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ABSTRACT 

A brief review of the more important aspects of sulphur-nitrogen 

and selenium-nitrogen compounds is presented. 

Attempts to generate aryl-thiazyl (ArSN) and selenazyls (ArSeN) 

have been investigated. Dehydration of aryl.sulphinamides with phosgene 

gave thiosulphonates and disulphides. Interestingly, increasing the. 

steric bulk of the aromatic moiety led to increased yields of disulphides. 

The reaction of a number of phenols with hexamethyldisilazane and ben-

zeneseleninic anhydride gave excellent yields of selenoimines. The 

mechanism for these reactions is discussed in detail. Reduction of these.  

imines with o-aminothiophenol led to a mild synthetically useful method 

for preparing aminophenols. 

Arylsulphenyltrichloride and arylselenenyltrichloride in the 

presence of hexamethyldisilazane and phenols also gave the corresponding 

imines in high yields. 

. The postulated arylthiazyls and selenazyl in the benzeneseleninic 

anhydride reactions were also trapped by phenyl azide, benzonitrile oxide 

and tolyl allyl sulphide; the products being fully characterised by the 

usual methods.. Phenylazide with PhSeN gave phenylazophenylselenide 

while the benzonitrile oxide afforded the novel heterocyclic compound. 

Attempts to investigate the reaction spectroscopically are also 

presented. 

7. 
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REV I EW  

INTRODUCTION  

Reviews of organoselenium and organosulphur chemistry up to the 

end of 1974 are well documented. This section examines some of the 

more significant work which has appeared since that date, but is by no 

means exhaustive. 

1,2,3-ThiadiazoleS  

A classical synthesis of 1,2,3-thiadiazoles (1) involves the cycli- 

zation.of a-diazo--ketoamide (2) with hydrogen sulphide and catalytic 

amount of ammonia. However, under similar conditions diazo compounds 

9.. 

0 N 0 
Ar OCH2C-C-C NR 2  

0 
H S 

A r O 
CH2 S'N 

CONR2 

1 
of structure (3), R=Me or Et, gave hydrazones (4) rather than the desired 

1,2,3-thiadiazoles.2  

O N2 
A r C-C -N(11e)2  

 

/NH2  
ON 

ArC  

 

  

The synthesis of 1,2,3-thiadiazole-4-carboxylic acids by the action 

of thionyl chloride on ethoxy carbonyl hydrazones of a-ketoacids has 

been applied to -phenylpyruvic acid. The reaction produces a mixture 

of 5-phenyl-1,2,3-thiadiazole-4-carboxylic acid (5) in boiling thionyl 

chloride.2  



N 

Ar 

R 

10. 

,NHCO2Et 	Ph N 
Ph CH2C C 02H 	---w=. PhCH2OCO2H 	SOLI 2 

CO CI 

Tosylhydrazones of cycloalkanes (6) undergo cyclization with thionyl 

chloride to give cycloalkeno-1,2,3-thiadiazoles (7) probably by way of 

the stages shown. 

	

H 	 SOCI 
=N-NTs S0012 	 C=N--NTs 

	

(CH2 )„~ CH 2 	
(CH2},1 CH 	--HCl 

The a-arylhydrazonothioamides (8), prepared by the action of hydro- 

gen sulphide on arylhydrazonocyanoacetic acid derivatives (ArNHN=CRCN), 

Undergo oxidative cyclization to amino-t-aryl-1,2,3-thiadiazolium salts 

(9, 65-90%). On acetylation, they give 5-acetylimino-2-aryl-4-carboxylic 

acid derivatives (10).3 

(~ S 
ArNHN`C CNH2 

The action of alkali on (9) regenerates the starting material (8). 



S` 	C/ 

N CS 2 
I 

SH S 

11. 

Treatment with acetoacetic ester produces, by S-N bond fission and recy-

clisation, good yields of the substituted thiazoles (11); malonic acid 

dinitrile and cyanoacetic ester react analogously.} 

NAC 02Et 

P h y~ 	 _ 	H 	/2•— PhNHN 
S~ NH 	F120 

0 
MeC-CHCO2Et' 

02 Et 

Chemical Properties  

The mechanism of the photolysis of 1,2,3-thiadiazoles involves 

the intermediate formation of the thioketene (12) and thiiren (13) which 

decompose to the observed photo products, carbon disulphide and ethy- 

nethiol (14) respectively. 

Photolysis of 1,2,3-thiadiazoles-2-oxide (15) yields the isomeric 

3-oxide (17), probably by way of intermediate oxadiaziridines (16). 

As with other N-oxides competitive deoxygenation results in the simul-

taneous formation of the parent 1,2,3-thiadiazoles, which may become the 

exclusive product but being photolabile are liable to be further cleaved.5 



S 	 S ~ 

11 IN ~O 
ha _ 	 ~ I ~n 	11 /N 

\̀ 0 

4,5-Diaryl-1,2,3-thiadiazole-1,1,2-trioxide (18) are photolysed to 

nitriles (19), small amounts of diaryl alkynes (20) and intermediates 

(21) which, in the presence of aqueous methanol, react further to 

yield hydroxamic acid (22). A mechanism has been proposed correlating 

these findings with the photolysis of other 1,2,3-thiadiazole -N-oxide.5 

The synthesis of thioketenes from 1,2,3-thiadiazoles, projected by 

Slaudinger in 1916, has now been achieved on a convenient preparative 

scale (1-lOg) in good yield, by the flash thermolysis of 1,2,3-thio 

diazole at 5800 and 10
-4 Torr in a specially designed apparatus.7 The 

thermolysis of 1,2,3-thiadiazoles, preferably in boiling diglycol, also 

provide a practical source of thioketens for immediate further synthetic 

use, e.g. in the production of thioesters, as shown 

12.  

(15) 



RSO2N=C--S --` 	 
NMe 

SO,,N=C-S 
NMe 

RSO 

C =S ROR, 
S 
I I 
C -OR 

13. 

The use of 4- and 5-phenyl-1,2,3-thiadiazoles in this reaction is. 

of theoretical interest, in that the same final product arises by the 

simul taneous migration of hydrogen or a phenyl group?  1,2,4-thiodiazoles. 

Thermolysis of 4-alkyl-5-arylsulphonylimino-4,5-dihydro-l,2,3,4- 

,thiotrizoles (23) gives 1,2,4-thiodiazolidines.8  The intermediate (24) 

'undergoes 1,2-addition with isocyanates or carbodiimides to afford 

excellent yields of the oxo- (25) or imino-1,2,3-thiadiazolidines (26).. 

Their structure was confirmed by alternative established synthesis. 

K SO2N S'N 
MeN—N/ 

The general synthesis of 1,2,4-thiadiazoles by the oxidative cycli- 
t 

sation of compounds incorporating the amidinothiono group C(=NH)NHCS- 

has been extended9  by the synthesis of 1-acyl (and sulphonyl)-3-thio-

acylquanididnes (28) from acyl or sulphonylquanidines (27) with thioacid 

0-esters in the presence of sodium hydride, followed by their oxidation 

with hydrogen peroxide in pyridine. 



NH 
XNHCNH2 

 

McCSOEt  NH S 
XNHCNH-CMe 

 

H202 ~. 
PY 

14. 

 

NaH 

  

    

     

Me\c/SNN 

~NHX 

Alkylation of phenylthiurel (29) is attended by isomerisation to 

1,2,4-thiadiazole derivatives. Thus, methylation or benzylation in 

alkaline media give 5-imino-3-alkylthio-2-phenyl-1,2,4-thiadiazolines 

(30) (R1 = Me or PhCH2, R2 = Ph, R3 = H) which can be independently 

synthesized by the oxidation of 2-S-alkyliso-l-phenyldithiobiuret (31). 

k~N N\/ 

 

SH 	SRI  R X r 	 NNR.,,~ 	R N=6 N=C 

   

NHR~ 

The reaction of 5-substituted 3-amino-1,2,4-oxadiazoles (32) with 

a 
phenyl isothiocyanate produces substituted 3,5-diamino-1,2,4-thiadiazoles10 

(34) presumably by the thermal rearrangement of the intermediate (33). 

R ONN 	PhNCS 	R ONN 	Ph HN SEN 

N 	l 	120 	 ` 	, NH2 	 _ÇHCSNHPh 	 NHCOR 



2E4: 

R/

‘--4
R

N 

1,3-Dipolar cycloaddition of nitrile sulphides R
1 
CNSto R2CN 

provides a new general synthesis of 3,5-disubstituted 1,2,4-thiadiazoles 

(35). Yields are moderate but are satisfactory when electrophilic nitri-

les are used in conjunction with aromatic nitrile sulphides. Ethyl 

cyanoformate reacts particularly smoothly, yielding (36) which may be 

hydrolysed and decarboxylated to the parent thiadiazole.11 The method 

15. 

is useful in providing 3,5-non-identical disubstituted 1,2,4-thiadiazoles 

in which there is no uncertainty about the position of the substituents. 

Chemical Properties  

Treatment of 3,5-dithoxy-1,2,4-thiadiazoles (37) with benzyl bromide 

in boiling acetonitrile slowly yields a monoalkylated product (38). 

Chloromethyl benzyl ether effects the alkylation rapidly in good yield.
12 

EtOVSN-N 

N ~0 Et 

EtO./S~NR 

N 

4-Aryl-3-arylimino-5-imino-1,2,4-thiadiazolidines (39) undergo 

1,3-dipolar cycloaddition with aryl cyanamides to yield 1:1 adducts 

a 
for which the condensed structure (40) has been proposed. On tretment 

with sodium ethoxide (40) forms 1,3-bis(arylamino)-1,2,4-thiadiazoles 

13 (41) 



Ar 	H' 
ArHNIi NYN X 

N-S 	.Y 
-ArNHCN 

16. 

Ar H 	 S 

A rHN N \~ N N H A r2 	Ar HN 	\N  

	

I 	I  	- ArNHCONH7  
ArNHCN 	N 	N 	 NHAr 

HNVSN.NH 

ArN Ar 

The thermal decomposition of (39) (Arl = Ar2 = Ph or Toluene) 

likewise produces (40) (ca 50%o) together with (41) as a byproduct 4 

Similarly, the 1,3-dipolar cycloaddition of acetylenes to (39) gives 

2-arylaminothiazoles (43), probably by way of the intermediate (42). 

2,3-Selenadiazoles 

The synthesis of 1,2,3-selenadiazoles (48), by the action of 

selenium dioxide on semicarbazones,has been applied to several examples 

incorporating pharmacologically active 17-ethynylsteroids.14 A large 

number of aryl-1,2,3-selenadiazoles have been similarly obtained. The 

n.m.r. spectra of aryl-1,2,3-selenadiazoles have been recorded and 

discussed.15 Recently however, 4-substituted 1,2,3-selenadiazoles have 



been formed in very high yield from the semicarbazones formed from 

a-substituted carbonyl compounds.16  

0 	. R 
H2NCNHNCCH2SO2Ph + Se 02 

0 	Me 
II 	I 

H2C NHNC CH2SO2Ph ÷ Se 02  

Meier et al.
17 

have prepared 1,2,3-selenadiazoles fused to cyclo-

octane rings(46) using the above method. The alcohol substitutent has 

17. 

  

HO Se 
N  

N 	 0 

  

been converted to various derivatives, e.g. chloride with SO2C12, 

and ketone, with Cr03.  Starting with cyclooctadi-2,6-en-1-one (47) the 

1,2,3-selenadiazoles18  were obtained in high yield. 



The first two 1,2,4-selenadiazoles were synthesized in. 10-15% 

in 1904 by treatment of selenoamide (48) with iodine.19 

Se 	 R Se, 
II 	19 Me0H 	11N R CH2C-NH2 	 ° 	N ___/' 

Later, other 

18. 

selenadiazoles were prepared from N-haloamidines and potassium seleno-

cyanate.20 5-Amino-3-alkyl and 5-amino-3-aryl-1,2,4-selenadiazoles (50) 

and (51) respectively were prepared by this route. However, both methods. 

Se 

 V 

~jN 	 H2~ ~N 

Ālk 	~ Ār 

gave poor yields. 

Recently, Meier et al.21 have studied the reaction of selenamide 

with iodine with the view of understanding the mechanism and optimising 

the yields. 3,5-Diaryl-1,2 ,4-selenadiazoles have been prepared by this 

route. The reaction is believed to proceed by oxidative Se-N coupling 

of (48) and subsequent ring closure of the open chain intermediate (52),. 

with elimination of H2Se. Compounds of type (53) were obtained in yields 

of 35-86%. 

Se 
ArC-NH2 

Se NH Se 	Ar ∎N 
	 A r C - S e N H II r --`=-~ I2 McOH 	 H2Se t 

Ar 



1,2,5-Selenadiazoles  

The interaction of 1,2-diketone dioximes with an excess of 

selenium dichloride in DMF yields 1,2,5-selenadiazoles-N-oxide, 

which undergoes thermolysis in decalin to give the title compound. 

Ar iCi  GAr 
N 

HO _ 'OH 

 

NiSQ 	Se 
NN 

Ar _ Ar 	 Ar _ Ar 

 

Two competing mechanisms are likely however; viz. reduction of the 

N-oxide to the parent amine (56),and ring opening followed by recycli-

zation with loss of selenium to give (57).22  

Ar Ar 

2,1,3-Benzoselenadiazole-N-oxide (58) was similarly obtained from 

the dioxime.to give 2,-,3-benzoselenadiazole (59) (51%) and benzofurazan 

(60) (32%). 

19. 

Reactions: 

1,2,3-Selenadiazoles have been converted to selenamides in quantitative 

yields.22  With various amines, N-disubstituted amides have been prepared. 



 

11\I +KOH 
-N2 H NR Rt  
	'-RC;CSē K+ 	  
-H2 0 

 

20. 

   

    

Se 

RCH.,C NRR 2  

R R1  R2  Yield % 

C6H5  C2H5  C2H5  80 

4-2o2N-C6H4  C2H5  C2H5  77 

H C2H5  C2H5 
95 

CH3  C2H5  C2H5  100 

This facile, low hazard and high yield method of forming selenoamides 

supersedes earlier ones.23' These involve the addition of H2Se to a nitrite 

give unsubstituted amides, or the reaction of mono or disubstituted 

amides with phosphorus pentaselenide to form the corresponding seleno- . 

• 
amides.24  Generally these give very low yields. 

Irradiation at R.T. of 1,2,5- and 1,2,4-diphenyl substituted selena-

diazoles in ethanol produced benzonitrile quantitatively. Traps for the 

intermediate benzonitrile selenide were unsuccessful.25 However, it 

has been shown spectroscopically that the reaction does go via the benzo-

nitrile selenide (61).
25  

 

C N 

 

Ph 

  



A detailed study30 of the mass spectra of a number of 1,2,5-selena-

diazoles (including 2,1,3-benzoselenadiazole) has provided data for 

the fragmentation as outlined in Scheme 2 below. 

21. 

 

PhCN Se 

Se 

1,2,3-Selenadiazoles on pyrolysis yield acetylenes. Thus cyclo-

.octane substituted selenadiazoles have been pyrolysed to cyclooctanynes. 

1,5-Cyclooctadien-3-yne (63) was prepared by heating the selenadiazole 

(62).
13 

Substituted cyclooct .ynes were synthesized
26 

in very low 

yields.. 

Se\ 

N 
N 62 

 

 

Se 

 

  

Ct Se 
N 

 

Cl 

    

Se 

N~ 

 

	rim 

HO 

  



NC O2 Me 

N \C,02Me 

N C 02 M e 
Sel 
NAC 02Me. 

2,1,3-Benzoselenodiazole (59) failed to add to maleic anhydride. 

However, it added to dimethylacetylenedicarboxylate at 700  to give 

quinoxaline-2,3-diester (67) (38%) and selenium (41%). Both these 

22. 

products are presumably derived from an intermediate 1:1 adduct (68). 

-Reaction at room temperature was induced by u.v. irradiation when (67) 

.and selenium were again obtained. 

Benzyne in the presence of an excess 2,1,3-benzoselenadiazole 

was efficiently trapped to give a mixture of isomeric 1:1 adducts in 88% 

total yield.28 7iTRycyc(ane26  also proved to be a good trap for 1,2,3- 

selenadiazoles as shown below. 

 

Xytenot 
140` 

N 

N. 

 

 

Ph Ph 

1,2,5-Selenadiazoles react with Grignard reagents or lithium alkyles 

at -700  to yield - after hydrolyses of selenides - ammonia and 1,2-di- 

carbonyl compounds.29  

,S\ 
], RMg X 

2,H2  

R' 	R 

r0  0 , 
+R C--CR •N H3  



23. 

The evidence suggests that the nucleophilic attack occurs at the selenium 

atom and a possible mechanism for the ring cleavage has been proposed.
29 

.Sulphurdiimides  

Dialkyl- and diarylsulphurdiimides (69) can be prepared by the 

reaction of primary amines with sulphur halides. Reduction of N-sulphinyl- 

ArNH2 
SC t4 	 RNH2 

ArN= S Ct 	a-- A r N=S=NR. 
-2HCt 	 2 -2HC1 

arylamines (70) with sodium yields diarylsulphurdiimines (71). Disulphonyl- 

4ArN=S=O + 	2Na 

 

	~-- ArN=S=NAr 

 

sulphur.diimines (72) are produced when N-sulphinylsulphonamides are 

exposed to tertiary amines. Very high yields of diarylsulphonylsulphur-

diimides are obtained by allowing -the corresponding N-arylsulphinyl-

'sulphonamide to stand overnight in benzene in the presence of catalytic 

amounts of pyridine.
31 

S 
ArSO2NSO 	  ArSO2N-S

=0 Ar O2NSO 
 

ArS02N ----S=0 B- ArS02N ---S 
I 

-SO2 
I 	 ~.. 

  

ArS 02N=S 	0 
	

ArS02N=S-0 

ArS 02 N=S=N SO2 Ar 



"NTs 

H 
~N Ts 

CH2S̀  	) <\ %~CH2 

N S—NHTs 
Ts 

NTs 
CHZ+ S 	 

PITs 

Heterocyclic examples of sulphurdiimides have been obtained from 

'aromatic diamines by reaction with thionyl chloride or sulphur dioxide 

in the presence of triethylamine.
31 

24. 

 

S02 

Lt3 N 

 

   

Reactions 

N,N'-Bis(tolyl)sulphurdiimide (72) was shown to be a useful reagent 

for the dehydrogenation of hydrazo- to azo- compounds.
32 

TsN-S=NTs + (ArNH)2--..~...ArN-NAr+ (TsNH) S 
2 

N,N'-Bis(tolyl)sulphurdiimide was found to be very good for allylic 

amination of alkenes or alkynes. 
33 

~wz 

NH Ts 



25. 

Such a sequence has been applied to a total synthesis of gabaculine 

.(see seleniumdiimide). 

Cycloaddition reactions occur with reactive dienes. Diaryl-

sulphonylsulphurdiimides react exothermically with butadiene to yield 

1-arylsulphonylimine-2-arylsulphonyl-3,6-dihydro-1,2-thiazine (75). 

N Ts 

N Ts 

 

I 
	N Ts 

NTs 

 

:which may be hydrolysed to N-(but-3-enyl)-arenesulphonamides. 

NTs 	 

N Is 

H30+  
0— A rS0NHCHCHCH TsN H + SO 2 	 2 	2 	2 

 

.Alkaline hydrolysis of the Diels-Alder adduct (75) yields N-aryl 

pyrroles (76)34  Sulphuridiimides react with a variety of substrates 

NAr 

S N Ts 

 

 

containing polar multiple bonds.31  Aromatic aldehydes form imines (77), 

isothiocyanates yield carbodiimides (78), and sulphoxides give sulphomides 

with invers ion of configuration at the sulphinylsulphur atom (79). 
35  

0-10 k  BuN=S=N Bu 	B u H=NBu 



N Ts 
it 

M e-S 
i► 
NR 

26. 

2 P h N=C-=S B u N=S=N Bu 	-S 	 ~-- 2 P h N= C=N Bu 

   

0 	 NTs 
~i 	 I I 
S-Me + TsN=S=NTs -- -TsN S 0 + 	n S- Me 

 

    

Diarylsulphurdiimides have been known to react with sodium to yield 

azobenzene. 

Ar N=S=NAr 

 

ArN=NAr 

 

Sulphodiimides  

Sulphodiimides (80), also known as sulphonediimines,.are aza-

'analogues of sulphones in which both oxygens have been replaced with 

nitrogen groups_ These compounds have the expected tetrahedral geometry 

about sulphur, as shown by X-ray crystallography, electron diffraction 

and preparation of an optically active example (81). Sulphodiimides 

are thermally and hydrolytically fairly stable, generally hydroscopic 

and highly water soluble. 

NR 
R-S-R 

NR 



S,S-Dialkylsulphodiimides were first prepared by the reaction of 

chloroamine with dialkylsulphides in the presence of ammonia. 

more convenient method, developed by Haake36, sulphides are converted 

to sulphodiimides by reaction with butylhypochlorite and ammonia in 

acetonitrile at -50 to 60°. 

