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ORGANIC T H I O N I T R I T E S  AND RELATED SUBSTANCES. A REVIEW 

Shigeru Oae*+ and Koich i  Shinhamatt 

Sakura-mura, I b a r a k i  305, JAPAN 

h e ,  Yamaguchi 755, JAPP,N 

tDepartment o f  Chemistry, U n i v e r s i t y  of Tsukuba 

ttCentral Research Laboratory,  Ube Indus t r i es ,  L td.  

INTRODUCTION 

I n  the  course o f  a systemat ic i n v e s t i g a t i o n  on the  o x i d a t i o n  o f  organic  

s u l f u r  compounds, i t  was found t h a t  t h e  o x i d a t i o n  of t h i o l s ,  d i s u l f i d e s  and 

s u l f i n i c  acids w i t h  N204 g ives S-n i t roso o r  S - n i t r o  compounds such as t h i o -  

n i t r i t e s  ( I ) ,  t h i o n i t r a t e s  (11) o r  s u l f o n y l  n i t r i t e s  (111) as key i n t e r -  

medi a tes  . Both t h i o n i t r i t e s  and t h i o n i t r a t e s  a r e  l e s s  s t a b l e  than corres-  

R-S-NO R-S-N02 R- SO2 -NO 

I I 1  I11 

ponding oxygen analogs such as a l k y l  n i t r i t e s  o r  a l k y l  n i t r a t e s .  Hence, 

these S-n i t roso and S - n i t r o  compounds d i s p l a y  very i n t e r e s t i n g  chemical beha- 

v i o r  which i s  merkedly d i f f e r e n t  from those of t he  oxygen analogs. The s u l -  

f u r -n i t rogen  bonds i n  S-n i t roso and n i t r o  compounds are weak compared w i t h  

those o f  the corresponding oxygen-ni t rogen bonds i n  n i t r i t e s  (0-n i  t roso )  

and n i t r a t e s  ( 0 - n i t r o ) .  Therefore, compounds con ta in ing  S-NO bonds would be 

expected t o  be more r e a c t i v e  and be more usefu l  i n  organic synthesis.  

t h i o n i t r i t e  (RSN=O) and t h i o n i t r a t e  (RSN02) are n o t  on l y  good s u l f e n y l a t i n g  

agents but  are a l s o  powerful  n i t r o s a t i n g  agent; s u l f o n y l  n i t r i t e s  are even 

more powerful n i  t r o s a t i n g  agents. Aromatic amines a r e  very r e a d i l y  converted 

t o  corresponding a r y l  d e r i v a t i v e s  upon treatment w i t h  S-n i t roso o r  S - n i t r o  

compounds i n  the  presence o f  cup r i c  ha l ides,  halogen o r  d i s u l f i d e s .  While 

Indeed, 
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OAE AND SHINHAMA 

a1 k y l  n i t r a t e s  (RONO2] are n o t  d i a z o t i z i n g  reagents, t h i o n i  t r a t e s  (RSN02) 

are not  on l y  used as powerful d i a z o t i z i n g  reagents b u t  a l so  d i sp lay  i n t e r e s -  

t i n g  chemical r e a c t i v i t y  which would n o t  be expected i f  t h i o n i t r a t e s  are 

regarded as s imple analogs o f  a l k y l  n i t r a t e s .  Since many o f  t h e  react ions 

w i t h  S-n i t roso and S - n i t r o  compounds a re  so usefu l  i n  organic synthesis,  

we now have summarized i n  t h i s  review the  c h a r a c t e r i s t i c  react ions and a l so  

syn the t i c  app l i ca t i ons  o f  these S-n i t roso and S - n i t r o  compounds. 

I. THIONITRITES 

1. Syntheses o f  Thion i  tri t e s  

As e a r l y  as 1840, a r e d  c o l o r  was observed when t h i o l s  were t rea ted  

w i t h  n i t r o u s  ac id .  Much l a t e r ,  Tasker and Jones repo r ted  t h a t  unstable red  

co lored phenyl t h i o n i  tri t e  2 was formed when benzenethiol 1 was t rea ted  w i t h  

n i t r o s y l  c h l o r i d e  (Eq. l).4 However, - 2 was found t o  decompose r a p i d l y  t o  

g i ve  diphenyl d i s u l f i d e  3 and n i t rogen  oxide.4 The same authors a lso t rea ted  

ethaneth io l  5 w i t h  n i t r o s y l  c h l o r i d e  t o  a f f o r d  e t h y l  t h i o n i t r i t e  - 5 as a 

r a t h e r  s tab le  l i q u i d  (Eq. 2).5 

PhSH + NOCl -C [ PhSNO ] (PhS-)2 + NO (1 1 
3 - 2 - 1 - 

E t S H  + NOCl - EtSNO ( 2 )  

5 - 4 - 

Later,  several  t h i o n i t r i t e s  were prepared by t reatment o f  t h i o l s  w i t h  

n i  t r o s y l  ch lor ide,  a1 k y l  n i t r i t e s ,  d i n i  t rogen te t rox ide ,  d i n i t r o g e n  t r i o x i d e ,  

n i t rogen  dioxide, n i t r o u s  a c i d  and so on (Eq. 3) .  

t h a t  t he  t reatment o f  t h i o l s  w i t h  N204 i n  i n e r t  so lvents  such as CHC13 o r  

2,15,16 CC14 iS t he  most convenient method f o r  ob ta in ing  t h i o n i  tri tes .  

Therefore, i t  would be q u i t e  i n t e r e s t i n g  t o  see i f  f r e e  t h i o l  groups i n  pro- 

It was r e c e n t l y  found 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

RSH 

t e i n  molecules can be masked t o  form -S-N=O groups by t h e  same treatment. 

N ~ o ~ ~ ~ - ~  - RSNO (3) 

NOZ1 

H N O ~ ~  9-21 

Meanwhile, Rao e t  a l .  s tud ied the  pho to l ys i s  o f  d imethyl  d i s u l f i d e  5 
i n  the vapor phaseYz2 and considered t h e  pr imary process t o  i n v o l v e  the  

d i r e c t  format ion o f  two CH3S- rad i ca l s ,  each o f  which has an excess energy 

and i s  converted t o  methyl t h i o n i t r i t e  L i n  t he  presence o f  n i t rogen  ox ide 

(Eq. 4). 
NO 

CH3SSCH3 - [ CH3S- ] - CH3SN0 14) 

7 - 6 - 

A r e v e r s i b l e  format ion o f  t h i o n i  tri t e  2 from 4-phenyl-l,3,2-oxathia- 

23,24 zo ly l io-5-ox ide 5 by pho to l ys i s  was a l s o  repor ted (Eq. 5 ) .  

Formation o f  t h i o n i t r i t e s  11 as t h e  in termediate i n  the  o x i d a t i o n  o f  
1 d i s u l f i d e s  lo w i t h  N204 was f i r s t  recognized by Oae e t  a l .  i n  1978 (Eq. 6).  
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OAE AND SHINHAMA 

The presence o f  t h i o n i t r i t e  fl was a l so  observed by F u j i  e t  a l .  i n  t he  

NMR spectrum o f  t he  red  s o l u t i o n  r e s u l t e d  i n  the r e a c t i o n  o f  d i t h i o a c e t a l  

- 12 w i t h  isoamyl n i t r i t e  i n  CDC13 (Eq. 7 ) .  25 

Ph i l i ppe  e t  a l .  a l so  repor ted t h a t  methyl t h i o n i t r i t e  i s  found i n  the  
26 smoke o f  tobacco. 

