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SUMMARY

The work described in this dissertation concerns the 

preparation of polyfluoroalkyl sulphides from polyfluoromonoiodo- 
alkanes and the subsequent oxidation of these sulphides to the 
corresponding sulphoxides, sulphones, and sulphonic acids.

Polyfluoromonoiodoalkanes were shown to react with dimethyl 
sulphide, under photochemical conditions, to give methyl polyfluoro- 
alkyl sulphides (_ca. 40-50$) * triraethylsulphonium iodide and side” 
products arising from hydrogen abstraction. Free-radical mechanisms 
have been proposed and discussed.

Several related reactions were investigated^ these includeds

(i) the photochemical reactions of two polyfluorodiiodoalkanes 

with dimethyl sulphide,

(ii) the photochemical reactions of heptafluoro-l-iodopropane 
with methyl ethyl sulphide and with methyl trifluoromethyl 
sulphide, and

(iii) the thermal reaction of heptafluoro-l-iodopropane with 
dimethyl sulphide.
The results obtained from these reactions have been compared 

with those obtained from the general reaction of polyfluoromonoiodo­
alkanes with dimethyl sulphide under photochemical conditions.

Polyfluoromonoiodoalkanes were also shown to react with dimethyl 
disulphide, under photochemical conditions, to give high yields of 
methyl polyfluoroalkyl sulphides (>80fo), Moderate yields of ethyl 
polyfluoroalkyl sulphides (ca. $0%) were obtained from the photo­

chemical reactions of trifluoroiodomethane and heptafluoro-l-iodo- 

propane with diethyl disulphide.



The reactions of fluorine-containing iodo-compounds with 
disulphides, under free-radical conditions, occurred readily and the 
following reactions were investigated?

(i) the photochemical reaction of tetrafluoro-l,2-diiodoethane 
with dimethyl disulphide,
(ii) the photochemical reaction of pentafluoroiodobenzene with 
bis(trifluoromethyl) disulphide, and
(iii) the thermal reaction of heptafluoro-l-iodopropane with 

dimethyl disulphide.
Heptafluoro-l-iodopropane was shown to react with sodium 

methanethiolate, in the presence of an excess of dimethyl' 'disulphide, 

to give methyl heptafluoropropyl sulphide. A mechanism involving the 
carbanion has been proposed.

The polyfluoroalkyl sulphides prepared failed to react with 
iodomethane or with mercuric chloride. This lack of reactivity is in 

contrast to non-fluorinated alkyl sulphides and has been explained in 

terms of the strong electron-withdrawing effect of the polyfluoroalkyl 
group.

Certain of the polyfluoroalkyl sulphides were oxidised to the 
corresponding sulphoxides and sulphones. Fuming nitric acid or an 
equimolar quantity of hydrogen peroxide in acetic acid gave the 
sulphoxides in good yield (>70$>)* Potassium permanganate or an 
excess of hydrogen peroxide in acetic acid gave good yields of the 
sulphones (>7Ofo) „ Sodium metaperiodate reacted very slowly with 

methyl heptafluoropropyl sulphide and was considered unsuitable as 
an oxidising agent for polyfluoroalkyl sulphides.

Methyl heptafluoropropyl sulphone was selected as being 

representative of methyl polyfluoroalkyl sulphones and the reactions



of this compound were investigated. Other sulphones were shown to 
undergo similar reactions hut these were not investigated in the 
same detail.

Evidence for the formation of the carbanion, C^F*SOjCHg, from 

methyl heptafluoropropyl sulphone was obtained. The sulphone under­

went deuterium-exchange with deuterium oxide in the presence of 
sodium deuteroxide, and gave compounds of the type C^F*SO£CX^ (where 

X = Cl or I) under 'haloform type* reaction conditions. Furthermore 

the sulphone condensed with benzaldehyde in the presence of sodium 
hydroxide to give trans-heptafluoropropyl styryl sulphone.

Methyl heptafluoropropyl sulphone reacted readily with aqueous 
sodium hydroxide at 100° and gave 1H-heptafluoropropane as the only 
fluorine-containing product. In contrast trichloromethyl heptafluoro­
propyl sulphone reacted with potassium hydroxide in aqueous dioxan 
at 100° and gave a mixture of lH-heptafluoropropane (13$) and 
potassium heptafluoropropanesulphonate (72$?). A possible explanation 
for the different results has been proposed. Potassium heptafluoro­
propanesulphonate was also prepared by the oxidation of methyl hepta­
fluoropropyl-. sulphone with potassium permanganate. Attempts to 

oxidise methyl heptafluoropropyl sulphone with fuming nitric acid 
were unsuccessful.

Methyl heptafluoropropyl sulphoxide, in common with the 

corresponding sulphone, reacted with aqueous sodium hydroxide at 100° 
to give lH-heptafluoropropane and underwent deuterium-exchange with 
deuterium oxide in the presence of sodium deuteroxide. However, 
the sulphoxide gave trichloromethyl heptafluoropropyl sulphone when 
allowed to react with sodium hypochlorite and failed to react with



iodine in the presence of sodium hydroxide. An explanation for this 
apparently anomalous behaviour has been proposed.
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NOMENCLATURE
Sulphides

Alkyl sulphides can be named in a number of ways* e.g., the 

compound CF^S*CH^ may be nameds
(i) methyl trifluoromethyl sulphide,

(ii) trifluoromethylthiomethane,
(iii) 1,1,l-trifluoro-2-thiapropane,

(iv) 1,1,1-trifluorodimethyl sulphide.
The author has attempted, where possible, to conform with the

nomenclature commonly used in the chemical literature, i.e., using

the generic name sulphide. Thus CF^S°CH^ is called methyl'trifluoro-

raethyl sulphide. Where two or more sulphur-alkyl or sulphur-
polyfluoroalkyl groups are contained in the molecule it is customary
to refer to them as alkylthio- derivatives of the corresponding
paraffin, e.g., 1,2-bis(methylthio)ethane, CH^S*CH^CH^S*CH^.

Unless otherwise stated, terms such as heptafluoropropyl refer
to the straight-chain derivatives. Thus CF^CP^CF^S*CH^ is named
methyl heptafluoropropyl sulphide, whereas (CF^)^CF*S*CH^ is named 
methyl heptafluoroisopropyl sulphide.

The order of writing the two alkyl groups attached to the
sulphur atom is determined by the complexity of the group. The

least complex group is written first, therefore the majority of the
compounds described in this dissertation are referred to as methyl

polyfluoroalkyl sulphides and not as polyfluoroalkyl methyl sulphides,

Sulphoxides and Sulphones

The rules which determine the nomenclature of sulphides are 
also applicable to sulphoxides and sulphones.



Thiols
Compounds of the type RSH, (R « alkyl), are called alkanethiols 
rather than mercaptans or alkyl hydrogen sulphides.

Although the corresponding anion RS*" is still referred to 
extensively as the mercaptide ion, the less popular term of thiolate 
ion has been used to he consistent with the terra thiol.
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INTRODUCTION

The term polyfluoroalkyl sulphide is used to describe any dialkyl 
sulphide with at least one of the alkyl chains containing a high 
proportion of fluorine (e.g., CHF̂ , CF'CH^). Ike term perfluoroalkyl 

refers, specifically, to completely fluorinated alkyl groups (e.g.,

CF0, CFiCFj.O J> £

The chemistry of the trifluoromethylthio group has been the
1-3

subject of a number of reviews and the general field of polyfluoroalkyl
4, 5

derivatives of sulphur has been recently reviewed,, To minimise repet­
ition the author has laid greatest emphasis upon more recent work, 
especially where this involves new synthetic routes.
Preparation of Polyfluoroalkyl Sulphides
1. Comparison with Alkyl Sulphide Preparations. One of the most 
important methods for the preparation of alkyl sulphides is the

reaction of an iodoalkane with an alkali metal alkanethiolate.
RI + R* SNa  » RSR* + Nal

The reaction occurs by a nucleophilic substitution mechanism? the 
strong nucleophile, RS, attacks the o(-carbon atom of the iodoalkane and
displaces the iodide ion, i.e.,

. i A  iRS -C~I ------) RS-C- + Ii ]a + a-
The polarisation of iodoalkanes, R - I, facilitates this reaction* 

However, with polyfluoroiodoalkanes the inductive effect of the fluorine 
atoms opposes the inductive effect of the iodine atom and results in a 
reversal of polarisation, i.e., Rf - I. Although the anticipated inert­

ness to nucleophilic attack on the carbon atom has not been demonstrated 
experimentally with thiolate ion, an analogy may be drawn from the 
reaction between trifluoroiodomethane and alcoholic potassium hydroxide.
This reaction appears to involve nucleophilic displacement on the positively 
polarised iodine atom to form the trifluoromethyl anion, which abstracts



6
a proton from the solvent to yield trifluoromethane, i.e.,

^  _ ctnT vpTrt;____ _OH + I - CF3 ------ > HOI + CF^ CHF3

If the inductive effect of the polyfluoroalkyl chain could he 
‘buffered1, by the interposition of a methylene group between the 
iodine atom and the polyfluoroalkyl group, it is possible that nucleo­
philic attack on the ^-carbon? by the thiolate ion, would occur.
Compounds of the type R̂ .CH'06 (CH2)̂ X, where the halogen atom, X, is

separated from the polyfluoroalkyl chain by several carbon atoms, have
7

been shown to react with thiols,
RfCH«0'(CH2)nX + HS° CH^CH^OH  > RfCHjj,0* ( C H ^ S *  CH^CH^OH
A better example of this buffer-action is afforded by 2,2,2-tri-

fluoroethyl-p—toluenesulphonate, where the leaving group, £-CH°C^H^SOj,
is separated from the polyfluoroalkyl group by a single methylene unit.

8
This toluenesulphonate has been shown to react with sodium sulphide or

9 8
sodium alkanethiolates to yield the corresponding sulphides, e.g.,

£-CH^C6H|SOjO  CH|CJ?3 + Na2S ------ » (CFiCH2)2S (5<$)
Polyfluoroalkyl sulphides have also been prepared by the reaction

7 10 
of fluorine-containing alkanethiols or their salts, with substituted

halogenoalkanes.
2. Electrochemical Fluorination. The direct fluorination of alkyl

sulphides by electrochemical fluorination (e.o.f.) results in the
11

oxidation of sulphur to the hexacovalent state, e.g.,

CHsS’CĤ  — — — j CF*SF_ + (0F,)oSF. + SF, + CF,3 3 3 5 3y2 4 6 4
3. Reaction of Polyfluoroiodoalkanes with Sulphur. The thermal reaction
of polyfluoroiodoalkanes with sulphur affords a good general route to

12
polyfluoroalkyl disulphides, e.g.,



To explain the absence of significant quantities of monosulphide 
in the thermal reaction of heptafluoro-l-iodopropane with sulphur, 

Hauptschein and G-rosse proposed that the monosulphide was initially- 
formed, but this reacted with sulphur faster than the iodo-compound and

13hence the disulphide was the major product.

C ^ I  + S ----- » C^S-C^By — §_»

Other workers have subsequently obtained higher yields of the mono- 
, „,14,15sulphide (oa* 11%) from this reaction, and in the reaction of

7,7-
2, 2,3,3,4,4,5,5,6,6jyjdodecafluoro-l-iodoheptane with a slight deficit of

n 16 sulphur the monosulphide was formed as the major product,
H(OT2)£CH2I + s -----» [h(cf2)£ch212+ ^(cf2) ĉh2]2s + [h(cf2)£CH2]2s2

(20f») ( W )  (!<$)

However, monosulphides are not usually the major products.
Irradiation of bis(trifluoromethyl)disulphide gives the monosulphide

12
and the following mechanism has been proposed:

CF*S*S*CF. — ---» 2CF*S*3 3 3
CFiS* + CF • S * S • CF  > CF•S•CF ̂ + CFiS'S*3 3 3 3 3 3

GF*S*S*  > CFiS * + S3 3
2CF*S*S* ... ■> CF*S*S*S’S*GF,3 3 3

CF*S. + CF*S*S«S*S«CF7  » CF*S*CF + CF*S*S*S*S*3 3 3 3 3 3
2CF*S*S.S*S* ■■■..■||ini > CFiSaCF^3 3 p 3

4* Halogen Exchange. Many of the earlier preparations of polyfluoroalkyl

sulphides involved replacement of chlorine by fluorine in polychloroalkyl
sulphides. A variety of fluorinating*agents have been used, including

17,18 19
anhydrous hydrofluoric acid, mercuric fluoride, antimony trifluoride,
and antimony trifluoride with catalytic quantities of antimony penta-

17 20 fluoride or pentachloride•
The latter reagents appear to have been the most successful and



4
17,IP

high yields of fluoromethyl sulphides have been reported, e.g.,
o

GF^S'CHClg + SbF3/SbF5 — 7°— ) CF^S°CHFC1 (72$)

CC1»S°CH., + SbF^/SbCl — 22—  ̂ CF* S* CH.. (78$)3 3 3 3 3 3
These comparatively 'clean1 reactions may be contrasted with the

17
mixtures sometimes obtained with other reagents, e.g., 

cci^s*ch2ci + HF y CFC1jS*CHC12 (41%) + CFCl^S* CHFC1 (17#)
+ CCljS-CCl3 (34$)

Trifluoromethyl aryl sulphides have been prepared by fluorination
21

of the corresponding trichloromethyl sulphides. It has recently been
shown that the reverse reaction may be effected using aluminium

22
trichloride or phosphorus trichloride.

A1C1.
CF *SAr ---- ^  CCl’SAr (8$)

Attempts to chlorinate the corresponding sulphoxides and sulphones 
by this method were unsuccessful.
5. Reaction of Perfluoroalkylthiometals with Halogenoalkanes. Photolysis

of bis(trifluoromethyl) disulphide in the presence of mercury gives bis-
12

(trifluoromethylthio)mercury in high yield.
CF^S|CF3 + Bg — ^  > (CF^S)2Bg (90$)

A more direct synthesis from carbon disulphide and mercuric fluoride 
23

has been described.
HgFg + CSg  25° . (CFjS)2Hg (72$)

The mercurial reacts with halogenoalkanes to form alkyl trifluoro- 
4? 24

methyl sulphides. The reactions of bis(trifluoromethylthio)mercury
4

have been reviewed^ however, a recent exhaustive study of the reactions

of the mercurial with mono- and polyhalogenoalkanes has resulted in the
23

preparation of a large number of polyfluoroalkyl sulphides, e.g.9 

(CFjS)2Hg + 2C2H5I — :fl"3C> 2CFjS.C2H (78$)

(CF-S)2Hg + CH2I2 ■ 120 > CF-S*0H'S*CF (75$)



5

The results indicate that the mercurial reacts fastest with those compounds 
which contain the greatest number of halogen atoms and also that bromo- 
and iodoalkanes react faster with the mercurial than chloroalkanes. The 

latter point is illustrated by the fact that* whereas carbon tetrachloride
25

can be used as an inert solvent for the mercurial at room temperature,
tetrabromomethane reacts explosively with the mercurial under these 

24
conditionso

"23,26 23
Trifluoromethylthiosilver and trifluoromethylthiocopper

have also been prepared. The former has been shown to react with halogeno-
26,27

allcanes to give alkyl trifluoromethyl sulphides.
The facile preparation of alkyl trifluoromethyl sulphides from bis-

(trifluoromethylthio)raercury suggests that, if higher homologues of the

mercurial could be prepared, this would afford an excellent general method

of preparation of polyfluoroalkyl sulphides. Regrettably attempts to

prepare bis(heptafluoropropylthio)mercury, by irradiation of the correspond-
28

ing disulphide in the presence of mercury, resulted in very poor yields.

6, Free-radical Additions to Olefins, Addition of sulphur-containing 

compounds to olefins is probably the most general method of preparation 
of polyfluoroalkyl sulphides. The fluorine may be contained either in 

the attacking species, or the olefin, or both. However, with the exception 
of the readily prepared trifluoromethylthio-derivatives, very little 
information is available concerning the addition reactions of polyfluoro- 
alkanethiols and polyfluoroalkanesulphonyl chlorides. Thus, generally, the. 
preparation of polyfluoroalkyl sulphides by this method involves either 
attack by trifluoromethylthio- compounds on hydrocarbon-olefins or fluoro- 
olefins, or attack by alkylthio- compounds on fluoroolefins.

a) Thiols. Thiyl radicals, RS°? may be generated from thiols by 

initiators, such as benzoyl peroxide, or by ultraviolet, X-, or radiation. 