Me--S-Me { 2CENH2 + 2NH3 ---~ 

NH 
I I 

e-S-Ne+2NH4Cl 
11 
NH 

Me-S-Me + 2 Bu 0 CI. + 4NH3 

 

NH 
il 

Me-4- Me 
NH 

+ 2 NH4Cl 

 

+2 Bu OH 

A multistep method based on chloramine-T has been used to prepare 

diarylsulphodiimides which cannot be prepared by the above methods 

Ph2 S 

 

Ph Sr.---N Ts 

 

'"'` Ph2 =N H 

  

  

NH i 	I I 
-`—~ Ph-S-Ph I I 

NTs 

 

NH 
II 

Ph -S-Ph 
I I 
NH 

 

Other than hydrolysis and salt formation by protic acid, the reaction 

of sulphodiimides reported largely involve substitution of the imide 

hydrogens.36 The dual imides offer the opportunity for the synthesis 

of many unusual heterocycles. 

27. 

In a 



X2 

K2 C 03 H7Ō 

• (c) Substitution by halogen 

NH 

R S 
L. 
NH 

NH 

R2S 
NH 

KNH 2 

NH3 

NK 
I 

R2~ 
NK 

NX 

R 2S 

NX 

(a) HID exchange 

NH 
I I 

R ,-)
S 
NH 

 

D20 

fast 

ND 

R 2S 

ND 

 

(b) Substitution by metals 

23. 

• (d) Substitution by silicon 

NH 
I I 

Me - 
S. 
NH 

t'1e7 SiCE) NH Me 2S \~ 	N H
/ 

N --Si 
/\ 

(e) Substitution by phosphorus 

R 
NH 	 _ 

	

Me S 	RPCi2 	~.. Me SE
N P` 

	

2I I 	 21I 	N 
NH 	 N` ~Me2 

P

— 
N 

R 
(f) Substitution by sulphur 

McS02Ct 	 NS02Me 
R ?S 

NH 

NH 

2S11 
NH 



(g) Substitution by carbon 

29. 

NH 	 NMe 
il 	 II 

PhCH2SMe 	=PhCH2 NMe 
ii 

NH 	 NH  

NMe 
I I 

	 PhCH25Me 

NCONHPh 

i M e30 + BF4 

ii NH3  

iii PhNC 0 

NNa 	 NCH CH NR 2 	2 
R2S + C[CH2 CH2NR 	 R  

II 	 2 	 II 
NH 	 NH 

Sulphinylamines  

N-Sulphinylamines (82) which may be considered as imides of sulphur 

dioxides are highly reactive substances.37  They are usually prepared by 

reaction of thionylchloride with compounds containing an.-NH2- or a 

masked -NH2- group. 

RNH2  + 	S O C12  

 

R—N=S=O + 	2HC1 

 

 

McCON(SiMe3)2  + S0C12 	McCONSO + 2MeSiCI. 

ArSO2NCtNa + SOCt2 	ArSO2NS 0 +NaCl+ Cl2  

Sulphinylamines undergo hydrolyses to give sulphonamides with 

protic nucleophiles. 



SO2N=S=0 

02N=S=O + 2ROH 

NH=S=0 	RSH 

NSO + HCI 

30. 

02  N HZ (RO)2SO 

     

0 I i 

H2  S SAr 

 

NH2  + SOCl2  

 

With organometallic nucleophiles, they undergo addition reactions 

to give substituted sulphonamide. Dehydration of primary amides
27  

NSO RMgX 
1 I H2O NHSOR 

has been known to occur to give the nitrile and an aryl sulphonamide. 

NSO 	RCONH2 	 RCN +S02 + 

-Cycloaddition occurs very readily with dienes and N-sulphinyl-

amines. The adduct (83) can be oxidised to N-aryl-S-lactams or reduced 

to 3,6-dihydro-1,2-thiazines. 

NH2 



NSO2Ar 

CI If 
SO 

CO2Et 

NSO2Ar 
--ySO 

CO2Et 

NAr 
Il 
SO 
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Aliphatic N-sulphinylamines do not form adducts.
38 

N-Sulphinylamines undergo 1,3-dipolar additions with nitril- 

imines and nitriloxides. The oxathiadiazoles (84) formed from nitrile. 

oxide can be py-rolysed to produce carbodiimides (85) in high yield.38 

R 	 N7ONSO 
ArN S02 ---04 	N A r 

R S~ 

RN=C=NAr 
+ 

SO2 

Diphenylketene reacts with sulphinylamine to thiazelidinones (8.6). 

0 C-- N 
NS02+ Ph2C=C=0 Ph C-S 2  

Aldehydes with no a-hydrogens yield N-sulphonylimines when treated. with 

N-sulphinylsulphonamides. 

1 	1 

      

CH 0 + RSO2NSO CH=NS 02 R 

SO2 



RN=Se=NR 2Se=NSO7Ar 

Selenium diimides  

Selenium diamides (87) are formed in methylene chloride from 

selenium tetrachloride with t-butylamine or sulphonamides and also from 

selenium metal with anhydrous chloroamine-T.39 The first examples of 

selenium imides (88) were synthesized from diaryl selenides and chloro-

amine-T
40 

from various selenides with Bu-t-OC1-H2N-SO
2
C6H4-p-Me or by 

addition of iminoseleninyl chlorides (88, Rl = aryl, R2 = C1) to styrene 

in the presence of Cu Cl. Condensation reactions of N-sulphinylarene- 

0 IC Ar-, Se 
u 
NSO2Ar 

sulphonamides with diaryl selenones afforded iminoselenones of type (89) 

in excellent yields.40 These structures were confirmed by i.r. and 

by electron-spectroscopic studies. 

Several seleniumdiimides have been found to react with olefins 

(and acetylenes) to effect allylic (or propagyllic) amination. 

HNTs 
NTs 	e Se, 

~Se 	
NTs 

H ~-~ NTs 	 NTs 

SeNHTs 

  

 

***'‘"NHTs 

This process is the first known case of direct allylic amination of ole-. 

fins. In the past, strategies used to create this type of function-

ality relied on indirect multistep operations. This process has been 

applied to the allylic amination sequence to a total synthesis of 

gabaculine (2,3-dihydro-m-anthranilic acid) (90). 41 

32. 
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CO H 	 CO,H 

NH2  

CO 9tBu 	 CO.tBu 
Ts HN 

NHTs 

CO2t8u 
H2SO4 	 • Ts N 

Ii  

cis-disulphonamide42 (94).  

NHTs 

1\eNTs  
NTs 

TsN=Se NHTs 

NHTs 	2  
NH Is 

TsNSeNHTs 
NHTs 

Addition of (TsN)2  to a solution containing cyclohexene gave (91) in 

very high yields.42  However, selenodiimide does not undergo cyclo- 

 

NHTs 

  

additions with 1,3-diones to produce stable 4 + 2 -adducts (cf. (RN)2S 

The only products with 1,3-dienes were usually found to be vicinal 

Addition of an equivalent of p-toluenesulphonamide during reaction 

resulted in greatly improved yields of 1,2-disulphonamide. The toluene-

sulphonamide is presumed to effect cleavage of the selenolactam (91) to 

the intermediate (92). This is then able to undergo 2,3 -rearrangement 

leading, via selenium (11) amide to (93) to the observed products. 



0 

SePh 

0 

0 

0 

N- PS P 80°%° 
N-PSS 84°/° 

Recently two new versatile and useful carriers of the PhSe group 

have come to light. N-Phenylselenophthalimide (N-PSP) (95) and 

N-phenylselenosuccinimide (N-PSS) (96) have been shown to be very useful 

in organic synthesis.44  N-PSP is readily prepared from potassium 

34. 

phthalimide and phenylselenenyl chloride and is a stable colourless 

. crystalline solid. N-PSS is also conveniently obtained from allyl 

phenylselenide and N-chlorosucCINIMIDE by the method of Sharpless and 
45 

Hari. 
. 

N-PSP and N-PSS react readily with olefins at 25o  in methylene 

chloride to afford, hydroxyselenides in excellent yields. Considerable 

regioselectivity is observed in these reactions. Hydroxyselenides are 

useful intermediates for the synthesis of a variety of products including 

allylic alcohols. 

 

OH 

 

N-PSP 80010 
N PSS 82°/a S ePh 



SePh 
N-PSP 80%, 

R SePh or H 
a. 5 0°/0 
b=54 °/° 

( 9b) 

CH 
R 	2^ 	a- 14 0/0 

b=15%  

moo- 	O (99) 

(c 
25 

35. 

Both N-PSP and N-PSS were proven to be superior reagents to phenyl-

selenenyl halides for carrying out organoselenium induced ring closures 

of unsaturated substrates. Unsaturated carboxylic acids, phenols and 

alcohols cyclised smoothly with these reagents in the presence of an acid 

catalyst at -78-25°. In all cases studied excellent yields of cyclic 

products containing the PhSe group were obtained. The'reluctance of these 

new reagents to react with unsaturated centres, in the absence of an 

external or favourably located internal nucleophile, and the inert nature 

of the phthalimide and succinimide by-products make them excellent 

selective initiators of ring-closure reactions. 

N-PSS 90% 

0 	N-PSP 100% 

r"\".
r y.0 

Ph S e 	 N-PSS 98% X 
X = COOH 

X = CH2OH 	 Y = CH2  N-PSP 	90% 

	

N-PSS 	95% 

A remarkable property of N-PSP and N-PSS is their ability to ini- 

tiate macrolide formation from long-chain unsaturated carboxylic acids. 

at ambient temperatures. 

ÇCH2) 

OH 

(97) 
a n-11 
b n-13 



Se Ph 

Exposure of the carboxylic acids (97a and b) to excess N-PSP in 

the presence of acid as catalyst, in methylene chloride at 250  under 

anhydrous conditions, resulted in the formation of the macrocyclic 

lactones (98a and b, R 0 SePh) and their regioisomers (99a and b, 
• 

R = SePh) in good yields. Reductive removal of PhSe group grom the 

phenylselenomacrolides.with tri-n-butyltinhydride (nBu3SnH) resulted 

in the formation of the corresponding macrolactones (98) and (99) 

(R = H) in excellent yields (95-100%). Two naturally occurring macrolides, 

exatolide (R = H, n = 12) and 9-decandide (R = H, n = 7) have been 

synthesized by the new route. 

The potential of these new organoselenium compounds (N-PSP and 

N-PSS) in the construction of carbon-carbon bonds was demonstrated by 

the efficient formation of cyclopropanes. For example, the unsaturated 

•organotin derivative (100), on treatment with N-PSP (1 eq.) in methylene-

chloride at 25°  under acid catalysis, is quantitatively converted to the 

phenyl selenocyclopropane. 

N -PSP, 25 
II 	l 	CH2C12 

(100) 

Sulphenamides  

• 
Reaction between sulphenylchlorides and compounds containing NH or 

NH2  is still the most generally used method for the preparation of 

sulphenamides (R-S-NH2). A wide variety of N-H compounds may be used 

including hydrazines, amides and hydrazides, N-acetylsulphenamides, 

thioamides and imides in the presence of a strong base. 

36. 

Sn Me 
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Et S C1 + 	
HN CO2 Et 	N E t3 	EtS NC 02 Et 

2 	 ~... 
HNCO2Ef 	 EtS NCO2Et 

Alkyl or aryl disulphides react with primary or secondary amines. 

in the presence of silver acetate or nitrate to give sulphenamides in 

good yield.
45 This is an example of cooperative assitance.by.an electro- 

phile and a nucleophile in S-S bond cleavage. 	If ammonia is used and 

RS--SR +Ag0Ac +R 7NH 	  RSNR? RSAg. 

an aldehyde is added, a sulphen amine is formed.46 The procedure is less 

successful with ketones and fails with dialkyl disulphides. Sulphenimines 

can also be obtained by the condensation of sulphenamides with aldehydes 

or ketones. 

+ RCH 0 

)}-S-NHZ + RZCO SN= CR2 

(i) Reaction with electrophiles 
45 

In general, electrophilic attack occurs at nitrogen and this is 

followed by nucleophilic attack at sulphur with S-N bond fission. 

RS-NHR2 + 
X 

---'-- RS—   NHR + Y 

Y+ RSNHR 
X 

 

RSY+ RNHX 

 

XY = H, Hal, TosCl, CS2 PhNCO, RCOC1. 
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The ready cleavage of sulphenamides by hydrogen chloride to give 

the suiphenyl chloride and the amine is used to remove the 2-nitro 

benzene suiphenyl group during the protection of the amino group in 

peptide synthesis.47 Toluene-p-sulphonyl chloride gives a toluene-2- 

sulphonamide and the suiphenylchloride on reaction with sulphenamides, 

while carbondisulphide and isothiocyanate give the insertion products 

(101) and (102). respectively. Reaction with the former fails if R
1 

is strongly electron withdrawing. 

z 
S 	NHR 

RS-S-C-NHR 	 PhN=C SSR 

(101) 	 (102) 

(ii) Reactions with nucleophiles 

Sulphenamides, like all sulphenyl derivatives, undergo nucleophilic 

substitution at sulphur. Reaction with thiols give disulphides, sulphinic 

HNu + RSNR R 	v- RSNu + R R NH 

acids give thiosuiphonates and ammonia or amines givestransamination.
49 

N-aryl and N-alkylthiophthalimides (103) readily undergo such reactions 

and are synthetically useful substitutes for suiphenyl halides in the 

preparation of sulphenate esters, disulphides, sulphenamides and 

sulphides. 

SR +NuH 	1-- RSNu ~- NH 

0 
(1 0.3 ) NNu= RSH) RSO2H R3N 
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Sulphenamides react with compounds containing active methylene 

groups to give mono- and disulphenated products. Thus, malonitrile reacts 

with (103, R = Ph) to give (104). 

PhS 	 CN 
(104) 

Ph S 	 C N 

(iii) Cyclisation results 

Several methods of preparing 1,2-benzisothiazoles ultimately involve 

the cyclisation of an arylsulphenamide having an ortho carbonyl function. 

Thus, the stepwise conversion of 2-mercaptobenzoic acid by esterification, 

halogenation to the sulphenyl chloride, conversion to the sulphenamide, 

and cyclisation with a strong base, gives 1,2-benzisothiazoline-3-one 

(105) in good yield.
50  

Alternatively, .the sulphenimine synthesis can 

(105) 

be utilised as an intramolecular reaction to give 3,5-dimethy1-1.,2-benz-

isothiazole (106) in a one-step synthesis.
47 

i AgNO2)  NH 
	

(10 6) 30 % 

(iv) Rearrangements 

ArenesulphenaMides (107) undergo two simultaneous rearrangements 

on heating to 1950. The first of which is favoured by compounds containing 

electrondonating groups, leads to the formation of the disulphide and azo- 



NHSAr 

SAr (108) (1 09) 

benzene. This reaction is considered to involve homolysis of the S-N-

bond and dimerisation of the resulting radicals. The second reaction 

40. 

NHSAr 

+ 	ArS 

  

   

SOW 

   

(1 0 7) 

1 Dimeris cation 

  

  

N=N 

 

20xid ation 

 

+ ArSSAr 

is acid catalysed and gives a mixture of the 2- and 4-aminophenylar.yl-

sulphides (103) and (109) respectively. It presumably involves the 

formation of the conjugate acid of the sulphonamide which rearranges 

intramolecularly and is particularly assisted by electrondonating-groups 

on sulphur.48  2-Nitrobenzenesulphenanilides react similarly on heating 

NH2SAr 

but also give products in which oxygen transfer from nitrogen to sulphur 

has occurred, e.g. 2-aminobenzenesulphonanilide (110). This type of 

behaviour is also observed in the thermal rearrangements of 2-nitrobenzene 

sulphenates.49  Nitrobenzenesulphenanilides rearrange in ethanolic 

sodium hydroxide to the azosulphinic acid (111), in which both of the 

oxygen atoms were transferred intramolecularly.
50  

NH2 	 SO2H 

SO2NHPh 	 O N=N 

(110) 

NH2 



5 N — N -S 
12 

(v) Radical reactions 

The yellow solid tribenzenesulphenamide (PhS)3N is best prepared by 

reacting the sodium salt of dibenzenesulphenamide with acetic anhydride 

in THF at -20
o. On heating or irradiating, it evolves nitrogen and gives 

a purple solution which is attributed to the (PhS)2N• radical. Complete 

thermal decomposition quantitatively gives diphenyldisulphide a AND 

nitrogen.
51 

41. 

N 
3 CM2 N'  

SN=NS 

 

 

S-  S 

The (PhS)2N. radical aminates phenols predominantly at the ortho-position, 

unless this is blocked, when reaction occurs at the para-position. 

OH 

 

SPh 
N 

0 
(Ph s) N 

  

NSPh 
OH 

NS Ph 



SePh 

OAc 
(114) SO% 

42. 

Benzeneselenamides 

The chemistry of the amides of seleninic acids, selenamides, (112) 

has been little studied. N,N-Alkylbenzeneselenamides have been prepared
52 

by reaction of secondary amines with PhSeC1 and PhSeBr to give (112).. 

Se-N R2  112(a) R = CH3  

(b) R = CH2CH3  

(c) R = CH(CH3)2  

They are easily hydrolysed except for the more hindered diethyl (112b) 

and diisopropyl (112c) derivatives which are substantially more resistant 

to hydrolysis. 

Selenamides undergo a number of reactions similar to those of the 

analogous.sulphenamides: For example, formylcycloheptanone is selenylated. 

cleanly and rapidly with (112b) and (112c). Careful oxidation of the 

selenide with hydrogen peroxide leads to 3-dicarbonyleneone (113). 

0 

  

CHO 

SePh 

CHO 

i=PhSeNEt2  ū= H202  (113) 74% 

Compound (112a) reacts with acetic anhydride in the presence of cyclo-

hexene to give adduct (114). The addition of selenamides to a,13-

unsaturated carbonyl compounds is successful with some of the more reactive 

(112) 	To- 
Ac20 



117(a) = 84% 

(b) = 54% 

112a )1"-  Ph 

(1 16}  a.93% 
NMe2 	b = 94 % 

Michael acceptors, and (112a) is significantly more reactive than (b) 

and (c). 

Ph 

(115) a,- R=H 
b, R = C H 3 

m-CPBA 

Ph 

NMe 

Oxidation of (116) with m-chloroperbenzoic acid at -40°  followed by 

warming to room temperature leads to (117) in good yield. 
52 
 Similar 

results were obtained for (118). Only N,N-dimethylbenzeneselenamide
53  

43. 

R 

(112a),  NMe2  

(11 8) 

  

(112a) ha5 ,  been found to add to dimethylacetylenedicarboxylic acid as 

shown below. 

Me2NX+ EC=CE 

E = CO2Me 

NMe2E N E NMe2
)(  

E + 	E 	X X E 

(119) 	(120) 
Isomers 	Yield 

   

(a) X = SeC6H5 	119 	55 
/20 	k- 5 

(b) X = SeCSH4-p-CF3 	only (119) initially followed 
by equilibration 



Me 
I 

O2N=S 

CO., H 
(122 ) 

RN   R 

1  NR3  

(121 ) 

44. 

Sulphimides  

Sulphimides, also known as sulphimines, have the general structure 

(121). The S-N formulation is used for convenience, it does not imply 

an understanding of the nature of such sulphur bonding.54  The sulphur 

atom in sulphimides is pyramidal and is reasonably stable towards pyramidal 

inversion. Appropiately substituted sulphimides can exits in enantiomeric. 

forms owing to chirality of sulphur. This was first demonstrated in 1927 

by the resolution of (122).i5  Oae and coworkers have studied the thermal 

racemization of several optically active sulphimides-. 

The nature of the nitrogen substituent (121, 	.).has a significant 

effect on the chemical and physical properties of sulphimides. The so 

called 'free sulphimines' are those where R3  is arylsulphonyl or acyl; 

such compounds are usually crystalline solids. 

The first preparation of sulphimides was reported in the early 

1920's. It involved the reaction of sulphides with chloramine-T. This 

SO2N=SR + NaCl 

method remains a classic for the preparation of sulphimides. It has been 

carried out in water and in aqueous methanol, acetone or dioxan. The 

addition of small amounts of acetic acid improves the yield in reactions 

of chloramine-T with poorly nucleophilic diarylsulphides.57  Phase- 



0 	 0 	0 
II 	 II 	it 
S-Me + 	 S- NH-S 

(124) 0 

(125) 

(123) 
Me 

S02 N=S 

transfer catalysis in biphasic systems has been found to be effective 

for the preparation of sulphomides. Sulphoxides are often observed as 

by-products in these reactions. The following mechanism has been 

proposed.
57 

TSNCLNa + H2 0 	TsNCLH * NaOH 

TsNCIH + R2 S 	- 
Blow 
	R2 4S- 

~'
CI + HNTs 

fast 
R 2 S C L +41-Ts  ----~°- R 2 S= N Ts +• H C l 

R ?SCL + Na OH-- R2 SO + NaCL 

Sulphixides have been prepared by the condensation of sulphoxides 

with a variety of amine .or amide derivatives. With certain highly 

reactive compounds, such condensations proceed without the intervention 

of other reagents. 