2. Physical Proper t ies o f  T h i o n i t r i  tes 

A1 k y l  t h i o n i t r i  tes a re  r e l a t i v e l y  s t a b l e  and can be s tored r e f r i g e r a t e d  

i n  t h e  dark. t - B u t y l  t h i o n i t r i t e  i s  one o f  t he  most s tab le  t h i o n i t r i t e s  

and can be s to red  f o r  several  weeks. However, most a r y l  t h i o n i t r i t e s  are 

unstable and must be used i n  s i t u .  

a)  Color 
T h i o n i t r i t e s  are u s u a l l y  red o r  green co lored compounds. For example, 

t h i o n i t r i t e s  13 and 15 are  deep green c rys ta l s .6y21  

8 12 red  gas w h i l e  t h i o n i t r i t e  14 i s  a red-green l i q u i d .  

T h i o n i t r i t e  16 i s  a 

(P h) 3CSN0 - t-BuSNO ONSCMe2CH( NHAc)C02H CF3SN0 

16 - 15 - 14 - 13 - 

b )  Dipole Moment 

T h i o n i t r i t e s  have near l y  the  same d i p o l e  moments (Table 1)  as a l k y l  

n i t r i t e s  (2.3 I) f o r  EtONO) . 

c )  I n f r a r e d  Spectra 

I n f r a r e d  spectroscopic data have been reported, 2,8,12,13,27-29 and the  
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12 TABLE 1. Dipo le Moments o f  Thion i  tri t e s  

Sol vent - t-BUSNO ( Ph)3CSN0 CH3CN 

2.45 

cc1 2.55 1.86 

Benzene 2.63 1.93 

Dioxane 2.71 - 

cs2 
- 3.21 

3.42 

3.47 

3.56 

frequencies o f  n i t r o s o  groups were compared w i t h  those o f  o the r  n i t r o s o  com- 

pounds by Mason (Table 2).8 T h i o n i t r i t e s  show t h e  IR absorpt ion bands o f  

N=O bond a t  lonaer  wavelengths than those o f  corresponding a l k y l  n i t r i t e s .  

The same t rend observed i n  t h e  carbonyl s t r e t c h i n g  o f  es te r  and th ioes te r .  

i s  explained i n  terms o f  t he  e l e c t r o n e g a t i v i t y  d i f f e r e n c e  between s u l f u r  and 

oxygen. 

TABLE 2. St reching and Bending Frequencis o f  t he  N i t r o s o  Groups 

NOCl  ( s )  

(9) 

CF3SN0 ( s )  

EtSNO (1)  

- t-BUSNO (1 )  

MeONO (9) & 
trans  

C F p  (9)  

- t-BUN0 

1946 

1799 

1700 

1536 

1490-1 530 

1625 

1680 

1595 

1574 

24 5 

33 2 

614, 610 

620 

670, 662 

61 7 

565 
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OAE AND SHINHAMA 

d)  U l t r a v i o l e t  and V i s i b l e  Spectra 

U l t r a v i o l e t  and v i s i b l e  spec t ra  a r e  a l s o  known. 2 y 8 9 2 9 y 3 0  The absorp- 

t i o n s  a t  250 nm ( l o g  E = 4.3) and 360 nm ( l o g  E = 2.1) were measured by 

Mason e t  a l .  on gaseous CF3SN0.8 Oae e t  a1 . a l s o  observed a s t r o n g  absorp- 

t i o n  a t  340 nm f o r  l i q u i d  g-BuSNOY2 wh ich  i s  respons ib le  f o r  t h e  characte- 

r i s t i c  r e d  c o l o r  o f  t h i s  t h i o n i t r i t e .  

e )  15N-NMR Spect roscop ic  Data 

"N-NMR chemical s h i f t s  da ta  of t r i pheny lme thy l  t h i o n i  tri t e  (Ph,CS'5NO) 

was repo r ted  by Bonnet t  e t  a1 .31 The n i t r o g e n  atom (15N) i n  t h i s  t h i o n i t r i t e  
t shows 6 785.2 ppm i n  C U C l 3  (0.5 M )  r e l a t i v e  t o  15NH4 as 

15NH4N03 i n  2 M-HNU3). 

f) X-Ray Ana lys i s  and Molecu la r  S t r u c t u r e  

The s t a b l e  t h i o n i t r i t e  15 was prepared by F i e l d  g 

n i t r a t e  ( 5  M- 

- 1. and t h e  m l e  U- 

l a r  s t r u c t u r e  o f  t h i s  compound was determined by X-ray.'l The C-S bond 
n 0 

(1.841 A) i s  r a t h e r  l o n g  and t h e  S-N bond (1.771 A )  i s  n e a r l y  t h e  same as 

t h e  c a l c u l a t e d  bond l e n g t h  w i t h  P a u l i n g ' s  cova len t  bond r a d i i .  

YHAc 
HO2CCH$Me2 

SNO 
15 - 

0 7  

c 100.4" 

< l i 3 . 2 "  
1.841A 

J 

3. React ions of T h i o n i t r i t e s  

a )  Thermal Decomposit ion 

Almost a l l  t h e  t h i o n i t r i t e s  a re  uns tab le  a t  room temperature and decom- 

pose t o  g i v e  cor respond ing  d i s u l f i d e s  and n i t r o g e n  ox ide .  E t h y l  t h i o n i t r i t e  

- 5 undergo about 2% decomposi t ion a t  13" a f t e r  4.5 hrs and i s  comple te ly  decom- 

posed a t  70-130" a f t e r  2 hrs." However, t e r t i a r y  t h i o n i t r i t e s  such as 13. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

- 14, and 

a f f o r d  corresponding d i  sul  f i d e s .  

are s t a b l e  a t  room temperature, bu t  decompose upon heat ing t o  

7,21,32 

EtSNO’ (Ph)3CSN0712’ - t-BuSN03‘ ONSCMe2CH( NHAc)CO2HZ1 

15 - 14 - 13 - 5 - 

T h i o n i t r i t e  U w a s  shown t o  decompose the rma l l y  t o  g i v e  t r i p h e n y l -  

methanethiol j J  i n  t he  presence o f  a r a d i c a l  scavenger such as 9,lO-dihydro- 

anthracene [Eq. 8 ) .  33 

(PhI3CSNO - [ (Ph)3CS. 1 - (Ph)3CSH 

17 - 
13 a - 

b) Photo lys i  s 

T h i o n i t r i t e s  and were a l so  shown t o  decompose upon pho to l ys i s  t o  

g i ve  corresponding d i s u l f i d e s  and n i t r o g e n  ox ide (Eq. 9,lO). 34’35 B a r r e t t  

0 

(9)  
34,35 2 RSNO t hv (3650A) - RSSR + 2 NO 

11 - 

- 
0 

_-  e t  a l .  considered t h a t  t h e  absorpt ion a f  3650A-radiat ion r e s u l t e d  i n  exc i -  

t a t i o n  t o  the  ex ten t  o f  79 Kcal/mol, which i s  s u f f i c i e n t  t o  cause t h e  f i s s -  

i o n  o f  t he  bond.35 The process can be formulated as fo l l ows  (Eq. 11). 35 

hv PhCH2SN0 - PhCH2SNO* - PhCH2. + NO-  

(11 1 
PhCH2. + PhCH2SN0 - PhCH2SSCH2Ph 

c )  Oxidat ion 

T h i o n i t r i t e  14 was shown t o  be o x i d i z e d  f u r t h e r  w i t h  fuming n i t r i c  

a c i d  i n  a v igorous react ion,  t o  g i ve  - t - b u t y l  t h i o n i t r a t e  Oae -- e t  a l .  

found t h a t  t h i o n i t r a t e  0 can be prepared near l y  q u a n t i t a t i v e l y  by t r e a t -  
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OAE AND SHINHAMA 

ment o f  t h i o l  19 w i t h  an excess N204 (Eq. 12).  2 y 3 7  Ox idat ion o f  a r y l  t n i o l s  

- 21 w i t h  excess N204 a t  -60" a l s o  gives a r y l  t h i o n i t r a t e s  22 i n  good y i e l d s .  