The radicals produced add to the olefins by a chain mechanism to form



6
29-34sulphides* The reaction scheme is outlined belo?/:

HSH -— — — RS* + H* initiation

RS* + C:C — --- > RS*4»£- propagation

rHS*4*f * + HSH «■"■■■  » RS*C*£H + RS • transfer
29This mechanism has been reviewed in detail*

Unsymmetrical olefins may undergo 1 two-way addition1 which results in
3°

the formation of two isomeric sulphides, e.g.,

CH-SH + CHF:CF0 ----- » CH*S* GHF*CHF0 + CH0F*CF*S*CH23 2 3 2 < £ 2  3
(i) (H)

Examination of the results of a large number of free-radical additions 
to olefins has led to the conclusion that the orientation of addition, 

though influenced by steric and inductive effects, is primarily determined
by the stability of the intermediate radical produced by the initial
addition process. Usually, the order of radical stability is:

tertiary (ice) ^  secondary (̂ CH*) ^ primary (-CH*).

Thus with reference to the example cited above, it is predicted, and
30

experimentally confirmed, that isomer (l) is the major product.
If the two possible intermediate radicals are of comparable stability 

then secondary factors, such as the electrophilicity of the attacking 
radical, play an important role.

Free radicals are electron-deficient compounds and therefore electron 

seeking; electron-withdrawing groups on the radical will increase the 

electrophilic nature and consequently increase the tendency for the radical 
to attack the olefin at the point of highest electron density.

This polar effect is exhibited in the additions of thiyl radicals to
C> — C> +trifluoroethylene. This olefin is polarised in the following way: CHF = CF̂

and the extent of addition to the negatively polarised =CHF group was found
to -rise from 74/5 to 9&% as the electrophilicity of the radical increased

30
from (CH,),C*S* to CF*S* (Table l).

3 3 3
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TABIF, 1.

Isomer ratios in additions to trifluoroethylene.

Attacking
Radical

% attack on starred carbon

CHF.« CF2 CHF = CF

(CH,),C *S * 3 3 74 26
(CHECH’S* 75 25
CH*GH£S • 75 25
CH*S • 3 78 22

CH-jCO »S • 3 95 5
CFfS*3 56 4

The polar effect is even more pronounced in the additions of thiyl
radicals to hexafluoropropene which is polarised in the following way

32CFiCF « CF„, (Table 2).3 2
TABLE 2.

Isomer ratios in additions to hexafluoropropene*

Attacking fo attack on st;arred carbon
Radical CF*CF = CFn 5 2 CF*CF = CF0 3 2
CH*S*3 8 92

CF'CH'S * 3 2 30 70
CF*S*3 55 45

b) Hydrogen sulphide. Hydrogen sulphide behaves in a similar manner 
to thiols when subjected to irradiation or free-radical initiators#

H2S ■"■■■?$  ■ ̂  HS* + H*

The HS* radical adds to fluoroolefins to give, after chain transfer, 
a thiol* The thiol, in the presence of excess olefin, reacts further to

35,36
give a sulphide, SjJi-,



8

H2S + CF2?CF2  > CHF^CF^SH
CHF^CF^SH + GF2sCF2  » OHF^GF * CF ̂CHF 2

c) Sulphenyl chlorides. The free-radical additions of fluoroalkane-

sulphenyl chlorides to olefins afford an excellent route to polyfluoroalkyl 
37 9 38

sulphides. It has heen proposed that either of the radicals produced
by the decomposition of the sulphenyl chloride may act as the chain- 
propagating entity, i.e.,

B^SCt — — -» R̂ S* + Cl* Initiation

i) R„S° + CF0 s CFC1 ---  ̂ R.S'CF^CFClf 2 i 2

R-SC1f
R„S*CF*CFCln + R»S* f 2 2 f

ii) Cl' + CF^CFCl ---  ̂CF2C1*CFC1
R SCI

>r
CF2C1*CFC1*SR + Cl*

Harris has compared the additions of trifluoromethanethiol 
and trifluoromethanesulphenyl chloride to a number of fluoroolefins.
The results obtained suggest that the major chain-propagating unit is 
the chlorine atom (Table 3).

TABLE 3
Isomer ratios in the additions of trifluoromethanesulphenyl 

chloride and trifluoromethanethiol to fluoroolefins

Source
of

CF̂ S*

OLEFINS
The figures in parentheses represent the % composition of the 
ltl adduct with respect to the orientation of the CF-$S* group

CHClsCH CF sCHFc. CF sCFCl Giy cH2 CH*0'CFsCF2

CF*SCI
j

CF^SH
(95) (5) 
(0) (100)

(82) (18) 
(2) (98)

(22) (78) 
(100) (0)

(78) (22) 
(0) (100)

(38) (62) 
(43) (55)
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The anomalous case of the reaction of trifluoromethanesulphenyl 

chloride with methyl trifluorovinyl ether, CH*0• CF:CI!̂ in which it appears 
that the major chain-propagating unit is the thiyl group, may- "be explained 
hy steric factors (see p. 14 ).

d) Sulphur monochloride» Addition of sulphur monochloride to fluoro­
olef ins has not proved to he a useful route to polyfluoroalley 1 sulphides. 

However, sulphur monochloride has heen added to vinyl fluoride in the
39

presence of peroxide, to give the corresponding sulphide in fair yield*
ch2:chf + s2ci2 ----- * (chcif*ch2)2s (30%)

e) Disulphides* Dimethyl disulphide has been added to tetrafluoro-
40

ethylene in the presence of peroxide,
Bz2°2CHjS*S»CH^ + CiyCFg -ggp— » CH*S*(CF2)*S*CH3 

where n = 2-10.

An early patent on polyfluoroall<yl sulphides describes a similar
reaction between dimethyl disulphide and tetrafluoroethylene in the

o 34presence of iodine, at 175 • Methyl ethyl disulphide has been shown to 

decompose to give free radicals below this temperature, indicating that 
the reaction between dimethyl disulphide and tetrafluoroetl̂ ylene is probably 
free radical in nature.

7- Ionic Reactions* a) Thiols* In contrast to hydrocarbon-olefins, fluoro-

olefins undergo reactions with nucleophiles and resist electrophilic attack*
This is a consequence of electron withdrawal by the strongly electronegative
fluorine atoms which causes depletion of the electron density at the olefinic
bond. Alkanethiols in the presence of a base add to fluoroolefins to give

9,30,42-46
polyfluoroalkyl sulphides. The base-catalysed addition of alkane-
thiols to fluoroolefins has not been subjected to the same rigorous examin­
ation as free-radical additions. However, the results indicate that attack 
by the thiolate ion occurs exclusively at the positively polarised carbon

30,42,43 atom, -e»£» *
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C H'S + CF s CF ° CF -» C0H” S’ CF” CF° CF-,
d p d 3 d p d 3

C0H’SH 2 5
C II” S’ CF’CHF” CF..2 p d 3

Under ionio conditions, 2~raercaptoethanol adds to fluoroolefins
42,44

by attack of the sulphur and not the oxygen.
H0° CH^CH^SH + CFgSCFCl  > HQ*CH^CH^S«CF^CHFCl

This has keen attributed to the fact that thiols are stronger acids 
42

than alcohols.

In aprotic solvents, using the sodium salt of the alkanethiol,
attack on fluoroolefins results in the formation of unsaturated poly-

46
fluoroalkyl sulphides. This can be explained by the ejection of a 
fluoride ion from the intermediate carbanion, i.e.,

R _ S - CF ^CF0 ----— » R - S - CF = CFn + F~

Unsaturated polyfluoroalkyl sulphides are sometimes formed in the
presence of free thiol or proton-donating solvents, when a strong base 

42,44,47-50
is present. This may be caused by the intermediate carbanion

ejecting a fluoride ion, as shown above, rather than abstracting a 
proton, or by elimination of hydrogen fluoride after addition is 
complete.

The two possibilities are illustrated by the attack of n-butane-
42

thiol on perfluorocyclobutene in the presence of triethylamine.

CF = CF EtJtf BuS« C = C«SBu CF = C°SBu 
BuSH + I I ---2 » / | + I 1

cf2~ cf2 cf2- cf2 cf2- gf2

This reaction may occur by direct substitution,
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i) BuS* + CF = CF BuS*CP - CP

I |  » I \
CP - CP g CP - CF

I
BuS-C = C*SBu c . BuS* C » CFI | ^Repeat | | + p*

cf2~ cp2 cp2- cp2
or "by addition/elimination;
ii) BuS~ + CF - CF BuS•CP - CP  ̂ BuS*CF - CHP

| I ------* I ) J jugjL ^  ! ,
CP2- CP2 CP2- CP2 CP2~ CP2J

BuS-C = C* SBu v, . BuS* C = CP + HP| | <;.geP.eat \ \
c p2- c f 2 c p2- c p2

The authors oohcluded that* in this case, mechanism (ii) was correct 

since the intermediate saturated sulphides were isolated and shown to 
eliminate hydrogen fluoride.

A recent patent describes the formation of polyfluoroalhyl 
sulphides by the condensation of polyfluoroalkanethiols with ethyl

51
formate in the presence of anhydrous hydrogen chloride* e.g.*

cp^(c p 2)*c h ^ s h + h c o ĉ 2h 5 — 2— » (c p*(c p 2)̂ c h j s ] 3ch

b) Hydrogen sulphide. Hydrogen sulphide has been added to fluoro-

olefins* in the presence of a base, to give polyfluoroalkyl sulphides
52

as the major products, and only small quantities of the thiols, e.g.,

-f xigW) —      > j^CgH^O CO* CH^( C jFy )ch] 2s (74#)CJS'OCO* CHsCH* Ĉ P-. + H„S

c) Polyfluoroalkanesulphenyl chlorides. Polyfluoroalkanesulphenyl 

chlorides have been added to symmetrical olefins under ionic conditions
53? 54

to give the 1 s 1 adduct. The only recorded addition to an unsym-
metrical olefin gave a lo?f yield of product but the orientation of the

38
addition was consistent with the polarisation of the olefin, i.e.,

CFjSCl + CH2sCHCl ------» CP^S*CH|CHC12 (17#)
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Alkanesulphenyl chlorides have been added to fluoroolefins to giveKR
the expected polyfluoroalkyl sulphide, 

St SCI + CH0: CFn ---
e.g*£t*>

— ---^ EtS-CH‘CF0Cl£. C. d d

Trifluoromethanesulphenyl chloride reacts with aromatic hydrocarbons,
56

under Priedel-Craftsconditions, to give trifluoromethyl aryl sulphides.
CP5SCI + ArH 5 CF*SAr5

Similar products are obtained from the reaction of trifluoromethane-
57

sulphenyl chloi'dde with aryl magnesium halides.
8# Via. Carbenes. Polyfluoroall'qyl sulphides have been prepared from

55,58,59
reactions which involve carbene intermediates. The reaction between
sodium methanethiolate and chlorodifluoromethane, in the presence of sodium
methoxide, has been intensively investigated and a carbene mechanism has 

58
been proposed.

CHiO + CHEhCl -> Cfg + Cl + CH^OH

CH*S*CHEh
j 2

CH*S'5
CH*S *CF0 5 2 — > GH*S*CF + F 3

several
stages

( CH*S),CK 5 5
9* Free-radical Attack on Saturated Hydrocarbons. Trifluoromethane-

sulphenyl chloride reacts.with saturated hydrocarbons under free-
60

radical conditions, to give polyfluoroalkyl sulphides. These reactions are 
interesting mechanistically and will be discussed in detail.

The results obtained from- the free—radical reactions of 

trifluoromethanesulphenyl chloride with n—butane and with isobutane 
are given in Tables 4a and 4b respectively.
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TABLE 4a 

Products from n-butane

Product Yield

CFiS-CH-CH*CH-CH3 d d d 13

CF-S*CH( CH )-CH*CH_, 3 3 ^ 3 46
ch^chci*ch*ch3 12
GH^.l-CH-CH-GH^ 1

CF-SjCF^ 28
HC1 Not

Recorded

Products from ieobutane

Product Yield

g?.s.c(ch3)3 24

cf.s-ch*ch(ch,)0
j 2 3 2 12
(CH ) CC1 33

(£H )2CH-CH2C1 1
cf5s.cf3 47
HCX Not

Recorded

To e:xplain the products and isomer ratios, Harris proposed the 
following mechanism:

CP^SCl 
Cl- + RH

hi) CF-S- + Cl* 3
HC1 + R*

R* + CF-SCl -— \
RC1 + CF-S- 3

* RS-CF, + 01' 3
CF;S- + RH 3 -* CF-SH + R- 3

CFjSH + CF̂ -SCl ~> CF-SaCF* + HC1 3 2 3 Ionic

The products from the n-butane reaction show that the ratio of
primary to secondary hydrogen abstraction is jca. 1:4; this selectivity is

61
approximately double that obtained in other free-radical chlorinations^ 
and Harris suggests that this is due to a species which is less reactive 
than the free chlorine atom, possibly the CF-S* radical. The selectivity 

of abstraction is supported by the products obtained from the isobutane 
reaction.

The results also indicate the operation of a steric effect. The 

high ratio of primary trifluoromethylthio- products to primary chloro-
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produ'cts show that preferential attack of the hydrocarbon radical is on
the sulphur atom. The relative ratios of the secondary products indicate

that radical attack occurs both on the sulphur atom and the chlorine atom*

but that attack on the former predominates* However, the tertiary products
show that attack on the less sterically hindered, terminal, chlorine atom
is preferred by the bulky t-butyl radical. Support for this postulate is
obtained from the free-radical reaction between trichloromethanesulphenyl

Chloride and cyclohexane, where the products, chlorocyclohexane and

bis(trichloromethyl) disulphide, show that attack on the sterically
hindered sulphur atom does not take place, and abstraction of the

62
chlorine atom by the cyclohexyl radical occurs exclusively.

The results of the reactions of trifluoromethanesulphenyl chloride
with saturated hydrocarbons are in agreement with the results obtained

from the free-radical additions of trifluoromethanesulphenyl to fluoro-

olefins (p. 7)? where it is proposed that both the chlorine atom and
the trifluoromethylthio group are chain-propagating entities.
Unsaturated Polyfluoroalkyl Sulphides

The preparation of unsaturated polyfluoroalkyl sulphides by nucleo-

philic attack of alkanethiols on fluoroolefins has been described (p. 10).
Free-radical additions of hydrogen sulphide and thiols to fluoro- 
31,36 63

olefins and fluoroacetylenes sometimes result in low yields of
unsaturated polyfluoroalkyl sulphides.

Propargylthiol reacts with ohlorotrifluoroethylene under ionic
43

conditions to yield the corresponding unsaturated sulphide.

CHlC'CH^SH + CF2sCFC1 ------* CHsOCH^S* CH^CFCl
Hexafluorothioacetone has been condensed with compounds which contain

64
allylic hydrogen atoms to give fluorine-containing allyl sulphides, e.g.,

(c f 3 ) 2c s s + c h j c h s c h2 —  --* (c f 3)2c h*s .c h ĉ h s c h2
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Treatment of phenylacetylene with ethyl magnesium. bromide yields

the acetylenic G-rignard reagent which reacts with trif luorome thane sulphenyl
23

chloride to give phenyltrifluoromethylthioacetylene,
CF'SCl

PhCiCH + StMgBr —  --> PhCsCMgBr — ?— > PhC;C*S-CF,
3

The reaction of tetrabromomethane with bis(trifluoromethylthio)- 

mercury, unless carefully controlled, can give unsaturated products. It 

is believed the expected tetrakis(trifluoromethylthio)methane is initially 
formed but that this breaks down under the heat generated during the 
reaction. This has been proved by the pyrolysis of tetraKis(trifluoro-

23
methylthio)methane at atmospheric pressure.