45. 

58 

      

S 0 1 
S=NS02 Ar 

 

i = ArSO2NSO, ArSO2N=S=NSO2Ar 

Cram et al_58 have examined the reaction of (R)-methyl-p-tolylsulphoxide 

(123) with N-sulphinyl-p-toluenesulphonamide (124) in pyridine and obtained 



02NSR2  

4G. 

the product (125) which occurred with retention of configuration. 

Amides and certain amines can be condensed with sulphoxides in the 

presence of electrophilic activating reagents to yield sulphimides. 

The role of the added electrophilic reagent is to convert the oxygen of the 

sulphoxide into a good leaving group. The earlier examples of such 

R 2  S 0 + E _____ R21--0E 	
R N H2 	

R2S=NR2  

(Me)20 

 

03 	+ 	ArNH2 
	16.-  (Me)2S-0-S03

_ 
	 ( Me)2S=NAr 

 

reactions were those of Tarbell and Weaver,59  who reported the condensation 

of alkyl and aryl sulphoxides with sulphonamides in the presence of phos- 

58 
phorus pentoxide. Cram et al. 	found that in the presence of triethyl- 

amine this reaction proceeds with inversion of configuration. Other 

examples of electrophilic activating reagents for such condensations. 

include acetic anhydride, trifluoroacetic anhydride, concentrated 

sulphuric acid and borontrifluoride.
60  

Sulphimides have been obtained in good to modest yields by trapping 

photochemically or thermally generated nitrenes with sulphides.61  It 

has been suggested that singlet rather than triplet nitrenes are 

trapped by dialkyl sulphides.62  Reduced yields in the photochemical 

reactions can be attributed to the photochemical instability of 

sulphimides.
61  

   

0 

CN3  

 

0 
n 
CN: 

   

 

0 
n 
C NSR2  

 



S ŌTs 
NH2 

It 
S \\\A:•  H2504 

NH 

S 
0 

NTs 

TsOH 
NaOH 

Sulphimides unsubstituted.at nitrogen were prepared for the first 

time in 1958 by Appel et al.60 Oae and co-workers56 have prepared 

47. 

l 

 

(Me) SCl2 	NH3 -(Me) S-NH 
2 	KNH2 	2 

 

several 'free suiphimides' by hydrolysis of N-tolylsulphonyl derivatives 

in concentrated sulphuric acid. 

(Me)
2
S-NTs 

i H 2 0L 

	 ~- (Me) S=NH 
ii base 	 2 

Reactions  

Hydrolysis of S-aryl-S-methyl-N-2.7-tosylsulphimides to. the corres-

ponding sulphoxide. and E-toluenesulphonamide can be achieved under either 

acidic or basic conditions.S8 It has been shown that alkaline hydrolysis 

proceeds with inversion of configuration at sulphur. Hydrolysis with 

concentrated sulphuric acid leads to 'free sulphimides'63 as already 

stated above. 
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The nitrogen of the 'free sulphimides' can be alkylated with alkyl 

halides or electrophilic alkenes, e.g. the nitrogen of N g-tosylsulphimide 

can be alkylated with oxonium salts to yield stable amino (126). These 

salts react with aqueous alkali to provide sulphoxide (of inverted 

configuration
54). 

S=NTs 

 

Et 
S—NTs 

B FL; 

 

0 

ii 

 

(i) Et3O B F4 

(ii) Aqueous OH 

Diphenylsulphimides react with selected electrophilic alkenes to 

yield aziridines65 (127). Oxidation of sulphimides leads to sulphox- 

0 	
6H6 	

NH 
PhCH=CHCPh + Ph2SNH 	~--  	f 	Ph2S 

Ph Ph 
(127) 

imides. Overall,the best reagent for this conversion appears to be alkaline 

C 
hydrogen peroxide. 

(Me)2S=N Ts + 
O H- 

C H30  

0 
If 

(Me)2S 
0 

N-2-Tosylsulphimides have been reduced to the corresponding sulphides 

by reaction with tin and hydrochloric acid.67 In a classical Pummerer 

reaction, sulphoxides are converted to sulphides with an electronegative 

substituent in the a-position; the sulphur atom is reduced and an 
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adjacent carbon is oxidised. Sulphimides also undergo Pummerer reactions68 

M e 	 A c -----  ( )zS=NA c + { )20 	(Me)25NAc2+ OAc 

(Me)2 =CH2 + N(Ac)2 HOAc --= McSCH20Ac + HNAc 

Sulphimides having 8-hydrogen atoms afford alkenes upon py.rolysis.69 

The reaction, like that of amine oxides and sulphoxides, appears to be 

a concerted cis-elimination. The py rolysis of N-. tosylsulphimides is 

t 
,N 	H 

Is 

 

RS NHTs + N 

 

somewhat faster than that of the corresponding sulphoxide but somewhat 

slower than that of analogous amine oxides. When N-acetyl-S-S dimethyl 

•sulphimide was py rolysed, a rearrangement related to the Pummerer 

reaction occurred. 

S-Allylsulphimides readily undergo sigmatropic rearrangement. 

In many cases it is not possible to isolate the allylic sulphimide. 70 

Ph 
NS 

Is 	R R 

 

R 

~-= PhS N—i CH=CH2 
Ts R 

 

 

 

Atkinson73 has achieved similar results by reacting an allylsulphide 

with a nitrene produced from 2,4-dinitrosulphenylamide.and lead tetra- 

acetate. 



Ph 
NS 

ArS/  

Ph S, 
N 	 

Ar S' 

—i— N H  

Ar—S—N H2  + Pb(0A0
4 
 --- --ArSN: + Ph S 
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Claus et a171  have demonstrated that N-arylsulphimides'will undergo 

a rearrangement similar to the Sommelet rearrangement upon treatment with 

base. 	Gassman and co-workers 72  have utilised a similar rearrangement. 

R 
N=S-CH 

 

 

base 

  

of aminosulphonium salts for synthetically useful ortho-alkylations o 

arylamines. 
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Sulphoximines  

Sulphoximines (129) were first discovered by Whitehead and 

Bentley in 195074 They possess many of the same properties as sulphones, 

e.g. acidic-a-hydrogens; however, the nitrogen provides an additional 

site for structural manipulation and a centre of basicity and nucleophilicity 

as well as allowing chirality at the sulphur.75 

0 
II 

R —S_Rz 

NR3 (129 ) 

The original hydrazoic acid method developed by Whitehead and 

Bentley remains the most widely used method for the synthesis of sul- 

phoximides. Sulphuric acid is added to a slurry of sodium azide in 

chloroform containing the precursor sulphoxide. A second method for 

0 

R-S--R 	 CHCt 
	 ~.- R-S-R 

3 	 NR 

the direct preparation of 'free sulphomide' has been developed by Tamura76 

who found that sulphoxides can be aminated under mild conditions with 

.mesitylsulphonyloxyamine. Unfortunately, the reagent has limited 

stability. The method has been used to prepare optically active sulpho 

ximides from optically active sulphoxides with retention of configuration.
77 

C 9H11S0 3NH2 
p-Tot- S- C H2 Ph 	  p-Tot-S- CH 2Ph 

NH 
(+)R 	(130) 

The use of sulphoxides as traps for nitrenes,generated from a variety 

of precursors, provides a general route to N-substituted sulphoximides. 

A widely applicable procedure involves the trapping of a nitrene generated 

NaN3,H2SO 4 	 0 

(+)R 
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by the copper catalysed decomposition of arylsulphonylazide.
78 

0 	 0 
II 	Cu° 	 II 

Ts N 3 + R-S- R 	N ~ 	R- SI- R 

	

2 	 N Ts 
S,S-Dimethyl-N j-tosylsulphoximide can be readily prepared from 

chloramine-T, and dimethylsulphoxide in the presence of copper powder 

or soluble copper salts.79 Sulphoximides have been produced from 

0 
Cu° or Cu 	0 

Me -S-Me + TsN CL Na 	  Me-S-Me 
II 
NTs 

nitrene intermediates produced by lead tetraacetate oxidation of N-amino- 

phthalimide.80 	A more general method for the preparation of sulphon- 

0 
0 	 0 
II 	 U 

NNH2.+ Me-S-Me 	 M e-S=N N 
Me 

.imidoyl chlorides (132) developed by Johnson is provided by the oxidation 

of primary and secondary sulphinarnides by positive chlorine compounds.
81 

0 

R-S-N HR ClX 
0 
I I 

R-S-Ct (132) 
NR 

 

X = Cl, OBut 

Sulphonimidoyl chlorides undergo the same type of reaction as sulphonyl 

chlorides and are thus relay compounds for the preparation of a variety 

of other compounds containing the sulphonimidoyl group. For example, 

a route to S-vinylsulphoximides is provided by the reaction of alkenes 



53. 

82 
and alkynes with (132) (R = Ts) in the presence of Lewis acid. 

0 
Ar-S-C(+ PhCH=CH2 	ii Ef3N 	  Ar-S-CH=CHPh 

NTs 	 3 

A new route for preparing N-acyl- and su1phonylsulphoximides from sulphimides 

uses ruthenium dioxide
91 

as an oxidant with very good results. 

NRL 
ii 

R-S- R Ruthe ni urn  

Dioxide 

0 
ii 

 

R-S--R 
N R{ 

= p-C1C6H4SO2 	94% 

= CSH5SO
2 
	89% 

= C6H5CO 	93% 

Sulphoximides are rather stable, as is the case for most hexavalent 

tetracoordinate sulphur compounds, e.g. sulphones and sulphonic acids. 

They are fairly resistant to hydrolysis, thermolysis, oxidation and re-

duction. Most of the reactions of sulphoximides are attributed to the 

availability of a lone electron pair on nitrogen or to the acidity of 

a-hydrogens. 

'Free sulphoximides' are readily alkylated at nitrogen with electro-

philic alkenes.
83 

NāH (Cat) 	0 
Ph-S-Me + CH2--CHCO2Me 	 a'~- Ph-S-Me 

NH 	 C6H6 	NCH2CH2CO2Me 

0 

i Lewis Acid 	it 

N Ts 



i v 

0 0 0 
It  

R-S= NCN=S- R 
R 	R 

0 
il 

R-S— R ti 
NCOHNR 

Monomethylation is best accomplished with formaldehyde and 

formic acid.75 Acylation, sulphonylation and related reactions are 

0 	 HCO2H 	0 
Ph-„-Me 	H

2 
CO 
	~•.. 	Ph-S-Me 

NH 	 NMe 

characteristic reactions of sulphoximides. 

0 
II 

R-S- R fi 
NCN 

0 
u 

R-S- R —mie 	 
NAc 

  

0 

  

  

  

  

N Ts 
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(i) Ac20, AcOH; 	(ii) CNBr; 	(iii) TsCl, Py; 

(iv) A3NCO; 	(v) COC12'b as e 

N-Alkyl-S-arylsulphonimidoyl compounds undergo interesting and un- 

usual reductions upon treatment with aluminium amalgam in aqueous tetra-

hydrofuran.
75 



55. 

0 
II 

Ph—S—R 

NMe 

Al/Hg 	 0  
H 0 THF 	Ph--S—NHMe + RH 
H20/ 

 At/Hg
0  

I I F 41".Ph—S--NHMe + Ph 0 H Ph—S— OPh H20 T  
NMe 

These reactions proceed with retention of configuration at sulphur.85  

In all other cases, where aluminium amalgam has initiated the cleavage 

of a carbon-sulphur bond, the sulphur (as sulphide, sulphoxide or 

sulphone) has been 3- to a carbonyl group. 

N,S-Dialkylsulphoximides are readily deprotonated to form stable 

carbanions upon treatment with n-alkyllithium in tetrahydrofuran. 

0 
Ii 

Ph —S—Me 
NMe 

 

BuLi  
0 
I I 

Ph—S—C H2Li 
NMe 

(133) 

  

The addition of (133) to aldehydes and ketones followed by a reductive 

elimination on the resulting 3-hydroxysulphoximide produces alkenes in 

high yields.86  This procedure is a useful alternative to the Wittig 

(133 )  
At /Hg, H20 
THF,HOAc. 



(133) 

19/81 
Ac OH, TH F 	 cis/trans 

0 

Ph Me At Hg H 0 Ph CH=CHMe 
9 2 

56. 

reaction. The addition of (133) to prochiral aldehydes and ketones 

followed by separation of the resulting diastereomeric 8-hydroxy-

sulphoximides and subsequent desulphurization, provides optically active 

pure alcohols.
87 

The scope of reductive elimination was extensively 

0 	 0 	OH 	 OH 
II 2  (133), 	il 	I 	 I Z 

R-C- R 	 Ph-S-CH2-'-R 	 °" R- C- R 
il 
NMe 	R 	 Me 

opti cally 
active 

explored.
90 

It was found applicable to the synthesis of mono-, di- and 

tri-substituted double bonds. The reaction constitutes a rather general 

two-step procedure for the olefination of carbonyl compounds. The 

effects of sulphur on the reaction has been studied. The sulpfioximide 

moiety can participate in a variety of heterocyclic structures.
88
' 

91 

COZMe 
HN3 

~-SMe 

.0 
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CHAPTER 2 	DISCUSSION & RESULTS 



INTRODUCTION 

Compounds containing sulphur-nitrogen bonds are of considerable 

theoretical and practical interest. In particular, recent investigations 

have shown that various sulphur-nitrogen derivatives such as sulphena-

mides1  and imides of sulphur dioxide may be usefully employed in organic 

synthesis.2  

Traditionally, the sulphur-nitrogen bond has been prepared by 

reaction of separate sulphur and nitrogen bearing components. However, 

several members of the family of sulphur-nitrogen heterocycles appear to 

offer attractive possibilities for one-step formation of the sulphur-

nitrogen moiety. 

It has been demonstrated3  in this laboratory that trichlorothiazyl 

(S3N3C13) reacted with electron rich organic substrates such as 2,6-

xylenol to give (1). 

64. 

- S 

4 
It was also demonstrated in this laboratory that the reaction of 

benzeneseleninic anhydride (2) with hexamethyldisilazane (3) in the 

presence of phenol resulted in the isolation of the novel selenoimine (4) 

in high yield. 



G. 

0 	0 
II 	II 
Se 	Se 

0./ 

( 2) 

HN — SiMe3 
SiMP3 

SePh 

N 

( 3) 
	

(4) 

Additionally, the reaction was important as a mild reduction affording 

ortho-aminophenol. 

 

OH 

 

RSH 2 
RT 

 

It was attractive to propose the formation of the reactive inter-

mediate PhSe - N to account for the production of these selenoimines. 

This thesis describes attempts at the preparation of Ar-Se = N 

and ArS = N and their possible derived trimers (5) and (6) respectively, 

	

Ar 	 Ar 
I 

Se
``  

 II 	 I 	II 
Ar'

Sib 	e~Ar 	Ar~S~ N~S~Ar 

	

(5) 	 (6 ) 



in• order that we may prove, one way or another, whether this species is 

indeed involved in the formation of selenoimine. 

The reaction of phenols with benzeneseleninic anhydride and hexa-

methyldisilazane was also studied in detail with the aim of:(a) optimising 

the yields of known and new selenoimines, (b) studying the mechanism by 

which selenoimines are formed, and (c) studying as a synthetic method 

the formation of aminophenols from the selenoimines. 

The following approaches were adopted: 

(a) Dehydration of sulphinamides. 

(b) Reaction of arylsulphenyl trichloride and arylselenenyl 

trichlorides with hexamethyldisilazane. 

(c) Oxidation of sulphenamides. 

(d) Studies of the benzeneseleninic anhydride and hexamethyl 

disilazane reaction, including the use of spectroscopic methods. 

(e) The mechanism of selenoimine formation. 

(f) 1,3 —Dipolar.compounds as traps for Ar-Se,. species. 

(g) Formation of aminophenols from the corresponding selenoimines. 

DEHYDRATION OF SULPHINAMIDES  

The first attempt at the synthesis of Ar-SN involved the dehy- 

dration of tolylsulphinamide (g-M 
9 
-S-NH2)with phosgene. It was 

thought that phosgene should be a suitably mild dehydrating agent. 

The use of phosgene would have an added advantage in that all the by-

products would be gaseous. 
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S  

(6) 
(24%) 

In the event,no thiazyl was isolated even in the presence of bases 

(pyridine or triethylamine). The reaction gave three products charac-

terised as ditolyl disulphide (6), ditolyl-thiosulphonate (7), and 

tolyl-sulphonyl chloride (8), characterised by comparison with authentic 

66. 

• 

materials and spectroscopic data. 

0 II 
S- C I 
I I 
0 

(8) (15%) 

It was concluded that the disulphide (6) could have been formed from. 

the decomposition of the thiazyl, liberating nitrogen as shown in 

Scheme 1. 

• SCHEME 1 

0 
II 
S-NH?+ CO Cl2  

S= N 

N=S 

 

	.- 

  

N=S 
I 	I 
S=N 

   



0 

S-OH +COCl2 

(9) 

0 
11 S 
0 

(7) 

0 
11 S-C( 
11 

0 

(8) 
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No attempt was made to optimise the reaction nor to detect any nitrogen 

produced at this stage. However, it was not clear by what mechanism 

the thiosulphonate (7) was being formed. It is known that aryl-

sulphinic acids decompose in solution to give the disulphides, thio-

sulphonates and sulphonic acids. 

It was thought that the amide could possibly have hydrolysed and 

the resulting acid disproportionated, or reacted with phosgene,to give 

thiosulphonate and sulphonyl chloride. 



0 
~c 	Zn\H 20 

NaOH 

0 

S—QNa + SOCt2 
0 

0  	II 
s—s 
Q 

(14) 	(35%) (13) 	(56%) 

Mesitylsulpninaraide (12) was prepared by the literature5 route from 

6713 

mesitylsutphonyl chloride (10). Reduction of the latter with zinc in 

the presence of sodium hydroxide gave the sodium salt of sulphinic acid 

(11). The mesitylsulphinyl chloride reacted with ammonia to give (12).. 

(10) 

l 	
N H3. 

(12) 

The amide was dehydrated as before using phosgene and once again 

dimesityl disulphide (13) was isolated along with smaller amounts of 

the thiosulphonate (14). Both compounds were characterised by comparison 

with authentic materials. 

Encouraged by the low yield of the thiosulphonate, it was hoped 

that 2,4,6-tri-t-butyl benzenesulphinarcide (15) would be even more 

hindered and would give the required thiazyl without substantial 

decomposition. 



(15) 

1,3,5-Tri-t-butylbenzene was prepared by literature6  method, 

brominated.and the aryllithium salt formed by exchange with n-butyl-

lithium. However, this aryllithium salt did not give the disulphide 

on reaction with dichloro disulphide (S2C12) and only tri-t-butylben-

zene could be isolated. 

In an alternative route, 2,4,6-tri-t-butylnitrobenzene (16) was 

prepared and reduced with sodium amalgam to the aniline derivative (17). 

The aniline was diazotised using nitrogen dioxide (N204) and the diazonium 

salt reacted with gaseous hydrogen sulphide (H2S) to give the thiol (18) 

in 33% yield. 

NO2 NH2 

(16) 

 

(17) 

 

i, Na Hg 	ii, N04  DBU, H2  

The yield of this reaction was lower than the literature preparation 

under aqueous conditions and was not optimised. When mesidine (19) was 

subjected to a similar sequence, the thiol (20) was obtained in 65% yield. 

68. 
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SH 

(20) (65%) 

NH2 

 

 

(19) 

corresponding thiosulphonatewas isolated. 

0 
I 
S—NH2 +CO Cl 	 

1, NaHg 	ii N204 DBU, H2S 

The thiol (18) was oxidised to afford the sulphinic acid and was 

subsequently converted to the amide (15). This sulphinamide.was reacted 

with phosgene as before to give the disulphide in 65% yield. No 

(15) 
	

(21) (65%) 
The dehydrations using phosgene thus gave decreasing amounts of thio-

sulphonate with increasing bulk of the aromatic group.. 

Other dehydrating agents (e.g. thionyl chloride, P205, etc.) were 

also investigated, but generally gave either complex reaction mixtures or 

followed a similar pathway to the phosgene dehydration. 

0 u 
Finally, it was proposed that tolyl-sulphinyl chloride (Ar-S-Cl) would 

react with hexamethyldisilazane to give the substituted amide (22). This 

amide, it was thought, could decompose as shown below to afford the thiazyl. 

0 	 0 

S- CI 4-HN(Si Me 3)2 	 S- N-(Si Me 3)2 



O SiMe3  

S=N SiMe3  

 

S =N 
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However, under a variety of conditions the tolylsulphinamide.(23) was the 

only characterisable product. Compound (23) was characterised by 

NH 
S 

(23) 

spectroscopic methods and gave the correct elemental analysis. 

REACTIONS OF ARYLSULPHENYL TRICHLORIDE AND ARYLSELENENYL TRICHLORIDE 

WITH HEXAMETHYLDISILAZANE  

It had been shown in this laboratory that benzeneselenininc anhydride 

with hexamethyldisilazane in the presence of a phenol yielded seleno- 

iminesin good yield. As already mentioned, it was attractive to propose 

that a (Ph-Se=N) species was involved in this reaction. 