However, these compounds a re  unstable a t  room temperature and decompose t o  

g i v e  corresponding d i s u l f i d e s  23 and t h i o l s u l f o n a t e s  24 (Eq. 13).2 When t h e  

- t-BUSNO + HNO, - 
14 - 

- t-BUSH + N204 20 - 
- 19 (excess) 

A r S H  + N204 - [ArSNO] - ArSN02 -c A r S S A r  + A r  S A r  (13) I! 
24 - 23 - 22 - 21 - 

r e a c t i o n  m ix tu re  o f  t h  

a1 k y l  benzenesul f inate 

s u l f i n y l  n i t r i t e  25 i s  

eq. N204 
PhSH - 

-20", i n  Et20 
1 - 

01 l w i t h  N204 was quenched w i t h  MeOH o r  1-PrOH,  

- 26 was obtained, suggesting t h a t  perhaps benzene- 

t h e  r e a c t i o n  in termediate (Eq. 14). 2,37 

2'4 -P [PhSNO] - [PhSN02] -- [PhSONO] 
- 20" 

0 
6 

A - [Ph NO] 8 - Ph OR'  + PhSSR + PhSSPh 9 R'OH 

Oae e t  a l .  have a l s o  shown t h a t  when t h i o l s  21 are  mixed w i t h  excess 

N204 a t  -20-0" and then quenched w i t h  t--BuOH, t h e  corresponding t h i o l s u l f o -  

nates 28 can be obtained i n  good y i e l d s  as shown i n  Table 3. S u l f i n a t e  29 
2,37 was no t  obta ined because o f  t he  s t e r i c  hindrance o f  t - b u t y l  group. 

Thus, symmetrical t h i o l s u l f o n a t e s  28 can be prepared by t h i s  s imple one- 

step procedure (Eq. 15). Although, t h i o l s u l f o n a t e  27 cannot be prepared by 

t h i s  d i r e c t  o x i d a t i o n  o f  t h i o l  19 w i t h  N204 and subsequent t reatment w i t h  
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. 

t-BuOH, i t  can be prepared by t h e  t rea tment  o f  t h i o n i t r a t e  20 

(Eq. 16) .  

- - 
2 

TABLE 3. React ions o f  T h i o l s  w i t h  N204 2,37,3a 

A REVIEW 

w i t h  p y r i d i n e  

I s o l a t e d  
Time(min) Temp("C) - Product y i e l d (  % )  
React ion  React ion  N204 a )  

T h i o l  
RSH 

PhSH 5 ca. -15 2 PhSS02Ph a1 

@SH 
5 ca. -15 2 @ s S o 2 ~  62 

- n-C6H1 3SH 5 ca. -10 2 F-C6H1 3-SSO2C6H1 3-" 63 

- t-BUSH ca. 15 ca. 25 2.5 - t-BuSN02 ca. 80-100 

a )  Mol r a t i o .  

- 
(1 5) 

!! 1. 2 eq. N204 
NO ] - [ R - R ] - RS02SR 28 RSH 

21 - R ;  A l k y l ,  S u b s t i t u t e d  phenyl 

- 

- t-BUSH - - t - B u S O ~ S B U - t  N2°4 

27 - 
/P y r i d i ne 

t -BUS NO,' - 
L 

20 - 
. 

E a r l i e r ,  Lecher e t  a l .  passed a i r  i n t o  t h i o n i t r i t e  5 f o r  about  3 h r s  

and ob ta ined  cor respond ing  d i e t h y l  d i s u l f i d e  and N204 (Eq. 17).' However, 

t hey  cou ld  n o t  i s o l a t e  any o f  t h e  p r imary  p roduc t  o f  t h e  au to -ox ida t i on .  

Holm _ -  e t  a l .  ob ta ined  a smal l  amount o f  e t h y l  p h e n y l g l y o x y l a t e  32 (2%) 

upon p h o t o l y s i s  o f  e t h y l  (nitrosothi0)-phenylglyoxylate 30_ i n  t h e  presence 

o f  oxygen. 23 The main p roduc t  was cor respond ing  d i s u l f i d e  31 (Eq. 18).  

17 5 
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OAE AND SHINHAMA 

30 - 

d) Reduct ion 

[Ph HS-] / !02Et 

31 

PhCOC02Et 
32 - 

T h i o n i t r i t e  33 can be reduced by Hg( I1 )  i o n  t o  g i v e  t h i o l  34 (Eq. 
20 19).20 T h i s  r e a c t i o n  was used f o r  a n a l y s i s  o f  mercapto group by S a v i l  le.  

H92+ - Cysteine-SNO - Cysteine-SH + HN02 

34 - 33 - 

F-ield e t  a l .  ob ta ined  d i s u l f i d e  

21 

upon r e d u c t i o n  o f  t h i o n i t r i t e  15 
w i t h  NaBH4 (Eq. 20) .  

NaBH4 i n  

E t O H  56% 
ONSCMe2CH( NHAc )C02H - [-SCMe2CH( NHAC)CO~H]~ (201 

35 - 15 - 

e )  R e a t t i o n  w i t h  Tr ipheny lphosph ine  

Haake e t  a l .  i s o l a t e d  phosphinimine 37 as orange c o l o r e d  c r y s t a l s  upon 

39 t rea tmen t  o f  t h i o n i t r i t e  j3- w i t h  2 eq. o f  t r i pheny lphosph ine  36 (Eq. 21). 

i n  benzene 

25", ca. 100% 
~ (Ph)3CSN0 + (PhI3P - ( Ph) 3CSN=P (Ph) (21 1 

37 13 - 36 - - 

When t h i s  r e a c t i o n  was c a r r i e d  o u t  i n  t h e  presence o f  d imethy l  s u l f o -  

x ide,  N- t r ipheny lmethy l  th io-d i rnethy lsu l fox i rn ide 38 was ob ta ined  i n  a d d i t i o n  

t o  t h e  phosphineimine 37 (Eq. 22 ) .  39 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

13 t 3b t DMSO - 37 t - - - 

(30%) 

f )  

The react ion of t h i o n i t r i t e  (RSNO) with t h i o l s  

Reactions with Thiois o r  Su l f in i c  Acids 

(Ph)3CSNt$+0 Me ( 2 2 )  

Me 
- 38 (11%) 

or  s u l f i n i c  ac ids  give 
15,16 A unsymmetrical d i su l f ides  39 and th io lsu l fona tes  9 in good y ie lds .  

few typical r e s u l t s  a r e  l i s t e d  in Table 4 .  This i s  probably one of the 

most convenient procedures t o  prepare unsymmetrical d i su l f ides  39 and t h i o l -  

sulfonates  - 40, s ince the  preparation can be car r ied  out in a one-pot process 

In a typical r u n ,  t o  an ethereal  solut ion of a th io l  i s  added either a chlo- 

roform o r  a carbon te t rachlor ide  solut ion of an equimolar amount of N204. 

Immediately e i t h e r  greenish o r  reddish color  appears. Then an equimolar 

amount of e i t h e r  another th io l  o r  s u l f i n i c  acid i s  added in to  the  react ion 

mixture. When the  typical  color  o f  t h i o n i t r i t e  disappears,  neut ra l iza t ion  

with weak a lka l ine  solut ion and subsequent evaporation of the  solvent  give 

the desired unsymmetrical d i su l f ide  o r  th io lsu l fona te  in  an exce l len t  y i e l d  

( E q .  23).  