(® 3S)4C W S ?  (C?y)2C:C(S.CF3)2 + CE.SjCF3 
Dehalogenation of polyfluoroalkyl sulphides, using zinc dust in

ethanol, has also been used to prepare unsaturated polyfluoroalkyl 
37,65

sulphides, e.g.,

CF-S-CFCl-CShCl Cf*S*CFrC5,03 2 3 2
Dehydrohalogenation, with potassium hydroxide, has been used

9,24,31,33,35extensively to prepare unsaturated polyf luoroalkyl sulphides.

CFiS*CHBr*CHBr*S*C?^ T„nTJ 2 4
3 3 OF-S-C-C-S-CJ?,
CF3S.CH-CBrjS.CF3J 3 ( m )  3

CF *S *CH* CH Cl — ™ - >  CF*S*CH: CEL5 2 2 5 2
(IV)

Bis(trifluoromethylthio)acetylene (ill) undergoes free-radical and 
nucleophilic additions, and condenses with 2,3“dimethylbutadiene to give 
a DieIs-Alder adduct,

Trifluoromethyl vinyl sulphide (IV) has also been shown to be a 
dienophile, and to undergo free-radical addition reactions.



The reaction of tetrakis(trifluoromethylthio)ethylene (v) with 
methanol, in the presence of sodium methoxide, is believed to occur by 
the following mechanism;

/ • CP3CF;S3 \C = C/ \CF*S S» GF̂
(V)

CF^S 
4 CFjS

CFfS
5

CF*S
0-ch3

C —  C—  0* CĤ  
\  3

CH*OH

^several stages
CFiS 
J \

CF-S'

S* CF., 
/  3 C<- O'CH,

S° CF*

CH.

\ + CF“S
0° CF.

(CF^S)2CH*C(0'GH3)3
Treatment of the olefin (v) with diethylamine results in a novel 

reaction.

(cf.s)20sc(s.cp3)2 + (c2h )2m (CP5S)2CsCP.H(C2H5)2

A mechanism which involves expulsion., and subsequent decompositions
23

of the trifluoromethylthio group has been proposed.

Reactivity of Polyfluoroalkyl Sulphides

The divalent sulphur atom, in alkyl sulphides, has two unshared 
pairs of electrons. Many of the reactions of alkyl sulphides, such as 

complex formation with mercuric chloride and the reactions with iodoalkane 
to give trialkylsulphonium iodides,involve the use of theso unshared- 
electrons. It is believed that the rapid SN1 hydrolysis of D(*chlohoalkyl 
sulphides is due to stabilisation of the intermediate carbonium ion by
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the sulphur atom T/hich donates an unshared electron pair to form a 
3p - 2pH-bond, i

R - S - CH2C1 — R - S - CH* ^  cC

R - S - CH_2
Free-radical co-polymerisation studies indicate that methyl vinyl

67
sulphide is a very reactive monomer. This is attributed to the 
stabilisation of the intermediate radical by promotion of the lone electron 

to the d orbitals of sulphur, and 2p - 3p orbital overlap between the 
t>(-carbon and the sulphur atom, again by utilisation of the unshared 3p
electrons on the sulphur atom, i.e.?

R* + CH = CH - S - R ----- » R - 0Ho - CH - S - R
I ■'R - CH0 - CH ~ S - R 2 ••

The evidence for the ability of the sulphur atom to expand its
66,68

valency shell has been reviewed.

The strong electron-withdrawing effect of a polyfluoroalkyl chain
tends to withdraw electron density from the sulphur atom which causes a
reduction in the reactivity of the sulphur atom. Thus it has been shown
that polyfluoroalley 1 sulphides do not form complexes with mercuric

20,24 20 
chloride, neither do they react with iodomethane, under conditions
where reaction with alkyl sulphides takes place.

The suppression of 'lone pair activity1, however, is not complete
and although calculations indicate that the trifluoromethylthio group, in
trifluoromethy1 phenyl sulphide, should be meta- directing, Yagupol'skii
found that in the presence of strong electrophiles ( e.g., NO*) ortho- and

69
para- substitution occurs.

It has been shown also that free-radical chlorination of saturated 
polyfluoroalkyl sulphides containing o(rhydrogen atoms occurs adjacent to
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9,33

the sulphur atom. This presumably involves the type of radical 

stabilisation described previously in the polymerisation of vinyl 

sulphide.
The degree of fluorination affeots the ease of polymerisation of

vinyl sulphides, Trifluoromethy1 vinyl sulphide polymerises fairly 
24,33,54

readily, whereas initial attempts to form homo- and co-polymers
37

of hexafluoro(methyl vinyl) sulphide were unsuccessful. However, a
recent patent describes the formation of low molecular weight polymers

33
from hexafluoro(methyl vinyl) sulphide on irradiation. It is difficult 
to draw any definite conclusions from these results, with regard to the 
deactivation of the sulphur atom, since it was found that the presence 
of hexafluoro(methyl vinyl) sulphide could inhibit the polymerisation 
of other monomers, and it has been suggested that the lack of reactivity 
of hexafluoro(methyl vinyl)sulphide^is due to the formation of a very 

stable radical where the lone electron is delocalised by the d orbitals
37

of the sulphur atom.

The chlorination of alkyl sulphides, under ionic conditions, is
considered to occur via an intermediate in which the sulphur atom

20
donates a pair of electrons, e.g.,

Cl
CH, - S - CH. + Cl_ ------} CH, - S - CH,]+ Cl”a 5 d. u j y

01

CH3 - S - CH2C1 <------ [ch3 - S - CH2--.h]+ ci“

Polyfluoroalkyl sulphides have been chlorinated under vigorous
9

conditions, using sulphuryl chloride, and possibly an "ylide” inter­
mediate ia involved in these reactions.
Stability of Polyfluoroalkyl Sulphides

The stability of polyfluoroalkyl sulphides is very much affected 
by the degree of fluorine substitution, for although bis(trifluoromeihyl)
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12

sulphide Is hydrolysed by base, only at elevated temperatures; it is 
found that as hydrogen replaces fluorine, the stability of the chain

decreases. This instability is particularly manifest with monofluoro- 
18,19

methyl sulphides, which are very readily hydrolysed and spontaneously
liberate hydrogen fluoride. Evidence for this was obtained from ethyl
fluoromethyl sulphide which, on standing, attacked glass and significant

18
quantities of methylthiir.ane were detected.

Nucleophilic displacement of chlorine, in alkyl sulphides, is 
inhibited by the replacement of hydrogen atoms by fluorine atoms. How­
ever, this is probably an effect of electron withdrawal from the carbon 
atom rather than deactivation of the sulphur atom since, in the unsym­
metrical alkyl sulphide (Vi) only chlorine atom (l) is easily displaced 

39
by base,

G1CH»GH*S*CHFC1 — —  > HO-CHlCH-S-CHJCl
(1) * (2) (2)(VI)

It is believed that dialkyl and alkyl aryl sulphides can form
stable carbanions in the K-position to the sulphur atom by delocalisation

66,68
of the extra electrons through 3d - 2p orbital overlap, i.e.,

R - S - CH~ *------> [r - S - CH2]

It might be predicted that polyf luoroalkyl sulphides would be better 
able to stabilise such carbanions by reason of the greater inductive

efiect of the polyf luoroalkyl group. No direct comparison of the relative
effectiveness of alkyl and fluoroalkyl sulphides has been made in this
connection, but Yagupol1 slcii and co-workers conclude from their experiments
that methyl trifluoromethyl sulphone undergoes carbanion reactions more

70
readily than alkyl aryl or dialkyl sulphones*
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Oxidation of Sulphides

The oxidation products of alkyl sulphides are given belows

? iR - S - R  R - S - R R - S - R
I0

sulphide sulphoxide sulphone

The exact nature of the sulphur-oxygen link is the subject of some 

controversy. The most recent appraisal of the available evidence suggests 
the bond is a resonance hybrid of a semi-polar bond and a covalent double 
bond, vis s

0 0
T II

R - S - R  «------) R - S - R

but that the hybrid lies closer to the semi-polar bond than to the
66

covalent double bond. Thus again sulphur is required to donate unshared 
electrons, and the fact that polyfluoroalkyl sulphoxides and sulphones 

have been prepared indicates that the presence of a polyfluoroalkyl chain 
does not completely suppress the availability of the unshared electrons 
on the sulphur atom.

Polyfluoroalkyl Sulphoxides
27,31,53,71Heating polyfluoroalkyl sulphides with hydrogen peroxide

11
in acetic acid, or with nitric acid gives polyfluoroalkyl sulphoxides.

Methyl trifluoromethyl sulphoxide readily undergoes attach by sodium
71

hydroxide to give fluoroform and sodium methanesulphinate.
CĤ -SO’GF^ + HaOH  3 CHF^ + CH^SO^a

Very little information is available regarding other reactions of 
polyfluoroalkyl sulphoxides, though investigations of the relative 
inductive effects of the trifluoromethylthio., trif luorome thylsulphinyl,
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and trifluoromethy sulphonyl groups have been made.

Polyfluoro alky1 Sulphone s.
Polyfluoroalkyl sulphides have been oxidised to sulphones by

27,31,40,48,51
hydrogen peroxide in acetic acid, and by potassium perman-

42,53,70 20,24,53,70
ganate and chromic oxide in acidic media. The degree
of fluorination has an effect upon the ease of oxidation. Thus although
ethyl trifluoromethy1 sulphide may be oxidised by chromic acid, attempts

20
to oxidise pent afluoro( dimethyl) sulphide and bis( trif luorome thylthio.')

24
methane with this reagent were unsuccessful* Bis(trifluoromethane-
sulphonyl) me thane has been prepared by reaction of trifluoromethane-
sulphonyl fluoride with methyl magnesium iodide, showing that the

72
disulphone is not unstable.

GF'SO F + CH'Mgl CF*S0*CH + (CFiS0o)oCHo3 * 3 3 ^ 3  3 2 2 2
Until recently bis(trifluoromethyl) sulphone, prepared in low

73
yield by the electrochemical fluorination of dimethyl sulphone, was the
only completely fluorinated sulphone known. However, a recent paper
describes the preparation of bis(perfluoroalkyl) sulphones from fluoro-

74
olefins and sulphonyl fluorides in the presence of caesiUm fluoride,

® 2:0F2 ♦ S02R2 C2I.S0.C2P5 (80®

Hexafluoropropene gives only the sulphonyl fluoride and telomers
of hexafluoropropene under these conditions.

By virtue of the electron-withdrawing polyfluoroalkanesulphonyl
group the hydrogen atoms on the *( -carbon atom of polyfluoroalkyl sulphones
are extremely acidic; bis(trifluoromethanesulphonyl)methane is comparable

72
in acid strength to hydrochloric acid. Methyl trifluoromethyl sulphone

70,75
has been shown to readily undergo carbanion reactions.



Polyfluoroalkanesulphonic Acids*
A number of methods of preparation of polyf luoro alkane sulphonic

4
acids have been described. The most general method involves electro- 
chemical fluorination of an alkanesulphonyl chloride to the corresponding
perf luoro alkane sulphonyl fluoride, followed by hydrolysis v/ith base*

There is no recorded evidence of direct oxidation of a polyfluoro- 
alkyl sulphide to the corresponding sulphonic acid. An attempt to oxidise 
bis(trifluoromethyl) disulphide by prolonged heating with nitric acid was 
unsuccessful. However, bis( trif luorome thylthio )mercury has been oxidised

ĵt)-Bis( me thane sulphonyl )polyf luoro alkane s have been oxidised to the 
corresponding polyfluoroalkanesdisulphonic acids with alkaline potassium

76-78

79
to trifluoromethanesulphonic acid with hydrogen peroxide.

(cir-s)Hg + b2o2 CFsSO H 
D A

40
permanganate.

CH*0 S*( CF0) *S0*CH K0 S*(CF )*S0 K3 2 2 n 2 3 3 ' 2 n 3
KMftO

K0 S*(CF )*S0 K 3 2 n 3
Potassium pentafluoroethanesulphonate has been prepared by the

74basic hydrolysis of bis(pentafluoroethyl) sulphone.
KOH
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DISCUSSION
The ultimate aim of the work subsequently described was to 

investigate new routes for the preparation of polyfluoroalkyl sulphides 
and to convert these sulphides into the corresponding sulphonic acids.

The most general method for the preparation of perfluoroalkane- 
sulphonic acids utilises electrochemical fluorination of alkanesulphonyl 
chlorides (see p. 22 ). This method suffers from the disadvantage 
that during the electrochemical fluorination (e.c.f.) of the longer- 
chain alkanesulphonyl chlorides, alkyl-chain fission occurs with an 

attendant reduction in the yields of perfluoroalkanesulphonyl fluorides 

(Table 5)°
TABLE 5  78

Yields of perfluoroalkanesulphonyl fluorides from e.c.f.

*Sulphonyl fluoride Yield fo *Sulphonyl fluoride Yield fo
cf^so2f 87 V u S02F 48
c2f-so2p 79 C6F13S02P 36
c3p-so2p 68 31
c4p-s°2f 58 CgF^SC^F 25

*Straight-chain derivatives.
It was therefore hoped to devise a method of preparation of 

polyfluoroalkyl sulphides in which the yield was independent of the 
size of the polyfluoroalkyl group. Polyfluoroiodoalkanes were 

selected as starting materials because of their ready availability.
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POLYFLUOROALKYL SULPHIDES

Photochemical Reactions of Dimethyl Sulphide with Polyfluoroiodoalkanes
1* Polyfluoromonoiodoalkanes. In the course of an investigation into
the effect of solvents on the free-radical addition of trifluoroiodo-

30
methane to trifluoroe+hylene Higginhottom observed that in the 

reaction which employed dimethyl sulphide as solvent, the olefin was 
recovered unchanged, whereas all the trifluoroiodomethane was consumed, 
It was further shown that the trifluoroiodomethane had reacted with 

the solvent to form trifluoromethane, methyl trifluoromethyl sulphide, 
and trimethylsulphonium iodide. A similar result was obtained with 
pentafluoroiodoethane. Although no attempt was made to explain the 
formation of the H-polyfluoroalkanes, Higginbottom proposed two free- 

radical mechanisms to explain the formation of the methyl polyfluoro­
alkyl sulphides and trimethylsulphonium iodide (schemes A and B). 
Scheme A

RfI — !£ » R£ + I- (!)
R,r

R* + CH-S-CEL ------* CH.- S - CEL (2)f 3 3 3 * 3
(VII)

(VII) ------ , + ch3 <3)
CH} + CF^X ------ » CH,I + CF; (4)

CHjI + CHjS.CH3 ------ } [(CH,)3s]+I” (5)

Scheme B

The first two steps of this mechanism are the same as those in 
scheme A?and these are followed bys



[(CH3)2SRf}+l“ + R/ (6)
(VIII)

CH3I + RfS*CH3 (7)

[(ch3)3s]+i" (5)

Both of these mechanisms require attack of a polyfluoroalkyl
radical on dimethyl sulphide to form an intermediate sulphur radical
(VIl) in which the sulphur valence shell has expanded to accommodate

nine electrons* In the first scheme (a), the intermediate radical

(Vfl) decomposes to give a methyl polyfluoroalkyl sulphidê -and a methyl

radical. The latter may then abstract an iodine atom from the poly-
fluotomonoiodoalkane to give iodomethane, and generate another poly-
fluoroalkyl radical which may continue the chain reaction. The ionic
reaction of iodomethane and dimethyl sulphide at room temperature, to

80
give trimethylsulphonium iodide (equation 5)>is well known.

Scheme B requires that the expanded sulphur radical (VIl) abstracts
an iodine atom from the polyfluoromonoiodoalkane to form a dimethyl-
polyfluoroalkylsulphonium iodide (Vlll)* This then dissociates into

a methyl polyfluoroalkyl sulphide and iodomethane without the intermediate

formation of a methyl radical*

The evidence for the ability of the sulphur atom to expand its
66,68 67?8l

valence octet has been reviewed and the work of Price is of
particular significance*

The results of the present work (Table 6) largely support the
two mechanisms postulated by Higginbottom, but it has been necessary
to extend these mechanisms becauses

25

R,
CH,- S - CH, + R,I 3 * 3 f

(VIII)

CH3I + CH^S'CH3
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(i) in addition to the products isolated in the original work* 

bis(methylthio)methane and methane have now been identified* 
and
(ii) the present work shows that the yield of trimethyl- 
sulphonium iodide is almost quantative with respect to the poly- 
fluoromonoiodoalkane consumed, whereas originally it was found 
that the yield of trimethylsulphonium iodide was only equivalent 
to the yield of methyl polyfluoroalkyl sulphide.
The modified reaction schemes (A* and B*) are given below.

