
ding aryl thiols 21 with excess N204 in hexane at Tow temperatures (ca.

-60°) (Eq. 34).2 Many of these thionitrates 22 decomposed readily at room

temperature and some aryl thionitrates 22 are stable at low temperatures;

generally other thionitrates are not stable enough to be isolated in pure

for'm.2
t-BuSNO + HNO5 or Ny0, ——=  t-BusNO, (32)
L 20
20-30°
RSH = [ RSNO ] —————— RSNO2 (33)
2 eq. N204
i Ry t-alkyl 47
-60°
ArSH [ ArSNO ] —==- ArSNO2 (34)
].5-2 eq- N204
21 22

Ar; p-Tol, p-Cl1CgH,, p-BrCcHy
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2. Physical Properties of Thionitrates

Isolated thionitrates are colorless liquids or white crysta]s.2 Kresze

t al. reported that dipole moment of '_c_-BuSNO2 is larger (3.73 D) than those

of alkyl nitrates (e.g., EtONO, 2.9 D) and other nitro compounds (e.g., t-

BuNO2 3.5 D).12 This may due to the relatively lower electronegativity of
sulfur atom than that of oxygen atom.]2
R @,0 R @,0° Ra@0°
Q'N\- e 0-Ny =N e
Q! o o

EfBuSNOZ displays an infrared absorption band which is at a longer wave-
length (1510 cm']) than that of corresponding alkyl nitrite (EfBUONOZ; 1608

cm']) due to the electronegativity difference between sulfur and oxygen.2

3. Reactions of Thionitrates

a) Thermal Decomposition

Thionitrates 47 (R=Aryl) decompose at room temperature to afford corres-
ponding thiolsulfonates 48 and disulfides 10. Stable thionitrate 47 (R=
t-Bu) also undergo thermolysis at above 100° to give corresponding thiol-
sulfonate 48 and disulfide 10 (Eq. 35).2 Sulfinyl nitrites 50 are believed
to be the intermediates, because when thionitrate 47 (R=p-Tol) was quenched

with excess methanol, methyl p-toluenesuifinate 49 was obtained in 17% yield

(Eq. 36).°
R%NO 50 | _» R-%SR r RSR 39
RSNO, =——= | or 4 1
47 R o~ ' '
47 SONO R'OH R%OR (R=p-Tol, R =CH3) (36)
49
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b) Reaction with Amines

The most interesting aspect of thionitrates (RSN02) is that they can
be used as very effective diazotizing agents in neutral aprotic media while
corresponding alkyl nitrates (R0N02) do not react readily with amines and
hence cannot be used as diazotizing agents. Oae et al. found that reactions
of various arylamines with thionitrate 20 in the presence of anhydrous co-

pper(II) halides under mild conditions give corresponding aryl halides 41

in excellent yields (Eq. 37), (Table 7).40’4]
CH4CN
ArNH2 + g_—BuSNO2 + CuX,
25°, 2 hrs
20
(37)

A+ (t-Bu),S,  + (E-Bu)Sy;  + N, (X =Cl, Br)

41 42 43

TABLE 7. Deamination of Arylamines with E_—BuSNO2 and Anhydrous Copper(II)

Halides at Room Temperature40’4]
Yield (%)
ArNH2

ArCl ArBr
a) a)
R—NOZC6H4NH2 98 | 74 |
a a

E_-H02C06H4NH2 86 | 75
b b)

97C1C6H4NH2 71 55
b) b)
C6H5NH2 82 ) 83 |

b b

Q_—MeOC6H4NH2 63 57

a) Isolated yield. b) GC yield.
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The reaction of p-hydroxyaniline 50 with the thionitrate 20 in the
presence of CuX2 is different. The reaction does not give the correspon-
ding halide 51, but affords N-(;;buty]thio)-Efbenzoquinone monoimine 52 in

40,41

40% yield (Eq. 38). Various p-hydroxyaniline derivatives were found

to be converted easily to corresponding N-(t-alkylthio)-p-benzoquinone

2,45 A1l these imines have

monoimines with thionitrates even without Cqu.
vivid yellow colors due to the strong absorption (Emax > ]04) near 400 nm.
Although N-alkylthio-p-benzoquinone monoimines can be prepared from N-halo