 

0 
I I 

Se)20 +HN(SiMe3)2  + 

OH 
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It was thus proposed that arylselenenyl trichloride or arylsulphenyl 

trichloride, on reaction with hexamethyldisilazane, could lead to the 

formation of arylseieno (thio) azyl compounds which should react with 

phenols to give selenoimines or thioimines. 

Benzenesulphenyl trichloride, prepared from the disulphide and 

chlorine at -780, when reacted with hexamethyldisilazane gave a purple 

coloured solution, which faded rapidly on warming to room temperature. 

Disulphide was the only isolable product in quantitative yield. However, 

when a phenol was added to the reaction mixture at -780, a red colour of 

a. thioimine formed instantly. On work up thioimines were isolated in very 

high yields. For example, 2,4-dimethylphenol and 2,6-dimethylphenol 

gave thioimines (24) and (25) respectively. 

(24) (93 %) 

N--SPh 

(25)(80%) 



2,4-Di-t-butylphenol and 2,6-di-t-butylphenol. similarly gave (26) 

and (27) respectively. 	The ortho selectivity of this reaction was 

72. 

N-SPh 

(26) (73%) 
	

(27) 

demonstrated by the reaction with phenol itself. Only ortho-thioimine 

(28) was isolated, the alternative para derivative (29) was not detected. 

(28) 
	

(29) 

a-Naphthol gave two isomers (30) and (31) respectively, (30) being the major 

(30)(60%) 
	

(31) (40 %) 

product. Significant, however, was that the para isomer was not observed. 

8-Naphthol gave the same isomers but (31) was the major product. The 

mechanisms for the formation of these isomers will be discussed in a later 

chapter. 



Se Ph 

N 

N—SePh 

(40) (39)(92%) 

Tolylsulphenyl trichloride, when subjected to the same conditions 

also gave similar thioimines (see Table I). The trichloride formed at 

-780, was a white solid which on addition of excess hexamethyldisilazane 

gave a dark purple solution. The solution colour was. encouraging, since 
• 

it is known that trichlorothiazyl (C1SN)3  on pyrolysis gave a purple 

gas, presumed to be the monomer. On warm up, however, the purple colour 

was lost and a yellow solution resulted. On removal of the solvent, a 

white solid was obtained which decomposed rapidly to give ditolyl disulphide 

Also, when the white solid was heated, disulphide was obtained quantitati-

vely. If the intermediate were aryl thiazyl, it would-be feasible to 

propose that it could produce nitrogen and disulphide by the mechanism 

discussed earlier. 

Benzeneselenenyl trichloride with hexamethyldisilazane gave similar 

results. However, the product from the selenium reaction was even more 

unstable than that from tolylsulphenyl trichloride reaction. Nonetheless, 

similar trapping with phenols was still efficient. 

Thus, 2,4-dimethylphenol and 2,6-dimethylphenol gave selenoimines (39) 

and (40) respectively. Also, 2,4-di-t-butylphenol and 2,6-di-t-butyl- 

73. 

phenol gave selenoimines (41) and (42) respectively, which were previously 

difficult to obtain. 



STot. 
N  

S Tot 

N 

OH 

OH 

N—STot 

73,,, 

937,  

m 30Z 

OH 

STot 
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OH 

OH 

73Z 

17JZ 

75;Z 

TABLE 1 
PHENOL 
	

THIOIMINE 	 YIELD 
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N—SePh 

(40) 
	

(41) 

As before, a-and ft-naphthols, each gave two isomers (43) and (44) 

SePh 

(43) (731%) 
	

(44) (2 0 %) 

while phenol itself gave the ortho-selenoimine(45) specifically. 

(45)(87%) 

The formation of selenoimines and thioimines introduces a new and 

efficient way of forming ortho-aminophenols starting from phenols, after 

mild, room temperature reduction with a thiol. The literature methods for 

OH 

   

OH 

 

     

 

ArX.C( 3  

HMDS 

 

H2 

 

RSH 

 

X=S orSe 
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this transformation are considerably more vigorous. The new procedure 

of forming thioimines supersedes our other methods starting with thermal 

degradation of trisulphenamide (ArS)3N in the presence of phenols. 

A possible mechanism for selenoimine and thioimine formation is 

shown below: 

 

S=N 

H N (SiMe3)2 

OH 
	

SEN 

SAr 	O SAr I 	 I 2,3 Si gm atro p i c 	NH 	 N 
Shift 	H 

OXIDATION OF SULPFENAMIDES  

It was proposed that as the aryl thiazyl was an electron deficient 

species, it could react as a dienophile in the Diels-Alder type of reaction. 

ArS 
III 
N 

 

Art / 

N~ 

 

In the event no adducts were formed with 2,3-dimethylbutadiene or tetra-

cyclone. This result led us to think that maybe the intermediate was not 

acting as a thiazyl but as a nitrene. 



S=N S=N S—N: 
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	tab 

 

The reaction of nitrenes with DMSO is known10 to give the sulphilimine (46). 

Me 

NO2 Q N: + S=O --~.-- NO 
Me 

2 

Me 
N=I =0 

Me 

(46) 

Thus, the sulphenyl trichloride reaction with HMDS was performed with DMSO • 

as a trap, however, no incorporation was observed even when DMSO was used 

as a solvent. Dito}yl disulphide was recovered in quantitative yields. 

Chlorothiazyl (C1SN) was known to react with acenaphthalene 

and.trans_stilbene to give cyclic compounds (47) and (48) respectively. 

Ph) \Ph 
(48) (47 ) 

However, on reaction of tolylsulphenyl trichloride/ HMDS with trans—

stilbene, a small amount of cis-stilbene was isolated. On the other hand, 

acenaphthalene gave the dichloride (49) as the only characterisable 

product. 



Ph 

Ar—S—NH2  + Pb(0Ac )4  . 	 Ar S N: + 

Ph 
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Cl 	C( 

( 49 )' 

We thus decided to approach the problem directly, i.e. attempt to 

prepare the nitrene by routes known to lead to nitrenes, and repeat the 

above reactions. This procedure involved the oxidation of p-nitrobenzene-

sulphenamide as it was thought the nitro-group would stabilise the 

nitrene once formed. 

The oxidations were performed using lead tetracetate and iodobenzene--

diacetate, both commonly used as reagents for the generation of nitrenes. 

In the presence of DMSO no sulphilimine was isolated although disulphide 

was isolated quantitatively. Attempted trapping with trans-stilbene was 

also unsuccessful. 

It has been reported recently that 2,4-dinitrobenzenesulphenamidh1  

can be oxidised with Pb(OAc)4 and the resulting nitrene trapped with 

methyl styrene. Further attempts by us to generate nitrenes were abandoned. 

    

H. 	Ph 

Ar— S— N) 

HX• P h 
Ar 

NO2  

NO2 

Trichlorothiazyl (C1SN)3  was prepared with the aim of trying to sub-

stitute the chlorine for an aryl group and hence afford (PhSN)3. 
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The thiazyl with phenyllithium gave diphenyl disulphide in 60% yield. 

However, other attempts with tetraphenyl-lead, tolyl-magnesium bromide, 

diphenyl-mercury, triphenyl-tin chloride, and the Friedel-Crafts reaction 

using aluminium chloride in toluene, resulted in giving either very complex 

reactions or no reaction at all. These results indicated that this was 

not a profitable area for further study. 

BENZENESELENINIC ANHYDRIDE WITH HEXAMETHYLDISILAZANE  

In the reaction of phenols with benzeneseleninic anhydride, it was shown 

that prior formation of the phenolate ion with sodium hydride led to 

increased yields of o-hydroxylated products.12  In order to optimise the 

conditions for o-selectivity, other bases were investigated by other workers 

in these laboratories for the removal of the phenolic proton. 

Firstly, sodium hexamethyldi.silazide was prepared and allowed to react 

with 2,4-xylenol. Addition of benzenesēleninic anhydride to the mixture 

resulted in 	instantaneous appearance of a deep red colour. A red product 

was isolated from the reaction mixture and characterised as 4,6-dimethyl 

1,2-benzoquinone-monophenyls ele n.o-2-imine (39). The use of hexamethyl-

disilazane itself in the reaction gave optimum yields of these novel 

selenoimines. 

With a variety of phenols, selenoimines were formed in high yields 

with high ortho selectivity (Table 2). 



SePh 

OH 

OH 

OH 

92% 

69% 

79% 

SePh 

N 

OH 

OH 

79% 

0 

NSePh 

84% 

54% 

11 °l° 

NSePh 
14% 

OH 

TABLE 2 
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OH 
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HMDS 
BSA 

  

   

Different proportions of the reagent were used and the results are 

summarised in Tables 3 and 4 and graphs 1 and 2. As 	be seen, little 

advantage may be gained by the use of excess reagents. Neither performing 

the reaction under nitrogen nor passing oxygen through the reaction 

mixture affected the results. 

These compounds are dark red and show distinctive absorptions at 

mas 
250-275 and 460-490 nm in the u.v. spectrum. The carbonyl group 

resonates at surprisingly low frequency in the i.r. spectrum. Thus, 

selenoimine (39) absorbs at 1605 cm
-1 
 and it appears likely that there is 

a significant contribution from the cyclic selenoxazoline structure (51). 

0..—Se Ph 
(iy\N 

(51) 

In accordance with this,x-ray crystallography showed that the seleno-

imine group adopts a syn conformation (52) with the Se...0 distance only 

45% greater than that of a formal Se-0 bond. The data are summarised 

overleaf. 



X-RAY STRUCTURAL STUDY OF SELENOIMINE 

Bond Lengths 0.) 

Se...O 2.575 

Se—N 1.805 

Se—C 1.924 

N=C _.308 

C=0 1.240 



1 equiv 

1 

1 

1 

1 

1 

1 equiv 	0.25‘equiv 

1 	0.5 	" 

l 	I/ 1.0 

1 " 	1.5 

1 " 	 2.5 

1 	,I 
	

4.5 

24 

46 

63 

87 

89 

92 

IT 

I, 

It 

I, 

II 

TABLE 3 

2,4-xylenol HN(SiMe3)
2  

Ph2Se203  Yield % 

TABLE 4 

2,4-xylenol 	HN(SiMe3)2  Ph2Se203  Yield % 

1 equiv 

It 1 
IT 1 
1 

II 1 

0.5 equiv 

I, 1.0 

1.5 	" 

IT 2.5 

5.0 

1 equiv 

1 	I, 

1  

1 

1 

47 

61 

75 

87 

89 
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Se—Ph 

N 

(52) 

S—Ph 
N 

(53) 
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This finding is in direct agreement with the analogous thioimine case 

where the syn conformation is again adopted (53). Heating the seleno- 

imine did. not induce it to flip 	to the anti conformation. 

The mechanism of selenoimine formation is not clear. Since ben-

zeneseleninic anhydride is known to convert phenols to o-quinones, it 

appeared likely that this could be the first step. The reaction of 

quinones with sodium hexamethyldisilazide to give the silylated iminoquinones-

(54) is known
7  and further reaction of these with an electrophilic phenyl-

selenating agent would presumably give the selenoimines. However, several 

NaN(SiMe .) 

  

pieces of evidence suggest that this route is not followed;- 

(1) Formation of selenoimines occurs rapidly at R.T.,whereas quinone 

formation is slower and often requires heating. 

(2) Some simple substrates, such as 2,4-xylenol and phenol which 

readily give selenoimines do not afford quinones when treated 



SePh 

N 

(58) 

HMOS  
PhSeCI 

with benzeneseleninic anhydride alone 

(3) Treatment of o-quinones with hexamethyldisilazane and benzeneseleninic 

anhydride does not always give selenoimines.13  Thus, 1,2-thymoquinone 

gave a mixture of unidentified products. Selenoimines (56) or (57) 

could not be detected. 

(55 ) 
	

(57) 

(4) Conversion of quinone intermediates to selenoimines should give a 

mixture of two isomeric compounds, since attack on the quinone could 

occur at either of two sites. 
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NSePh 

  

However, in the majority of cases only one selenoimine could be isolated. 

Hence, 4,6-di-t-butyl-1,2-benzoquinone gave only the ortho-seleno-2-imine (58). 



Since selenoimine formation had been shown not to occur via a 

quinone intermediate, and hexamethyldisilazane does not react with 

phenols it appeared possible that benzeneseleninic anhydride could 

react with disilazane to give a species of type PhSeaN which could 

react with phenols to give selenoimines. 

0 
I I 

OSe Ph 
Ph—Se 	H iV (Sinte. 3 ),) 0 

 

0 
I I 

Ph-Se-N(SiMe 3  )2 

 

 

e-SiMe3 
Ph Se 7 SiMe3  

Nu 

  

  

Ph—Se`N 

  

In an attempt to prepare Ph-Se=N by another method, benzeneselenenyl 

chloride (50), prepared by oxidation of benzeneselenenyl chloride (59), 

was reacted with lithium hexamethyldisilazide at 0°  under N2  in THF 

87. 

Se-Ct 0—S Cl 

 

  

 

• 

(59) 
	

(60) 

Although a white ppt.of lithium chloride formed, work up of the mixture gave 

diphenyldiselenide in 68% yield as the only identifiable product. 

0 

Se C t * LiN(Si Me3)2 

However, treatment of 2,4-xylenol with one equivalent of benzeneselenenyl 

chloride and hexamethyldisilazane gave selenoimine (39) in 18% yield. 



0=Se—C( 

Reaction of benzeneseleninyl chloride with ammonia gave a pale yellow 

solution. When this clear yellow solution was treated with 2,4-xylenol 

the selenoimine (39) was formed in only 4% yield. 

88. 

NSePh 

(39) 

In this thesis, the reaction of benzeneseleninic anhydride with 

hexamethyldisilazane was studied further. Firstly, the intermediate 

was trapped. with 2,4-xylenol after various intervals of time. It 

was proposed that the concentration of the intermediate. would be 

proportional to the yield of selenoimine so formed. A time versus 

yield graph should show a decay pattern of the intermediate. This was 

indeed found to be the case - see Table 5 and graph 3. 

It was also observed that in the reaction of benzeneseleninic 

anhydride with hexamethyldisilazane, a gas was evolved from the reaction 

mixture. It seemed reasonable that this gas was nitrogen. The gas 

evolved was measured in a gas burette at various intervals of time - 

Table 6 and graph 4. The amount of theoretical N2  that could be 

generated was 10.0 ml which compared very well with the observed value 

of 9.8 ml. 

NH3 	
2, 4Xy(enot 



TABLE 5 

89. 

T1 	(mins.) Diphenyldiselenide produced Yield% 

0 . 	15 89 

5 20 86 

15 37 62 

30 42 56. 

60 68 34 

90 75 24 

120 80 15 

150 84 10 

180 96 5 

T = time of BSA -t- HMDS reaction before addition of substrate 
(2,4-xylenol) 

Yield = selenoimine (39) formed 

TABLE 6 

T 
1 

Yield % 

5 42 4.2 

15 68 6.8 

30 83 8.3 

60 94 9.4 

90 96 9.6 

180 98 9.8 

T1  = time from beginning of reaction 

V = volume of gas produced in ml 

Yield = N2  produced after T1  



GRAPH 

VARIATION OF SELENOIMINE YIELD with TIME 

010 YIELD 

 

  

   

r 
0 

	

	10 20 30 40 50 60 70 60 90 100 110 120 130 140 150 160 170 180 
TIME in minutes  



VOLUME OF NITROGEN PRODUCED with TIME 

9 

6 

5 

4 

3 

2 

1 

VOLUME 

in ml 

GRAPH 4 

0 	10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 

TIME in minutes 



2,3 Sigma fr npi c~ 

Shift 

SePh 
NH 	Ox idant 
H 	 } 

SePh 
N 

0 pi 
Ph S e—X 

HO 

HN (SiM e, ) 

0—Se Ph 
HO/ 

0—Se Ph 
SiMe3 

SiMe3 

Ph S e0 -X 

H0:7 SePh 
NSiMe3 

0~+ SePh 
NSiMe 
H 

0—Se Ph 
NSiMe 
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SiMe3 
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The high degree of o-selectivity observed during selenoimine 

formation suggests that the mechanism involves initial reaction at the 

phenolic oxygen atom with some species in the reaction mixture to give an 

intermediate which is capable of delivering functionality into the ortho 

position. 

Ar 
I~ 

0 Se=N 
Ar 

0—Se=NH 

92, 

14 
Other mechanisms for the formation• of selenoimines have been proposed. 



H 
0) ^(, 

SePh 
0 

0 	H 
SePh 

:NH 
(SiM e3)2  

(61) 

0 t. 
SePh 
H 

(lePh 
N S i M e 3  

SiMe3  

SePh 
N N Si Mea  

PhSeX 

(62) 

This type of pathway is analogous to that postulated by Corey and 

Schaefer to explain the oxidation of ketones by Se02. Alternatively, 

benzeneseleninic anhydride could react on carbon instead of oxygen as 

shown. 

93. 

lee  
Sharpless15  has suggested that intermediates of (61) are involved 

in selenium dioxide oxidation. The regioselectivity is explained by ass-

uming a weak associative interaction between the. phenolic oxygen and 

the benzeneseleninic anhydride causing o- reaction to predominate. 

The final step involves attack of an electrophilic phenylselenating agent 

on the silyl amine (62). 

THE MECHANISM OF SELENOIMINE FORMATION 

It has been established that the formation of selenoiminesfrom 

phenols upon treatment with benzeneseleninic anhydride and hexamethyl- 



HO SePh NSePh 

0 
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disilazane is a fairly general reaction. High o-selectivity was observed 

and in most cases only one o-quinoneselenoimine isomer was obtained. 

However, both a-and 8-naphthol gave a mixture of the same isomeric products 

(43) and (44). 

īn view of this observation, it was thought that the study of the naph-

thol reactions would yield useful information on the general mechanistic 

pathway for selenoimine formation. 

The reactions were repeated in the standard way. 8-Naphthol (1 eq.) 

hexamethyldisilazane (1.5 eq.) and benzeneseleninic anhydride (1.5 eq.) 

were stirred together in THF for an hour at room temperature. The 

reaction mixture was separated.by p.l.c. and the two selenoimines (43) 

and (44) were obtained in the ratio of 19:81 and in the total yield of 

96%. When a-naphthol was similarly treated, products (43) and (44) were 

again obtained but in the ratio of 75:25 and in the total yield of 66%. 

( 4 3 ) ( 49%) 	(44) (18%) 

OH 

(18%) 	 (78%) 

  

Since it was known that benzeneseleninic anhydride converted phenols to 

o-quinones, it seemed likely that this could be the first step of the 

reaction. The o-quinone thus formed could then be attacked by a 

suitably reactive species at either of the two oxygenated positions, 



(66) 

OH tPh SeX 

SiMe3  
N 

NSiMe3  
0 
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thus leading to a mixture of products. It is possible that initially 

hexamethyldisilazane reacts on the o-quinone giving intermediates such as 

(63) and (64) which react further with a phenylselenating species 

present in the reaction mixture to yield the two selenoimines. In support 

OH 

SePh 

Ni 

(63) 
	

(64) 

of this proposal is the known reaction
7  of benzoquinone with sodium •hexa 

methyldisilazide which gives the unstable silylated iminoquinone (65). 

Na(Si Me 3)2 

 

NSiMe3  

(66) 
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o-Naphthoquinone itself seems to react with hexamethyldisilazane as is 

indicated by a change in colour from orange to brown when the two are 

mixed in THF. 	However, no iminoquinones could be isolated from this 

mixture. 

In order to test the intermediacy of o-quinones in the selenoimine 

reaction, o-naphthoquinone (65) was treated with hexamethyldisilazane. 

and 	BSA 	under the usual reaction conditions. Both selenoimines 

(43) : (44) were obtained in the ratio of 83 : 17 and in an overall 

reduced yield of 46%. 

This suggested that a route via o-naphthoquinone was probably oper-

ating. However, it could not be the only route since the two naphthols 

gave different ratios of selenoimines, nor could it be the major route. 

A single common intermediate would afford identical product ratios. 

Additional evidence from comparable reactions with other substrates which • 

suggests that the above mechanistic route could not be the major one has 

already been given in the last chapter. 

Since phenols do not react with hexamethyldisilazane it was therefore 

likely that hexamethyldisilazane and benzeneseleninic anhydride react 

together to give an intermediate, possibly PhSe N, which reacts with 

phenols to give selenoimines. Also, the production of nitrogen and 

diphenyl diselenide from the reaction mixture without additional substrates 

being present gave this hypothesis more credibility. 

The fact that PhSe=N could be formed transiently was indicated by 

a series of reactions. In these cases hexamethyldisilazane and benzene-

seleninic anhydride were stirred in THF for increasing periods of time 

before addition of 13-naphthol. Decomposition of the reactive intermediate 
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(PhSeN) prior to addition of the naphthol led to decreased total yields 

of selenoimines (96% to 60%). The electrophilic species (PhSeN) could 

react with a naphthol by the mechanism already mentioned. However, this 

mechanism would account for the formation of only one selenoimine (44). 