Scheme A*

EfI  > RJ + I* (l)

ftf*
I

R£ + CH*S*CH3 -  > CH3- S - CH^ (2)

(VII)

R£ + CH*S*CH3 -> RfH + CH^S*CH* (8)
(IX)

CH^S* CH£ + GH*S*CH3 ------> CH^S*GHjS(CH3)2 (9)

(X)
(VII)  » RfS*CH3 + CH^ (3)
(X)  » ch^s*ch^s*gh3 + ch3 (10)

CH* + CH*S*CH3 ------- > CH4 + CH*S*CH^ (ll)
CH^ + RfI  > CH3I + R* (4)

ch3i + ch*s*gh3  > [('CH3)3sJ+i“ (5)
Scheme B!

The steps up to the formation of the expanded radical (x) are 
the same as those for scheme A!? and these are followed by?
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*CH3- 5 - CH3 + RfI ------ > [(CH3)2SRf]+I- + R£ (6)

(VIII)
CH‘S*CHJS(CH3)2 + RfI ------> [gH^S*CH^S(CH5)2]+I” + R* (12)

(X) (XI)

(VIII)  j> RfS*CH3 + CH3I
(xi) ------ » ch*s*ch*s*ch3 + ch3i (13)

CH^I + CH'S-CH^ ------5> [(CH^) 3i J + l "  (5)

Both schemes (A1 and B’) require that hydrogen ahstraotion hy 
the polyfluoroalkyl radical (equation 8) oompetes with attack on the 
sulphur atom (equation 2)* The methylthiomethyl radical (IX) formed 
tjy hydrogen abstraction may then attack another molecule of dimethyl 
sulphide to produce a radical (X) with an expanded valence shell# In 
scheme A\ radical (X) dissociates to give a methyl radical and his 
(methylthio)methane. The methyl radical may then either abstract a 
hydrogen atom to give methane? or an iodine atom to give iodomethana#
The high yields of trimethylsulphonium iodide show the latter process 
is much preferred# In scheme B1, radical (X) abstracts an iodine atom 
from the polyfluoromonoiodoalkane to give the complex sulphonium 
iodide (XI)?which then dissociates into bis(methylthio)methane and 
iodomethane.

The formation of the methyl polyfluoroalkyl sulphides is believed 
to occur as originally proposed (schemes A and B).

It is proposed (equations 8 and 11) that hydrogen abstraction 
occurs from the dimethyl sulphide rather than from the methyl groups 

of the polyfluoroalkyl sulphide# Attack on the polyfluoroalkyl 
sulphide is not favoured becauses
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(i) the dimethyl sulphide is present in excess? and

(ii) stabilisation of the resultant radical? RfS°CH»? hylf-bond 

formation between the sulphur and carbon atoms would be less 

than for the radical CHtS°CH,i? due to deactivation of the 

sulphur atom? in the former case? by the inductive effect of 

the polyfluoroalkyl group#
A third reaction scheme? C? which would explain the observed

products involves an SH2 attack by the polyfluoroalkyl radical on the
82

sulphur atom. This terminology was suggested by Bliel to represent
the homolytic equivalent of a bimolecular nucleophilic substitution
reaction (SN2). Bimolecular homolytic substitution is believed to be

83
the mechanism by which radical attach on disulphides occurs (see p#56)
Scheme C

RfI

Hi + CHiS-CH, f 3 3

Ui> + I'

R„... S...CEL
1 I 8

ch3 •

RfS-CH3 + CH"

The formation of bis(methylthio)methane may be explained by a 
similar process?

 >Es. *1- CHiS'CIL f 3 3
CH^S“CH£ + CHjS*CH3 h

R„H + CHfS° CH* f 3 2
3s-ch2 S'”I

CH.
CH>]•

CH^S*CH^S*CH3 + CH*

Mechanism C differs from mechanism A1 in that the intermediate 
radical (VTl) proposed in the latter is considered? in the former? to
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f

"be a transition state (Vila)? i.e.
••• S R,

Ich3
(Vila)

gh3*- CH,- S - R_
3 I f

GH3
(VII)

In a study of the free-radical addition of trifluoroiodomethane
30

to trifluoroethylene in diethyl ether? Higginbottom observed that
the trifluoroiodomethane did not? in contrast to the reaction in
dimethyl sulphide, react with the solvent. Similarly it has been
shown that irradiation of 2-iodo-21-methylthiobiphenyl (XII) in

fci 84
benzene solution gives a quanjative yield of dibenzothiophenep a

free-radical mechanism has been proposed.

kb

■CH S-CH.
(XU)

”F* X *

In contrast the corresponding methoxy compound (XIII) did not form 
dibenzofuran under similar conditions*

(xtrrt 3
The failure of ethers to react under the same conditions as 

sulphides suggests the latter react through an expanded radical using 

the d orbitals of sulphur. Although indicative this evidence cannot 
be considered conclusive? since the G - 0 bond is stronger than the 
C - S bond. Therefore the successful reaction of sulphides? under 
conditions where ethers fail to react? may be a reflection of a
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difference in bond strength rather than evidence in favour of an 
expanded radical. However, for simplicity mechanism C will not be 
considered further.

Returning to a consideration of mechanisms A1 and B1, it is not 
possible to distinguish between these mechanisms on the basis of the 
present evidence. The detection of methane in the reaction products 
could be cited as evidence against mechanism B’, since this mechanism 
precludes the formation of methyl radicals. On the other hand an

83
intensive study of the photochemical decomposition of dimethyl sulphide 
has shown that methane is one of the products. It is therefore 
possible that the small amounts of methane detected in the’present work 
could arise from the photolytic decomposition of dimethyl sulphide,
1* 8 • 9

CH:S*CH^ — ^ --» CH: + °S*CH-

'H* abstraction
v

In view of the small quantities of methane detected (<5$)s> 
coupled with the uncertainty of its mode of formation, it is proposed 
to ignore its presence in the next section which is devoted to a 

comparison of experimental results with theoretical predictions.
Both mechanisms A’ and B1 requires
(i) the only fluorine-containing products are the methyl 
polyfluoroalkyl sulphide and the K-polyfluoroalkane,
(ii) the molar quantity of trimethylsulphonium iodide formed 
is equal to the molar quantity of polyfluoromonoiodoalkane 
consumed, and
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(iii) the molar quantity of H-polyfluoroalkane formed is equal
to the molar quantity of his(methylthio)methane formed,,

The results in Table 6 show that the first condition is mainly
satisfied since the methyl polyfluoroalkyl sulphides and H-polyf luoro-*
alkanes account for 91-98% of the polyfluoromenoiodoalkanes consumed.
Trace quantities of compounds* believed to be formed by dimerisation
of the polyfluoroalkyl radicals, were detected, as were trace
quantities of silicon tetrafluoride and carbon monoxide. The latter
compounds are decomposition products and may be explained by the reaction
of polyfluoroalkyl radicals with the walls of the vessel and with small

86,87
quantities of oxygen and water adsorbed on the walls.

TABLE 6
Reactions of polyfluoromonoiodoalkanes with dimethyl sulphide

V
Irradiation
period
(days)

Extent
of

reaction
(%)

*+Products, % yield

R„SMef RfH Mê sftr (MeS)2CH2

cf3i 14 100 63 33 87 24
CF‘CF'CF2X 28 100 50 46 91 29
(cf3)2cfx 24 78 32 66 92 53
CF C1*CF I 28 100 45 52 86 25

(cf3)2cf-(cf2)4i 28 83 46 45 83 15

*Yields are based on polyfluoromonoiodoalkane consumed? the yields of 
methane have not been included because this was always contaminated 
with small amounts of carbon monoxide. However, the yields of methane 
were always low (<5%)»
+Theoreticallys yield of R^SMe + R^H = 100%

yield of = 100%
yield of R^H = yield of (MeS^CHg
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The second condition is also largely satisfied, the discrepancies 

may he explained by mechanical losses during the isolation of the tri­

ms thylsulphonium iodidec
The lack of correlation between the yield of lH-polyfluoroalkane 

and the yield of bis(methylthio)methane isolated may be due, at' least 

in part, to the difficulty of isolating small quantities of high- 
boiling liquids. In all of the reactions small quantities of tar 
remained in the reaction tubes and this probably contained some bis»- 
(methylthio)methane. Another possibility is that a certain fraction 
of the methylthiomethyl radicals, CH^S’CĤ , generated, reacted to 

give high-boiling products other than bis(methylthio)methane. This is
consistent with the presence of tar in the reaction tube^and with the

85
fact that the photochemical decomposition of dimethyl sulphide was 
reported to give small quantities of involatile products which were 

not isolated in the present work.
a) Comparison of reactivities. An accurate comparison of the 

reactivities of the various polyfluoromonoiodoalkanes toward dimethyl 
sulphide is not justified because, in the present work, one of the 
primary objectives was to prevent excessive tar formation rather than 

to ensure that all the reactions received the same irradiation time. 

Despite the inexactitudes it is clear from Table 6 that trifluoroiodo- 
methane reacted faster than the other polyfluoromonoiodoalkanes and 
that the yield of methyl trifluoromethyl sulphide is higher than those 
of the other methyl polyfluoroalkyl sulphides. A possible explanation 
for this is that the trifluoromethyl radical is less bulky than the 
other polyfluoroalkyl radicals and therefore the formation of the 
expanded radical (VIl) would, in the former case, be less subject to 
steric inhibition. This would result in a faster attack on the sulphur 
atom and hence a reduction in the amount of hydrogen abstraction*
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The lowest yield of methyl polyfluoroalkyl sulphide obtained, in 
the present work, was from the reaction of heptafluoro-2-iodopropane. 
This agrees reasonably well with the suggested steric inhibition, 
because the radical, (CF^^CF*, derived from this iodoalkane is a 

secondary radical and therefore probably more subject to steric inter­

ference than even the pentadecafluoro-5-me*fckylkQ;ii:yl radical, (CF^)2 
CF*CF*CF£CF£CF£.

In all the reactions trimethy 1C sulphonium iodide was the only 
sulphonium iodide isolated. However, it might have been expected 

that toward the end of the reactions, when appreciable quantitities of 
methyl polyfluoroalkyl sulphides were present, that these could compete 
with the dimethyl sulphide for the iodomethane generated. The failure 
to detect any dimethylpolyfluoroalkylsulphonium iodides may be due to 

deactivation of the sulphur atom by the inductive effect of the poly- 

fluoroalkyl group (see p. 17). A comparison of the relative reac­
tivities of dimethyl sulphide and methyl trifluoromethyl sulphide 

toward iodomethane was made5 methyl trifluoromethyl sulphide was 
selected because this was the closest sulphide in size to dimethyl 
sulphide. The comparison showed that dimethyl sulphide and iodomethane 
reacted immediately in the dark, whereas no significant reaction 
between trifluoromethyl sulphide and iodomethane occurred after six 
months under the same conditions.

2. Polyfluorodiiodoalkanes. The two polyfluorodiiodoalkanes used 
showed a marked difference when irradiated in the presence of excess 
dimethyl sulphide. Thus the only product identified in the reaction 
of tetrafluoro-1,2-diiodoethane was tetrafluoroethylene (90$ yield), 
whereas octafluoro-l,4-diiodobutane gave a number of products includ­

ing polyfluoroalkyl sulphides (Table 7)«
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TABLE 7

Products from the reaction of octaPluoro-l,4~diiodobutane with
dimethyl sulphide

Product* Yield f Product* Yield $

C2F4
SiP4

h(cp2)4h

h (cf2)4i
l(CF2)^SMe

trace

trace
2

42

44

H(GF2)^SMe

MeS’CH^SMe
MeS*(CF2)^SMe

(Me^S)+l“

gh4

6

54
2

90
trace

■^Theoretically total yield of octafluorohutyl compounds = 100̂
yield of (Mê £>fl“ = 100$
yield of hydrogen abstraction products = yield of

MeS*CH*SMe

The formation of these products can he explained by similar 
mechanisms to those proposed for the reaction of polyfluoromonoiodo­
alkanes with dimethyl sulphide, e.g.,

CF I * CF * CF * CF I + CH:S’CH-. — — -- > l(CFj,H + l(CF J<;S’CĤ2 3 2 2 3 3 2'4 . 2 4 3
ht» CHiS-CH, 3 3

CH'S-(0P2)^S-CH3 + h(gp2)4h + h(cp2)^s-ch3

Methyl 4H-octafluorohutyl sulphide, H(CFg) *5*CHy was not

positively identified but its identity was inferred from its g.l.c. 
elution order.

The differences in the products obtained from the reactions of 
the two polyfluorodiiodoalkanes may be rationalised in terms of the 

two intermediate radicals, CF^I'CF* and CF^'CF^CF’CF̂ , formed by 

loss of an iodine atom. The radical, CF^I'CF^, derived from tetra- 

fluoro-1,2-diiodoethane could attack dimethyl sulphide as predicted
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by the mechanisms A' and Br previously described, e.g. (mechanism A'), 

CF^I’CF* + CH’S'CH^ ------> CF2I*CF*S*CH3 + CH^

However this would necessitate breaking the fairly strong C - S bond, 
whereas expulsion of the second iodine atom, to give the observed 
tetrafluoroethylene, would only require fission of the relatively weak 

C - I bond.

The radical (XIV) derived from octafluQro-l,4-diiodobutane could
theoretically stabilise itself in a number of ways, e.g.,

CF I * CF * CFiCF * ------  ̂ CF0J-CF’CF*.CF0 + F» (17 )
d d d d d c d

(xiv)

or CF 10 CF* CF* CF * ------» CF0- CF0 + I* (l8)
d d d d |£»|£l

cf2- cf2

The first proposal (equation 17) seems improbable in view of the 
high strength of the C - F bond. The absence of the perfluorocylco- 

butane predicted by equation (18) is not as readily explained. It is 
possible that the negative entropy change necessary for the formation 
of a cyclic transition state precludes the formation of perfluorocyclo- 
butane from radical (XIV) in favour of attack on the sulphur atom.

An alternative fate for radical (XIV) is loss of the second 
iodine atom to form a diradical (XV).

CFgl* CF^CF^CF^  » •CF^CF^CF^CF*
(X?)

The latter could then cyclise to give perfluorocyclobutane, but this 

reaction would be subject to the same objection as raised against 

equation (l8). The remaining possibility for the diradical (XV) is 

the formation of tetrafluoroethylene by homolytic fission of the 2,3"
C - C bond, i.e.,

°CF’CF£CF£CF£ ------» 2CF2 s CFg
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This process was considered to he unfavourable, however, the 

presence of trace amounts of tetrafluoroethylene and silicon tetra- 
fluoride in the reaction products indicated a small amount of C - C 

bond fission had occurred-
In summary, the postulated intermediate radical, OF^I^CF^, 

obtained on irradiation of tetrafluoro-1,2-diiodoethane, stabilises 
itself by loss of the second iodine atom rather than by attack on the 

dimethyl sulphide. The radical, CFgl'CF^CF^CF^, derived from octa- 

fluoro-1,4“diiodobutane, however, is unable to stabilise itself 
easily by an intramolecular process and therefore attacks the dimethyl 

sulphideo
Reactions Related to the Photochemical Reaction of Dimethyl Sulphide 
with Polyfluoromonoiodoalkanes
-*•' General. The reaction of polyfluoromonoiodoalkanes with dimethyl
sulphide is stoichiometrically similar to the reaction of trifluoro-

88
iodomethane with trimethylphosphine, -arsine, or -stibine, e.g'.,

2(ch 3 ) 2s + c f 3 i  ----- > c f ŝ c53 + [(c h3)3s]+i ~
o f*

2(CH3)3M + CF3I  » CF^M(CH )2 +

(where M » P, As, or Sb)

However, the latter reaction is probably ionic since it occurs 
rapidly and in the dark, whereas trifluoroiodomethane and dimethyl 

sulphide do not react under these conditions.