46,47 the use of thionitrates constitutes a new

HO@C]
51

H0©NH2 + t-BusNO, + CuCl, (38)
50

«Q \ 0{_ NsBu-t
5

p-benzoquinone monoimines,

52
TABLE 8. Reactions of t-BuSNO, with E;Aminopnen0152’45
p-Aminophenol Product Isolated yield (%)

Ho<T_ I, 0 pNsBu-t 40

Me Me,
HODNHZ OC}NSBu-g 47

Me Me

HONHZ ONSBu—g 15

C1 Cl

HOONHZ OQNSBu-L 45

a1 C1
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one-step synthetic method from p-aminophenols (Table 8).

As mentioned previously (Eq. 29), 2-aryl-l1-haloethanes 44 were readily
obtained (Meerwein arylation) when various arylamines were treated with
thionitrate 20 and anhydrous copper{1l) halides in the presence of olefins

(Eq. 39), (Table 9).%

CuX2

ArNHz + E_--BuSNO2 + CH2=CHY —— ArCHngY +  ArX (39)

20 4 41

TABLE 9. Deamination with 1;_-BuSNO2 and Anhydrous Copper(1I) Halides in

the Presence of 0lefins at Room Temperature4]
(CuX,)  (CH,=CHY) Product and yield (%)
2 2

Ar‘NH2 -
X \ ArCH,CHR Arx

X
P-NO,C i NH, cl CN 782) (65P)) 1)
p-NOLC gH,NH, c1 Ph 622) (58P)) 20%)
D-NOCghHyNH, c1 CO,Et 29%) (350)) 333)
CeHeNH, Cl ¢) 20) (310)) 203!
CeHistH, Br COH 1) (38°)) 33%)
CHiNH, c1 CO,Et 562 (362)) 298)

a) GC yield. b) Isolated yield. c) Methyl methacrylate was used.

The oxygen analogs, e.g., i-amyl nitrate 54 do not isomerize to the
corresponding 0-nitroso derivative, hence does not react with 4-chloro-
aniline 53 in benzene. One fascinating aspect is that various arylamines
55 react readily in the absence of any redox metal ion with thionitrate 20
with carbon tetrachloride, bromoform, iodine, benzene and dimethyl disul-
fide, affording deaminated products such as aryl halides 57-59, biphenyls

48,49

56 and aryl methyl sulfides 60 in good yields. The results are il1lus-
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53

in benzene

+  i-AmONO,, %= p-CICH,-Ph

54

Ar-Ph Ar-Cl

56 57
I Benzene ////////}'2014 76°
80°

CHar,
Ar‘NH2 + t-BusSNO, Ar-Br
25-120° 58
55 20
110°
Ar-SCH, Ar-1
60 59
AMONO, 1,, 2-4 hrs, 403>
p-MeC_H,NH p-MeC H,-1
67472 t-BuSNO,,, ,, 0.3 hrs, 74%78:49 4 674
61 / 62
54
PhNH, + AWONO + I, —=— Ph-I + I-CgH,-I + Ph,
63 64 6 66

(40)

(41)

(42)

TABLE 10. A Few Representative Reactions of Arylamines with g_—BuSNO2 in

Various So]vents48’49
AriH, Solvent Product Yield(%)

a)

E_—N02C6H4NH2 Benzene p-NO,CcH,-Ph 75
p-BrCgh,NH, Benzene p-BrCgH,-Ph 762)
b)

p-BrCgH,NH, Me,S, p-BrCcH,-SMe 88
a)

p-NO,C H,NH, CHBr4 p-NO,CcH,-Br 80
a)
p-C1CH,NH, cc1, p-CICgH,-C 46 |
a

E_—MeCGH4NH2 Benzene/I,, p-MeCeH,-1 79

a) GC yield.

b) Isolated yield.
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trated in equation (40) and Tisted in Table 10. Among these reactions, the
reaction of arylamines with dimethyl disulfide was found to be extremely
useful, since the reaction can be carried out with very little formation of
bad smelling sulfur compounds. Other disulfides can also be used to rep-
lace amino group with RS moiety.