The minor product, selenoimine (43) was probably formed via the o-

naphthoquinone intermediate, which was also generated during the reaction. 

This pathway being slower would lead to substantially lower yields 

of product (43). It was hoped that if hexamethyldisilazane was employed 

in excess and allowed to react with benzeneseleninic anhydride for an 

appropriate length of time before addition of naphthol,it should'consume 

the entire amount of the anhydride, thus. eliminating the o-naphtho-

quinone pathway. The anhydride free solution would then contain inter-

mediate (PhSeN) as the main reactive species which upon reaction with 

or 
8-naphthol. would give .selen mine (44) exclusively. 

However, this was not found to be the case. When hexamethyldisilazane 

(6-10 eq) and benzeneseleninic anhydride (1.5 eq.) were stirred together 

for periods of 15, 25,& 35 minutes and 8-naphthol subsequently added, it 

was found that the longer the time-lag the lower the yield of selenoimines. 

But the drop in the total yield from 58% to 39% was entirely due to that 

of selenoimine (44), i.e. the product thought to have been generated by 

the PhSeN mechanism. The selenoimine (43) remained constant at ca. 20% 

It was possible that not all the benzeneseleninic anhydride had 

reacted with hexamethyldisilazane, due perhaps to some extent to the 

insolubility of the former in the reaction solvent. 

It was observed that 	when the reaction mixture was subjected to 

an aqueous work-up (i.e. •,rater added to quench the reaction)and the 

products extracted with an organic solvent prior to p.l.c., the proportion 

of selenoimine (43) in product mixture was considerably lowered - Table 7. 
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TABLE 7 

13-Naphthol (44) (43) 
Reaction 
time 

Conditions 

1 eq. 

1 	ea. 

e^. 

78% 

78% 

84% 

18% 

9% 

14% 

60 min 

15 min . 

21 h 

non-aqueous q 
work-up 

aqueous 
work-up 

aqueous 
work-up 

This result could indicate that in the usual work up procedure, 

during evaporation of the solvent, the reaction via the o-naphthoquinone 

continued and was probably promoted by the increase in concentration of 

the phenylselenating species PhSeX. Possible phenylselenating species 

were Ph-S-O-Se-Ph and Ph-Se-O-Se-Ph, both of which could arise by 

reduction of the anhydride by the naphthol. The latter'is also reported 

to be formed during the equilibration of the anhydride with the diselenide. 

Addition of water would destroy these selenating species, thus completing 

the pathway via o-naphthoquinone. 

It was hoped that if diphenyl diselenide was added)the reaction would 

occur with any remaining beuzeneseleninic anhydride to give the reduced 

phenylselenating species, Ph-Se-O-Se-Ph. That reaction between diselenide 

and anhydride took place was implied by the generation of compounds (67) 

together with (68) and (69), when 8-naphthol was treated with benzene-

seleninic anhydride and dimesityl diselenide (70). 
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(67 ) (68 ) (65) 

S eSe e- O-Se 

(69) (70) 

OH OH 

The mesityl selenated naphthol, presumably formed by attack of species 

(69) on naphthol was identified by spectroscopic methods. 

If the above theory is true, any excess benzeneseleninic anhydride 

in the reaction mixture, which has not reacted with hexamethyldisilazane, 

should be consumed by diselenide. Thus the mixture should not contain 

species that could oxidise phenols to quinones. o-Naphthoquinone should 

not be produced to any significant degree and the main pathway to seleno-

imine would be via PhSeN giving predominantly selenoimine (44). This 

theory seemed to'be verified when the ratio of selenoimines (43) : (44) 

was found to be 12:88. There was also a high proportion(18%)of the phenyl-

selenated naphthol (68). This compound could be isolated and treated further. 

with benzeneseleninic anhydride and hexamethyldisilazane to give(43)and(44) 

in the ratio of 92:8 and a'total yield of 97%. 

The mechanism for the formation of selenoimine (44) from (68) was 

probably similar to that for 3-naphthol. The minor isomer could be 

formed via o-naphthoquinone and this would be of necessity a much slower 
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Ph 
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SePh 
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reaction and would require higher temperature. 
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NSePh 

 

(43) ÷ 	(44 ) 

 

When a-naphthol was treated with benzeneseleninic anhydride and. 

hexamethyldisilazane in the standard way, it gave a mixture of 

selenoimine (43) and (44) in a yield of 66% (aq. work up) and a 

ratio of 75:25 - Table 8. 



TABLE 8 

a-naphthol (43) (44) Reaction 
time 

Conditions 

1 eq. 49% 18% 60 min non-aqueous work-up 

1 eq.' 44% 10% 15 min aquenous work-up 

I eq. 54% 11% 21 h aqueous work-up 

Since this product ratio is almost identical to that from o-naph-

thoquinone (65) (Table 9), the pathway (65) was most probably the main 

one in this case. 

HO 

It had to be established conclusively at this stage that the 

two selenoimines were stable under the reaction conditions and that 

no equilibrium took place. For this purpose each selenoimine was 

stirred with hexamethyldisilazane and benzeneseleninic anhydride in 

THF for 5 days: The reaction was worked up by chromatography and 

led in both cases to quantitative recovery of the starting 

selenoimine_ Also no equilibration was observed either when the 

selenoimines were stirred in THF and water in open flasks for 3 days. 

101. 



TABLE 9 
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(05) (43) (44) Reaction 
time 

1 eq. 28ō 7% 15 min 

1 eq. 38% 8% GO min 

1 eq. 48% 13% 23 h 

Conditions 

non-aqueous work-up 

non-aqueous work-up 

non-aqueous work-up 

(68) 

 

1 eq. 8% 	89% 	60 min 	non-aqueous work-up 

FORMATION- OF AMINOPF+3NOLS• FROM THE CORRESPONDING SELENOIMINES  

As already mentioned. in earlier chapters, selenoimines are 

readily reduced to amino phenols. This two-step transformation would be 

very useful if it could be performed in the mildest possible conditions. 

It is already known that zinc/acetic acid 15 a good procedure, 

as shown below:- 



SePh 	 OAc 

N 	Zn AcOH 	
NHAc 

Ac 2  0 Py 

0 SePh 
N 

. 	+ 

SH 
Ac2O Py 

24h 

(71) (84%) 

OAc 

NHAc 

SH SePh 
N 

12h 

(72) (63%) 
OH 

NH2 
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(7 1 ) (89% ) 

 

Zn AcOH 

  

Ac 20 Py 

   

(72) (75%) 

SePh 
N 

Zn AcOH 

OH 

  

H 2 

    

(73) (82%) 

Other reducing conditions were studied. Treatment of selenoimines 

with five equivalents of benzene thiol in THF gave crude amino phenols, 

isolated by chromatography. 

SePh 
N 

SH 

 

OAc 

 

  

Ac2O Py 

24 h 

NHAc 

(73) (6 3%) 



SePh 
N 

SH OAc 
NHAc 

SePh 
N CH2SH 

CH2SH 

(49%) 

OAc 

 

NH.Ac 

  

Use of thioglycollic acid, a reagent easily removed from the 

reaction mixture by washing with aqueous sodium bicarbonate solution, 

gave the aminophenol in yields of 49%. Benzylthiol gave the amino-

phenol in yields of less than 20% andetharecdi -hio/failed to reduce the 

selenoimine. 
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(84 %) 

NHAc 

 

(20%) 

OAc 

 

SH 

h-12 C  00H 
NHAc 

(5%) 

0- And 2-aminobenzenethiol readily oxidise to the disulphide; 

it was proposed, therefore, that these should be very good reducing 

agents. 	This was indeed found to be the case. Not only were the 

reactions facile, but were also fast as exemplified by the o-amino 

benzene thiol. 
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OH 
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(91%) 
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60min 	(90%) 

SePh 
N 

Neat 	10m in 

(91%) 



OAc 
NHAc 

THF 	 90min 

10min 

0 

NSePh 

THF 

(95%) 

(94%) 



1,3-DIPOLAR COMPOUNDS AS TRAPS FOR "ArSeN"  

Since PhSeN was the most likely reactive intermediate in the form-

ation of selenoimines, attempts were made to trap it with suitable 

nucleophiles and dipoles. 

For example, diphenyldiazomethane (74) was prepared and added to 

a stirred mixture of benzeneseleninic anhydride and hexamethyldisilazane. 

It was hoped that the diazomethane might trap the intermediate in the 

following manner: 

Ph-SeEN 
N 

(Ph) C- NEN 
2 

74 	
(75) 

However, (75 was not formed, the only product of the reaction being quant-

itative formation of benzophenone. In control reactions the anhydride had 

also been shown to convert diphenyldiazomethane to benzophenone. 

Phenyl isonitrile was also employed in the attempt to trap PhSeN 

as the carbondiffmide (76). This reaction, however, was also unsuccessful 

Ph-Se=N 
Ph-N=C,N-SePh -- 	Ph-N=C=N-SePh 

Ph-NEC + - 
(76) 

and no characterisable products could be isolated. As cyclohexylisonitrile 

also failed to form adducts, no further work was investigated. 
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Certain 1,3-dipolar species were found to be successful traps for 

arylselenoazyl. Thus, on addition of phenylazide to a mixture of benzene-

seleninic anhydride and hexamethyldisilazane, a new dark red product was 

formed which was isolated in 65% yield. Its structure (77) follows from 

examination of u.v. spectrum which had A 
max 

330 nm (25,320) and 265 nm 

30 
(19,875) and this is identical to the spectrum of the known sulphur analogue. 

Elemental analysis also gave correct results for (77). In addition, reduc-

tion with sodium borohydride gave dipheryldiselenide in 92%, yield and 

phenylhydrazine in 89% yield, i.e. in accord with the proposed structure. 

The formation of (77) is thought to arise by initial 1,3-dipolar 

Addition followed by loss of nitrogen from intermediate (78). Other 

Ph-S e_ N 
N 

	eop- \ 	/S 
ePh 	PhSe-N=N-Ph 

Ph N —N 

(77) 	(78 ) 

mechanisms via nitrenes would also be possible; however, these were thought 

to be less likely. Thermal decomposition of (77) at 65°  gave diselenide 

(89%), PhSePh or biphenyl were not detected. 

Encouraged by this result, other 1,3-dipolar additions were studied. 

Benzonitrile oxide, 'in a similar manner, afforded a compound to which struc-

ture (79) was assigned. This product was formed in 72% yield. 

The structure (79) follows from its spectral properties which show 

a characteristic band at 1600 cm-1  in the infra-red. The 1H n.m.r. showed 

aromatic peaks 



Ph-Se=N 

0—NEC--Ph 

 

SeP h 
0 r ~N 

Ph 

(79) 
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Recently, Atkinson11 has shown that dini.trosulphenyl nitrene 

reacts with allylsulphide to give bis-aryisulphenimine (80) by mechanism 

shown. Since PhSeN can also be written as the nitrene, we studied its 

Ct 

 

	 - C l 

 

2,3 Siginatro pi c  
Shift 

 

C S —N 	 
SPh 

 

reaction (generated in the usual way) with allyltolyl sulphide. The isolated 

product (60% yield) was consistent with the corresponding trapped compound (80 

This was characterised by comparing its spectral data with those of known 

compounds and by elemental analysis. 

Atkinson also showed that dinitrosulphenylnitrene reacted with methyl-

styrene to-give aziridines. However, "PhSeN" has so far failed to react in 

a similar manner. 

Finally, in the hope of observing "PhSeN" spectroscopically, the. 
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benzeneseleninic anhydride with hexamethyldisilazane reaction was followed 

by infra-red and ultraviolet spectra. 

I.r. 	It had been calculated that in the infra-red spectrum Se =I3 should 

resonate at about 1160 cm-1. Indeed, when benzeneseleninic anhydride with 

hexamethyldisilazane were mixed in CDC13, peaks formed at 1250, 1175 and 

820 cm-1. With time these peaks disappeared and though the spectrum was 

different to that of diphenyldiselenide or BSA, or HMDS, the final spectrum 

was vertually superimpossable with that of diphenyldiselenide. 

This result indicated that there was indeed a species present which 

decomposed with time and which could be accelerated by heating. Since 

-benzeneseleninic anhydride and hexamethyldisilazane alone. did not show 

any decomposition with time, an unstable intermediate must be formed on 

mixing. 

U.v. 	Similarly, with u.v. experiments, the reaction was found to 

have the following bands: 

274 sh nm 	(38610) 

265 s nm 	(53460) 

257 	nm 	(46530) 

248 	nm 	(43560) 

These bands changed with time to be replaced by a spectrum superimposable 

with diphenyldiselenide. 
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EXPERIMENTAL 

Melting points were determined on a kofler hot stage and are 

uncorrected. Infra-red spectra were recorded on a Perkin Elmer 298 

spectrophotometer. Ultra-violet spectra were recorded in chloroform, 

on a Unlearn SPSOO spectrophotometer. N.m.r. spectra were recorded in 

acid-free deuterochloroform with tetramethylsilane as an internal 

reference on a Varian EM360 instrument at 60 MHz. Mass .spectra were 

recorded on a Y.G. Micromass 7070. Microanalysis was carried out 

within the Department of Imperial College. 

Thin-layer chromatography, both preparative and analytical, was 

carried out using GF264 silica gel coated plates. 

33 
Solvents were purified and dried according to standard techniques. 

Removal of solvents under reduced pressure was carried out below 40oC. 

The following abbreviations are used: 

THF 
	

tetrahydrofuran 

mCPBA = meta-chloroperbenzoic acid 

P.l.e. = preparative layer. chromatography 

BSA 	= benzeneseleninic anhydride 

HMDS = hexamethyldisilazane. 

The following abbreviations apply to n.m.r. data: 

s = singlet 

d = doublet 

m = multiplet 



p-Toluenesulphinic acid 

Toluenesulphonyl chloride (120 g) was reduced by the literature1  

method using zinc and sodium hydroxide to give sodium salt of the 

acid. (99.7 g, 65%). 

p-Toluenesulphinyl chloride  

Toluenesulphinic acid (20 g) and thionyl chloride (50 ml) were 

reacted by the literature` route to give the chloride as a yellow 

oil (22 g, 96%). 

p-_oluenesulphinamide  

To the above, ether (20 ml) was added, and the reaction mixture 

cooled to -400. Ammonia gas was bubbled through the reaction mixture 

and after it was warmed to r.t., the mixture was stirred overnight. 

The reaction mixture was washed with sodium bicarbonate solution (2 x 

20 ml) and water (2 x 20 ml) and dried (t,1gSO4). Removal of the solvent 

0  
by rotary evaporation gave the amide (15 g, 70%) m.p. 118 	(lit.,

3 

• 120°) T (7.5 (3H), 5.6 (2H), and 2.8-2.4 (41I), m/e 155, 123 and 91. 

Attempted Dehydration of p-Toluenesulphinamide  

Method 1.- p-Toluenesulphinamide (lg, 6.45 mmoles) was dissolved in 

dichloromethane (5 ml) and cooled to -78 . Phosgene gas was 

bubbled through the solution for about 5 mins. The reaction mixture 

instantly turned yellow and was left at -730  for an extra hour, and 

subsequently alldwed to warm up to r.t. The reaction mixture was 
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filtered, the filtrate evaporated in vacuo and the residue chromatogra- 

phed (p.l.c. using petroleum ether, 40-60) to yield(a)di-E-toluene-

disulphide (316 mg, 24%), m.p. 46°  (lit.,4  48°), T 8.77 (3H) and 

2.9-2.2 (4H), m/e 246 and 123, as the least polar product, and compared 

with an authentic sample, and (b) di-j-toluenethiosulphate (800 mg, 

66.5%), m.p. 72-3°  (lit.5  78°); T 7.7 (d, 3H) and 2.9-2.5 (4H); m/e 

278 (M+) and 139. 

Method 2.- Phosgene was bubbled into cooled (-78°) dichloromethane 

(50 ml) for a short time. After determination of the concentration of 

this solution 1 ml was added to n-toluenesulph:inamide (100 mg) in 

dichloromethane (5 ml) at -78°. The homogeneous solution instantly. 

became yellow. After 1 h the reaction was allowed to warm up to r.t. 

The solution was worked up as in the previous experiment to give 

di-R-toluenedisulphide (29 mg, 20%) and di-p-toluenethiosulphonate 

(78 mg, 65%). 

'Method 3.- 	Toluenesulphinamide (1 g) was dissolved in dichloromethane 

(5 ml) and pyridine (0.5 ml) added. The reaction turned yellow and a 

precipitate formed instantly. The reaction was allowed to warm up to 

r.t. after 1 h, the pyridine hydrochloride filtered off and subsequently 

worked up as in (1) above, to give di---toluenedisulphide (31 mg, 21%) 

and di-R-toluenethiosulphonate (81 mg, 66%. 

Method 4.- Using the procedure in (3), triethylamine (1 ml) was used 

as base. The reaction followed a similar route to yield di-2-toluene-

disulphide (18%) and di-p-toluenethiosulphonate (66%). 



Di-p-toluenedisulphide  

An authentic sample of di-p-toluenedisulphide was prepared from. 

toluene thiol (8.87 g) in diethyl ether (20 ml) and bromine (6.5 g) in 

diethyl ether (5 ml) at 00. Di-2-toluenedisulphide (3.72 g, 85ō))  

m.p. '46-7
o 
 (lit.,4  48°); T 7.7 (3H) and 2.9-2.8 (4H); m/e 246 (M+) 

123
)
was isolated. 

Di-p-toluenethiosulphonate  

An authentic sample of the thiosulphonate was prepared from di-2- 

toluenedsuiphide (lg, 4.06 moles) in dichloromethane (5 ml). m-CPBA 

(1.39 g, 2 eq.) was added. The reaction was followed by iodimetric 

filtration in the presence of starch indicator. Di-j-toluenethio 

sulphonate (670 mg, 60%) m.p. 76-7
0 
(lit.,

5 
78

o
); T 7.7 (d, 3H) and 

2.9-2.5 (4H); m/e 278 (M
+
) and 139, was formed. 

Mesitylenesulphonyl chloride  

Mesitylenesulphonyl chloride was prepared from mesitylene 

(30 .g) and chlorosulphonic acid (10 g) by the literature6  method. 

Mesitylenesulphonyl chloride (53 mg), m.p. 74-760  (lit., 766; 

T 7.7 (3H), 7.2 (6H, and 2.9 (2H); m/e 218 (M ) was obtained. 

-Mesitylenesulphinic acid  

Mesitylenesulphonyl chloride (10 .g) was reduced using zinc and 

sodium hydroxide by the literature method. The salt, however, did not 
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crystallise out. After hydrolysis with hydrochloric acid, the sulphinyc 

. acid (7.54 g, 84%) m.p. 98-99, (lit.,
7 
99

o
) was obtained and characteri-

sed. The acid was dissolved in chloroform (30 ml) and saponified using 

sodium hydraXlpf 

oresitylginesulphinyl chloride  

Sodium mesitylenesulphinate (10 g) and thionyl chloride (50 ml) 

were reacted according to the literature. Excess thionyl chloride was 

removed in vacuo to give the almost pure sulphinyl chloride (8 g) as a 

viscous oil. 

• Mesitylenesulphinamide  

To the sulphinyl chloride, obtained above, was added diethyl 

ether (20 ml). After it had been cooled to -40°, ammonia gas was bubbled 

through this mixture. After it had warmed to r.t. the reaction mixture 

was stirred overnight. The reaction was worked up as before to give 

the amide. Recrystallisation from petroleum ether afforded pure 

mesitylenesulphinamide (2 g, 45%), m.p. 139-140°  (lit.,8  145); 

t 7.5 (3H), 7.2 (6H), 5.6 (2H), and 2.7 (2H); m/e 182 (Mt). 

Attempted dehydration of mesitylenesulphinamide  

Method 1.- mesitylenesulphinamide (1 g) was dissolved in dichloromethane 

(5 ml) and cooled to -78°. Phosgene gas was bubbled through the solution 

for about 5 min, by which time the reaction mixture had turned yellow 

in colour. After 1 h the reaction mixture was allowed to warm to r.t. 

rand the solvent removed in vacuo. Chromatography (p.l.c. in petroleum 
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ether 40-60) yielded dimesitylenethiosulphonate (45 mg, 35.5%), m.p. 131- 

2°, (lit.,9  133-4°); 	T 7.3 (3H), 7.5 (3H), 2.6 (2H), and 2.7 (211); 

m/e 334 (M+), the less polar product and dimesitylenedisulphide (490 mg 

56%); m.p. 122-3°, (lit.,9  125-6°); 	T 7.2 (311), 7.5 (6H), and 2.6 (21I), 

m/e 302 (M}) the more polar. 

Method 2.- Mesitylenesulphinamide (100 mg) was dissolved in dichloro- 

methane (5 ml) and cooled to -78°. Dichloromethane/phosgene (0.2 ml, 

excess) was added to the•reaction mixture. After 1 h at this temp-

erature, the reaction mixture was allowed to warm up to r.t. The 

reaction mixture was washed with sodium bicarbonate solution (2 x 10 ml) 

and water (2 x 15.ml) and dried over magnesium sulphate. Removal 

of the solvent under reduced pressure followed by chromatography 

(p.i.c. petroleum 'ether 40-60) afforded dimesitylenedisulphide .(51 mg)-  

• .m.p. 124°, and dimesitylenethiosulphonate (16 mg)•m. p. 131-2°. 

