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AND SULPHURYL CBLCRIDM WITH AKCNJS 
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The reactions of sulphuryl fluoride, sulphuryl 

chlorofluoride and sulphuryl chloride with the amines 

tort-butylamine, benzylamine, piperidine, pyridine and 

quinoline have been investigated. The primary and 

secondary amines react with the elimination of hydrogen 

halides and formation of S-N bonds whereas tertiary amines 

fsrm 1:2 adducts. 

IRTRODUCTION 

During the course of our investigation on the chemical 

behaviour of sulphuryl fluoride [l] end sulphuryl chloro- 

fluoride [2,3], it has been observed that they react with 

primary, secondary and tertiary amines. The primary amines 

studied are tertiary butylamine, (CH ) 
33 

CNH2 and benzylamine, 

C6H5CH2NH2,the secondary amine is piperidine and pyridine 

and quinoline are the tertiary amines. Primary md secondary 

amines react with the elimination of hydrogen halides and 

formation of S-N bonds. Tertiary amines on the ether hand 

form adducts. For purposes of comparison, these reactions 

have also been carried out with sulphuryl chloride. The products 

of the above reactions have been isolated and characterised. 

0022-l 139/82/0000-0000/$02.75 o Elsevier Sequoia/Printed in The Netherlands 



Rea:rents 

Sulphuryl fluoride and sulphuryl chlorofluoride were 

prepared by the fluorination of sulphuryl chloride with potassium 

bifluoride [l] and lead fluoride [4] respectively in boiling 

acetonitrile. Similarly N-sulphonyl fluoride was prepared by 

fluorination of N-sulphonyl chloride with potassium bifluoride 

in acetonitrile in presence of pyridine [5]. The sample was 

purified by distillation under reduced pressure (8T°C/5 mm). 

Sulphuryl chloride and all the amines used in the present 

work were freshly distilled before use. Solvents were purified 

by standard methods, dried and distilled prior to use. 

Reaction with amines 

a) k known amount of (0.02 ml) of tertiary butyl amine or beneyl- 

amine in diethyl ether (25 ml) was taken in a suitable reactien 

vessel and cooled in liquid nitrogen bath. Calculated amounts 

of the oxyhalide (0.005 ml) was introduced. The frozen reaction 

mixture was allowed to attain the room temperature (25'C) and 

stand for 4 hours. The sulphamide was separated from the amine 

hydrochloride and purified by recrystallization from ethanol. 

b) ha the reaction product from piperdine was found to depend 

upon the relative emounts of the reactants, it became necessary 

to maintain different experimental conditions to obtain purified 

products. When the molar ratio of the reactants was 1:2, liquid 

products were formed which could be isolated by distillation 

under reduced pressure, when the relative ratio was maintained 

at 1:4, solid products were formed which could be isolated and 

purified by recrystallisation from ethanol. 
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c) A known amount (0.02 mol) of pyridine or quinoline in cooled 

diethyl ether (25 ml) was allowed to react with a known quantity 

of (0.01 mol) of sulphuryl chlorofluoride and a solid powder 

separated when the reactants were allowed to attain room temperature 

and kept for about 3 to 4 hours. The solid was filtered in dry 

nitrogen atmosphere, washed with ether and dried in vacuum. 

These complexes are highly hygroscopic end are handled in a 

dry bsx. These preparations can be carried out in solvents 

like ether, carbon tetrachloride, petroleum ether end also 

in gas phase. 

There is no observable reaction between sulphuryl 

fluoride end pyridine or quinoline under the above conditions. 

Characteriaation of COiUDotWdS 

Table 1 forms a consolidated list of all the compounds 

prepared with some physical properties. 

The products of reactions were characterised by 
. 

chemical analysis, infrared and %I NMR spectral data. Sulphur, 

nitrogen, chlorine and fluorine were estimated by standard 

procedures. Carbon end hydrogen were determined using a 

COIL&IAN carbon-hydrogen analyser. Analytical data for all the 

compounds prepared ere given in Table 2. 

The IR spectra were recorded on a UR-10 Carl-Zeiss 

sped rophotometer in the range 400-4000 cm -1 . The %I NMB 

spectra were recorded on a Varian T-60 NHa NMR spectrometer 

with TMS as the internal standard. Table 3 summarieee the IR 

and %I I@@ data. The major IR bands have been assigned (61 

and presented in Table 4. 
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RRSUIA'S AhD DISCUSSION 

Reaction with primary aminea 

All the sulphuryl halides (302P2, SO2ClF and SO2C12) 

react with primary smines forming symmetrically substituted 

sulphamides. These reactions may be represented by the 

general equation, 

4RNH* + so*XY-----------$ (RNJ+02 + RNI-$.Hx + RNI+HP 

X = Y = F; for SO2F2 

X = Cl, Y = F; for SO2Cl.F 

X = Y = Cl ; for SO2C12 

The change of solvent or the relative amount8 of the 

reactants do not alter the course of the reactions. Tert- 

butylamine, (CH3)3CNH2, reacts with the sulphuryl halides to 

give NN' di-tert-butyl sulphamide [(CH3)3ChEI!2902. The IR 

absorption bands arising due to S=O and S-N stretching modea 

have been assigned [6] and are presented in Table 4. The N-H 

stretching which appears at 3200-322s cm" as a broad band 

for tert-butylamine is shifted considerably to higher frequency. 

It occurs at 3320 cm-l for the compound and the peak is sharp. 

The 'H NKR for the compounds showed resonances at 6=1.23 

ppm (-CH3) and 6~6.03 ppm (-ix> in the ratio 9:l. The weak 

signal at o-6.03 disappears on deuteration. 