Alkyl nitrites (RONO) may also be used in similar v‘eactions.so'54
However, chlorination or bromination generally require much longer reaction
times (2 hrs at 100°°3) than those of thionitrate 20 (5-60 min. at 25-120°
48’49). p-Toluidine 61 can be converted to p-iodotoluene 62 with amyl nit-
rite in the presence of iodine after a long reaction time in a lower yield

(Eq. 41).°%

Iodobenzene 64 can also be obtained from aniline 63 upon treat-
ment with amyl nitrite and iodine, however the yield is rather low due to
the formation of by-products 65 and 66 (Eq. 42). In the reaction in ben-
zene, the reaction time and the yields of biphenyls 56 are nearly the same
as those with alkyl nitrites.50'52 Formation of nitrogen gas was estab-
lished by MS spectroscopy, thus establishing that the reaction to proceed
via the diazonium salts that decompose to aryl radicals which then react
with the solvent to afford the corresponding deaminative substitution pro-

48,49 Incidentally, thionitrites (RSNO) may not be used for these

48

ducts.
uncatalyzed deaminative reactions owing to their thermal instability.
The following mechanism has been postulated. t-BuSOH is a good reducing
agent and hence is considered to act as an excellent redox system to gene-
rate aryl radicals (Eq. 43).

ArH, _ +
t-BuSNO, =Z t-BuSONO —————== t-BuSO + ArNH,NO —=—

20 (43)

t-BuSOH + ArNy O™ —=— Ar. + N, + H,0 + t-BuSO,Bu-t
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Thionitrate 20 can also be used for the Pschorr type reactions. Aryl
amines 67 and 69 afford corresponding ring-closed products 68 and 70 (Egs.

44 and 45).38

0
il q
A~ C t-BusNO, 20 _
S < (44)
~ NH, 344
67 68
COZEt
t-BuSNO, 20 =
7N/ N {45)
70% — —

On the other hand, thionitrate 20 was decomposed with pyridine to give
thiolsulfonate 27 quantitatively. This reaction is considered to proceed

via incipient formation of a-disulfoxide 71 (Eq. 46).°2

e 2
E‘BUSNOZ —— [E—BUSONO or I_—BU NO] W [ (E‘BUS-)Z ]
20 n
+ LON"N" D] —e—  t-BuSO,SBu-t (46)
NS gy

Thionitrate 20 was also found to react with secondary amine 72 to give

N-nitrosamine 73 in 53% yield (Eq. 47).38
0014, 5 hrs NO
E—BUSNO2 + PhNHMe PhNMe (47)
Reflux
20 72 73

c) Reaction with Sulfoximides

Oae et al. have recently shown that deimination of diaryl sulfoximides
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74 proceeds readily with thionitrate 20 affording the corresponding sulfo-

5

xides 75 (Eq. 48).5 The gas evolved in this reaction is nitrous oxide and

not nitrogen. The results are listed in Table 11.

a CH,CN p
R-S-R' + I.,_-BuSNO2 _ R-S-R' + N0+ £-BuSO,SBu-t
N 25°, 10 hrs
) 20 75 2
(48)
TABLE 11. Deamination of Sulfoximides with E—BuSNO2 in acetonitri1e55
Sulfoximide Yield of sulfoxide
R R' (6C)
CeHss CeHs 71
p-MeCcH, CoHs 85
p-C1CeH, Ce 92
p-NO,CeH, CgHs 72

d) Reaction with Carbanions

Oae and Shinhama also reported that reactions of thionitrates 20 and
47 with carbanions give C-alkylthio derivatives, such as sulfides 76 or

6

alkylthio malonates 77 and 78 {Egs. 49 and 50).5 These reactions proceed

very rapidly even below room temperature.