15,16 TABLE 4 .  Reactions of Th ion i t r i t e s  w i t h  Thiols o r  Su l f in i c  Acids 

RSNO RSH o r  RS02H Product Yield ( % )  

PhSNO - t - B U S H  PhSSBU-t 98b) 

PhSNO p-TOl SH PhSSTOl -p 81a) 

n-C H SNO - n-BUSH n-C H SSBu-n 81a) 
- 8 17 - 8 17 
PhSNU P-TO I S02H PhSS02TOl -p 74b) 

a )  G C  y i e ld .  b )  Isolated y i e ld .  
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OAE AND SHINHAMA 

RSNO - 
R 'I S 02H RSSO 2R 'I 

g) Reaction w i t h  O l e f i n s  

Lecher e t  a l .  repo r ted  t h a t  t h i o n i t r i t e s  d i d  n o t  l o s e  t h e i r  c o l o r s  

upon treatment w i t h  o l e f i n s  a t  25O.l' However, F i e l d  e t  a l .  obtained hard 

polymers from a m ix tu re  o f  t h i o n i t r i t e  15 and such o l e f i n s  as methyl metha- 

c r y l a t e  i n  t h e  presence o f  benzoyl peroxide; they a l s o  obta ined polymers 

by UV i r r a d i a t i o n  o f  o l e f i n s  and t h i o n i t r i t e  15 (Eq. 24). 21 

,,R" F '  P '  
RSNO RS. - RSCH2CH- - RS(-CH2CH-),SR 

- l5 R; -CMe2CH(NHAc)C02H 

h) Reaction w i t h  Amines 

Treatment o f  t h i o n i t r i t e s  w i t h  c y c l i c  secondary amines a f f o r d e d  N- 

n i t rosamines (Eq. 25) .16 N-Methy lan i l ine was a l s o  converted t o  N-ni t roso- 
38 N-methy lan i l ine w i t h  t h i o n i t r i t e  14 i n  a good y i e l d  (Eq. 26). 

RSNO t RhNH - RiNNO + RSSR 

PhNHMe + t-BuSNO PhNMeNO 
i n  Et20, 25" 

- 
3 days, 92% 14 - 1.7 eq. 

F i e l d  -- e t  a l .  suggested t h e  i n c i p i e n t  format ion o f  benzened,dzonium 

c h l o r i d e  i n  the  r e a c t i o n  o f  t h i o n i t r i t e  15 w i t h  a n i l i n e  hydrochlor ide,  i n  

view o f  t he  format ion o f  a coup l i ng  product  upon treatment w i t h  6-naphthol 

(Eq. 27).'l 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

ONSMe2CH(NHAc)C02H 
B-Naphthol 

2 5% 
t - 1 5  - [PhN2'C1-] -----+- Coup1 i n g  produc t  (27)  

P hNH2 * HC1 

I t was independent ly  found i n  our  l a b o r a t o r i e s  t h a t  va r ious  arylamines 

r e a c t  r e a d i l y  w i t h  t h i o n i t r i t e  14 i n  t h e  presence o f  anhydrous copper ( I1 )  

h a l i d e s  t o  a f f o r d  t h e  cor respond ing  h a l i d e s  41 i n  e x c e l l e n t  y i e l d s  ( E q .  

28) .40y41 

r e a c t i o n  w i t h  a1 k y l  n i t r i t e  4 3 y 4 4  r e q u i r e s  hea t ing  i n  many cases. 

r e s u l t s  a r e  summarized i n  Tab le  5. 

T h i s  r e a c t i o n  proceeds below room temperature, w h i l e  t h e  s i m i l a r  

The 

ArNH2 
CuX2, 0-25" - A r X  + N2 t t-BuSSBu-t + ( t - B ~ ) 2 S 3  (28) 

- 
+ 

CH3CN 
43 - 42 - 41 - t-SuSNO - 

14 - 

TABLE 5. Deamination o f  Arylamines w i t h  t-BuSNO and Anhydrous Copper( 11) 

Hal i d e s  40,41 

~ _ _ ~ ~  ~ ~ 

Y i e l d  ( X )  
ArNH2 

A r C l  A r B r  

p-N02C6H4NH2 

e-C1C6H4NH2 

C6H5NH2 

p-MeOC6H4NH2 

e-HOC6H4NH2 

98a ' 78a 

78b) 71 b,  

86b) 58b' 

61 b, 36b) 

5 7 4  4 0 4  

a )  I s o l a t e d  y i e l d .  b )  GC y i e l d .  

When t h i s  r e a c t i o n  i s  c a r r i e d  o u t  i n  t h e  presence o f  severa l  o l e f i n s ,  

t h e  Meerwein r e a c t i o n  takes  p lace  and t h e  cor respond ing  2-ary l -1 -ha lo -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



OAE AND SHINHAMA 

ethanes 44 are  ob ta ined  as t h e  main produc ts  (Eq.  29).41 

l i s t e d  i n  Tab le  6. 

The r e s u l t s  a r e  

ArNH2 t - 14 t CuX2 t CH2=CH-Y - 
+ - 41 + - 42 -+ - 43 + N 2  

Arc 4 - 
- 44 X; C1,Br Y;  CN, C6H5, C02H 

TABLE 6. Deamination o f  Arylamines w i t h  J-BuSNO and Anhydrous Copper ( I1 )  

Ha l i des  i n  t h e  Presence o f  A c r y l o n i t r i l e  41 

Produc t  and y i e l d  (%)  
ArNH2 

A r X  

p-NO C H NH 48a) (32b) )  32a) 

0-NO C H NH 2ga) (21 b ) )  25a) 

- 2 6 4  2 

- 2 6 4  2 

a )  GC y i e l d .  b )  I s o l a t e d  y i e l d .  

The r e a c t i o n  o f  d i s u l f i d e  42 wi th  CuC12 under s i m i l a r  c o n d i t i o n s  a f f -  

Probab ly  i n  t h e  o rds  bo th  t h e  t r i s u l f i d e  43 and t e t r a s u l f i d e  45 (Eq. 30).  

presence o f  t h i o n i  t r i t e  - 14, t h e  a n i o n i c  i n t e r m e d i a t e  t -BUSS-  o r  r a d i c a l  

i n t e r m e d i a t e  - t-BUSS. r e a c t s  w i t h  t h e  t h i o n i t r i t e  14 t o  g i v e  t h e  t r i s u l f i d e  

- 43 (Eq. 31).  44 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

11. THIONITRATES 

1. Syntheses o f  Th ion i  t r a t e s  

As descr ibed p r e v i o u s l y  i n  t h e  o x i d a t i o n  o f  t h i o n i t r i t e s  [ I -3 ,  c ) ] ,  

t h i o n i  t r a t e  - 20 had been prepared by f u r t h e r  o x i d a t i o n  o f  t h i o n i  tri t e  - 14 

w i t h  fuming n i t r i c  ac id36 o r  N204 (Eq. 321.l '  I t  was found t h a t  s t a b l e  t- 

a l k y l  t h i o n i t r a t e s  47 can be prepared i n  good y i e l d s  by t r e a t i n g  t h i o l s  46 
w i t h  excess N204 (Eq. 33) .  2'37 The a r y l  t h i o n i t r a t e s  11. were a l s o  i s o l a t e d  

i n  good y i e l d s  as uns tab le  w h i t e  c r y s t a l s  upon t rea tment  o f  t h e  correspon- 

d ing  a r y l  t h i o l s  21 w i t h  excess N204 i n  hexane a t  l ow  temperatures (ca. 