Method 3.- Mesitylenes ulphinamide (100 mg) was.dissolved in dichloro- 

methane (5 ml) and cooled to -78°. Pyridine (0.5 ml) was added and 

the dichloromethane/phosgene solution (2 ml, excess) was added to the 

reaction mixture and the temperature maintained for 1 h, then allowed 

to warm to r.t. The reaction was filtered, washed with sodium bicar-

bonate solution (2 x 20 ml), water (2 x 30 ml) and dried over sodium 

sulphate. The solvent was removed in vacuo, and the residue chromato- 

graphed (p.l.c. using petroleurnether) to yield dimesitylenedisulphide 

(48 mg, 52%), m.p. 123°  and dimesitylenethiosulphonate (22 mg, 29.5%) 

m.p. 131-2.°  

Method 4.- The above reaction was separated using triethylamine (1 ml) 

as above and worked up as in (3) to yield dimesitylenedisulphide (49 mgs, 

53%), m.p. 122-3° and di-mesitylenethiosulphate, (27 mg, 35%) m.p. 



Dimesitylenethiosulphonate  

An authentic sample of dimes itylenethiosulphonate was prepared 

by stirring a solution of dimesi.tylere disulphide (1 g, 3.3 mmol) 

and m-CPBA (1.44 g, 2 eq.) in dichloromethane (10 ml) at 0°. The reac-

tion was followed by iodimetric titration in the presence of starch 

indicator. The reaction was washed with sodium bicarbonate (3 x 10 ml), 

water (2 x 10 ml)and dried over magnesium sulphate. Chromatography 

(p.l.c. petroleum ether 40-60) yielded the thiosulphonate (831 mg,. 

80%) m.p. 133°  (lit.,9  133-4°); T 7.3 (3H), 7.5 (3H), 2.6 (211), and 

2.7 (2H); m/e 334 (M ) . 

t-Butyl chloride • 

In a 500 cc separating funnel was placed t-butyl alcohol (74 gm) 

and concentrated hydrochloric acid (247 ml). After they had been shaken.  

for about 20 min, the layers were allowed to separate. Calcium chloride 

•was added to saturate the aqueous layer. 

The solution was shaken for a further 5 min, and allowed to 

separate (15-20 min). The upper layer was separated and washed with 

sodium bicarbonate solution (2 x 30 ml) and finally with water until 

the washings were neutral to litmus paper. After it had been dried 

with calcium chloride (10 gm), the chloride was distilled to give the 

pure product (84 g ), b.p. 49-53°. 

1,3,5-Tri-t-butylbenzene  

A solution of redistilled and sodium dried benzene (15 gm) in 

t-butyl chloride (194 g ) was cooled to -60 and aluminium chloride 
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(23 gm) was added all at once. The temperature of the reaction mixture 

was kept at this level for a further 15 min, then allowed to warm t 

00. The reaction was allowed to proceed for a further 2 h. The 

product mixture was quenched in ice water and the hydrocarbon layer 

extracted with ether (50 ml). The solvent was removed in vacuo 

to yield a pure crystalline tri-t-butylbenzene (20 g, 86%) m.p. 72°  

(lit.10 72-72.5°); T 8.9 (27H) and 2.6 (311); m/e 246 (Id). 

2,4,6-Tri-t-butglbromobenzene  

Tri-t-butyl benzene (2.46 g) was dissolved in glacial acetic 

acid (30 ml). Bromine (0.6 ml, excess), concentrated nitric acid (5 ml) 

in water (10 ml) were added followed by silver nitrate (1.7 g) in water 

(5 ml) over 1 h. A further portion of acetic acid (20 ml) was added 

and the reaction mixture heated on a water bath for 1 h with occasional 

shaking.- A loose cork was placed in the mouth of the flask to prevent 

bromine from escaping. At the end of 1 h most of the colour due to

bromine had disappeared. The hot reaction mixture was poured into 

water (200 ml), a little sodium sulphite was added to destroy any 

excess bromine, and sodium hydroxide solution (5%) added until the sol-

ution was approximately neutral. 

The cooled solution was extracted with ether (3 x 10 ml), the 

yellow solid which separated from the residue on cooling was recrys- 

tallised - from ethanol to afford the bromide (2.3 g, 73%) m.p. 175-G0  

(lit.11  176°); 	T 8.7 (DHs), 8.5 (17 H, s), and 2.7 (H, s). 



Reaction of 2,4,6-Tri-t-butylphenyl lithium with Dichlorodisulphide  

The tri-t-butylbromobenzene (1.4 g) was heated under reflux for 

about 1 h with a solution of n-butyl lithium (1.2 ml, in absolute 

ether, 35 ml approximately 1.6M). Hydrolysis of small aliquots of 

the reaction mixture gave a white precipitate which had identical 

spectral data to tri-t-butylbenzene. 

The lithium solution was cooled to -78°  and dichlorodisulphide 

(3 g, excess) was added slowly over 10 min. The colourless solution 

turned yellow. The reaction was stirred at -78°  for about 2 h 

more, allowed to rise to r.t. overnight, filtered, washed with water 

(3 x 15 ml) and dried over magnesium sulphate. Removal of the solvent 

in vacuo gave only tri-t-butyl benzene (1.0 g, 87%) m.p.• 70-72°, 

.identical to an authentic sample. 

2,4,6-Tri-t-butylnitrobenzene  

To a mixture of tri-t-butylbenzene (10 mg), glacial acetic acid 

(15 ml) and acetic anhydride (25 ml) was added a mixture of glacial 

acetic acid (7.5 ml) and nitric acid (2.0 ml) dropwise with stirring. 

The colourless solution turned yellow and remained so over 24 h. The 

reaction was quenched by pouring into water (50 ml) and the almost 

pure product extracted with diethyl ether (20 ml) and recrystallised 

from ethanol to afford 2,4,6-tri-t-butylnitrobenzene (11 g, 93%), 

m.p. 201-3°, (lit.12  202-3); 	T 8.5 (911, s), 8.3 (1811, s), and 1.5 
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2,4,6-Tri-t-butylaniline 

A mixture of the 2,4,6-tri-t-butylnitrobenzene (2.0 g) and 

absolute ethanol (50 ml) was gently boiled for about 5 h with sodium 

amalgam (4%, 56 g). After filtration, the solution was poured into 

water (500 ml). The precipitate was recrystallised from ethanol to 

give the amine (1.8 g, 96%) m.p. 144-5°  (lit.13  146-3°); T 8.S 

(9H, s), 8.6 (18 H, s), 6.2 (2}i, broad), and 2.8 (2H, s). 

2,4,6-Tri-t-butylthiophenol  

A solution of 2,4,6-tri-t-butylaniline (5 g) in dichloromethane 

(10 ml) and triethylamine (2 ml) were cooled to -60°. Dinitrogen-

tetraoxide (.x204) gas was condensed-into the reaction flask, for about 

20 min. The colourless mixture instantly became dark red. The reac-

tion temperature was allowed to rise to about -10°  at which point it 

became very dark. Hydrogen sulphide (H2S) gas was bubbled through the 

solution for 5 min. The solution was stirred at -10°  for a further 2k, . 

by the end of which time, the temperature was allowed to rise to r.t. 

and stirred at r.t. for 1 h. The solution was poured into water (200 ml) 

and the thiol extracted using dichloromethane (20 ml). The solution was 

dried (magnesium sulphate) and the solvent removed in vacuo to give the 

thiol (1.61 g, 30%) m.p. 177-9°  (lit.,14  180-181); T 8.8 (9H, s), 8.6 

(1811, s), 5.8 (1H, s) and 2.8 (2H, s). 

2,4,6-Trimethyithiophenol  

Mesidine (3 g) dissolved in dichloromethane (5 nil) and cooled to 

-20°  and triethylamine (1 ml) added. Nitrogen dioxide (NO2) gas was 

.blubbled through the mixture for about 5 min.- The mixture was allowed 
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to react for a further 10 min, after which time hydrogen sulphide (112S) 

'gas was bubbled through the mixture. Excess dichloromethane (10 ml) 

was added and the temperature.allowed to rise to room temperature. The 

reaction was filtered and washed with water (2 x 25 ml), dried over 

magnesium sulphate and the solvent removed under reduced pressure to 

give mesitylenethiol 	(1.85 g, 	55%) m.p. 680  (lit.15  68-690); 	T 7.1 

(3H, 	s), 	7.3 	(6H), 	5.4 	(1H, 	s), 	and 2.7 (2H, s); 	m/e 	152 	(111+). 

.Oxidation of 2,4,6-tri-t -butylthiophenol̀
,7 

 

The thiol (1 g) dissolved in dichloromethane (5 ml) was cooled 

to 00  and chlorine gas was bubbled through the solution. The colourless 

solution became dark red and very viscous. Excess chlorine was removed 

by bubbling nitrogen through the mixture for 30 min. Sodium hydroxide 

solution (10 ml, 50%) was added slowly over 30 min. The solution was 

left stirring for 2 h. The unreacted material was extracted using 

dichloromethane (10 ml) and the alkaline solution acidified, until 

strongly acidic, using dilute hydrochloric acid. The precipitated 

material was extracted with chloroform (10 ml). The acid Obtained. 

was saponified using sodium hydrOXiDE to give the sodium salt (473 mg). 

2,4,6-Tri-t-butylbenzenesulphinamide 

The sulphinamide was prepared, as before, using the sodium salt 

of sulphinic acid (200 mg) and thionyl chloride (2 ml) to give the sul-

phinyl chloride. The chloride was dissolved in ether (5 ml) and cooled 

to 00  and ammonia bubbled through for 1 h and worked up as before to 

give the sulphinamide (65 mg, 20%) m.p. 265°  dec.; T 8.7 (9H, s), 

8.6 (13H, s), 6.1 (2H), and 2.8 (2H). 



Dehydration of 2,4,6-Tri-t-butylbenzenesulphinamide  

The sulphinamide (100 mg) was dissolved in dichloromethane 

(5 ml) and cooled to -78°. Dichloromethane/phosgene (4 ml) was added 

and the reaction was worked up as earlier. The crystalline material 

obtained was characterised by spectroscopic methods and found to be 

di-t-butylbenzene disulphide (64 mg, 65%) m.p. 228-30°  (lit.14  233-4) by. 

comparison with an authentic sample. 

Reaction .of Phenyl lithium with Trichlorothiazyl16  

Phenyl lithium (3 eq.) contained in ether was added slowly to 

16 	 0 S3N3C13 	(1 g). in ether (10 ml) at -78
o
. With each drop of phenyl 

lithium salt, the reaction turned darker in colour. After phenyl 

lithium had been added, the reaction was stirred at -78°  for about 30 

min, then allowed. to warm to r.t. by which time it had turned.black 

in colour. 

The reaction was washed. with water (2 x 20 m1), dried over magne 

slum sulphate and decolourised using charcoal. The solvent was removed 

in vacuo to give as the only identifiable product diphenyl disulphide 

(360 mg, 60%) m.p, and mixed m.p. 60-1°(lit.17  62°) with an authentic - 

sample. 

Reaction of trichlorothiazyl with aluminium chloride and toluene  

Trichlorothiazyl (S3N3C13) (1 g) dissolved in toluene (5 ml), 

cooled to -40°, and aluminium chloride (3 g) added all at once. The 

solution instantly turned black. On work up, only sulphur was obtained. 

The reaction was not investigated further. 
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p-Nitrothiophenol  

To a solution of p-nitrochlorobenzene (39 g) in boiling. ethanol 

•(70 ml) was added, an alcoholic solution of sodium disulphide, prepared 

from sodium sulphide (44 g) and sulphur (6 g). An alcohol solution of 

sodium hydroxide (10 g) was added dropwise over a period of about 20 min 

to the boiling solution. 

The mixture was cooled and poured into a mixture of ice (250 g) 

and water (400 ml). A precipitate formed and was removed by filtration. 

The filtrate was acidified with dilute hydrochloric acid and p- 

nitrothiophenol (24 g, 61;n) m.p. 74-76
o8 
(lit. 

	
75
o
) was collected by 

filtration and washed with water (20 ml) and dried in a vacuum 

dessicator. 

p— Nitrobenzenesulphenamide  

• 2-Nitrobenzenesulphenyl chloride was prepared by chlorination of 

the thiol (1 g) at 00. Ammonia gas was bubbled through a solution of 

the sulphenyl'chloride in diethyl ether (10 ml). The solution was 

washed with sodium bicarbonate solution (2 x 20 ml) and water (2 x 10 ml) 

The crude product was taken up in ethanol (20 ml) filtered and the 

product precipitated with water. Recrystallisation from aqueous ethanol 

gave the pure amide (864 ,g. 81%) m.p. 100-1020  (lit.19  1030). 

Reaction of the sulphenamide with iodobenzene diacetate  

p-Nitrobenzenesulphenamide (250 mg) was dissolved in dichloro- 

methane (5 m1). Iodobenzene diacetate (400 nag) was added to the mixture 

and stirred at r.t. overnight. The reaction mixture was washed with 

123. 



124. 

• sodium bicarbonate solution (2 x 10 ml) and water (2 x 20 ml). The sol-

vent was removed under reduced pressure, and the reaction chromatogra-

plied (p.l.c. using petroleum ether 40-60) to give (a) iodobenzene 

(320 mg, 98%) and (b) di-E-nitrobenzenedisulphide (205 mg, 00%), 

b.p. 1880  (lit.,20  1890) identical to an authentic sample. 

Reaction of the sulphenamide with lead tetraacetate  

Using the above procedure, p-nitrobenzenesulphenamide (250 mg) 

in dichloromethane (5 ml) was reacted with lead tetraacetate (200 mg). 

On wort, up, only di-p-nitrobenzenedisulphide (225 mg, 98%) m.p, 

was formed, characterised by spectroscopic methods and mixed melting 

with an authentic sample. 

Reaction  of the sulphenamide  with  lead tetraacetate and p;MSO 

p-Nitrobenzenesulphenamide (250 mg) was dissolved in dichloro-

methane (5 ml) and cooled to 00. Dimethylsulphoxide (DMSO) (2 ml) 

and lead tetraacetate (200 mg) added to the reaction mixture. The 

mixture was allowed to warm up to r.t. The reaction was washed with 

sodium-bicarbonate solution(2 x 10 ml) and water (2 x 20 ml) and dried 

over anhydrous magnesium sulphate. The solvent was removed in vacuo  

and the reaction chromatographed (p.l.c. using petroleum ether) to 

yield di-R-nitrobenzene disulphide- 	(230 mg, 96%) 	characterised by 

spectroscopic methods and mixed melting with authentic sample. 

Reaction of the sulphenamide with iodobenzene and diphenyl sulphide  

The reaction above was repeated using p-nitrobenzenesulphenamide 
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(250 mg), diphenyl sulphide (100 mg) in dichloromethane (10 ml) and. 

•iodobenzene diacetate (350 mg) added. The reaction was worked up as 

above to yield di-2.-nitrobenzene disulphide (175 mg, 80%) characterised 

by comparison with an authentic sample. 

Reaction of toluenesulphenyl trichloride with ammonia  

Di-oma-toluene disulphide (100 mg, 0.406 mmoles) was dissolved 

in dichloromethane (5 ml), the solution cooled to - -780  and chlorine-

gas bubbled through to form the sulnhenyl trichloride.. The solution 

initially turned dark red and later became light yellow as crystals 

of the trichloride separated out. 

Nitrogen gas was bubbled through the mixture to get rid of 

excess chlorine gas and ammonia gas bubbled through the reaction mixture 

A precipitate of ammonium chloride formed and the reaction allowed to 

stand for about 2 h. The solution was washed with a sodium bicarbonate 

solution (2 x 10 ml) and water (2 x 30 ml) and the solvent removed in-

vacua to afford a colourless oil, This crystallised overnight to 

give ditolyl sulphenamide (53"mg, 98%) m.p. 1060  (lit.,21  109-1110) 

identical to an authentic sample. 

Reaction of toluenesuphenyl trichloride with hexamethyldisilazane  

Method 1.- Di-p-toluenedisulphide (500 mg, 2.03 mmoles) was dissolved 

in dichloromethane (5 ml) and cooled to -78°. Chlorine gas was bubbled 

through the mixture. The reaction initially turned deep red in colour, 

then a white solid formed. Hexamethyldisilazane (1.96 g, 12 mmoles), 



cooled to -780, was added slowly to the reaction mixture. The initial 

deep blue colour disappeared on warming to room temperature. The 

reaction mixture was filtered, and the solvent removed under reduced 

•pressure. The remaining white solid which had a broad melting point 

- decomposed rapidly at r.t. to di-p-toluenedisulphide (450 mg, 90%). 

Method 2.- The above reaction was repeated. However, after the temper- 

ature had been allowed to rise to r.t., water (5 ml) containing dilute 

hydrochloric acid was added. The organic layer was separated, washed 

with water (2 x 15 ml) and dried over magnesium sulphate. The solvent 

was removed under reduced pressure to give toluenesulphinic acid 

(15 mg, 10%) m.p. 83-840  (lit., 	 850), identical with an authentic sum-,  

ple by m.p. and mixed m.p. 

General method of forming p-toluenethioimines  

Chlorine was passed slowly into a cooled (-78°) solution of 

.di-p-toluene disulphide (1 g, 4.06 smoles) in dichloromethane (10 ml). 

The initial red colour was soon replaced by a white solid. Hexa-

methyldisilazane (3.2 g, 20.30 moles) also cooled to -78°  was added to 

afford a deep purple reaction mixture. The temperature was kept. at 

--78°  while.a phenol (1 eq.) was added. 

The purple colour was immediately discharged and replaced by 

a deep red colour. The reaction mixture was allowed to warm up to 

r.t., filtered and the solvent removed under reduced pressure. The 

resulting residue was chromatographed on silica gel to afford the 

thiai.mine. 
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Formation of thioimine(33)  

Using the general method above, di-p-toluene disulphide (1.0 g, 

. 4.06 mmoles) hexamethyldisilazane (3.2 g, 20.30 mmoles) and 2,4- 

dimethylphenol (561 mg, 4.06'mmoles) were converted to 4,6-dimethyl- 

1,2-benzoquinone-2-p-toluene thioimine (1.2 g, 4.27 mmoles, 93%) 

m.p. 120-2°, 
Amax 

455 (E 2,570) and 265 nm (E 2,340); v 
max

, 1610, 

1570, and 740 cm-1; T 7.8 (68, y), 7.7 (3H, s0., 3.2 (IH, d), 3.1 

(18, d), and 2.9-2.3 (48); m/e 239 (M4 ). 

Formation of thioimine .(34)  

Using the general method, di-p-toluene disulphide (1.0 g, 

4.06 mmoles), hexamethyldisilazane (3.2 g, 20.30 mmoles) and 2,6- 

dimethylphenol (500 mg, 4.09 mmoles) were converted to 2,6-dimethyl-

1,4-benzoquinone-2-p-toluenethioimine (947 mg, 3.27 mmoles, 80%) 

as oil, A 
max 475 (e 11500 ), 415 (E 8000) and 270 nm (E 6800); 

vmax 
1605, 1570, and 703 cm 1, T 7.9 (68, s), 7.6 (3H, s), 3.3 

(18), 3.1 (H), and 2.7-2.1 (48); m/e 289 (Pdw). 

Formation of thioimine (35)  

Using the general method, di-p-toluene disulphide (lg, 4.06 

mmoles), hexamethyldisilazane (3.5 g, 21 mmoles) and 2,4-di-t-butyl-

phenol (850 mg, 4.01 mmoles) was converted to 4,6-di-t-butyl-1,2- 

benzoquinone -p-toluenethioimine (1.01 g, 2.96 mmoles, 73%), 

A
max 

440 (E 17200) and 274 nm (E 11500); v 
max 

1600, 1565, and 

83 cm-1; T 8.3 (98, s), 8.1 (9H, s), 7.8 (38 , 3.1 (l8I, 2.9 (18), 
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2.8-2.1 (4H) ; m/e 341 (M+). 

Formation of thioimines (36) and (37) from a-naphthol 

Using the general method, di-p-toluene disulphide (1 g, 

4.06 mmoles) and hexamethyldisilazane (3.5 g, 21 mmoles), and 

a-naphthol (600 mg, 4.16 mmoles) were converted to (a) 1,2-naphtho-

quinone-2-p-toluenethioimine (37) (692 mg, 2.5 mmoles, 60%), m.p. 

136-70; A 	465 ( 14,000) and 275 nm 
max. 

18500); v 1640, max 

1590, 830, and 810 cm-1; 	T 6.3 (3H) 3.5 (1H), 3.3 (1H), and 

2.9-2.5 (8H); 	 (,,i 277 e m 	`~ )•; / 	and (b) 1 2-naphthoquinone-1-,p-toluene- 

thioimine (36) (461 mg, 1.66 mmoles) (40%) m.p. 118-120°.; A
max ma

403 

(c 12500), 230 (c 8000), and 225 nm (c 20500); vmax 
1630, 1605, 

1580, and 810 cm-1; T6.6 (3H), 3.6 (1H), 3.4 (1H), and 2.9-2.3 

'(811); m/e 277  (M). 