Et,0

t-BuSNO, + RMgX —— 2=  t-BuSR (49)
20 or 76
RL1
<OH RSCH(CO,EL), 77
RSNO, + CH,(CO,Et), ———=  or (50)
2 27772772 in EtoH
(RS),C(COEL), 78
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I1I. SULFONYL NITRITES

1. Syntheses of Sulfonyl Nitrites

Sulfonyl nitrites 80 have been considered to be intermediates of the
reaction of sulfinic acids 79 with nitrous acid57 or alkyl nitrites (Eq.
51).58 It has been discovered that sulfonyl nitrites 80 can be isolated

in 38-55% yields as brown crystals upon treating sulfinic acids 79 with

N,0, (Ea. 52).2:3
HNO, 7 (RSO,) NOH 81
RSOH + or  ——= [RSOMNO] —=— (51)
79 R'ONO8 80 (RSO,) N0 82
79 4 N0, ﬂRSOZNO 80 (52)
-20-0°

Ry p-Tol, Ph, E;C1C6H4, EfBrCGH
p-MeOCH,, CHq

4

2. Physical Properties of Sulfonyl Nitrites

2,3

Most sulfonyl nitrites are unstable brown crystals. They show the

1,2,
) 3

). This is explained in terms of

IR absorption bands of N=0 bond at shorter wavelengths (near 1840cm”

than those of thionitrites (1490—1700cm']

the strong electron-withdrawing effect of sulfonyl groups (Eq. 53), and

1

the 502 absorption bands appears near 1390 and 1190cm = in the infrared

2,3

spectra. The mass spectrum of p-toluenesulfonyl nitrite shows the corr-

")

esponding fragment ion peaks, m/e{rel intensity), 155(9, ngolsoz , 91(20,

p-To1™), 30(100, NO).2»3

10 i©
! v=n®

R-S-Fi<Dl = R-S-HE0 (53)

10 10
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3. Reactions of Sulfonyl Nitrites

When p-toluenesulfonyl nitrite 83 was heated, evolution of nitrogen

oxide gas was observed and white crystals were formed.2

The physical and
spectroscopic data of this substance were identical with those reported as
the N-oxide ((EfT01502)3N»0).58 However, the spectroscopic data clearly

reveals the structure of this compound to be not the N-oxide but instead

0-(p-toluenesulfonyl)-N,N-bis(p-toluenesulfonyl)hydroxylamine 84 (Eg. 54).2
in dioxane
E-To]SOZNO X (E;To1502)2N-0-502To1-9_ (54)
83 84

Sulfonyl nitrite 83 is by far the most powerful nitrosating agent and
reacts readily with alcohols or thiols to give corresponding O-nitroso or
S-nitroso derivatives along with N.N,-bis({p-toluenesulfonyl)-hydroxylamine

85.2

Sulfonyl nitrite 83 also reacts with thionitrite 14 to give S-t-butyl
p-toluenethiosulfonate 86 in 20% yie]d.2 Sulfonyl nitrite 83 is reduced

with NaBH4 to give N-(p-toluenesulfonyl)-hydroxylamine 87 as illustrated in

equation (55).2
MeCH (E;TO]SOZ)ZNOH + MeONO
(or t-BuSH) 85 (or t-BuSNO)
t-BusSNO 14
p-To1S0,NO =  p-TolSO,S-Bu-t  (55)
§§i ‘\"‘““““““““““.—.~
NaBH, p-TOTSONHOH + 84
87

Sulfonyl nitrite 83 is a powerful nitrosating reagent and hence is an
excellent deaminative reagent of aryl amines 55 (Eq. 56).4] A few typical

examples are listed in Table 12,
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in CH,CN
ArNH, + p-TolSO,NO  +  CuX, ————= Ark + N, + 85
25°, 1 hr
55 83 2.4 eq. 41 X3 C1,Br

{56)

TABLE 12. Deamination of Arylamines with E;To]SOZNO and Anhydrous Copper-

(IT1) Halides at Room Temperature4]

Yield{by GC) (%)

Ar‘NH2
ArCl ArBr
97N0266H4NH2 87 63
E_-N02C6H4NH2 76 79
p_—BrC6H4NH2 93 78
E_-MeOCGH4NH2 38 60

Sulfonyl nitrite 83 reacts with secondary amine 72 more rapidly than
other S or 0-nitroso or nitro compounds. N-Nitrosamine 73 is formed within
10 min in a high yield at room temperature (Eq. 57).38

in dioxane
Q;To]SOZNO +  PhNHMe - PhN{NO)Me (57)

25°, 10 min, 81%
83 72 73

Sulfonyl nitrite 83, being the most powerful nitrosating agent, under-
goes facile diazo deamination reactions in neutral aprotic solvent even at
room temperature without any other catalyst such as copper(II) halides.