The reaction between carbon tetrachloride and trialkylphosphites, 
in the presence of benzoyl peroxide or ultraviolet light,is similar 
to the reaction of polyfluoromonoiodoalkanes with dimethyl sulphide 
in that the first step requires the formation of a phosphoranyl 
radical (XVl) with nine electrons in its valence shell. The following
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reaction schemes have been proposed to explain the products;
Scheme D

CC1; + (SO)DP ------> (RO)CGI.3 3 3 3
(XVI)

(R0)3P‘CC13  > (RO)2P(o)6GC13 + R'
R* + CC1  » RC1 + CC1*4

Scheme E

CGI* + (RO),P ------ > (RO)-P* CCl^3 3 3 3
(ro)3p*cci3 + cci4 ----- » [(ro)3p*cci3]+ci” + CGI*

((ro)3p*cci3]+ci'“ ------* (ro)2p(o)*cci3 + RC1
Cadogan proposed that the reaction of 2,2-dimethylphenethyl

diethyl phosphite proceeded via scheme E because /3.,^-dimethylphenethyl
chloride, or products derived from the readily formed rearranged

89
radical (XVII), were not detected.

Me H H Me
I I  I I

Ph - C - C*  2-) PE. - C - C*
I I  I I
Me H H Me

(XVII)
However the reaction of thiyl radicals with trialkyl phosphites

is believed to involve decomposition of the intermediate phosphoranyl 
90

radical (XVIII).

RS* + P(0Et)3   — > RS*P(0Et)3
(XVIII)

RS«p(0Et)3 » R. + S;P(0Et)3
R* + RSH  > RH + RS*

Although free-radical displacements on disulphides are well 
known (p. 53 ), displacements on sulphides are rare. The reaction of
phenyl radicals with t-butyl sulphide, for example, gives a number of
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products which are believed to he formed via hydrogen abstraction rather
91

than by free-radical displacement on sulphur. Indeed the previously 
mentioned reaction of 2-iodo-2’-methylthiobiphenyl to give dibenzo- 
thiophene was claimed to be the first observed free-radical displace-

84
ment on a sulphide.

Of particular relevance to the reaction of polyfluoromonoiodo­
alkanes with dimethyl sulphide is the photochemical decomposition of

85
dimethyl sulphide, A free-radical mechanism has been proposed which 

requires a series of radical recombinations. In view of the large 
number of products obtained from this reaction only the major ones will 

be considered and related to the photochemical reaction of polyfluoro­
monoiodoalkanes with dimethyl sulphide. A simplified reaction scheme 
is given below.

CHjS*CH3  hk > CH Ŝ* + CH^ (19)
2CH^S*  CH*S*S*CH3 (20)

CH^ + CH*S-CH3 ------------ » CH4 + CH»S*CH£ (21)
CH2S0 + CH*S‘CH* ------------ * CH*ScCH*S8C£L (22)i i d i d  5

CH5 + CH-S-CH* ------------ > CH.CHJS.CH3 (23)

It is apparent from the above reaction scheme? that the methane 
and bis(methylthio)methane detected in the present work could have 
arisen,, at least in part? from the photolytic decomposition of 

dimethyl sulphide without the participation of polyfluoroalkyl 
radicals. The absence of significant quantities of methyl ethyl 

sulphide and dimethyl disulphide in the present work does not preclude 
this possibility because?

(i) it was subsequently shown that dimethyl disulphide reacts 
with polyfluoroalkyl radicals to give the corresponding methyl 
polyfluoroalkyl sulphides, and
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(ii) the methyl radicals necessary for the formation of 

methyl ethyl sulphide (equation 23) would preferentially 
abstract an iodine atom from the polyfluoromonoiodoalkane 
present to give iodomethane.
In connection with the last point, the presence of methane in 

the present reaction products shows that iodine abstraction by the 
methyl radicals does not occur exclusively. However, the ratio of 

trimethylsulphonium iodide to methane was always of the order of 
20 i 1 which indicated that iodine abstraction by the methyl radicals 
was a far more favoured process than hydrogen abstraction.

In summary, the amount of independent photolytio dissociation, 
which probably occurs in the reaction of polyfluoromonoiodoalkanes 

with dimethyl sulphide, has not been assessed. However, for 
simplicity, this dissociation will be ignored in future discussions 
unless considered particularly pertinent.

2. Photochemical Reaction of Methyl Ethyl Sulphide with Heptafluoro- 
I-iodopropane. In this, and all future discussions, the heptafluoro- 
propyl group, CF^CP^GF2, is represented as C^F̂ ,

The mechanisms proposed for the reaction of polyfluorbmonbiodo- 
alkanes with dimethyl sulphide are believed to operate in this reabtion. 
However, the larger number of products obtained in this reaction 
indicates that secondary reactions play an important role. The 

fluorine-containing products obtained from the reactions of hepta- 
fluoro-1-iodopropane, both with dimethyl sulphide and with methyl 
ethyl sulphide, are shown in Table 8.
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TABLE 8
Comparison of the reactions of dimethyl sulphide and methyl ethyl 

sulphide with heptafluoro-1-iodopropane

Sulphide Irradiation Extent ■̂ Products, yield %
period (days) of

reaction {%) C ^ H C^SMe C^SEt C^F^Et

Me^S 28 100 46 50 - -
MeSEt 49 95 56 7 21 6

*0ther products obtained from the methyl ethyl sulphide reaction were? 
oie thane, ethane, ethylene, iodoethane, dimethyl sulphide, diethyl 
sulphide, a trialkylsulphonium iodide, unidentified high-boiling 
liquids, and a tar.

The results show that more hydrogen abstraction occurred in the 

methyl ethyl sulphide reaction than in the dimethyl sulphide reaction. 
This is consistent with the greater number of hydrogen atoms and the 

presence of a secondary carbon atom (1 *) in the former sulphide. It 

is likely that hydrogen abstraction would occur mainly at carbon atoms 

1 and 1' (XIX) to form the more stable radicals.
CH*S*QH£CH3 
1 1' 2'

(XIX)
Attack at position 1! would be most preferred since the radical 

produced will have additional stabilisation from the methyl group. 
The radical formed by hydrogen abstraction at the I'- position is the 
putative source of certain of the other products observed in the 
reaction, e.g.,

Ĉ F* + CHjS’CHjCH^  C3F7H + CH^S'CH'CH^
CH»S’CH*CH3 -------» CH*S’ + CHgSCHg

Attack at the 2'~ position would also give ethylene but this is



41

considered a less likely source,
CHjS'CH^CH^  » GH^S* + CH2“CH2

The ethylene formed may undergo attack by the heptafluoropropyl 

radical,
C3F* + CH2:CH2 ------ » C^CHjCHj

(XX)
and the intermediate radical (XX) may then abstract a hydrogen atom 

to give the observed 1,1,1,2,2,3,3-heptafluoropentane.
C^CH^CHj .S-ate^.a9.t?;,?E^ C^'GH'CH^

The absence of any 1,1,1,2,2,3,3-heptafluorobutane in the 

reaction products indicates that the 1,1,1,2,2,3,3-heptafluoropentane 
is formed by attack on ethylene rather than by a free-radical com­
bination process, e.g.,

G p. + c H'  V -> c F*C H3 7 2 5 A  3 7 2 5
The radical (XX) may also attack the sulphur atom to give the 

corresponding methyl or ethyl polyfluoroalkyl sulphide, e.g.,
C3F'CH*CH£ + G2H^S-GH3 ------> G3F*CH^CHjS-C2H5 + CH*

or alternatively abstract an iodine atom,

c3f*ch^chj + c3f7i ----- > c3f^ch^ch2i + c3f*

However, it was expected that such products would be high- 
boiling liquids, in low yields, for which separation and identification 
would be difficult. Consequently no attempt was made to determine their 
presence.

In addition to the preceding observations? the photochemical 
reaction of methyl ethyl sulphide with heptafluoro-1-iodopropane gave 
the following interesting resultss

(i)the products methyl heptafluoropropyl sulphide and ethyl
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heptaf luoropropyl sulphide were present in the ratio Is 3s
(ii) dimethyl sulphide and diethyl sulphide were present in 
the products,

(iii) a small quantity of iodoethane was present, but iodo­
methane was not detected in the products, and
(iv) the analysis figures for the triallcylsulphonium iodide 
(C, 17*85 H, 4*2, I, 63.7/̂ ) correspond to those required for 

trimethylsulphonium iodide (C, 17»8* H, 4*2, I, 62.4$) rather 
than to those required for a mixture of methyldiethyl- and 
dimethylethylsulphonium iodides.

These observations may be rationalised by considering that the 
formation and decomposition of the expanded radical (XXI) are equili 

brium processes, i.e., C-H'S-C.F- + CH; (24)  2 5 3 7 3

C,F* + CJ3-S* CEL ---* C0Hc~ S - CH.3 { 2 0 3 c--- -25 • 3
(xxi) N>ch^s-c3p7 + c2h^ (25)

The methyl and ethyl radicals formed by decomposition of (XXI) 

apart from undergoing the reverse reaction, may either abstract an 
iodine atom or attack another molecule of methyl ethyl sulphide to 
give the expanded radicals (XXXl) and (XXIIl). These may decompose 
to give the observed dimethyl and diethyl sulphides.

CH-
I 3

CH* + C2H*S°CH3   » CH3- S - C2H5   * CH^S‘CH3 + C2H^
(XXII)

^2H5

°2H5 + °2H5S'GH3 ^  CH3- ? - C2H5 ^  C2H5S'C2H5 + CH3
(XXIII)

The most favourable alternative fate for the methyl and ethyl
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radicals is iodine-abstraction, i.e.,

CH^ + C ^ I  ---- — » CH^I +

c2h  ̂+ c3f?i ------ > c2h 5i + c3f *

Now it is known that dialkyl sulphides react with iodoalkanes
to give trialkylsulphonium iodides. The order of reactivity of certain80
iodalkanes and dialkyl sulphides is given by the following sequence. 

Mel/McgS > Mel/Me SBt > Mel/BtgS> Eti/MegS >  Etl/MeSEt

It is evident from this order of reactivity, that any dimethyl 
sulphide and iodomethane formed in the present reaction will react 
faster than any other combination of iodoalkane and dialkyl sulphide. 

Consequently trimethylsulphonium iodide will be formed in preference 
to any other trialkylsulphonium iodide. Further, the relatively fast 
reaction of dimethyl sulphide and iodomethane will cause the methyl 
radicals generated by the decomposition of the expanded radical (XXI) 
(equation 24) to be removed more rapidly than the ethyl radicals 
(equation 25). In consequence the equilibrium of the decomposition 
of the expanded radical (XXI) shown in equation (24) will be shifted 
further to the right (thus favouring the formation of ethyl hepta- 

fluoropropyl sulphide) compared with the equilibrium shown in 

equation (25). Hence ethyl heptafluoropropyl sulphide will be formed 
in preference to methyl heptafluoropropyl sulphide.

The above explanation presupposes that the formation of the 

products proceeds via the decomposition of the expanded radical (XXI). 
This is analagous to scheme A* proposed for the reaction of poly- 
fluoromonoiodoalkanes with dimethyl sulphide, Hov/ever> It is also 

possible that the expanded radical abstracts an iodine atom to form 
an intermediate sulphonium iodide (XXIV) and that the products are
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formed by the decomposition of the latter (analagous to scheme B’),
1 * © # j

°3P7
C_H - S - CEL + C,F-I 2 5 - 3 3 7

C F
r J

C2H5- s - CH

C F,3 7
CgH^- S - GH^ 

(XXIV)

+i~ + c3f *

G-jFiS® C0H_ + CEL I 
5 1 d p 5

C,F*S• CEL + CTTI 3 I- 3 ?

(26)

(27)

(28)
(XXIV)
It has been shown in the present work that methyl trifluoromethyl 

sulphide does not react with iodomethane to give the corresponding 
sulphonium iodide. It therefore appears unlikely that equations (27) 

and (28) are reversible, hence reactions of the type,

celi + g f̂;s°ch, -3 3 I 3 v
7 7

GH3" s CH.
 * c h ;s #gbl + c ,f „i*--- 3 3 3 7

will not occur. Consequently this mechanism as written, does not per­

mit the formation of dimethyl sulphide, diethyl sulphide, or tri- 
methylsulphonium iodide>nor does it explain why the yield of ethyl 
heptafluoropropyl sulphide is greater than that of methyl heptafluoro- 
propyl sulphide.

Unfortunately the above arguments are only simplifications since 
it is probable that methyl ethyl sulphide dissociates on irradiation.
Similarly the iodoalkanes formed in the reaction are known to

92
dissociate on irradiation, but in view of the low concentration of 
iodoalkanes, the effect of this would probably be small. In addition
to these free-radical dissociations, trialkylsulphonium iodides are

in 93
known to be^equilibrium with their components?

R’RS + HI [e„R's]+I ± K S + B'l
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It is therefore possible that trialkyl sulphonium iodides, other 
than trimethylsulphonium iodide, oould have been formed during the 
reaction, particularly in the early stages when the concentration of 
dimethyl sulphide was low, i.e.

CgH I + CH^S-C2H5 ------- [(CgH )2S-CH3]+I"

cHji + ch^s -c2h ------  [(ch3)2s-c2h 5]+i“

However, these sulphonium iodides may have decomposed during 

the long reaction period (49 days) with the eventual formation of 
trimethylsulphonium iodide.

The full effect of these factors on the proposed reaction 

mechanisms is not known, but it can be shown that they may, in part, 

provide alternative explanations for certain of the observed products.

The results in Table 8 also show that heptafluoro-1-iodopropane 
reacts faster with dimethyl sulphide than with methyl ethyl sulphide.
It is not possible to unequivocally explain this observation, 
since the rate-determining steps in the reactions are not 
known. However, it is probable that the differences in rate may be 
partly attributed to steric factors. The slow reaction of methyl 
ethyl sulphide may also be partly explained by the fact that appreciable 
quantities of tar were observed on the walls of the vessel during the 
reaction. This would have decreased the intensity of the radiation and 
would, consequently, retard the reaction.

3. Photochemical Reaction of Methyl Trifluoromethyl Sulphide with 

Heptafluoro-1-iodopropane. The products obtained from this reaction 

are presented in Table 9 together with the results obtained from the 

corresponding reaction of heptafluoro-1—iodopropane with dimethyl 
sulphide.
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TABLE 9
Comparison of the reactions of heptafluoro-1-iodopropane with dimethyl 

sulphide and with methyl trifluoromethyl sulphide

Reactants 
(mole ratio)

Irradiation
period
(days)

Extent
of

reaction
...... (.%) .... .

^Products, yield

C-.F *SMe 3 7 c3fth C6P14

Me^S
(l.P) (4.3)

28 100 50 46 trace

C^F I, CFjSMe 
(1.0) (1.8)

35 43 51 24 20

^Other products from the methyl trifluoromethyl sulphide reaction were? 
trifluoroiodomethane (64%)? trifluoromethane (trace;, perfluorohutane 
(trace), and a trace of tar„

These results show that the methyl trifluoromethyl sulphide
reaction differed from the dimethyl sulphide reaction in that?

(i) attack on methyl trifluoromethyl sulphide was slower,
(ii)despite the slower attack on the sulphur atom, the amount of 
hydrogen abstraction decreased1? however, the yield of the dimer- 

isation product, perfluorohexane, increased, and

(iii) apart from the starting material, methyl trifluoromethyl 

sulphide, the only sulphide present in significant quantities 
was methyl heptafluoropropyl sulphide.