-60') (Eq. 34) .*  Many o f  these t h i o n i t r a t e s  22 decomposed r e a d i l y  a t  room 

temperature and some a r y l  t h i o n i t r a t e s  2 a r e  s t a b l e  a t  low temperatures; 

g e n e r a l l y  o t h e r  t h i o n i t r a t e s  a r e  n o t  s t a b l e  enough t o  be i s o l a t e d  i n  pu re  

form. 2 

- t-BUSNO t HN03 o r  N204 - - t-BuSN02 (32) 

14 - 20 - 

20-30" 
RSH . - [ RSNO ] RSN02 

2 eq. N204 
47 - 46 R; t - a l k y l  - - 

-60" 
A r S H  [ ArSNO ] - ArSN02 

21 
1.5-2 eq. N204 

22 - - 
Ar; P-TOl, e-clc6H5, p-BrC6H5 

(33) 

(34)  
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OAE AND SHINHAMA 

2. Phys ica l  P roper t i es  o f  T h i o n i  t r a t e s  

I s o l a t e d  t h i o n i t r a t e s  a r e  c o l o r l e s s  l i q u i d s  o r  w h i t e  c r y s t a l s . 2  Kresze 

-- e t  a l .  r e p o r t e d  t h a t  d i p o l e  moment o f  t-BuSN02 i s  l a r g e r  [3.73 D) than  those 

o f  a l k y l  n i t r a t e s  (e.g., EtON02 2.9 D) and o t h e r  n i t r o  compounds (e.g., t- 
BuN02 3.5 D).12 T h i s  may due t o  t h e  r e l a t i v e l y  lower  e l e c t r o n e g a t i v i t y  o f  

s u l f u r  atom than t h a t  o f  oxygen atom. 12 

- t-BuSN02 d i s p l a y s  an i n f r a r e d  abso rp t i on  band which i s  a t  a l onger  wave- 

l e n g t h  (1  510 cm-l)  than t h a t  o f  cor respond ing  a1 k y l  n i t r i t e  (t-BuONO2; 1608 

cm-' ) due t o  t h e  e l e c t r o n e g a t i v i t y  d i f f e r e n c e  between s u l f u r  and oxygen. 2 

3. React ions o f  Th ion i  t r a t e s  

a) Thermal Decomposit ion 

Th ion i  t r a t e s  47 (R=Ary l )  decompose a t  room temperature t o  a f f o r d  co r res -  

ponding t h i o l s u l f o n a t e s  48 and d i s u l f i d e s  lo. 
- t-Bu) a l s o  undergo the rmo lys i s  a t  above 100" t o  g i v e  cor respond ing  t h i o l -  

S t a b l e  t h i o n i t r a t e  47 (R= 

su l fona te  48 and d i s u l f i d e  10 (Eq. 35).' S u l f i n y l  n i t r i t e s  50 a r e  b e l i e v e d  

t o  be t h e  in te rmed ia tes ,  because when t h i o n i  t r a t e  47 (R=p-To1 ) was quenched 

w i t h  excess methanol, methy l  p - t o l u e n e s u l f i n a t e  49 was ob ta ined  i n  17% y i e l d  
z (Eq. 36) .  

R I S R  + RSSR 

10 - 48 RSN02 =- - 

- 47 RSONO R > OH K!OR' (R=e-Tol, R'=CH3) 

(351 

(36) 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

b) React ion  w i t h  Amines 

The most i n t e r e s t i n g  aspec t  o f  t h i o n i t r a t e s  (RSN02) i s  t h a t  they  can 

be used as ve ry  e f f e c t i v e  d i a z o t i z i n g  agents i n  n e u t r a l  a p r o t i c  media w h i l e  

corresponding a l k y l  n i t r a t e s  (RON02) do n o t  r e a c t  r e a d i l y  w i t h  amines and 

hence cannot be used as d i a z o t i z i n g  agents. 

o f  va r ious  arylamines w i t h  t h i o n i t r a t e  20 i n  t h e  presence o f  anhydrous co- 

p p e r ( I 1 )  h a l i d e s  under m i l d  c o n d i t i o n s  g i v e  cor respond ing  a r y l  h a l i d e s  fl 
i n  e x c e l l e n t  y i e l d s  (Eq. 371, (Table 7 . 

Oae e t  a l .  found t h a t  r e a c t i o n s  

40,41 

ArNH2 

A r X  t 

41 - 

+ - t-BUSN02 t 

20 - 

CH3CN 

25", 2 h r s  
cux2 - 

( ~ - B u ) ~ S ~  -+ (L-Bu 

- 42 43 

(37) 

+ N2 ( X  = C1, B r )  2'3 

TABLE 7. Deamination o f  Arylamines w i th  L-BuSN02 and Anhydrous Copper(I1) 

Ha l i des  a t  Room Temperature 40,41 

ArNH2 Y i e l d  (%) 
~~ 

A r C l  ArBr  

98a 7 4 4  

86a) 7 5 4  

71 b, 55b) 

63b) 57b) 

82b) 83b) 

a )  I s o l a t e d  y i e l d .  b )  GC y i e l d .  
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OAE AND SHINHAMA 

The r e a c t i o n  o f  p -hyd roxyan i l i ne  50 w i t h  t h e  t h i o n i t r a t e  0 i n  t h e  

presence o f  CuX2 i s  d i f f e r e n t .  

d i n g  h a l i d e  51, b u t  a f f o r d s  N-(t-buty1thio)-p-benzoquinone - monoimine 52 i n  

40% y i e l d  (Eq. 38). 40 y 4 1  

t o  be conver ted  e a s i l y  t o  cor respond ing  N - ( t - a l  k y l  th io)-p-benzoquinone 

monoimines w i th  t h i o n i  t r a t e s  even w i t h o u t  CuX2. 2 y 4 5  A l l  these imines have 

v i v i d  y e l l o w  c o l o r s  due t o  t h e  s t r o n g  abso rp t i on  > 10 ) near 400 nm. 

A1 though N-a1 k y l  thio-p-benzoquinone monoimines can be prepared from N-halo 

p-benzoqui none monoimi nes 46 '47 t h e  use o f  t h i o n i t r a t e s  c o n s t i t u t e s  a new 

The r e a c t i o n  does n o t  g i v e  t h e  correspon- 

Var ious  p-hydroxyani  1 i ne d e r i v a t i v e s  were found 

4 

H O o C 1  

51 - 
H O a N H 2  - + - t-BuSN02 + CuC12 (38)  

20 - 50 - 

2,45 
TABLE 8. React ions o f  X-BuSNO2 w i t h  p-Aminophenols 

e-Aminophenol Product I s o l a t e d  y i e l d  (%)  

HOQNH2 

Me 

H O D N H 2  
Me 

c1 
H 0 0 N H 2  
Cl 

NSBu-t "8 

40 

47 

15 

45 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

one-step s y n t h e t i c  method from p-aminophenols (Tab le  8 ) .  