In the case of benzylamine; RR@ dibenzyl sulphamide is 

obtained. The interpretation of IR and I@lR data is straight 

forward. 
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It is of interest to point out that both the halogen 

atoms of sulphuryl halides arereplaced in these reactions. 

Attempts to replace only one halogen atom and to prepare sul- 

phanoyl halide RhHS02X (X = Cl or F) have not been successful. 

Reaction with secondary amines 

In the case of secondary smines, the reaction is some- 

what different. The products of reactions are decided by the 

relative amounts of the reactants. When excess of piperidine 

(molar ratio of sulphuryl halide to piperidine being 1:4 or 

more) is used, the final greduct is sulphopiperidide (C5H10N)2S02, 

end if the molar ratio is 1:2, the product is predominantly 

piperidine N-sulphonyl halide C5HloNS02X. This indicates that it 

is possible to carry out step-wise substitution. blso when 

partial substitution occurs, fluorine is prsferentially replaced 

as exemplified by sulphuryl chlorofluoride. Thus, when two 

moles of piperidine react with a mole of sulphuryl chloride or 

sulphuryl chlorofluoride, piperidine N-sulphonyl chloride is 

formed. However, in the case of the chlorofluoride, additional 

side reaction takes place forming piperidine N-sulphonyl fluoride, 

although the yield is considerably low compared to the chloride. 

The fluorinated derivative,piperidine N-sulphonyl f luor5.d~ can 

also be prepared by tlla fluorination of the chloride with 

potassium bifluoride. Pyridine functions B.S a scavenger for the 

hydrogen halide and promotes this exchange reaction. 

It is evident from Table 4 that the S=O and S-N 

stretching frequencies for piperidine N-sulphonyl fluoride are 

higher compared to those in piperidine N-sulphonyl.chloride. 

This is attributed to the higher electron withdrawing power 

of the fluorine atom and hence stronger S=O and S-N bonds. 
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Similarly, the downfield shift (6 = 0.3 ppm) of the resonance 

signal of a-protons in the 'H I@% spectrum of the fluorine 

co1r:pount3 compared to the one due to the a-protons in the chlorine 

compound is evident for reasons already mentioned. 

The sulphonyl hdlides react with excess of piperidine 

forming sulphopiperidide [7]. 

The reactions of sulphuryl halides with piperidine may 

be represented by the following equations: 

(i) When the molar ratio is.l:2 

SC2XY + 2C5HloNH ./ C550NS02X + C5HlCNH.HY 

(ii) When piperidine is in excess 

S02XY + 4C5HloNH ----+> (C5~oN)2S02+C5~o~.m 
+ C5HloNH.HY 

X rY=:F; forS02F2; X=Cl,Y=F; forS02ClF; 

X = Y = Cl; for S02C12. 

In these reactions one [Eqn. (i)] or two [Eqn. (ii)] 

moles of piperidine are used up for the formation of the.hydro- 

fluoride. The hydrogen halide could be removed from the sphere 

of reactivity by a suitable tertiary amine like pyridine. 

Although change of solvent does not alter the course of 

theee reactiona, the yield of N-sulphonyl halide is found to 

be better in carbon tetrachloride medium. 

Piperidine N-aulphonyl halide can react with a primary 

or a secondary amine with elimination of hydrogen halide. 

Diethylamine, a secondary amine, reacts in the following way: 

C5HloNS02” + 2(C2H5)2NII -> C5H#302N( C2H5 I2 + 
+ (C2H5)2NH.EC 

(X = Cl or F) 



436 

The lR NHR spectrum recorded on Varian '~-60 PRIz HMR 

spectrometer gives three signals: one triplet, a singlet 

and a quartet overlapping a singlet. The signals are resolved 

in the spectrum recorded on a Bruker 270 We F-T NKR spectro- 

meter. They have been assigned and presented in Table 3. 

Reaction with tertiary amines 

Sulphuryl chlorofluoride reacts with tertiary amines 

giving rise to lr2 adducts. 

S02ClF + 2B .-> Y02C1;E*2B 

B = a tertiary amine (pyridine end quinoline) 

Sulphuryl chlorofluoride acts as a Lewis acid and 

pyridine and quinoline as Lewis bases. The bonding occurs 

between sulphur end nitrogen by the donation of the non-bonding 

pair of electrons on nitrogen by the tertiary amine into the 

vacant 'd' orbitals of sulphur. This is supported by spectral 

data which shows a shift of the stretching modes. Considerable 

shifts of the bands (S-F, S-Cl) due to sulphuryl chlorofluoride 

and pyridine or quinoline are observed in the IR spectra of 

the complex. z)s_o and vs F of sulphuryl chlorofluoride 181 gets 

shifted on complex formation [$s_o ; 1467 cm" (asym) and 

1228 cm-' (sym) to 1300 cm" and ll.20 cm-l.gs_F; 824 cm" 

to 760 cm-'; 2, s-cl; 629 cm-' to'580 cm"]. The %I EMR 

spectrum of the adduct shows coneiderable deehielding of the 

protons in the pyridine ring. The complex multiplet signal at 

d = 8.02 ppm forpyridineoccurs at a lower field o = 8.47 ppm 

in the adduct. The deshielding is due to the draining of 

electrons from the ring on adduct formation. 
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Sulphuryl fluoride reacts with tertiary amines very 

slowly. This is attributed to the closely surrounded fluorine 

and oxygen atoms around sulphur atom in S02F2 which hinders 

nucleuphillic attack on the sulphur atom. In SO2ClP considerable 

distortion of the structure occurs which facilitates reaction. 
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