Formation of thioimines (36) and (37) from 8-naphthol  

Using the general method, 8-naphthol (600 mg, 4.16 mmoles). 

di-p-toluenedisulphide (1 g, 4.06 mmoles) and hexamethyldisilazane 

(3.5 g, 21 mmoles) were converted to (a) 1,2-naphthoquinone-2-2-

toluenethioimine (36) (115 mg, 0.416 mmoles, 10%) m.p. 135-7° 

identical to sample (a) above; and (b) 1,2-naphthoquinone-1-p-

toluenethioimine (37) -(862 mg, 3.11 mmoles, 75%) m.p. 118-200 iden-

tical to sample (b) above. 

Formation of thioimine (32)  
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Using the general procedure, phenol (300 mg, 3.19 mmoles) 



di-p-toluene disulphide (900 mg, 3.65 mmoles) and hexamethyldisila-

zine (2.5 g, 15.52 mmoles) were converted to 1,2-benzoquinone-2- 

2.-toluenethioimine (32) (570 mgs, 2.48 mmoles, 78%) as an oil; 

	

A
max 

	(E 10500), 280 (E 6,100), and 265 nm (c 8000); v 

	

max 	 max 

1620, 1580, 830, and 720 cm-1; m/e 229 (Mi). 

Reaction of p-toluenesulphenyl trichloride and }IMDS with trans- 

stilbene 

Di-p-toluene disulphide (500 mg, 2.03 mmoles) dissolved in 

dichloromethane (15 ml) was converted to the.sulphenyl trichloride as 

before. Hexamethyldisilazane (2.0 g, 12.42 mmoles) cooled to -78°  

and trans-stilbene (369-mg, 2.03 mmoles) in dichloromethane (5 ml) was 

added. T.l.c. indicated that• trans-stilbene had not trapped the 

intermediate. The reaction was worked up as before to give trans-

.stilbene (310 mg, 1.7 mmoles,•840), characterised.by comparison with 

authentic sample, and di-p-toluene disulphide (483 mg, 1.96 mmoles,. 

96 Q) m.p. 450. 

Formation of thioimine (28)  

Using the general procedure, diphenyl disulphide (500 mg, 

2.29 mmoles), hexamethyldisilazane (2.2 g, 13.7 mmoles) and phenol 

(300 mg, 319 mmoles) were converted to 1,2-benzoquinone monophenyl- 

thioimine (28) 	(376 mg, 	1.8 mmoles, 	80%) m.p. 96-9II (lit.22  98-990); 

'A
max 

1630, 

(E 6100); 

1590, and 1420 cm-1, 	v 
max 

460 	(c 

T 	3.2 	(2H, 	t) 	and 2.0-2.9 	(7H, 	m); 

12000) 

m/e 

and 260 

205 (M+). 

nm 
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Formation of thioimines (30)  and (31) from a-naphthol  

Using the general procedure, diphenyldisulphide (500 mg, 

.2.29 mmoles), hexamethyldisilazane (2.2 g, 13.7 mmoles) and a-naphthol 

(330 mg, 2.29 (mmoles) were converted to (a) 1,2-naphthoquinone-2- 

phenylthioimine (523 mg, 2.06 mmoles, 70%) m.p. 146-1480  (lit.,22  148- 

1490); A 
max • 

1640, 1610, 1595, 830, and 810 cm-1; 	
max v 	455-480 

(e 15000) and 270 nm (e 20850); r 1.66 (1H, m), 2.0-2.8 (8H, in) and 

2.91 (2H, s) ; m/e 254 (M
+
); and (b) 1, 2-•naphthoquinone-l-phenyl- 

o  
thioimine (111 mg, 437 mmoles, 21.2%) m.p. 120-123 (lit.,

22 
124-125

o
) 

A 
max 

1630, 1530, 830, 750, 690, and 670 cm-1, v 
max 

445 (e 15000) 

271 (c 10000), and 227 nm (c 26800), T 1.7 (1H, d), 2.2 (111, 2.6 

(8H, m) and 3.4 (1H, d); m/e 254 (M+). 

Formation of thioimines (30) and (31) from 8-naphthol 

Using the general procedure, diphenyl disulphide (500 mg, 2.29 

wholes), hexamethyldisilazane (2.2 g, 13.7 mmoles) and 8-naphthol 

(350 mg, 2.43 mmoles) were converted to (a) 1,2-naphthoquinone-2- 

'phenylthioimine -(98 mg, 386 mmoles, 11% ) m.p. 147-1480  identical.. 

to sample (a) above and (b) 1,2-naphthoquinone-l-phenylthioimine 

(490 mg, 55%) m.p. 122-124
0 
 identical to sample (.b) above. 

Formation of  thioimine (24) 

Using the general procedure, diphenyl disulphide (499 mg, 

2.26 mmoles), hexamethyldisilazane (2.2 g, 13.7 mmoles) and 2,4-dimethyl-

phenol (279 mg, 2.28 mmoles) were converted to 4,G-dimethyl-1,2-

benzoquinone-2-phenylthioimine (478 mg, 1.96 mmoles, 86%) m.p. 126- 
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128°  (lit.,L2  129), v 	1610, 1590, 765, 740, and 690 cm-1; A 
max 	 max 

465 (e 11500), 410 (c 9200), and 270 nm (c 5900); T 7.86 (6H, 

m), 3.21 (1H, m), 3.11 (1H), 2.7-2.4 (3H), and 2.3-2.0 (2II), m/e 

243 (e). 

Formation of thioimine (25)  

Using the general procedure, diphenyl disulphide (500 mg, 2.29 

mmoles), hexamethyldisilazane (2.1 g, 13.7 mmoles) and 2,6-dimethyl- 

• phenol (300 mg, 2.45 mmoles) were converted to 2,6-dimethyl-1,4- 

• benzoquinone- 4-phenylthioimi ne (432 mg, 1.77 mmoles, 72%) m.p. 149- - 

152°  (lit.22  152-153°); v max1620,  1580, 820, 740, and 700 cm l; 

Amax 443 (c 19800), 345 (c 2850), and 280 nm (c 	11,900); 	T 

2.3-2.8 (6H m), 3.0 (1H, and 7.9 (6H d), and m/e 243 	} 

Formation of thioimine (27)  

Using the general procedure, diphenyl disulphide (500 mg, 

2.29 mmoles), hexamethyldisilazane (2.1 g, 13.7 mmoles) and 2,6 

di-t-butylphenol (472 mg, 2.29 -moles) were converted to 2,6-di-t-

butyl-1,4-benzoquinone-4-phenylthioimine (449 mg, 1.37 mmoles, 61%) 

m.p. 110-112°  (lit.,22  111-112°), v 	1650, 1620, 1360, 1313, 720, 
max 

and 690 cm-1; Amax 434 (c 19200), 340 (c 3350), and 278 nm (c 13300); 

T 2.8-2.2 (6H, m), 3.07 (1H, d), 8.70 (9H), and 8.67 (9H), m/e 

327 (I1 ) . 
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Reaction of phenylsulphenyltrichloride with  hexamethyldisilazane 

Diphenyl disulphide (500 mg, 2.2 mmoles) was dissolved in 

dichloromethane (10 ml), cooled to -780  and chlorinated to give phenyl- 

sulphenyl trichloride. Hexamethyldisilazane (2.0 g, excess) also 

at -730  was added to the trichloride. The reaction was filtereand 

the solvent removed under reduced pressure to yield an almost pure 

solid mass which was found to be diphenyl disulphide (380 mg, 76%) m.p. 

450, characterised by comparison with authentic material. 

Reaction of p-toiuenesulphenyl trichloride with HMDS and .acenaphthalene 

Di-n--toluenedisulphide (500 mg, 2.03 mmoles) was dissolved in 

dichloromethane (10 ml), chlorinated as before .and reacted with hexa-

methyldisilazane (2.0 g, excess). Acenaphthalene (208 mg, 2.02 

mmoles) dissolved in dichloromethane (5 ml) was added to the reaction 

mixture. The reaction was quenched, after 24 h, with sodium bicar-

bonate solution (10 ml) and washed with water (2 x 20 ml). The organic 

layer was dried over sodium sulphate. and the solvent removed under 

reduced pressure to give dichloroacenaphthalene (295 mg, 1.32 mmoles, 

65%) m.p. 114-1160  (lit ,23  1180), T 4.06 (2H, s)•and 2.5S-2.91 (6H, 

m), m/e 244-222 (Mt) and di-p-toluene disulphide (450 mg, 90%) m.p. 

450, characterised by comparison with authentic material. 

Reaction of benzeneselenenyl trichloride with hexamethyldisilazane  

Diphenyl diselenide (100 mg, 0.318 mmoles) dissolved in dichloro-

methane (10 ml) was cooled to -780, and chlorinated as before. The 



selenenyl trichloride was formed as a white solid. Hexamethyldisi-

lazane (307 mg, 1.90 mmoles), also cooled to 178°  was added. The 

reaction instantly turned yellow. The reaction was stirred at this 

. temperature for 1 h, then allowed to warm up to r.t. The reaction 

mixture was washed with sodium bicarbonate solution (2 x 10 ml) and 

water (2 x 10 ml), then dried over sodium sulphate. The solvent was 

removed in vacuo and the residue chromatographed (p.l.c. petroleum 

ether 40-60) to yield diphenyl diselenide (89 mg, 0.283 mmoles, 89%) 

m.p. 61-62°  (lit. 
a 
63°) as the only product. It was characterised 

by comparison with authentic sample. 

General procedure for forming. selenoimines  

Diphenyl diselenide (500 mg, 1.59 mmoles) in dichloromethane 

o (15 ml) was cooled to -739, and selenenyl trichloride formed as before. 

Hexamethyldisilazane (307 mg, 1.90 mmoles) also cooled to -78°, was 

added to the reaction then a phenol added. Instantly a deep 

red colour formed. The reaction was worked up as before and chroma-

tographed to give the selenoimine. 

Formation of selenoimine ( 

Using the general method, diphenyl diselenide (500 mg, 1.59 

mmoles), hexamethyldisilazane (306 mg, 1.90 mmoles) and phenol (149 

mg, 1.59 mmoles) were converted to 1,2-benzoquinone-2-phenylseleno 

r 
imine (45) (325 mg, 1.24 mmoles, 78%) m.p. 73-4°  (lit.2̀ ' 75-76°), 

• 
A 
max 

460 (e 3000), and 260 nm (c 2100), v 
max 

1630, 1580, 1520, and 

760 cm-1, T3.30-3.3 (211, m) and 2.0-2.9 (7H, m) 
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Formation of selenoimine (40)  

Using the general method, diphenyl diselenide (500 mg, 1.59 

mmoles), hexamethyldisilazane (306 mg, 1.90 mmoles) and 2,4-dimethyl 

phenol (193 mg, 1.59 mmoles) were converted to 4,6-dimethyl-1,2- 

benzoquinone-2-phenyl selenoimine (426 mg, 1.46 mmoles, 92%) m_.p.. 

119°  (lit.,25  120-1°), v 
max 

1615, 1570, and 830 cm 1, A
max 

486 

(c 14170), 430 (c 6820), 281 (c 5200), and 253 nm (c 9450), T 7.85 

(6H, s), 3.2-2.2 (211, m), and 2.8-2.5.(5H, m), and m 	291 (M ). 

Formation of selenoimines (48) and (49) from a-naphthol  

Using the general method, difbenyi diselenide (500 mg, 1.59 

mmoles), hexamethyldisilazane (306 mg, 1.90 mmoles) and a-naphthol 

(228 mg, 1.59 mmoles)• were converted to (a) 1,2-naphthoquinone-2-

phenylselenoimine (49) (365 mg, 1.16 mmoles, 73%), m p. 159-1600  

(lit.25  164°), vmax 
 1660, 1580, and.810 cm-1, and Amax 480 (c 15000),-  

and 265 nm ( c 20850) and (b) 1,2-naphthoquinone-l-phenylselenoimine (48) 

(72.6 mg, 2.32 mmoles, 20%), m.p. 121-123°  (lit.,25  126-7°),v max  
-1  1660 cm ;. X

max 
456 (6 2200), 332 (c 8200), 286 (c 12500 ), and 

228 nm (e 28000). 

Formation of selenoimine (48) and (49) from 8-naphthol  

Using the general method, diphenyl diselenide (500 mg, 1.59 

mmoles), hexamethyldisilazane (306 mg, 1.90 mmoles) and 8-naphthol 

(230 mg, 1.60 mmoles) were converted to (a) 1,2-naphthoquinone--2-

phenylselenoimine (49) (81 mg, 2.58 mmoles, 20%) m.p. 163-4°  

25 	o 
(lit., 	164 ) similar to (a) above, and (b) 1,2-naphthoquinone-1- 
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phenylselenoimine (48) (298 mg, 954 mmoles, 60%) m.p. 125-126°  (lit.,
25  

126-127°) similar to (b) above. 

Formation of selenoimine (39)  

Using the general method, diphenyl diselenide (500 mg, 1.59 

mmoles)-, hexamethyldisilazane (306 mg, 1.90 rambles) and 2,6-di-t- 

butyl-1,2-benzoquinone-2-phenylselenoimine (238 mg, 0.634 mmoles, 40%) 

as oil, v 
max 

1600, 1585, cm-.1; A 
max 

227 (E 28360), 365 (E 8140), 

406 (E 6470) and 472 nm (E 13250), t 2.12-2.80 (5H, m), 2.84 

(2H, d) , 3.02 (1H, d) , 8.60 (9H)., and 8.71 (9H) and m/e 375 (M+). 

Benzeneseleninic anhydride  

To a stirred suspension of diphenyl diselenide (10 g) in. water 

(10 ml) was added concentrated nitric acid (16 ml), dropwise over a 

period of 10 min, followed by water (6 ml). The reaction mixture was 

heated at 65°  for one h and filtered immediately. The filtrate was 

kept at 4°  overnight to give the nitric acid. complex of benzeneseleninic 

acid, .as colourless needles, which were isolated by filtration, washed. 

with water and dried at r.t. 

The complex was ground to a powder and heated under vacuum at 

120°  for half an hour. The solid which formed was broken up and ground 

again and reheated under vacuum at 120°  for a further 72 h to give 

benzeneseleninic anhydride (10.1 g, 96%) m.p. 164°  (lit.,26  164-5°), 

vmax 3052, 866, 852, 824, 740, 682, and 588 cm 1. 
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Reaction of benzeneseleninic anhydride and hexamethyldisilazane 

(i) Benzeneseleninic anhydride (180 mg, 0.49 mmoles) was added 

to hexamethyldisilazane (80.5 mg, 0.49 mmoles) in THF (5 ml) at r.t. 

After about a min, a gas was evolved and the solution turned yellow. 

The reaction mixture was stirred for an hour, diluted with dichloro-

methane (10 ml) washed with sodium bicarbonate (2 x 10 ml) and water 

(2 x 15 ml), then dried over anhydrous sodium sulphate. Chromato-

graphy (p.l.c. in petroleum ether 40-60) afforded diphenyl diselenide 

(73 mg, 47%) characterised by spectroscopic methods and mixed melting 

point. 

(ii) The above reaction was repeated with the same quantities♦ 

The reaction mixture was stirred overnight at r.t. then filtered and 

the solvent removed in vacuo. The residue was chromatographed (p.l.c. 

using petroleum ether 40-60) to yield diphenyl diselenide (108 mg, 

71%). 

Reaction of benzeneseleninic anhydride and hexamethyldisilazane with 

2,4-dimethyl phenol  

(i) To a stirred solution of benzeneseleninic anhydride (348 mg,. 

0.97 mmoles, 1.5 eq.) in dry THF (20 ml) was added hexamethyl 

disilazane (156 mg, 0.97 mmoles, 1.5 eq.) followed by 2,4-dimethylphenol 

(78 mg, 0.64 mmoles). The reaction mixture was stirred at r.t. for an 

hour, diluted with dichloromethane (10 ml) and the mixture was filtered. 

The filtrate was evaporated in vacuo  and the residue chromatographed 

(p.l.c. in benzene) to yield 4,6-dimethyl-1,2-benzoquinone-2-phenyl-

selenoimine (32) as red needles (163 mg, 92%) m.p. 119-120°  (lit.
25  

120-1°), X 	486 (E 14170), 430 (E 6820), 281 (c  5200), and max 



253 nm (E 9450); m/e 291 (Pdw); v 
max 

1615, 1570, and 830 cm-1. 
— —  

(ii) Hexamethyldisilazane (156 mg, 0.97 mmoles) and benzene- 

seleninic anhydride (348 mg;  0.97 mmoles) were stirred in dry THF 

(20 ml) for five minutes. 2,4-Dimethylphenol (78 mg, 0.64 mmoles) 

was added and the mixture stirred at r.t. for an hour and worked up 

as in (i) to give selenoimine (32) (87%). 

(iii) Hexamethyldisilazane (156 mg, 0.97 mmoles) and.benzene- 

seleninic anhydride (348 mg, 0.97 mmoles) were stirred in THF (20 ml) 

for 15 min. 2,4-Dimethylphenol (78 mg, 0.64 mmoles) was added and 

the mixture stirred at r.t. for an hour and worked up as in (i) to 

give selenoimine (32) (73%). 

(iv) Hexamethyldisilazane (156 mg, 0.97 mmoles) and benzene-

seleninic anhydride (348 mg, 0.97 mmoles) were stirred in dry THF (20 

ml) for 30 min. 2,4-Dimethylphenol (78 mg, 0.64 mmoles) was added 

and the mixture stirred at r.t. for an hour and worked up and in 

(i) to give selenoimine (32) (56%). 

(v) Hexamethyldisilazane (156 mg, 0.97 mmoles) and benzene- . 

seleninic anhydride (348 mg, 0.7 mmoles) were stirred in dry THF 

(20 ml) for 60 minutes. 2,4-Dimethylphenol (78 mg, 0.64 mmoles) 

was added and the mixture stirred at r.t. for an hour and worked up 

as in (i) to give selenoimine (32) (34%). 

(vi) Hexamethyldisilazane (156 mg, 0.97 mmoles) and benzene-

seleninic anhydride (348 mg, 0.97 mmoles) were stirred in dry TIIF 

(20 ml) for 90 min. 2,4-Dimethylphenol (78 mg, 0.64 mmoles) was 
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added and the mixture stirred at r.t. for 1 h and worked un as in (i) 

to give selenoimine (32) (24%). 

(vii) Hexamethyldisilazane (156 mg, 0.97 mmoles) and benzene-

seleninic anhydride (348 mg, 0.97 mmoles) were stirred in dry THF 

(20 ml) for 180 min. 2,4-Dimethylphenol (73 mg, 0.64 mmoles) was 

added and the mixture stirred at r.t. for an hour and worked up as in 

(i) to give selenoimine (32)(4%). 

Reaction of 2,4-Dimethylphenol with BSA and HMDS  

(i) To a stirred suspension of benzeneseleninic anhydride 

(348 mg, 0.97 mmoles) in dry THF (20 ml) were added hexamethyl 

disilazane (73 mg, 0.48 mmoles) and 2,4-dimethylphenol (78 mg, 0.64 

mmoles). The reaction mixture was stirred at r.t. for 1 h. Dichloro-

methane (10 ml) added and the mixture filtered. The filtrate was 

evaporated in vacuo and the residue chromatographed (p.l.c. in 

benzene) to.yield selenoimine (32)(46%). 

(ii) To a stirred suspension of benzeneseleninic anhydride 

(348 mg, 0.97 mmoles) in dry THF (20 ml) were added hexamethyl-

disilazane. (156 Mg, 0.97 mmoles) and 2,4-dimethylphenol (78 mg, 0.64 

mmoles). The reaction was worked up as in (i) to yield selenoimine 

(32) (66%). 

(iii) To a, stirred suspension of benzeneseleninic anhydride 

(348 mg, 0.97 mmoles) in dry THF (20 ml) were added hexamethyl-

disilazane (23 mg, 144mmoles) and 2,4-dimethylphenol (78 mg, 0.64 

mmoles). The reaction was worked up as in (i) to yield selenoimine 

(32) (75%). 
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(iv) To a stirres suspension of benzeneseleninic anhydride 

(348 mg, 0.97 mmoles) in dry THF (20 ml) were added hexamethyldisilazane 

(390 mg, 2.40 mmoles) and 2,4-dimethylphenol (78 mg, 0.64 mmoles). 

The reaction was worked up as in (i) to yield selenoimine (32) 

(87%).  

(v) To a stirred suspension of benzenescleninic'anhydride (348 mg, 

0.97 mmoles) in dry THF (20 ml) were added hexamethyldisilazane (780 

mg, 4.80 mmoles) and 2,4-dimethylphenol (78 mg, 0.64 mmoles). The 

reaction mixture was worked up as in (i) to yield selenoimine (32) 

(89%). 
 