The first two points may be explained by the fact that the 
trifluoromethyl group withdraws electron density from the sulphur atom§ 
this, coupled with the slightly greater size of the trifluoromethyl 
group, makes attack by the heptafluoropropyl radical on the sulphur 
atom more difficulte This does not lead to an increase in hydrogen 
abstraction by the radical, partly because of the presence of fewer 
hydrogen atoms in methyl trifluoromethyl sulphide relative to dimethyl
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sulphide, and partly because of the withdrawal of electron, density 
from the sulphur atom. The latter factor renders the radical formed 
by hydrogen abstraction from methyl trifluoromethyl sulphide less 

stable than that formed from dimethyl sulphide (see p. 28 ). The 

slower attack on methyl trifluoromethyl sulphide will thus lead to 
an increase in dimerisation of the heptafluoropropyl radicals,

This tendency for dimerisation will be increased by the 
relatively low ratio of sulphide to heptafluoro-1“iodopropane com­
pared with the corresponding reaction of dimethyl sulphide (l„8 » 1 
compared with 4*3 * l),

The absence of any sulphides apart from the starting material 
and methyl heptafluoropropyl sulphide has interesting implications if 

it is assumed that this reaction proceeds, initially at least^by 

similar routes to the dimethyl sulphide reaction. The two mQst 

probable schemes are given below.

C-.Fl + CF;S*CH, if i 3 •> CF'g'CH^

(XXV)
Followed by EITHER

CF -  s -  CH, 3 • 3 1 C,F*S* CH, + CF* if i i
OR

abstractionC F ,-  S -  CH. 3 * 4 C3F*S*CH3 + CF^I
(XXVI)

The postulated intermediate sulphonium iodide (XXVl) would
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presumably decompose by nucleophilic attack of iodide ion upon one of 

the o(-carbon atoms* It seems improbable that attack would occur on a 

carbon atom in one of the fluoroalkyl chains because of the shielding 

effect of the fluorine atoms* On the other hand nucleophilic attack 
on the carbon atom of a methyl group is well known* On the basis of 
this reasoning intermediate (XXVI) should decompose to give iodomethane 
and trifluoromethyl heptafluoropropyl sulphide, i.e*,

i3 7
GF3- S - CH.

 ̂ C^S-CF^ + CH^I

(XXVI)

However, these predicted products were not detected? and therefore 

it seems unlikely that the reaction proceeds via intermediate (XXVI)*

If the methyl heptafluoropropyl sulphide observed in this 

reaction were formed by the decomposition of the expanded radical (XXV), 
it would be necessary to propose that, in the expanded radical, the 

CF^- S bond is cleaved more readily than the CH^- S bond. In this 

connection it is 'worthwhile to consider the reaction of methyl 

radicals with hexafluoroazomethane, CF^NsN’CF̂ , where it was found

that methyl radicals partially displaced one of the trifluoromethyl
94

groups. The authors proposed the following reaction scheme,
CF.,
I oCH* + CFsNsN’CF, --- > CH^- N - N - CF-,3 3 3 «e--- 3 ^  3

CF* + CH«NsN*CF3

in which it was required that the CF^- N bond should be weaker than the 
CH^- N bond for the second step to occur*

Consideration of the expanded radical (XXV) shows that fission 
of a R^- S bond rather than a CH^— S bond could be favoured because 

of the greater electrostatic repulsions between two polyfluoroalkyl
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groups than between a polyfluoroalkyl and a methyl group. On the 
basis of this reasoning it would not be expected that any sulphide 

with two polyfluoroalkyl groups would be formed in the reaction? 
this is in accord with the experimental observations.

If, as inferred from the above reaction, the R^-S bond is 
cleaved more readily than the CH^- S bond, then it appears anomalous 
that the reaction of heptafluoro-l-iodopropane with dimethyl sulphide 
should favour the formation of methyl heptafluoropropyl sulphide.
However, the photochemical reaction of heptafluoro-l-iodopropane with tnetkijl 

tri-fluoirdmethyl sulphide differs from that with dimethyl sulphide in at least 
two aspects.

(i) The expanded radical derived from methyl trifluoromethyl 
sulphide has two polyfluoroalkyl groups and electrostatic 
repulsions will favour the ejection of one of them rather than 

a methyl group. This is not the case with the expanded 
radical derived from dimethyl sulphide.

(ii) In the reaction of dimethyl sulphide with heptafluoro-l- 

iodopropane, trimethylsulphonium iodide is formed. The effect 
of the formation of a stable trialkylsulphonium iodide on the 
decomposition of the expanded radical has been discussed in 
the preceding experiment. By a similar reasoning it is 
expected that the expanded radical, derived from dimethyl 
sulphide would decompose to give methyl radicals and the 
observed methyl heptafluoropropyl sulphide, i.e.,

ch3- S - ch3 * C^S-CH^ + CH^
several stages
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In the case of the methyl trifluoromethyl sulphide reaction,a 
stable sulphonium iodide is not formed? therefore the mode of 
decomposition of the expanded radical in this reaction will not he 
influenced by the factors that influence the decomposition of the 

radical derived from dimethyl sulphide.

4» Photochemical Reaction of Ms( chloromethyl) Sulphide with 

Trifluoroiodomethane. This reaction was disappointing from a 
preparative standpoint. After 84 days irradiation oa. 70cf° of the 
trifluoroiodomethane was recovered. The inside of the reaction 

vessel was observed to be covered with a hard black deposit, which 

undoubtedly diminished the intensity of the radiation. Although, 

the products were not examined in detail, i.r. spectroscopy showed 
the presence of chlorotrifluoromethane, carbon disulphide, hydrogen 

chloride, and hexafluoroethane. It was therefore concluded that 
the reaction was of little preparative interest and it was not 
investigated further.

5* Thermal Reaction of Heptafluoro-l-iodopropane with Dimethyl 

Sulphide. The fluorine-containing products obtained from this 
reaction, along with the relevant data from the photochemical 
reaction, are presented in Table 10.



51

TABLE 10
Comparison of the photochemical and thermal reactions of

heptaf luoro-1 "-iodopropane with dimethyl sulphide

Reaction Time
(days)

Extent
of

reaction
(*)

^Products, yield fa
C-jFrSMe 0 {

C-,P„H 3 7

thermal
(170°)

3 56 16 69

photochemical 28 100 50 46

*8oth reactions also gave trace quantities of silicon tetrafluoride* 

The low yield of methyl heptafluoropropyl sulphide obtained in 

the thermal reaction., compared to the photochemical reaction., may be 
explained in a number of ways.

(i) It is possible that methyl heptafluoropropyl sulphide was 

unstable under the reaction conditions and that once formed, it 
partly decomposed to lH-heptafluoropropane. Although it was 
shown that methyl heptafluoropropyl sulphide is sbable alone at 
170°, it is not possible to predict the effect of the other 
components on the stability of the sulphide. Certain of these 
components were black: intractable solids of unknown composition. 
The presence of small quantities of silicon tetrafluoride among 

the reaction products cannot be taken as evidence for the 
decomposition of the sulphide, since this may have arisen by 
decomposition of the heptafluoropropyl radicals prior to 
sulphide formation.

(ii) The second possibility is that the heptafluoropropyl 

radicals generated in the thermal reaction are more energetic
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and therefore less selective than those generated in the photo­
chemical reaction. However, work on the "bidirectional additions 
of polyfluoroiodoalkanes to various unsymmetrical olefins has 
shown that the isomer ratio of the two possible Isl adducts, in 
general, shows only small variations with the method of formation

95
of the polyfluoroalkyl radicals.

(iii) A third possibility is that the substrate, dimethyl

sulphide, may be differently activated toward radical attack in
the photochemical reaction than it is in the thermal reaction.

In this connection it is known that alkyl sulphides exJbibit an
absorption in the u„v. at ca.210^,This has been attributed to

promotion of one of the sulphur non-bonding electrons to a 3d
96

orbital with the formation of a diradical, i.e.,
CBL-X - CH, ------> CH_- S - CH.,3 o 3 3

It is therefore proposed that attack on the activated sulphur atom, 
by the heptafluoropropyl radical, is easier than attack on the 
sulphur atom in the ground state. It is further proposed that 
the energy absorbed by dimethyl sulphide in the thermal reaction 
does not effect an electronic transition but merely increases 
the vibrational energy of C - H and C - S bonds. Therefore, 

in view of the absence of selective excitation of the sulphur 

atom in the thermal reaction, the increase in the vibrational 
energy of the G - H bonds will favour hydrogen abstraction by 

the heptafluoropropyl radical.
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Photochemical Reactions of Polyf luoroiodoalkanes with Alkyl DisuXphid.es

1. Polyfluoromonoiodoalkanes with Dimethyl Pisulphide. Although the 
photochemical reaction of dimethyl sulphide with polyfluoromonoiodo­
alkanes was of mechanistic interest, the relatively low yields of poly- 
fluoroalkyl sulphides obtained rendered the reaction unsuitable as a
preparative route to these compounds. The susceptibility of the S - S

83?97“99
bond in disulphides to free-radical attack suggested that the
reaction of alkyl disulphides with polyfluoroalkyl radicals might offer 
a convenient route to polyfluoroalkyl sulphides. The results (Table ll) 

from the photochemical reaction (21 days) of polyfluoromonoiodoalkanes 
with dimethyl disulphide show that this reaction gave excellent yields 
of the corresponding methyl polyfluoroalkyl sulphides.

The conditions in the first two experiments (Table ll) differed 

from the other experiments in that,in the former the upper portion of 

the reaction tube was ’blacked out’ and the tube held vertically in 

front of the lamp so that only the liquid phase was irradiated. In 
the other experiments, the tube was held horizontally above the lamp 
and both the liquid and vapour phases irradiated. The difference in 
reaction conditions resulted in the reactants in the latter experiments 
being subjected to slightly more severe conditions. This caused a 
slight increase in the amounts of the side-products formed, e.g., 
methanethiol, dimethyl sulphide, carbon disulphide, and methane and a 
decrease in the ratio of methyl polyfluoroalkyl sulphide to H-poly- 
fluoroalkane. However, these disadvantages were compensated for by 
the increased reaction rate.
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TABLE 11
Fluorine-containing products from the photochemical reactions of 

dimethyl disulphide with polyfluorotoonoiodo-alkanes

V Extent of 
reaction £

Products, yield

R„SMef RfH

cf3i 97 92 5
CF-CF̂ C»'2I 92 93 6
(cf3)2cfi 100 83 12
CF C1*CF I 100 82 14

(CF3)2CF-(CFg)4I 100 80 17

*jgased on polyfluoroiodoalkane consumed.

A simplified scheme for the reaction is as follows;

RfI  Ej + I* (29)

Rj + CH*S-S-CH3 ------> RfS-CH3 + CH^S* (30)

R* + CH*S*S* CH, ------» RJI + CH?S*S-CH- (3l)t o o  x 3 £

It was. also observed that small quantities of side-products,
arising from the decomposition of dimethyl disulphide, were also
present. The formation of these was prohahly initiated, in part, by
attack of the polyfluoroalkyl radicals on dimethyl disulphide
(equations 30 and 31) and, in part, by the independent photolytic

100
decomposition of dimethyl disulphide (scheme F).
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Scheme F
bv)CH-S*S-CH3 .  > 2CH^S•

CHiS* + CH*S»S*CH^ ------ P CHiSH + CH-S-S*CH*3 3 3 3 3 2
CH^S-S-CH3  7 CH| + CH-S-S*

CH^ + CH'S*S*CH3  * CH«S*GH3 + CĤ S*
CH° + CHiS° S° OH,  * CH. + CH-S’S’CH’3 3 3 4 3 £

GHf +- CH° SH -------> CH. + CH Ŝ"3 3 4 3
2CH:S-  P GH*S *S* CH,3 3 3

In addition to the products predicted by scheme F; small 

quantities of carhon disulphide were detected. It is very probable 

that other, undetected, products were present since the black, 
involatile oils, which were always formed in these reactions, were 

not examined. The methanethiol present in the reactions may have 
contributed to the formation of the H-polyfluoroalkanes^ sJince it 

was shown, in the present work, that heptafluoropropyl radicals react 

readily with methanethiol to give lH-heptafluoropropane. Fortunately 
the concentration of methanethiol was always low in the photochemical 
reactions.

The mechanism of polyfluoroalkyl radical attack on dimethyl 

disulphide can, as in the case of dimethyl sulphide, proceed through 
an expanded sulphur radical (XXVII),

R-f>
lf

ch3~ § - s - ch3

(XXVII)

or by an SH2 mechanism where bond-formation and bond-breaking are 
concomitant (XXVIII)



XLf ^ 3
(XXVIII)

Pryor has compared the rates -of attack of nucleophiles and 
free radicals on various substrates and concludes that nucleophilic 
and free-radical attack on alkyl disulphides occur by a similar 
mechanism, i.e., by an SN2 and an SH2 attack on the sulphur atom

83,97*101respectively. This inference is supported by the fact that free 

radicals react with benzoyl peroxide to give the corresponding ethers. 
Since oxygen is unable to expand its valence octet, it follows that 
bond-breaking and bond-making, in the formation of the ether, must 
be simultaneous. This reaction is used as an analogy for the free- 

radical attack on disulphides and is considered reasonable, though

not unequivocal, evidence for an SH2 mechanism also occurn'ng in the
101

latter reactions.

2. Polyfluoromonoiodoalkanes with Diethyl Disulphide. The results 

in Table 12 show that, although the polyfluoromonoiodoalkanes reacted 

with diethyl disulphide the yields of H-polyfluoroalkanes were much 

higher than in the corresponding reactions of dimethyl dxsulphide 
(Table ll).
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TABLE 12
Fluorine containing products from the reactions of diethyl disulphide

with. -polyfluoromonoiodoalkanQa

*RfI
Products, yield $

R„SEtf RfB RfEt

cf3i 43 40 7
CF^CFgCFgl 45 41 6

*Both reactions were carried out for 48 days and 100$ reaction occurred.

The higher yields of H-polyfluoroalkanes obtained in the diethyl 

disulphide reactions may he explained partly in terms of the larger 
number of hydrogen atoms present, and partly by the fact that the 

carbon atom adjacent to the sulphur atom in diethyl disulphide is a 

secondary atom whereas that in dimethyl disulphide is only a primary 
carbon. In connection with the latter point Pryor has shown, using 
pheiryl radicals and dialkyl disulphides, that hydrogen abstraction 
from primary and secondary carbon atoms adjacent to a sulphur atom is 
in the ratio,

97primary?secondary - Is3.2 
The presence of compounds of the type R̂ Ĉ H,. may be rationalised 

by similar explanations to those advanced for the formation of 1,1,1,

2,2,3y3-heptafluoropentane in the photochemical reaction of hepta- 
fluoro-l-iodopropane with methyl ethyl sulphide (p. 41 )* Products 

which arose from the decomposition of diethyl disulphide were also 
observed in these reactions5 this type of decomposition has already 
been discussed for dimethyl disulphide (p. 54 )•
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3. Tetrafluoro-I, 2-dijodoethane with Dimethyl Pi sulphide.. The products 

obtained from this reaction are given in Table 13°

TABLS 13
FIuorine-~oontaining products frpm the photochemical reaction of 

tetrafluoro-1,2-diiodoethane with dimethyl disulphide

^Product Yield $ ■̂ Product Yield f

C/ 4 5 cf2i°cf^s*ch3 6

SiP4 trace OHjS-(CF2)jS-CH3 4 6
cs2f2 trace cf2i-(cf2)^s.ch3 2

CF • CF • CF 2 2 2 not estimated CH^S-(CF2)^S*CH3 15
chf^cf^s»ch3 8

*In addition to the above products, decomposition products of dimethyl 
disulphide were detected as were small amounts of unidentified products.

These products may be rationalised by scheme G which requires tKe
decomposition of tetrafluoro-1,2~diiodoethane to tetrafluoroethylene
followed by attack of methanethiyl radicals, arising from the photolytic
decomposition of dimethyl disulphide, on the tetrafluoroethylene

formed. In view of the large number of products formed, it is not
k>

possible categorically^define the sources of hydrogen and iodine 

for the abstraction processes. Consequently these are designated lH’ 
and 'I1 respectively in the reaction scheme.
Scheme G

c p2i .c p2i — c f2Sc f 2 + i £

CH*S-S-CH3 ---— > 2CH^S-
CHjS* + CF2?CF2 ------» CHjS-CFjCFg

(XXIX)
(XXIX) + ’I1  » CH»S*CF*CF2I
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(XXIX) + 'H'  » CHjS.CF^CHF2
(XXIX) + CH^S*S°CH3 -> CH^S°(CF2)-S*CH3 + CHjS-

(XXIX) + 0F2sCF2  => CH^S°(CF2)jCF*
(xxx)

(XXX) + 'I'  » CH-S-(CF2)»CF2I
(XXX) + CH^S*S'CH3 ------ » CH^S*(CF2)^S'CH3 + CH*S*

CF23CF2  > 2CF2s
CF2sCF2 + CF ! ------ > CF^CFpF2
CFg: + ’HT ------> CIIFg  — — > CH2F2
CF2s + Si02  > SiF4 + C0(?)