As mentioned p r e v i o u s l y  (Eq. 29), 2 -a ry l -1  -haloethanes 44 were r e a d i l y  

ob ta ined  (Meerwein a r y l a t i o n )  when va r ious  arylamines were t r e a t e d  w i t h  

t h i o n i t r a t e  20 and anhydrous copper ( I1 )  h a l i d e s  i n  t h e  presence o f  o l e f i n s  

(Eq. 39), (Tab le  9).41 

cux2 
ArNH2 + - t-BuSN02 + CH2=CHY - ArCH2SHY t A r X  (39) 

20 - 
h 

41 - 44 - 

TABLE 9. Deamination w i t h  L-BuSNO2 and Anhydrous Copper( 11) Ha l i des  i n  

t h e  Presence o f  O l e f i n s  a t  Room Temperature 41 

~ ~~~ 

(CuX2) (CH2=CHY) Product and y i e l d  (%)  
ArNH, 

X Y A r C H  CHR A r X  
2 i  

L 

CN 78a ( 65b) ) l l a )  

p-NO2C6H4NH2 c1 Ph 62a) (  58b) )  2oa) 

p-NO2C6H4NH2 C 1  CU2Et 4 9 4 ( 3 5 b 9  33a) 

‘gHgNH2 c1 c )  40a) (31 b’ )  2oa 1 

‘gHgNH2 B r  C02H 41a) (38b) )  33a 

‘gHgNH2 c1 C02E t 56a ( 36b ) 22a) 

a )  GC y i e l d .  b )  I s o l a t e d  y i e l d .  c )  Methyl  me thac ry la te  was used. 

The oxygen analogs, e.g., i--amyl n i t r a t e  do n o t  i somer i ze  t o  t h e  

corresponding O-n i t roso  d e r i v a t i v e ,  hence does n o t  r e a c t  w i t h  4 -ch lo ro-  

a n i l i n e  - 53 i n  benzene. 

- 55 r e a c t  r e a d i l y  i n  t h e  absence o f  any redox metal  i o n  w i t h  t h i o n i t r a t e  - 20 

w i t h  carbon t e t r a c h l o r i d e ,  brornoform, i o d i n e ,  benzene and d imethy l  d i s u l -  

f i d e ,  a f f o r d i n g  deaminated produc ts  such as a r y l  h a l i d e s  57-59, b ipheny ls  

- 56 and a r y l  methyl  s u l f i d e s  60 i n  good y i e l d s .  4 8 y 4 9  

One f a s c i n a t i n g  aspec t  i s  t h a t  va r ious  arylamines 

The r e s u l t s  a r e  i l l u s -  
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OAE AND SHINHAMA 

i n  benzene 
F-C1C6H4NH2 + - i-AmON02 A E-C1C6H4-Ph 

54 - 53 - 
Ar-Ph Ar-C1 

CC14 76' 

CHBr3 

56 1 :;,Zen, 
ArNH2 t - t-BuSN02 

57 - 

- A r - B r  (40) 
58 25-1 20" - 

/ - 

20 I Y C H 3 ) 2 s 2  - k 0 '  

110" 
Ar-SCH3 

60 - 

A r - I  
59 - 

AmONO, 12, 2-4 hrs, 40% 54 

F-MeC6H4NH2 -1 t-BuSN02, 12, 0.3 hrs, 74% 48,49 E-MeC6H4-1 (41 

62 - 61 - 

(42) 54 PhNH2 t AmONO t I 2  - Ph-I t I - C 6 H 4 - I  t Ph2 

66 - 65 - 64 - 63 - 

TABLE 10. A Few Representat ive Reactions o f  Arylamines w i t h  L-BuSN02 i n  

Various Solvents 48,49 

ArNH2 Sol vent  Product Y ie ld (  %) 

E-NO2C6H4NHZ Benzene E-NU2C6H4-Ph 75a) 

E-BrC6H4NH2 Benzene E-BrC6H4-Ph 76a) 

E-BrC6H4NH2 Me2S2 E- BrC6H4 -SMe 88b' 

E-NO2C6H4NH2 CHBr3 p-NO2C6H4-Br 80a) 

e-C1C6H4NH2 cc1 ~~-clc,H,-Cl 46a) 

E-MeC6H4NH2 Benzene/ I2 pMeCbH4-I 7 9 4  

a)  GC y i e l d .  b)  I s o l a t e d  y i e l d .  
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

t r a t e d  i n  equat ion  (40) and l i s t e d  i n  Tab le  10. 

r e a c t i o n  o f  ary lamines w i t h  d imethy l  d i s u l f i d e  was found t o  be ex t remely  

use fu l ,  s i nce  t h e  r e a c t i o n  can be c a r r i e d  o u t  w i t h  v e r y  l i t t l e  f o rma t ion  of 

bad s m e l l i n g  s u l f u r  compounds. 

l a c e  amino group w i t h  RS mo ie ty .  

Among these reac t i ons ,  t h e  

Other d i s u l f i d e s  can a l s o  be used t o  rep -  

A l k y l  n i t r i t e s  (RONO) may a l s o  be used i n  s i m i l a r  r e a c t i o n s .  50-54 

However, c h l o r i n a t i o n  o r  b romina t ion  g e n e r a l l y  r e q u i r e  much longer  r e a c t i o n  

t imes ( 2  h rs  a t  

48y49).  p - T o l u i d i n e  - 61 can be conver ted  t o  p - i odo to luene  62 w i t h  amyl n i t -  

r i t e  i n  t h e  presence o f  i o d i n e  a f t e r  a l o n g  r e a c t i o n  t ime  i n  a lower  y i e l d  

( E q .  41).54 

ment w i t h  amyl n i t r i t e  and i o d i n e ,  however t h e  y i e l d  i s  r a t h e r  l ow  due t o  

t h e  fo rma t ion  o f  by-products 65 and 66 (Eq .  42).  I n  t h e  r e a c t i o n  i n  ben- 

zene, t h e  r e a c t i o n  t ime  and t h e  y i e l d s  o f  b ipheny ls  56 a r e  n e a r l y  t h e  same 

as those w i t h  a l k y l   nitrite^.^'-^' 
l i s h e d  by MS spectroscopy, t hus  e s t a b l i s h i n g  t h a t  t h e  r e a c t i o n  t o  proceed 

than those o f  t h i o n i t r a t e  3 (5-60 min. a t  25-120" 

Iodobenzene 64 can a l s o  be ob ta ined  f rom a n i l i n e  63 upon t r e a t -  

Format ion o f  n i t r o g e n  gas was estab- 

- v i a  t h e  diazonium s a l t s  t h a t  decompose t o  a r y l  r a d i c a l s  which then r e a c t  

w i t h  t h e  s o l v e n t  t o  a f f o r d  t h e  cor respond ing  deaminat ive  s u b s t i t u t i o n  pro-  

d u c t ~ . ~ ~ ~ ~ '  I n c i d e n t a l l y ,  t h i o n i t r i t e s  (RSNO) may n o t  be used f o r  these 

uncata lyzed deaminat ive  r e a c t i o n s  owing t o  t h e i r  thermal i n s t a b i l i t y .  

The f o l l o w i n g  mechanism has been pos tu la ted .  

agent and hence i s  cons idered t o  a c t  as an e x c e l l e n t  redox system t o  gene- 

r a t e  a r y l  r a d i c a l s  (Eq. 43) .  

48 

J-BuSOH i s  a good reduc ing  

ArNH2 t 
- t-BuSN02 t-BuSONO - - t-BuSO- + ArNH2N0 - 

20 - (43) 

t - t-BuSOH t A r N 2  OH- - A r -  t N2 t H20 t - t-BuS02Bu-t 
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OAE AND SHINHAMA 

T h i o n i t r a t e  20 can a l s o  be used f o r  t h e  Pschorr  t ype  r e a c t i o n s .  Aryl 

amines - 67 and - 69 a f f o r d  corresponding r i n g - c l o s e d  products - 68 and - 70 (Eqs. 

44 and 45) .38 

34% 2.. .,_. 