Reaction of 2,4-Dimethylphenol with HMDS and BSA  

(i) Hexamethyldisilazane (156 mg, 0.97 mmoles) and 2,4-dimethyl- 

phenol (78 mg, 0.64 mmoles) were stirred at r.t. Benzeneseleninic 

anhydride (34 mg) was added and the mixture filtered. The filtrate was 

evaporated in vacuo and the residue chromatographed (p.l.c. benzene) 

to yield selenoimine (32) (23%). 

(ii) Hexamethyldisilazane (156 mg, 0.97 mmoles) and 2,4-dimethyl-

phenol (78 mg, 0.64 mmoles) were stirred at r.t. Benzeneseleninic 

anhydride (68 mg) was added and the reaction worked up as in -(i) to yield 

selenoimine (32) (46%). 

(ii) Hexamethyldisilazane (156 mg, 0.97 mmoles) and 2,4-dimethyl-

phenol (78 mg, 0.64 mmoles) were stirred at r.t. Benzeneseleninic 

anhydride (102 mg) was added and the reaction worked up as in (i) to 

yield selenoimine (32) (87%). 
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(iv) Hexamethyldisilazane (156 mg, 0.97 mmoles) and 2,4-dimethyl-

phenol (78 mg, 0.64 mmoles) were stirred at r.t. Benzeneseleninic 

anhydride (170 mg) was added and the reaction worked up as (i) to 

yield selenoimine (32) (89%). 

(v) Hexamethyldisilazane (156 mg, 0.97 mmoles) and 3,4-dimethyl-

phenol (78 mg, 0.64 mmoles) were stirred at r.t. Benzeneseleninic 

anhydride (340 mg) was added and the reaction worked up as (i) to yield 

selenoimine (32) (92%). 

Conversion of phenol to selenoimine (45)  

(i) A solution of phenol (0.5 mmol) in dry THF (5 ml) was 

treated with hexamethyldisilazane (88 mg) and benzeneseleninic anhydride 

.(180 mg) at room temperature with stirring. After about an hour, 

the reaction mixture was diluted with dichloromethane (10 ml) and 

filtered. P.l.c. (benzene) gave selenoimine (53 mg, 71%) m.p.•74-760  

(lit
.,25 

 75-76°); v 	1630, 1580, 1520, and 760 cm-1; A
max 

 
max 	 max  

(c 3000) and 250 nm (e 2100); m/e 261 (M ). 

(ii) Benzeneseleninic anhydride.(348 mg, 0.97 mmol) was added 

to a solution of phenol (55 mg) and hexamethyldisilazane (156 mg, 

0.97 mmoles) in THF (10 ml) at r.t. The reaction mixture was stirred 

for 1 h, diluted with dichloromethane (10 ml) washed with sodium 

bicarbonate solution (2 x 10 ml) and water (2 x 10 ml) and dried over 

anhydrous magnesium sulphate. Chromatography (p.l.c. benzene) 

afforded the selenoimine (45) (60 mg, 72%) m.p. 73-76°. 
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• Conversion of a -naphthol to selenoimines (48) and (49)  

(i) To a stirred solution of a-naphthol (85 mg, 0.59 mmoles) 

and hexamethyldisilazane (142 mg, 0.88 mmoles) in dry THF (10 ml) was 

added benzeneseleninic anhydride (318 mg, 0.88 mmoles). The mixture. 

was stirred •at r.t. for an hour, diluted with dichloromethane (10 ml), 

the solvent evaporated in vacuo and the residue chromatographed 

(p.l.c., benzene) to give selenoimine (48) (90.4 mg, 49%), m.p. 163- 

1640 	
?.5 	o 	+ 

(lit., 	164 ) (M 313) as the less polar component and 

r 
selenoimine (49) (33.4, 18%), m.p. 126-70 (lit. 5 126-7o),(M+ 313)as the 

more polar component. 

(ii) Hexamethyldisilazane (142 mg, 0.88 mmoles) in dry THF (10 ml) 

and benzeneseleninic anhydride (318 mg, 0.88 mmoles) were stirred 

together at r.t. a-Naphthol (85 mg, 0.59 mmoles) was added and the 

mixture stirred at r.t. for a further 21 h. Then poured into a 

saturated solution of sodium bicarbonate (20 ml). The mixture was 

extracted with dichloromethane (3 x 20 ml) and the combined extracts 

dried over anhydrous sodium sulphate. The residue, after removal of - 

the solvent, was chromatographed (p.l.c., benzene) to give seleno-

imine (48) (99 mg, 54%) and selenoimine (49) (20.2 mg, 11%). 

Conversion of 3-naphthol to selenoimines (48) and. (49)  

To a stirred mixture of hexamethyldisilazane (120 mg, 0.74 mmoles) 

and benzeneseleninic anhydride (270 mg, 0.75 mmoles) in dry THF (10 ml) 

was added 6-naphthol (72 mg, 0.5 mmoles). The reaction mixture was 

stirred at r.t. for 1 h and then filtered, and the filtrate evaporated 

in vacuo. The residue was chromatographed (p.l.c., benzene) to give 

selenoimine(43) 	
0 	

+ ( ) (18 ~) m.p. 163-4 	m/e 313 (t~S ) as the less polar 
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product and selenoimine (49) (78%), m.p. 126°, m/e 313 (LIF) with 

more polar product. 

(ii) To a stirred mixture of hexamethyldisilazane (120 mg, 0.74 

mmol,es) and benzeneseleninic anhydride (270 mg, 0.75 mmoles) in dry 

THF (10 ml) was added 8-naphthol (72 mg, 0.50 mmoles). The resulting 

mixture was stirred at r.t. for an hour, then diluted with dichloro-

methane (10 ml), washed with sodium bicarbonate solution (2 x 10 ml) 

and water (2 x 10 ml) and dried over anhydrous, magnesium sulphate, 

Chromatography (p.l.c., benzene) afforded selenoimine (48) (12%) 

and selenoimine (49) (82%). 

(iii) Benzeneseleninic anhydride (270 mg, 0.75 mmoles) and 

hexamethyldisilazane (120 mg, 0.74 mmoles) were stirred together in 

. dry THF (10 ml), then 8-naphthol (72 mg, 0.50 mmoles) added. The 

reaction was stirred at r.t. for 15 min, then worked up as in (ii). 

Chromatography (p.l.c., benzene) afforded selenoimine (48) (9%) and 

selenoimine (49) (78%). 

(vi)*Benzeneseleninic anhydride (270 mg, 0.75 mmoles) and 

hexamethyldisilazane (120mg, 0.74 mmoles) were stirred together in dry. 

THF (10 ml) then 6-naphthol (72 ,g, 0.50 mmoles) added. The reaction 

was stirred at r.t. for 24 h, then worked up as in (ii) to afford 

selenoimine (48), 14% and selenoimine (49)(84%). 

. 1,2-Naphthoquinone  

1,2-Naphthoquinone was prepared by the literature route27  from 

ferric chloride (2.4 g, 8.9 mmole) and 112,-aminonaphthol (800 mg, 4.1 

mmoles) to give the quinone (600 mg, 93%) m.p. 141-143 0 



27 
(lit. 145-147°). 

Formation of Selenoimines (48) and (49) from 1,2-naphthoquinone  

(i) Hexamethyldisilazane (90 mg, 0.56 mmoles), benzeneseleninic 

anhydride (200 mg, 0.55 mmoles) and 1,2-naphthoquinone (80 mg, 

0.51 mmoles) in THF (15 ml) were stirred at r.t. for 1 h. The solvent 

was removed in vacuo and the residue chromatographed (p.l.c., benzene) 

to give selenoimine (48) (60 mg, 33%) and selenoimine (49) (13 mg, 

8M- 

(ii) Eenzeneseleninic.anhydride (180 mg, 0.5 mmoles) and 

diphenyl diselenide (160 mg, 0.50 mmoles) in THF (15 ml) were stirred 

for 25 min. Hexamethyldisilazane (80 mg, 0.50 mmoles) was added 

followed after 15 min by addition of 1,2-naphthoquinone (50 mg, 0.32 

mmoles). The reaction mixture was stirred at r.t. for an hour and. 

worked up as in (i) to give. selenoimine (48) (28 mg, 28%) and seleno-

imine (49) (7 mg, 7%). 

(iii) The above reaction was repeated using the same quantities. 

After the addition. of 1,2-naphthoquinone, the reaction was stirred at 

r.t. for 24 h and worked up as in (i) to give selenoimine (48) 

(48 mg, 48%) and selenoimine (49) (13 mg, 13%). 

(iv) Hexamethyldisilazane (90 mg, 0.56 mmoles) and 1.2-naph - 

thoquinone (80 mg, 0.51 mmoles) were stirred together in THF (15 ml). 

The reaction mixture changed colour from orange to brown. The reaction 

was stirred for a further 15 minutes and phenylselenenyl chloride 

(2 eq.) was added. The reaction mixture instantly turned dark red. 
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The reaction was diluted with dichloromethane (10 ml), the solvent 

removed in vacuo and the residue chromatographed (p.l.c., benzene) 

to give selenoimine (48) (13 mg, 8%) and selenoimine (49) (133 mg, 

89%) . 

Formation of selenoimines (48)and (49) from 1-phenylseleno-2-naphthol  

Hexamethyldisiiazane (12 mg, 0.07 mmoles) and benzeneseleninic 

anhydride (27 mg, 0.075 mmoles) in THF (5 ml) were stirred for five 

minutes. 1-Phenylseleno-2-naphthol (14 mg, 0.047 mmoles) was added and 

the reaction mixture stirred for 1 h at r.t. The solvent was removed 

in vacuo and the residue chromatographed (p.l.c., benzene) to give 

selenoimine (48) (1.2 mg, 8%) and selenoimine (49) (13 mg, 89%). 

Attempted equilibrium of selenoimines (48) and (49) 

(i) To a solution of selenoimine (49) (39 mg, 0.11 mmoles) in 

dry THF (10 ml) was added hexamethyldisilazane (40 mg, 0.25 mmoles) 

and benzeneseleninic anhydride (90 mg, 0.25 mmoles) and the reaction 

mixture stirred at r.t. for 5 days. Evaporation of the solvent 

and chromatography (p.l.c., benzene) gave selenoimine (49) in 

quantitative yield. 

(ii) To a solution of selenoimine (48) (26 mg, 0.08 mmoles) 

in THF (10 ml) was added hexamethyldisilazane (2 8 mg, 0.17 mmoles) 

and benzeneseleninic anhydride (65 mg, 0.18 mmoles) and the mixture 

stirred at r.t. for 5 days. Evaporation of the solvent and chromato-

graphy (p.l.c. benzene) led to quantitative recovery of selenoimine 

(48).  
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(iii) To a solution of selenoimine (49) (13 mg) in THF 

(5 ml) was added water (1 ml) and the mixture stirred for 3 days. 

T.l.c. indicated that only starting material was present. 

(iv) To a solution of selenoimine (49) (50 mg) in TIIF (10 ml) 

was added hexamethyldisilazane (65 mg, excess) and the mixture stirred 

for 24 h. Evaporation of the solvent and chromatography (p.l.c., 

benzene) yielded almost quantitative recovery of selenoimine (49) 

(41 mg, 82%). 

Formation of selenoimine ( 40 ) from 4,6-di-t-butyl-1,2-benzoquinone 

To a stirred solution of 4,6-di-t-butyl-1,2-benzoquinone 

(50 mg, 0.89 mmoles) and hexamethyldisilazane (156 mg, 0.97 mmoles) 

in TIIF (15 ml) was added phenylselenenyl chloride (89 mg, 0.43 mmoles) 

The reaction mixture instantly turned orange in colour. The solvent 

was removed in vacuo 'and residue chromatographed (p.l.c., benzene) 

to afford 4,6-di-t-butyl-1,2-benzoquinone-2-phenylselenoimine 

(95 mg, 57%). 

Reaction of benzeneseleninic anhydride with HMDS and diphenyl sulphide. 

Diphenyl sulphide (100 mg, 0.54 mmoles), and hexamethyldisilazane 

(90 mg, 0.56 mmoles) and benzeneseleninic anhydride (200 mg, 0.55 

mmoles) were stirred in THF (5 ml) at r.t. for 48 hours by which time 

the reaction mixture had turned yellow. Removal of solvent in vacuo 

and chromatography (p.l.c., petroleum ether) yielded the diselenide-

(82 mg, 83%) as the only identifiable product togethor with starting 

material, diphenyl sulphide (49 mg, 49%). 
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Reaction of BSA with HMDS and dimethyl sulphoxide  

Benzeneseleninic anhydride (180 mg, 0.5 mmoles) was added to 

' a solution of hexamethyldisilazane (81.8 mg, 0.5 mmoles) and dimethyl 

sulphoxide (85 mg), in THF (10 ml) at room temperature. Gas was 

evolved and the solution slowly became yellow. After it had been 

stirred for two hours, the reaction mixture was diluted with dichloro-

methane (10 ml), washed with sodium bicarbonate solution (2 x 15 ml) and 

water (3 x 10 ml) and dried over anhydrous magnesium sulphate. Chroma-

tography (p.l.c., pet ether 40-60) afforded diphenyl diselenide (64 mg, 

41%) . 

Reaction of BSA with HMDS and methylstyrene  

Benzeneseleninic anhydride (180 mg, 0.5 mmoles) was added to 

a solution of hexamethyldisilazane (80 mg, 	0.5 mmoles) and methyl 

styrene (52 mg, 0.5 mmoles) in THF (10m1) at room temperature. The 

reaction was stirred overnight by which time it had turned yellow. 

Removal of the. solvent in vacuo followed by chromatography of the 

residue yielded only diphenyl diselenide (128 mg, 83%). 

Reaction of Benzeneseleninic acid and hexamethyldisilazane 

Benzeneseleninic acid (50 mg, 0.5 mmoles) was added to a solution 

of hexamethyldisilazane (85 mg, 0.5 mmoles) in TIIF (10 ml) and 

stirred at r.t. overnight. The reaction mixture was diluted with 

dichloromethane (10 ml) washed with sodium bicarbonate solution (2 x 15 

ml) and water (2 x 10 ml) then dried over anhydrous magnesium sulphate. 

Chromatography (p.l.c. pet ether 40-60) afforded diphenyldiselenide 



(33 mg, 80%) 

Reaction of benzeneseleninic'acid with HMDS and 5-naphthol  

Benzeneseleninic acid (50 mg, 0.5 mmoles) was added to a sol-

ution of hexamethyldisilazane (55 mg, 0.5 mmoles) in THF (10 ml) 

with-3-naphthol (85 mg, 0.59 mmoles). The reaction mixture slowly 

turned deep red. The reaction was left stirring at r.t. overnight 

then diluted with dichloromethane (10 ml). The solvent was evapor-

ated in vacuo and the residue chromatographed (p.l.c., benzene) to 

yield selenoimine (48)•(14%) and selenoimine (49) (70%). 

Reaction of di-p-toluenethiosulphonate with hexamethyldisilazane 

Di-p-to1uenethiosulphonate (290 mg) was dissolved in dichloro- 

methane (1 0 ml) and stirred at r.t. Hexamethyldisilazane (170 mg, 

1.0 mmole) was added and the reaction stirred further. T.l.c. showed 

that no reaction had occurred even after reflux. Removal of the 

solvent followed by chromatography (p.l.c., petroleum ether) yielded 

starting material (287 mg, 98%). Addition of phenol to the 

reaction mixture did not yield.thioimine. 

Reaction of di-p-tofuenesulphinylsulphonate  with hexamethyldisilazane. 

The above reaction was repeated using the suiphinyl 

sulphonate (500 mg) in dichloromethane (10 ml) and hexamethyl-

disilazane. Similar work up yielded the sulphinyl sulphonate 

(430 mg, 90%). Again, addition of phenol did not yield a 
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thioimine even after reflux. 

Diphenyldiazomethane  

Benzophenone hydrazone (2 g), yellow mercuric oxide (5.4 g), 

anhydrous sodium sulphate (1 g) in diethyl ether (40 ml) and ethanol 

(1 ml) saturated with potassium hydroxide, were stirred mechanically 

for two hours, in a vessel wrapped with a wet towel. The mixture 

was filtered and the filtrate evaporated at r.t. to a residue which 

was taken up in petroleum ether. Filtration and evaporation of the 

filtrate gave diphenyldiazomethane28  as a purple oil, which crystallised 

on storing at 00. 

' Reaction of diphenyldiazomethane with BSA and HMDS 

Hexamethyldisilazane (120 mg, 0.74 mmoles) and benzeneseleninic 

anhydride (270 mg, 0.75 mmoles) in THF (10 ml) were stirred for 5 min. 

• Diphenyldiazomethane (100 mg, 0.5 mmoles) was added and the reaction 

mixture stirred at r.t. for 2k h. The solvent was removed in vacuo  

and the residue chromatographed 	(p.l.c., petroleum ether) to give 

benzophenone (78 mg, 81%), m.p. 48-90  (lit.29  490); v 
max 

1662, 

1620, 1602, and 1580 cm-1. 

Reaction of phenyl isonitrile with BSA and HMDS  

Benzeneseleninic anhydride (180 mg, 0.5 mmoles) and hexamethyl- 

disilazāne (30 mg, 0:5 mmoles) in THF (10 ml) were stirred together 

for 10 min. 	phenyl isonitrile (103.mg, 1.0 mmoles) was added and 

the reaction mixture stirred at r.t. for i h. By t.l.c., the product 



mixture was very complex. The reaction was diluted with dichlorome-

thane (15 ml) and washed with sodium bicarbonate (2 x 10 ml) and 

water (2 x 15 ml), dried over anhydrous magnesium sulphate and 

' chromatography (p.l.c. petroleum ether) afforded diphenyldiselenide 

as the only identifiable product. 

Reaction of cyclohexyl isonitrile with BSA and HMDS 

Using the above-method, cyclohexyl isonitrile (165 mg, 1.5 

mmoles) was reacted with benzeneseleninic anhydride (180 mg, 0.5 

,:.moles) and hexamethyldisilazane (80m g, 0.5 mmoles) and the reaction 

was worked up.as above.. Again, diphenyldiselenide was-the only 

identifiable product. 

Reaction of triphenylphosphene with BSA and HMDS  

To a suspension of benzeneseleninic anhydride (180 mg, 0.5 

mmols) in Tris (10 ml) hexamethyldisilazane (80 mg, 0.5 mmols) and 

triphenyl phosphi-ne (49 mg, 0.5 mmols) were added and the reaction 

was stirred for an hour. By t.l.c. there were only two products. 

The. solvent was removed under reduced pressure, and the residue 

chromatographed (p.l.c., benzene) to yield diphenyl dislenide. (150 mg, 

95%) and triphenylphosph-ane oxide (33 mg, 80%). 
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Toluenesulphinylchloride with IItitDS  

Toluenesulphinylchloride (500 mg, 2.87 mmol) in dichloromethane (ml) 

was cooled to -78°  and hexamethyldisilazane (62 mg, 2.86 mmol) added and 

:the reaction mixture stirred'at this temperature for 1 h. The mixture 

was allowed to warm to r.t., washed with sodium bicarbonate solution (3 x 

20 ml), water (2 x 20 ml) and dried over MgSO4. Removal of the solvent 

under reduced pressure gave di-p-toluenesulphinimide (505 mg, 60%) m.p. 

143°, T 7.7 (s, 6H) , and 2.6 (m, 9H) , ni/e 293, M (Found C, 57.47; H, 5.04; 

N, 4.59. 
C14H15NO2S2 

requires C, 57.34; H, 5.12; N, 4.77%). 

Phenylazide with BSA and H,MDS' 

To a suspension of benzeneseleninic anhydride (400 mg, 1.38 mmol) and 

hexamethyldisilazane (222 mg, 1.37 mmol) in THF (15 ml) was added phenyl-

azide (164 mg, 1.37 mmol) at r.t. The solvent was removed from the dark 

red reaction mixture and the residue chromatographed (p.l.c. using petroleum 

ether 40-60) to afford (78) 	(190 mg, 65%), T 2.3 (m, 10 H), m/e 263, 111+  

A 	330 nm (2.5321 x 10) and 265 (1.9875 x 104)(Found C, 54.77; 
'.max 

H, 3.49; N, 10.56. C12H10N2Se requires C, 54.96; H, 3.82; N, 10.58). 

General Method for Reduction of Selenoimines  

(a) To a stirred solution of a selenoimine (1 eq.) in THF (10 ml) 

was added O-aminothiophenol. On disappearance of the red colour, the 

solvent was removed under reduced pressure and the products worked up by 

p.l.c. (on silica gel using petroleum ether/chloroform: 50%). 

(b) To a solution of selenoimine (1 eq.) in THF (10 ml) o-amino-

thiophenol (6 eq.) was added. The reaction was stirred at r.t. until 

colourless. The reaction mixture was diluted with dichloromethane 



(10 ml), washed with dilute hydrochloric acid solution (10 ml) and 

dried over MgSO4. P.l.c. (using petroleum ether/chloroform mixture: 

50%) afforded the aminophenol. 
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