An alternative mechanism involves the initial loss of only one 
iodine atom, i.e.,

CF2I°CF2I — ™  » CFgl'CF* + I-
(XXXI)

The intermediate radical (XXXI) may then attack dimethyl 
disulphide, as in the following scheme.
Scheme H

CF2I*CFj + CH|S°S-CH3 ---------- CF2I’CF'S*CH3 + CH^S-
CF2I»CF^S*CH3  > CH‘S°CF£CF£ + 1°

CH^S‘CFjCF£ + CH“S*S«CH3  » CH^S«(C F g ) C H 3 + CH-S*

However, to explain the formation of CH^S*(CF2)^S0CH3 and 
CFgl’(CF^^S*CH3 it is necessary to propose radical attack on tetra­
fluoroethylene as in scheme G.

CH^S°CFJCF£ + CF2;CF2 -------------> CH^S* ( C F ^ C F ?

Scheme G is preferred since in the reaction of tetrafluoro-1,2- 
diiodoethane, the only product isolated.in significant yield, apart from 
tars, was tetrafluoroethylene. No evidence for anything but the most 
transient existence of the radical, CFgl'CF^, was obtained. This,
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however? does not completely preclude the participation of this 
radical in the disulphide reaction since radical displacements on 

sulphur in disulphides seem to occur more readily than in mono­

sulphides.
It has heen reported that iodine can catalyse ionic- additions

102
of disulphides to olefins. That this did not occur with dimethyl 
sulphide and tetrafluoroethylene was demonstrated hy sealing dimethyl 

disulphide? tetrafluoroethylene? and iodine in a Pyrex tube and 
keeping the tube in the dark at room temperature (30 days). Tetra- 
flurooethylene (100$) was recovered unchanged.

Photochemical Reaction of Bis(trifluoromethyl) Disulphide with 

Pentafluoroiodobenzene
The successful preparation of methyl polyfluoroalkyl sulphides 

by the photochemical reaction of dimethyl disulphide with polyfluoro- 

monoiodoalkanes suggested that this type of reaction might have further 

applications for the preparation of fluorine-containing sulphides.

A preliminary investigation of the photochemical reaction of penta- 
fluoroiodobenzene with bis(trifluoromethyl) disulphide showed that 
the expected trifluorometbyl pentafluorophenyl sulphide was formed 
in fair yield (42̂ ), However? in contrast to the reaction of dimethyl 

disulphide with polyfluoroiodoalkanes? significant quantities of tri­

fluoromethyl pentafluorophenyl disulphide (13%) were also isolated.
On the basis of the present evidence it is not possible to 

explain why a fluorine-containing disulphide was formed in this 

reaction? but not in the dimethyl disulphide reaction. However it is 

possible to speculate how the trifluoromethyl pentafluorophenyl 
disulphide might be formed. The formation of the disulphide oould
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occur by attack of the pentafluorophenyl radical on his(trifluoro­
methyl) disulphide with expulsion of a trifluoromethyl radical.

+ CF*S*S*CF3 -------» CF^S-S-CgF^ + CF*

Alternatively it could he formed by attack of the pentafluoro­

phenyl radical on one of the bis(trifluoromethyl^>olysulphides 
believed to be formed on irradiation of bis(trifluoromethyl) disulphide.

c6f;l + cf^ cf3 -----> cf ŝ*s*c6f5 + cf ŝ x̂_2)
The presence of trifluoroiodomethane in the reaction products 

suggests that the former mechanism is more likely, i.e.t

Cx-F* + CF*S*S*CF, ------> CxF*S*S*CF^ + CF;6 5 3  3 65 3 3

*1' abstraction
v
CFjI

However, it is also possible that the formation of trifluoro­
methyl radicals is an independent process, e.g.,

CF*S*S*CF3 -- £2— * CFjS*S* + CFj

Comparison of the Photochemical and Thermal Reactions of Dimethyl 
Bisulphide with Heptafluoro-l-iodopropane

The ratio of the yields of methyl heptafluoropropyl sulphide 
to IH-heptafluoropropane obtained from the photochemical.reaction 
(93 i 6) is significantly different from that obtained from the 

thermal reaction (31 s 6l). These results are similar to those 
obtained from the corresponding reactions of heptafluoro-l-iodopropane 

with dimethyl sulphide (p. 50)* However, the results from the 

disulphide reactions are complicated by the decomposition of dimethyl 
disulphide during the reactions. In the photochemical heaction the

12
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decomposition was slight, whereas in the thermal reaction decom­

position was extensive and large quantities of methanethiol were 
detected among the products. Because of the high reactivity of methane­
thiol with heptafluoropropyl radicals, it. is probable that a certain 

proportion of the hydrogen abstraction by the heptafluoropropyl 
radicals occurred on the thiol. In view of the fact that the factors 
responsible for the high yield of methanethiol in the thermal reaction 
are not known, a comparison of the thermal and photochemical reactions 
is not justified.

Reaotions of Heptafluoro-l-iodopropane with Sodium Alkanethiolates 

It has already been suggested (p. 1 ) that reactions of the
type,

RSHa + Rx»I —.... > RSRrt + Nalf f
where R = alkyl,

Rf e polyfluoroalkyl 
would not prove useful for the preparation of polyfluoroalkyl 
sulphides because polyfluoroiodoalkanes are polarised in the sense 

R^- I. It was, nevertheless, decided to undertake preliminary 
investigations of this type of reaction to ascertain whether it was 
possible to modify the experimental conditions to induce polyfluoro- 
alkyl sulphide formation.

In the first experiment an approximately equiraolar mixture of 
sodium ethanethiolate and heptafluoro-l-iodopropane was heated (14 hr. 
at 100°) in dry dimethyl sulphoxide. After reaction of the iodo- 

propane was recovered unchanged. The product, IH-heptafluoropropane 
(92$ based on iodopropane consumed), indicates that this reaction is
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similar to the reaction of trifluoroiodomethane with alcoholic sodium
hydroxide, where nucleophilic attack on the positively-polarised

6
iodine atom is postulated to occur. On this hasis it is proposed 
that nucleophilic attack by the ethanethiolate ion occurs on the 
iodine atom, i.e.,

C H*S~ + CkF^I --------> 0oH*SI + ChF"
2 5 i f  2 5 i f

The carbanion, Ĉ F̂ , then abstracts a proton to give the observed 

lH-heptafluoropropane. The source of the proton could be either the 
solvent, dimethyl sulphoxide, or impurities, e.g., traces of water or 
free ethanethiol. The fate of the ethanesulphenyl iodide formed is 
not known, but it is possible that it could react with a second 

ethanethiolate ion to give diethyl disulphide, i.e.,

G_H*S” + C0H*SI ----- ^ C0H*S'SeC0Hc + I~25 25 25 2 5
It is further possible that, in addition to abstracting a 

proton, the heptafluoropropyl carbanion could attack any diethyl 
disulphide formed to give ethyl heptafluoropropyl sulphide.

+ C2H^S*S'‘C2H5 ------ > C^F'S-C^H + c2h£s" (32)

However, the concentration of diethyl disulphide would be low 
and the results show the above reaction (equation 32) does not 
compete favourably with the hydrogen abstraction reaction. Neverthe­
less, the presence of small quantities of ethyl heptafluoropropyl 

sulphide could have remained undetected since the reaction products 
were not examined by g.l.c.

In the second reaction the possibility of the heptafluoropropyl 
carbanion reacting with a disulphide was investigated. Thus an 

approximately equimolar mixture of sodium methanethiolate and hepta­
fluoro-l-iodopropane was heated (19 hr. at 100°) in dimethyl
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sulphoxide (solvent), in the presence of excess dimethyl disulphide. 

The results (Table 14) show that attack by the carbanion on the 
disulphide occurs to give methyl heptafluoropropyl sulphide.

TABLE 14
Reaction of heptafluoro-l-iodopropane with sodium methanethiolate in 

the presence of dimethyl disulphide

Reactants 
(approx. mole ratio)

Extent of 
reaction fo

Product. , yield $
C^F^SMe c3p7h

C ^ I  MeSNa

(1) (1)

Me2S2
(6)

73 68 10

These results are not considered to realise the full potential 

of this reaction and it is probable that the reaction could be 

developed to give high yields of methyl polyfluoroalkyl sulphides.
It was considered possible, though unlikely, that the reaction 

could proceed via a free-radical mechanism. However, heptafluoro-l- 

iodopropane and dimethyl disulphide heated at 100° (20 hr.) did not 
react. This lack of reaction was considered to eliminate the possibility 
of a free-radical mechanism.
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Some Effects of the Polyfluoroalkyl Group on the Reactivity of Alkyl 

Sulphides
The reaction of alkyl sulphides with mercuric chloride to give

complexes of the type H^S'yHgCl is believed to involve donation of
 ̂  ̂ 103

an unshared electron pair on the sulphur atom.
A series of polyfluoroalkyl sulphides were shaken with mercuric

chloride at room temperature (15 hr,). After this time it was
discovered that no reaction had occurred whereas a series of alkyl
sulphides, treated in a similar manner, reacted almost quantatively.

The results are summarised in Tables 22 and 23 (p. 119)*
The lack of reactivity of the polyfluoroalkyl sulphides may be

attributed to the inductive effect of the polyfluoroalkyl group,
which withdraws electron density from the sulphur atom, thus
preventing the ready donation of a lone-pair of electrons to the
mercury atom. The failure of methyl trifluoromethyl sulphide to

react with iodomethane may be explained by similar reasoning (p. 17)*
20,24

These results are in agreement with the findings of other authors.

Oxidation of Polyfluoroalkyl Sulphides

The first three reagents provided excellent synthetic routes, 
in that reaction conditions could be so adjusted as to give only 

one of the possible oxidation products.

1. With Hydrogen Peroxide. The oxidations were carried out in 
glacial acetic acid and, depending on the ratio of peroxide to poly­
fluoroalkyl sulphide, either the corresponding sulphoxide or sulphone 
was obtained. The reactions did not give side-products but they 
suffered from the disadvantage that prolonged heating was required,
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which necessitated the use of sealed tubes for low-boiling sulphides.
TABLE 15

Oxidation of polyfluoroalkyl sulphides with hydrogen peroxide

Approx, mole ratio 
HgO^ §sulphide

Reaction
conditions -.-Sulphide Product ■ Yield fo

1*1 100°| 24 hr. C3F«SMe O^FySOMe 71
9*1 100°? 216 hr. C^F'SMe C3P7S02Me 86

> ioa reflux; 20 hr. *C-F° cSMe 7 15 C^F * SO Me 
I 15 ^ 83

*C7F = (CF3)2CF‘CFJCFJ0F|CF2

2. With Fuming Nitric Acid. Oxidations with fuming nitric acid gave 

only the sulphoxide$c These reactions were subject to the same 
experimental advantages and disadvantages as the hydrogen peroxide 
oxidations.

The first preparation of a polyfluoroalkyl sulphoxide was 
72

reported in 1965* This involved the oxidation of methyl trifluoro­
methyl sulphide with concentrated nitric acid and gave a 30$ yield of 
methyl trifluoromethyl sulphoxide. In the present work fuming nitric 

acid was used and the reaction period was increased. Oxidation under 
these conditions gave yields of ca. 70$.

TABLE 16
Oxidation of polyfluoroalkyl sulphides with fuming nitric acid

Reaction
conditions Sulphide Product Yield $

100°5 14 hr. 
100°; 14 hr*

C^F^SMe

(CF3)2CF->SMe
C^F'SOMe

(OF3)2CF-SOMe
70
72
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3, With Potassium Permanganate. The oxidations with potassium 

pexmianganate were carried out in glacial acetic acid and gave 
exclusively the sulphone. This reagent was favoured for the 
oxidation of low-boiling polyfluoroalkyl sulphides "because oxidation 
occurred in the range 0-20° and so obviated the necessity of sealed- 

tube reactions.
TABLE 17

Oxidation of polyfluoroalkyl sulphides with potassium permanganate

Reaction
conditions Sulphide Product Yield f

0-20°5 5 hr. Ĉ JP̂ SMe C^SOgMa '85
0-20°5 5 hr. (CP3)2CF*SMe (CFjoCF»S0oMe 

d d 59*
0-20°? 5 hr. CF^SEt CF^SOgEt 78

*The low yield obtained in this reaction is probably due to mechanical 
losses since only a small quantity of sulphide was used.

4« With Sodium Metaperiodate. The attempted oxidation of methyl 

heptafluoropropyl sulphide with aqueous sodium metaperiodate, in the 
temperature range 5°”20°3 was unsuccessful and only* unchanged starting 
material was obtained. This failure could be ascribed to the low 
miscibility of the two reactants and to the oxidant being insufficiently 
strong to effect oxidation of the deactivated sulphur atom under these 
mild conditions. In an attempt to "force" the reaction*, the reactants 
were heated at 100° (7 days) and, although 80$ of the sulphide was 
recovered unchanged, a small amount of methyl heptafluoropropyl 
sulphone was obtained. This was unexpected since it is generally 

accepted that the oxidation of sulphoxides to sulphones is more 
difficult than the oxidation of sulphides to sulphoxides. Although
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104

exceptions to this generality are known, sodium metaperiodate is

regarded as a mild oxidising agent and has been used to oxidise a
105

large number of sulphides to sulphoxides, The preferential formation 
of sulphone in the present reaction may be due tos

(i) initial formation of the sulphoxide followed by its decom­
position into sulphone and sulphide, or
(ii) the greater solubility of the sulphoxide in water, as 
compared the reactant sulphide, made its rate of oxidation 
to the sulphone faster than the corresponding oxidation of sul­

phide to sulphoxide.
Certain sulphoxides have been reported to disproportionate into

106
the corresponding sulphides and sulphones on heating. That a similar 

disproportionation was not occurring* with methyl heptafluoropropyl 

sulphoxide was demonstrated by heating the sulphoxide at 100° (7 days)j 

only unreacted sulphoxide (95$) was recovered.
The presence of the oxygen atom in methyl heptafluoropropyl 

sulphoxide would make the latter more susceptible to hydrogen-bonding 

than the parent sulphide, and hence more soluble in water. If this 

solubility factor were responsible for the faster oxidation of the 
sulphoxide,then it could be expected that the presence of a suitable 
solvent, for both aqueous sodium metaperiodate and methyl heptafluoro­
propyl sulphoxide, would nullify the effect of the greater solubility 
of the sulphoxide in water. This would result in a faster reaction 
and permit isolation of the sulphoXhie.
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table 18
Oxidation of methyl heptafluoropropyl sulphide with aqueous sodium

metaperiodate

Reaction conditions Solvent Product Conversion %

. 5° y-X day none none nil

100°;i 7 days none C^SC^Me 12

100°§ 1 day methanol CLF;S0Me i (
14

The results (Table 18) show that these expectations were 
realised. It was therefore concluded that the preferential, formation 

of methyl heptafluoropropyl sulphone9 in the second experiments was 

due to the previously described solubility factors.



POLYFLUOROAim SULPHONES 
The sulphur-oxygen link in alkyl sulphones is considered to be 

a resonance hybrid of a semi-polar bond and a covalent double bond.
0" 0?
,2+

0

R - Sfc- R i—  > R - S+- R <—  R - S - RI 'Il o o

(XXXII) " (XXXIII) (XXXIV)

The relative contribution of each form is unknown,and although
66

a recent appraisal of the available evidence by Price and Oae

suggests the hybrid lies very close to the serai-polar structure
68,107

(XXXIl), the problem is not completely resolved. In view of the 
uncertainty as to the nature of the bonding, the structure of poly­
fluoroalkyl sulphones will be designated, non-commitally, as

0
i

R - - S - Hf I
0

e<” Carbanions in polyfluoroalkyl sulphones will be stabilised by 

the combined inductive effect of the sulphonyl group and the poly­

fluoroalkyl group.