68 - 67 - 

C02Et C02Et &. ( 4 5 )  
t-BuSN02 2 

70% 
70 

6 -  
- 69 - 

On t h e  o t h e r  hand, t h i o n i t r a t e  2 was decomposed w i t h  p y r i d i n e  t o  g i v e  

t h i o l s u l f o n a t e  II. q u a n t i t a t i v e l y .  T h i s  r e a c t i o n  i s  cons idered t o  proceed 

v i a  i n c i p i e n t  f o rma t ion  o f  a - d i s u l f o x i d e  71 (Eq. 46) .  2 
- - 

- 
+ [ ON- + N 2 1  ’ \  - t-BuS02SBu-t 

27 - 

T h i o n i t r a t e  20 was a l s o  found t o  r e a c t  w i t h  secondary amine 72 t o  g i v e  

N-ni t rosamine 73 i n  53% y i e l d  (Eq. 4 7 ) .  38 

P CC14, 5 h r s  

Ref 1 ux 
- t -BuSN02 + PhNHMe PhNMe 

73 - 72 - 20 - 

(47 1 

c )  React ion  w i t h  Su l fox im ides  

Oae e t  a l .  have r e c e n t l y  shown t h a t  de im ina t i on  o f  d i a r y 1  su l fox im ides  

188 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

- 74 proceeds r e a d i l y  w i t h  t h i o n i t r a t e  - 20 a f f o r d i n g  t h e  cor respond ing  s u l f o -  

x ides  75 (Eq. 48).55 The gas evo lved i n  t h i s  r e a c t i o n  i s  n i t r o u s  o x i d e  and 

no t  n i t rogen .  The r e s u l t s  a r e  l i s t e d  i n  Table 11. 

0 
.4 

0 
CH,CN R. 

R - S - R '  + - t-BuSN02 A R - S - R '  + N20 + - t-BuS02SBu-t 
25". 10 h rs  Y 

.I, I 

27 - 75 - 20 - IYH 74 - 
(48)  

55 TABLE 11. Deami n a t i o n  o f  Sul fox imides  w i t h  L-BuSN02 i n  ace ton i  tri 1 e 

Sul f ox im ide  
R R '  

Y i e l d  o f  s u l f o x i d e  

(GC 1 

71 

85 

92 

72 

d )  React ion  w i t h  Carbanions 

Oae and Shinhama a l s o  repo r ted  t h a t  r e a c t i o n s  o f  t h i o n i t r a t e s  0 and 

- 47 w i t h  carbanions g i v e  C - a l k y l t h i o  d e r i v a t i v e s ,  such as s u l f i d e s  - 76 o r  

a1 k y l  t h i o  malonates 77 and 78 (Eqs. 49 and 50) .56 These r e a c t i o n s  proceed 

ve ry  r a p i d l y  even below room temperature.  

Et20 
- t-BuSN02 + RMgX -* - t-BuSR 

20 - 
o r  
RL i 

76 - 

RSCH(C02Et)2 - 77 KOH 
RSN02 + CH2(C02Et)2 - o r  

i n  E t O H  (RS)2C(C02Et)2 78 

(49) 
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OAE AND SHINHAMA 

111. SULFONYL NITRITES 

1. Syntheses o f  Su l fony l  N i t r i t e s  

Su l fony l  n i t r i t e s  80 have been cons idered t o  be i n te rmed ia tes  o f  t h e  

r e a c t i o n  o f  s u l f i n i c  a c i d s  79 w i t h  n i t r o u s  ac id57 o r  a l k y l  n i t r i t e s  [ E q .  

51 ) . 58 I t  has been d iscovered t h a t  s u l f o n y l  n i t r i t e s  80 can be i s o l a t e d  

i n  38-55% y i e l d s  as brown c r y s t a l s  upon t r e a t i n g  s u l f i n i c  ac ids  79 w i t h  

rHN0257 
RS02H + I o r  - [RS02NO] - 

80 - 79 L R  I 0N058 - 

i n  Et20 

-20-0" 
- 79 + N204 - RS02N0 @ 

R ;  p T o l ,  Ph, e-ClC6H4, p-BrC6H4 

p-MeOC6H4, CH3 

2 .  Phys ica l  P r o p e r t i e s  o f  Sul f o n y l  N i t r i t e s  

Most s u l f o n y l  n i t r i t e s  a r e  uns tab le  brown c r y s t a l s .  2 y 3  They show t h e  
-1 7 3 

)" '  I R  abso rp t i on  bands o f  N=O bond a t  s h o r t e r  wavelengths (near 1840cm 

than those o f  t h i o n i t r i t e s  (1490-1700~m-~) .  

t h e  s t rong  e lec t ron -w i  thdrawing  e f f e c t  o f  s u l f o n y l  groups (Eq.  53), 

T h i s  i s  exp la ined  i n  terms o f  

and 

t h e  SO2 abso rp t i on  bands appears near 1390 and 1190cm-' i n  t h e  i n f r a r e d  

The mass spectrum o f  p - t o l u e n e s u l f o n y l  n i t r i t e  shows t h e  c o r r -  

esponding fragment i o n  peaks, m/e( re l  i n t e n s i t y ) ,  155(9, p-To1S02+). 91 (20, 

p-Tol'), 30(100, NO).2y3 

10 I@ 
' 0  I I  - - 

It II 
R-S-NzOI R-S-NEO 

10 'Q 
80 - 

(53) 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

3. React ions o f  Su l fony l  N i t r i t e s  

When p - to1  uenesul f o n y l  n i t r i t e  83 - was heated, e v o l u t i o n  o f  n i t r o g e n  

ox ide  gas was observed and w h i t e  c r y s t a l s  were f0 rmed . l  The phys i ca l  and 

spec t roscop ic  da ta  o f  t h i s  substance were i d e n t i c a l  w i t h  those r e p o r t e d  as 

t h e  N-oxide ( ( ~ - T o ~ S O ~ ) ~ N + O )  .58 However, t h e  spec t roscop ic  da ta  c l e a r l y  

revea ls  t h e  s t r u c t u r e  o f  t h i s  compound t o  be n o t  t h e  N-oxide b u t  i n s t e a d  

O- (p- to l  uenesu l fony l  )-N,N-bi s (p - to luenesu l  f o n y l  ) hydroxylamine 84 (Eq. 54). 

i n  dioxane 

n p-TolSO2NO (e-Tol  S02)2N-0-S02Tol -p (54) 

84 - 83 -- 

Su l fony l  n i t r i t e  83 i s  by f a r  

r e a c t s  r e a d i l y  w i t h  a l coho ls  o r  t h  

S-ni t r o s o  d e r i v a t i v e s  a long w i t h  N 

t h e  most powerful  n i t r o s a t i n g  agent and 

01s t o  g i v e  corresDonding 0 - n i  t r o s o  o r  

N. -b is (p - to luenesu l  _. f o n y l  ) -hydroxylamine 

- 85.2 

p t o l  ueneth iosu l  f ona te  

w i t h  NaBH4 t o  g i v e  N-(p-toluenesulfony1)-hydroxylamine 87 as i l l u s t r a t e d  i n  

equat ion  (55 ) .  