The results are listed in Table 13. p-Nitroaniline 88 can be converted to
p-bromonitrobenzene 89 with sulfonyl nitrite 83 at room temperature for 2

38

hrs,”” whereas a similar reaction with amyl nitrite requires heating at 100°

(Eq. 57)',53 the yields of bromide 89 are almost the same in both cases.
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ATONO, CHBr ;3
100°, 2 hrs
p-NO,C_H,NH —=— p-NO_C.H,-Br (58)
2767472 p-TolSONO 83, CHBr, 27674
88 89
25°, 2 hrs
TABLE 13. Deamination of Arylamines with E;TolSOZNO at Room Temperature38
[§§]a) Reaction Isolated
ArNH2 ——E;;ﬁa_i___ Solvent Time(min) Product yield(min)
2
E_--BrC6H4NH2 1.5 Benzene 90 EfBrC6H4-Ph 26
E_—N02C6H4NH2 1.9 Benzene 120 E;N02C6H4-Ph 19
E_—N02C6H4NH2 1.9 (CH3)232 20 Q_-N02C6H4—SCH3 61
Q_—NOZCGH4NH2 1.9 CHBr3 120 E;N02C6H4-Br 73

a) Mol ratio.

Reduction of sulfimides 90a and sulfoximides 90b with sulfonyl nitrite

83 also gives nearly quantitative yield of the corresponding sulfides 91a

and sulfoxides glg_respectively.SS’Sg

The reaction reguires three equiva-

lents of sulfonyl nitrite 83 to form two side products 84 and 85 as well as

91 (kq. 58).55 The results are shown in Table 14.

X

A
R-%-R' + QjTO1SOZNO —_—— R—g—R' + N20

NH 83

90 a; X = Tone pair 91 a; X = Tone pair

b; X =0 b; X =20
(59)
+ (p-To150,),N0S0,-Tol-p + (p-To150,) ,NOH
84 85
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p-To1S0,H + 83 ——— 84 + 85 (60)
fast
85 + 83 84
slow
TABLE 14. Deimination of 90 with 3 eq. of 83 at Room Temperature59
95 Time Yield?)
" o : (hr) Solvent (%)
C6H5 CGHS lone pair 1.5 CH3CN 91
g:CH3OC6H4 CgHs ! " ! 78
1] b)
CeHe CeHs 0 2.0 75(7877)
(1) " C)
p-CH30CH, CHy CDC1,4 100

a) Isolated yield. b) GC yield. c) No other product was detected by NMR.

IV. OTHER USES OF THIONITRITES AND RELATED COMPOUNDS

Various thionitrites and related compounds such as RSNO, RgSNO, RéSNO,
and RSNO2 were mixed with a hydrocarbon Diesel fuel for improving its igni-
tion properties.eoa’b’c) Various substances were examined to improve the
stability of thionitrites in Diesel fue]s.s]a'd)

t-Butyl thionitrite was also found to be an effective antiscorch agent
of rubber similar to butyl nitrite due to their facile fragmentation to
form NO and RS radicals.®2

Morris et al. reported that thionitrites inhibited both germination
and outgrowth of B. cereus spores.63

The carcinogenicity of these S-nitroso or S-nitro compounds have not

been investigated. This should be studies hereafter.

194



11: 46 27 January 2011

Downl oaded At:

ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW

SUMMARY

Various uncommon or novel S-nitroso or S-nitro compounds have been

prepared and they showed many interesting or unexpected reactions. These

compounds were found to be useful agents for diazo deamination reactions

in neutral aprotic media.

vative isolated recently,is an especially powerful organic nitrosating agent

p-Toluenesulfonyl nitrite, a new sulfonyl deri-

which undergoes facile diazo deamination or deimination reactions even at

room temperature without any catalyst.

Furthermore, thionitrites and rela-

ted compounds were also found to be good starting materials for syntheses

of various organic sulfur compounds.
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