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SUMMARY

The reactiens of sulphuryl fluoride, sulphuryl
chlorofluoride and sulphuryl chloride with the amines
tert-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 beonds whereas tertiary anines

form 1:2 adducts.

INTRODUCTION
During the course of our investigation on the chemical

behaviour of sulphuryl fluoride [1] and 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, (CH3)3CNH2 and benzylamine,

06H CH2NH2, the secondary amine is piperidine and pyridine

5
and quinoline are the tertiary amines. Primary and secondary
amines react with the elimination of hydrogen halides and
formation of S-N bonds. Tertiary amines on the other 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.
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EXPERIMEWLAL

Reazents

Sulphuryl fluoride and sulphuryl chlorofluoride were
prepared by the fluorination of sulphuryl chloride with potassium
bifluoride [1) and lead flucride [ 4] respectively in boiling
acetonitrile,_ Similarly N;sulphonyi fluoride was prepared by

fluorination of N-sulphonyl chloride with potassium bifluoride

purified by distillation under reduced pressure (83°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 teo use,

Reaction with amines

a) A known amount of (0.02 ml) of tertiary butyl amine or benzyl-
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°G) and
gtand for 4 hours. The sulphamide was separated from the amine

hydrochloride and purified by recrystallization from ethanol.

b) As the reaction product from piperdine was found to depend
upon the relative amounts of the reactants, it became necessary
to maintain different experimentsl 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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¢) 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 and are handled in a
dry box. These preparations can be carried out in solvents
like ether, carbon tetrachloride, petroleum ether and also

in gas phase.

There is no observable reaction between sulphuryl

fluoride and pyridine or guinoline under the above conditions.

Characterisation of compounds

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 lH NMR spectral data. Sulphur,
nitrogen, chlorine and fluorine were estimeted by standard
procedurea. Carbon and hydrogen were determined using a
COLEMAN carbon-hydrogen analyser. Analytical data for all the
compounds prepared are given in Table 2.

The IR spectra were recorded on a UR-10 Carl-Zeiss
spectrophotometer in the range 400-4000 cm-l. The lH NMR
spectra were recorded on a Varian T-60 MHz NMR spectrometer
with TMS as the internal standard. Table % summarises the IR
and 1H NMR date. The major IR bands have been agsigned [6]

and presented in Table 4.
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RESUINS AND DISCUSSION

Reaction with primery amines

All the sulphuryl halides (SOZFZ’ SO,C1F and 802012)

2
react with primary amines forming symmetrically substituted
sulphamides. These reactions may be represented by the

general equation,

4RNH, + S0,XY ——p (RNH) 80, + RNH,.HX + RNH,.HY

X=Y=F; for 302F2

Cl, Y =PF; for SOZClF

Y=C1L3; for 30201

2

The change of solvent or the relative amounts of the
reactants do not alter the course of the reactions. Tert-

butylamine, (CH3)3CNH » Teacts with the sulphuryl halides to

2

give NN' di-tert-butyl sulphamide [(CH CNH]ZSOZ. The IR

3)3
absorption bands arising due to S=0 and S-N stretching modes
have been assigned [6] and are presented in Table 4. The N-H

1

stretching which appears at 3200-3225 cm™ —~ as a broad band

for tert-butylamine is shifted considerably to higher frequency.

1

It occurs at 3320 cm™~ for the compound and the peak is sharp.

The lH NIR for the compounds showed resonances at 6:=1.23
ppm (-CH3) and 8=6,03 ppm (-KH) in the ratio 9:1. The weak
signal at 6:6.03 disappearg on deuteration.

In the case of benzylamine, NN' dibenzyl sulphamide is
obtained. The interpretation of IR and NMR 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 RLHSOZX (X = C1 or F) have not been successful.

Reaction with secondary amines

In the case of secondary amines, 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 preduct is sulphopiperidide (CSHION)ZSOZ’
and if the molar ratio is 1l:2, the product is predominantly
piperidine N-sulphonyl halide CSHIONSOZX' This indicates that it
ig possible to carry out step-wise substitution., 4lso when
partial substitution occurs, fluorine is preferentially 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 fluoride cen
also be prepared by the fluorinstion of the chloride with
potassium bifluoride. Pyridine functions as a scavenger for the
hydrogen halide and promotes this exchange reaction.

It is evident from Table 4 that the S=0 and S-N
stretching frequencies for piperidine N-sulphonyl fluoride are
higher compared to those in piperidine W-sulphonyl chloride.
This is attributed to the higher electron withdrawing power

of the fluorine atom and hence stronger S=0 and S-N bonds.
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Similarly, the downfield shift (& = 0.3 ppm) of the resonance
signal of a-protons in the 1H MR spectrum of the fluorine
corrpound compared to the one due to the a-protons in the chlorine

compound is evident for reasons already mentioned,

The sulphonyl hulides 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.1l32
{ c
SOZXY + chﬁloNH -—_______? 5H10NSOZX + CSH10NH.HY

(ii) When piperidine is in excess

SOXY + 4CcH) NH ———3 (CsﬂloN)2802+05H10NH.Hx
+ °5H10NH°HY

X=0¢, Y=F; for SO,CIF ;

X=Y="F; for 302F 2

2 3

X =Y =Cl; for 802012.

In these reactions one [Eqn. (i)] or two [Ean. (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
these reactions, the yield of N-sulphonyl halide is found to

be better in carbon tetrachloride medium,

Piperidine N-sulphonyl halide can react with a primary
or & secondary amine with elimination of hydrogen halide.
Diethylamine, a secondary amine, reacts in the following way:
CoH, GNSOX + 2(C,Hg) N ———— C5fh NS0, N(CoHs), +

+ (C,H; ), NH. HX
(X =Cl or F)
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The 1H NMR spectrum recorded on Varian [-60 MHz KMR
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 MHz F-T NMR spectro-

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

Reaction with tertizry amines

Sulphuryl chlorofluoride reacts with tertiary amines

giving rise to 132 adducts.

80,C1F + 2B ————— S0,C1F.2B

B = a tertiary amine (pyridine and quinoline)

Sulphuryl chlorofluoride acts as a Lewis acid and
pyridine and quinoline as Lewis bases. The bonding occurs
between sulphur and 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 ig supported by spectral
data which ghows a shift of the stretching modes. Considerable
shifts of the bands (S-F, 5-Cl) due to sulphuryl chlorofluoride
and pyridine or quinoline are observed in the IR spectra of
the complex. ))S-O and ])S-F of sulphuryl chlorofluoride [8] gets
shifted on complex formation [])S_O ; 1467 cao~t (asym) and

824 cm~t

1228 cu~t (sym) to 1300 en~ ! and 1120 cm-l.))s_F;
to 760 cm'l; ))S-Cl; 629 cm™1 to 580 cm-lj. The 'H NMR
spectrum of the adduct shows conaiderable deshielding of the
protons in the pyridine ring. The complex multiplet signal at
6 = 8.02 ppm for pyridinsoccurs at a lower field 6 = 8.47 ppm
in the adduct. The deshielding is due to the draining of

electrons from the ring on adduct formation.



437

Sulphuryl fluoride reacts with tertiary amines very

slowly. This is attributed to the closely surrounded fluorine

and oxygen atoms around sulphur atom in SOZF2 which hinders

nucleuphillic attack on the sulphur atom. 1In 80201F considerable

distortion of the structure occurs which facilitates reaction.
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