Su l fony l  n i t r i t e  83 a l s o  r e a c t s  w i t h  t h i o n i t r i t e  14 t o  g i v e  S - t -bu ty l  

i n  20% y i e l d .  Sul f o n y l  n i t r i t e  83 i s  reduced 

2 

(p-TolS02)2NOH + MeONO 

( o r  t-BuSNO) 85 - 

- t-BUSNO 14 
p-Tol  S02N0 p-To l  S O $ - B u - ~  (55) 

83 - 

Sul fony l  n i t r i t e  83 i s  a power fu l  n i  t r o s a t i n g  reagent  and hence i s  an 

A few t y p i c a l  e x c e l l e n t  deaminat ive  reagen t  o f  a r y l  amines 55 (Eq. 56).41 

examples a r e  l i s t e d  i n  Tab le  12. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



OAE AND SHINHAMA 

i n  C H X N  
-P A r X  + N2 t 85 3 

ArNH2 + p-TolS02N0 t CuX2 - 
25", 1 h r  

55 - - 83 2.4 eq. ( 5 6 )  - 41 X; C1,Br 

TABLE 12. Deamination of  Arylamines w i t h  F-TolSO2NO and Anhydrous Copper- 

( I  I ) Hal i d e s  a t  Room Temperature 41 

Y ie ld (by  G C )  (%)  

A r C l  A r B r  
A rNH2 

0-NO C H NH - 2 6 4  2 

p-N02C6H4NH2 

p B r C 6 H 4 N H 2  

p-MeOC6H4NH2 

87 63 

76 79 

78 93 

38 60 

Sul f o n y l  n i t r i t e  83 r e a c t s  w i t h  secondary amine 2 more r a p i d l y  than 

o t h e r  S o r  O-ni t r o s o  o r  n i t r o  compounds. 

10 min  i n  a h i g h  y i e l d  a t  room temperature (Eq. 57). 

N-Ni  t rosamine 73 i s  formed w i t h i n  

38 

i n  dioxane 
p-TolS02N0 + PhNHMe ~ - -  PhN(N0)Me 

25", 10 min, 81% 
73 - 72 - 83 - 

1571 

Su l fony l  n i t r i t e  - 83, be ing  t h e  most power fu l  n i  t r o s a t i n g  agent, under- 

goes f a c i l e  d iazo  deaminat ion r e a c t i o n s  i n  n e u t r a l  a p r o t i c  s o l v e n t  even a t  

room temperature w i t h o u t  any o t h e r  c a t a l y s t  such as copper( 11) ha1 ides .  

The r e s u l t s  a r e  l i s t e d  i n  Table 13. p - N i t r o a n i l i n e  88 can be conver ted  t o  

p-bromoni trobenzene 89 w i t h  s u l f o n y l  n i t r i t e  83 a t  room temperature f o r  2 

h t - ~ , ~ ~  whereas a s i m i l a r  r e a c t i o n  w i t h  amyl n i t r i t e  r e q u i r e s  hea t ing  a t  100" 

(Eq. 57);53 t h e  y i e l d s  o f  bromide 89 a r e  almost t h e  same i n  bo th  cases. 
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

p N O 2 C 6 H 4 N H 2  -1 ' O o 0 '  hrs 
p-TolS02N0 83, CHBr3 

88 

- p-N02C6H4-Br (58) 

TABLE 13. Deamination of Arylamines with p-TolS02N0 a t  Room Temperature 38 

C 8 3  I Reaction Is01 a ted 
vent Time(mi n )  Product y i e l  d ( m i n )  ArNH2 

CArNH,I 

p-BrC6H4NH2 1.5 Benzene 90 p-BrC6H4-Ph 26 

p-N02C6H4NH2 1.9 Benzene 120 p-N02C6H4-Ph 19 

p-N02C6H4NH2 I .9 (CH3 )2S2 20 P-N02C6H4-SCH3 61 

p- N 0 2C6H4 N H 1.9 CHBr3 120 p-N02C6H4-Br 73 

a )  Mol r a t i o .  

Reduction of sulfimides g and sulfoximides w i t h  sulfonyl n i t r i t e  

- 83 a l so  gives nearly quan t i t a t ive  y ie ld  of the corresponding su l f ides  

and sulfoxides  respect ively.  55'59 The react ion requires  th ree  equiva- 

l en t s  of sulfonyl n i t r i t e  83 t o  form two s ide  products 84 and 85 as  well as  

- 91 ( E q .  58).55 The r e su l t s  a r e  shown i n  Table 14 .  

X X 
A 

v 
NH 

- 90 a ;  X = lone pa i r  - 91 a ;  X = lone pa i r  

R-S-R' t p-TolSO2NO C. R-!-RI t N ~ O  

83 - 

b ; X = O  b ; X = O  
(59) 

t (p-TOlS02)2NOS02-Tol -p t ( ~ - T O ~ S O ~ ) ~ N O H  

85 - 84 - 

90 t - 83 - 91 -t p-TOlSO2H -t N20 - 
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OAE AND SHINHAMA 

85 - 84 t P-TolSO2H + - 83 - 
f a s t  

84 - 85 -+ 83 - - 
slow 

59 TABLE 14. Deiminat ion o f  90 w i t h  3 eq. o f  83 a t  Room Temperature 

- 95 Time Y i  e l  da) 

( % I  Solvent 
R R ’  X ( h r )  

‘gH5 ‘sH5 lone  p a i r  1.5 CH3CN 91 
, I  I 1  I 1  - o-CH30C6H4 ‘gH5 78 

0 2.0 I 1  75( 78b)) 
‘gH5 ‘gH5 

I 1  I 1  P-CH30C6H4 CH3 C D C l  1 ooc) 
~~~ 

a )  I s o l a t e d  y i e l d .  b)  GC y i e l d .  c )  No other  product was detected by NMR. 

I V .  OTHER USES OF THIONITRITES AND RELATED COMPOUNDS 

Various t h i o n i  tri tes and r e l a t e d  compounds such as RSNO, RISNO, RSSNO, 

and RSN02 were mixed w i t h  a hydrocarbon Diesel f u e l  f o r  improving i t s  i g n i -  

t i o n  proper t ies.  6 0 a y b y c )  Various substances were examined t o  improve t h e  

s t a b i l i t y  o f  t h i o n i t r i t e s  i n  Diesel  f u e l s .  61a-d) 

- t -Bu ty l  t h i o n i t r i t e  was a l so  found t o  be an e f f e c t i v e  an t i sco rch  agent 

of rubber s i m i l a r  t o  b u t y l  n i t r i t e  due t o  t h e i r  f a c i l e  f ragmentat ion t o  

form NO and RS rad i ca l s .  62 

Morr is  e t  a l .  repor ted t h a t  t h i o n i t r i t e s  i n h i b i t e d  both germinat ion 

63 and outgrowth o f  B. cereus spores. 

The ca rc inogen ic i t y  o f  these S-ni t roso  o r  S-ni t r o  compounds have no t  

been invest igated.  This should be s tud ies he rea f te r .  
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ORGANIC THIONITRITES AND RELATED SUBSTANCES. A REVIEW 

SUMMARY 

Var ious uncommon o r  novel  S -n i t roso  o r  S - n i t r o  compounds have been 

prepared and they  showed many i n t e r e s t i n g  o r  unexpected r e a c t i o n s .  

compounds were found t o  be u s e f u l  agents f o r  d iazo  deaminat ion r e a c t i o n s  

i n  n e u t r a l  a p r o t i c  media. 

v a t i v e  i s o l a t e d  r e c e n t l y ,  i s  an e s p e c i a l l y  power fu l  o rgan ic  n i  t r o s a t i n g  agent 

which undergoes f a c i l e  d iazo  deaminat ion o r  de im ina t i on  r e a c t i o n s  even a t  

room temperature w i t h o u t  any c a t a l y s t .  Furthermore, t h i o n i  t r i t e s  and r e l a -  

t e d  compounds were a l s o  found t o  be good s t a r t i n g  m a t e r i a l s  f o r  syntheses 

o f  va r ious  o rgan ic  s u l f u r  compounds. 

These 
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