0
IR - S -«■ CH„f | ^
0

This stabilisation will be augmented by a raesomeric effect
which probably involves some sharing of the carbon 2p electrons with

66
the 3d orbitals of sulphur.
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Carbanion Reactions of Polyfluoroalkyl Sulphones
1. Deuterium-Exchange. The formation of c^-carbanions from poly­

fluoroalkyl sulphones was demonstrated hy the fact that methyl hepta­
fluoropropyl sulphone exchanged its hydrogen atoms for deuterium in 

the presence of deuterium oxide and sodium deuteroxido.
The exchange was demonstrated qualitatively by i,r. spectroscopy. 

The intensities of the hands at 3»30 and 3*40/̂ ., ascribed to C - H 
stretching, were observed to have decreased and the appearance of 
bands in the region 4»37-4<»65/a was ascribed to the presence of 
C - D stretching vibrations.

The extent of deuterium-exchange was measured quantatively by<*\
n.m.r. spectroscopy and mass spectrometry* In the first case the 
ratio of hydrogen to fluorine in the non-deuterated sulphone, as 
given by the n.m.r. integration curves, was compared with an internal 

standard, l-bromo-l-chloro-2,2,2-trifluoroethane, CF^CHBrCl. This 
was repeated for the deuterated mixture. The two results permitted 
a comparison of the amount of hydrogen present in the non-deuterated 

sulphone with the amount of hydrogen in the deuterated mixture. A 
ratio of 100s12 was obtained, which represented an 88$ replacement 
of hydrogen by deuterium.

The extent of replacement was confirmed by mass spectrometry® 
Neither methyl heptafluoropropyl sulphonq nor its deuterated 

analogues gave parent-ion peaks so the peaks at m/e 79s 80, 81 and 82 
were used in the assessment. These peaks were assigned, respectively, 
to the positively-charged ions CH^SO*, CH^D'SO*, CHD2* SO*, and CD^SO*. 
In the calculation of the amount of deuteration that had occurred the 
following assumptions' were mades

(i) the breakdown patterns of the deuterated and non-deuterated
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sulphones were the same, and
(ii) ions corresponding to CHjSO*, CHD’SQg* CD^SOj were not 
formed. This was true at least in the case of methyl hepta­
fluoropropyl sulphone, since a peak at m/e 1$ (CH^SO*) was 
absent.
Furthermore the contributions of the ^S, ^C, and ^ 0  isotopes 

were considered negligible an,d were ignored. On the basis of these 
assumptions the ratio of CH^SOgSCH^'SOgSCHD^SOgSCDjSO* was found to 

be 1,1 s 4*8 s 38 $ 86, These ratios represented an overall exchange 
of hydrogen by deuterium of 87%. This is in excellent agreement with 
the value of 88% obtained from n.m.r. spectroscopy,

2. Under Haloform Conditions. A series of polyfluoroalkyl sulphones, 

which contained o<-hydrogen atoms, were shown to react with sodium 
hypochlorite to give chlorinated products, e.g.,

CLFiSO* CH.. -aQ----> CkF* SO* CC1.J3 ( 2 j 3 7 2 3
Similarly methyl heptafluoropropyl sulphone reacted with iodine, 

in the presence of sodium hydroxide, to give triiodomethyl hepta­
fluoropropyl sulphone.

The reactions proceeded smoothly at room temperature and high 
yields of products were obtained (Table 19)- The presence of a 

solvent was normally unnecessary, although aqueous methanol was used 
in the iodination reaction,
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TABLE 19
Products from the halogenation of polyfluoroalkyl sulphones

Reactant Product Yield $
CF^CF^CFjSOjCH^ CF*CF*CFjS0jCC13 98
(cp3)2cf-sojgh3 (CF3)2CF->S0£CC13 75

*(CF3)2CF-(CF2)^SO£CH3 (CF3)2CF*(CF2)^S0jCC13 81
CFiSO^CH^CHj CF|S0^CC1-CH3 90

CF;OF»CF|SO^CH CF^CF*CF^SOjCX3 84

*An attempt to repeat this reaction was unsuccessful in that 
fluorinated products were not isolated and the solution gave a strong 
positive test for fluoride ion* The expected product, (CFO^CR* (cF2)* 
SO^CCl^, may possibly have decomposed since the reaction mixture 
stood %n direct sunlight during the reaction*

The mechanism of the halogenation is believed to be similar, at 
least in the initial stages, to the haloform reaction, i.e.,

0

Rp - S - CEL - t I 3 v
OH R_ - S - CH,

0

Rf - S M CHg

R, cx3 etc. Rf - S
0

CHgX

(where X « Cl or l)

The reaction of methyl heptafluoropropyl sulphone with sodium 
hypochlorite was terminated before reaction was complete and the 

organic layer was shown to consist of trichloromethyl heptafluoro­
propyl sulphone and unreacted methyl heptafluoropropyl sulphone. The 
absence of the corresponding monochloromethyl and dichloromethyl
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sulphones is consistent with the above mechanism* since the sub­
stitution of a chlorine, atom for a hydrogen atom will further 
activate the remaining hydrogens towards base* The reactivities of 

the sulphones will thus lie in the order CHCl^SOgR^ CHgCl'SOgR^ ̂  
CH*S02Rf*

The <<-hydrogens of unsubstituted alkyl sulphones are not 
sufficiently acidic to react under the conditions employed in these 
experiments» However* the methylene hydrogens of«</-disulphones are

sufficiently activated by the second sulphonyl group to undergo
108*109

reaction. This is also true of the methyl hydrogen atoms in chloro-
109

methyl trichloromethyl sulphone,

3» With Benaaldehyde, Yagupol'skii and co-workers have reported that 

methyl trifluoromethyl sulphone condenses with aromatic aldehydes* in
75

the presence of base* to give compounds of the type CF^SO*CHsCHAr,
The present work shows that methyl heptafluoropropyl sulphone under­

goes a similar condensation with benzaldehyde.
C-,F*SQ* CH, + PhCHO ------» C.F.iSO'CHs CHPhi ( d i j { d

The reaction is believed to proceed via a mechanism similar to
that proposed for the aldol condensation* i.e.,

c3f^so^ch3 c3f *so*ch“
Q 0" OH
ll I h*  I. CkFlS0*CHo + PhCH ---=» C^F^SO'CH*CHPh  --* CkF*S0«CH*CHPhif d d *--- if d d V “. J / d d

OH
I -HO

C^F’SO'CH^CHPh —  ---» C^SO^CHsCHPh
(XXXV)
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The heptafluoropropyl styryl sulphone (XXXV) has been assigned the

trans configuration on the basis of the large coupling constant of

the olefinic protons (J^ „ 9 15*5 c./sec.). Typical coupling
1 2

constants for olefinic K ?/3 protons are cis (Jw „ ? 6-12 c./sec) and
110 1 2

trans (Ĵ . ^ , 12-18 c./sec).

Nucleophilic Displacements on the Sulphur Atom of Polyfluoroalkyl 
Sulphones
1. Methyl Heptafluoropropyl Sulphone. In contrast to alkyl sulphones,

111
which are resistant to nucleophilic attack on the sulphur atom, methyl 
heptafluoropropyl sulphone is readily cleaved by dilute aqueous 
sodium hydroxide at 100°* The ease of this reaction may be attributed 

to withdrawal of electron density from the sulphur atom by the hepta­

fluoropropyl group. This would provide a highly electron-deficient 
site for attack by the hydroxide ion. The reaction may be represented 

by the following sequence.
0 
iS - CH.°3F7

OH

0

0 OH 
\ /  

c3f7 y \
0 CH3J

(XXVI)

C ^ h + CH* S03H

Other workers have investigated the reaction of diphenyl
13sulphone with 0 -enriched potassium hydroxide and found that when

the reaction was stopped before completions, sulphones containing 0
112

were not present in the recovered diphenyl sulphone. This led the

18

authors to conclude that the replacement of the phenyl group by the
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hydroxide group was a synchronous process involving a transition state 
rather than an intermediate complex. By analogy it seems probable that 
the hydrolysis of methyl heptafluoropropyl sulphone occurs by an SN2

is merely a transition state.

2. Trifluoromethyl Ethyl Sulphone. Ingold showed that diethyl 

sulphone reacted with potassium hydroxide to give ethylene and 

potassium ethanesulphinate. A mechanism involving a;^3-elimination

It was hoped to prepare sodium trifluoromethylsulphinate from 
trifluoromethyl ethyl sulphone and sodium hydroxide. The only 
products from this reaction were, however, trifluoromethane (92fo) and 

sodium ethanesulphonate, which indicated that attack by the hydroxide 
ion had occurredon the sulphur atom.

In an attempt to prevent attack on the sulphur atom the bulky 
t-butoxide ion was used as the base and t-butanol as the solvent.
The volatile products obtained from this reaction were trifluoromethane 
(85$) and isobutene. The presence of trifluoromethane suggests that, 
despite steric inhibition, nucleophilic attack had again occurred on 
the sulphur atom. A possible scheme to explain the observed products 
is given below.

process, similar to alkyl halides, and that the intermediate (XXXVl)

113
was proposed

OH- + H - CH*CH°SO*C0H 
d d d d 2 * CH2sCH2 + C2H;lS02

t'BuO + CF-SO'C AT i d d j i CP3 + CgH-SOjOBu

4 - BuOH + CH sG(CBL)- + CoH*S0‘
CH3
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3. Trichloromethyl Heptafluoropropyl Sulphone* Substitution of a 
trichloromethyl group for the methyl gi*oup<, in methyl heptafluoro­
propyl sulphone9 should render the sulphur atom more susceptible to 
nucleophilic attack- The subsequent failure of trichloromethyl 
heptafluoropropyl sulphone to react with aqueous potassium hydroxide 
was therefore ascribed to the low solubility of the sulphone in water. 
The reaction was repeated in aqueous dioxane and the anticipated 

potassium heptafluoropropanesulphonate (72%) was obtained. In 

addition lH-heptafluoropropane (l3%)? carbon monoxide9 and chloro­
form were obtained. The presence of carbon monoxide may be explained

114by hydrolysis of the chloroform formed.

The ratio of potassium heptafluoropropanesulphonate indicates 

that the trichloromethyl anion is displaced (equation 33) in 

preference to the heptafluoropropyl anion (equation 34)o
c 3f *s o £Cc i3 + o h” ----- > c3f -s o3h + CCl“ (33)

c3f »sojcci3 + OH” ----- > cci^so3h + c3f” (34)

This may be rationalised on the basis that the presence of d orbitals
on chlorine induces greater stabilisation of the trichloromethyl 
anion since the fluorine atoms in the heptafluoropropyl anion are 

unable to expand their valence shells to delocalise the negative 
charge.

The yield of potassium heptafluoropropanesulphonate quoted (72%) 
is an isolated yield. However9 from the yield of IH-heptafluoro- 

propane (l3%)> it is probable that the actual yield of the former is 
higher than 72%. The aqueous solution of the products gave a 
negative test for fluoride ion? thus indicating the fluorinated 

products are stable under the reaction conditions.
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Miscellaneous Reactions of Polyfluoroalkyl Sulphones
1. Photolytio Decomposition of Triiodomethyl Heptafluoropropyl 
Sulphone. During the isolation of triiodomethyl heptafluoropropyl 
sulphone it was observed that the compound decomposed rapidly on 

exposure to light and air, whereas it was stable in the dark. The 
major products from the photochemical-induced decomposition (sun­

light) of the sulphone in the presence of oxygen were heptafluoro-l- 

iodopropane, sulphur dioxide, and iodine. Several free-radical 
mechanisms may be postulated to explain these products5 one such 
mechanism is°

C3F7S02CI3 C3Pf°2CI2 + 1‘
C3F^SO£Cl£ ---— C^SOgCIjO-O-

C3F^S0^CI|0-0- — --- > C3F7S02 + x 2 + G02^?5
C ^ jjSO* ------ > Ĉ F* + S02

C3F* + Ig ------» C ^ I  + I*
21*   > I2

In addition to the above compounds, small quantities of 
carbonyl fluoride and'silicon tetrafluoride were detected. The
formation of these, by the reaction of perfluoroalkyl radicals with

86
oxygen and glass,is known. *

2. Oxidation of Methyl Heptafluoropropyl Sulphone. The hydrolysis 

of trichloromethyl heptafluoropropyl sulphone with potassium hydroxide
propane.

was considered to be the best route to potassium heptafluoroAsulphonate. 
However, prior to the discovery of this route, potassium heptafluoro­

propanesulphonate was prepared, in 85̂  yield, by the oxidation of 
methyl heptafluoropropyl sulphone with potassium permanganate at
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reflux temperature. Tills method has been previously reported for 
the oxidation of a mixture of o(,ti)~bis(methanesulphonyl)polyfluoro-

4°
alkanes to the corresponding o( ,u)-di sulphonic acid salts#

Attempts to oxidise methyl heptafluoropropyl sulphone to hepta- 
fluoropropanesulphonic acid with fuming nitric aoid were unsuccess­

ful. (Table 20).
TABLE 20

Conditions Recovery of 
sulphone fo

Sulphonic 
acid, yield fo

100°? 24 hr. 90 nil
150°? 72 hr. 74 nil - •
reflux? 9 days nil nil

At 100° (24 hr.) no significant reaction occurred whereas, after 
prolonged reflux, a gas was evolved which gave a precipitate with 
barium hydroxide solution? the gas was presumed to be carbon dioxide. 
Although no heptafluoropropanesulphonic acid was detected, it was 
observed that the reaction vessel was badly etched. It was concluded 
that, either the sulphone had decomposed to give carbon dioxide and 
hydrogen fluoride without the formation of the sulphonic acid, or that 

the latter had been formed but had decomposed under the reaction

conditions. Xn view of the high stability of perfluoroalkanesulphonic
76

acids, the latter seems improbable. It is interesting to note that 
attempts to oxidise bis(trifluoromethyl) disulphide to trifluoromethane-

sulphonio acid, using concentrated nitric acid, have been reported to
79

result in decomposition.
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3, Attempted Fluorination of Trichloromethyl Heptafluoropropyl 

Sulphone. Attempts to fluorinate trichloromethyl heptafluoropropyl 
sulphone with antimony trifluoride/antimony pentaohloride were 

unsuccessful. At temperatures "below 100° the sulphone (ca. 90fo) was 
recovered unchanged. When the reactants were heated at 140° (7 days), 
"breakdown of the sulphone occured. The products were not examined in 

detail, but i.r. spectroscopy showed the presence of silicon tetra- 
fluoride, sulphur dioxide, 1-chloroheptafluoropropane, pentafluoro- 

propionyl chloride, pentafluoropropionic acid?and unidentified com­
ponents. The breakdown was not investigated further.

The failure to fluorinate the trichloromethyl group is probably 
a result of the strong electron-withdrawing effect of the heptafluoro- 
propanesulphonyl group. Although it is not known whether the
mechanism of fluorination, with antimony trifluoride/antimony penta-

+chloride, involves a free carbonium ion, e.g.9 C^P^SOgCCl^, it is 
believed that the fluorination is an ionic process which involves the

_115
replacement of Cl by P . The withdrawal of electron density from 

the trichloromethyl group, by the heptafluoropropanesulphonyl group, 
will hinder the loss of chlorine as Cl" and thus inhibit the fluorin- 
ation.
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POLYFLUOROALKYL SULPHOXIDE5 

The bonding and carbanion stabilisation of polyfluoroalkyl 

sulphones have been discussed previously (p. 7*0 ) same factors
apply also to polyfluoroalkyl sulphoxides. However? the presence of 
only one oxygen atom will reduce carbanion stabilisation in sulphoxides 
relative to sulphones,

Carbanion Reactions of Methyl Heptafluoropropyl Sulphoxide 
1, Deuterium-Exchange. Under similar conditions to those employed 

with the corresponding sulphone? methyl heptafluoropropyl sulphoxide 
underwent deuterium-exchange. The exchange was demonstrated? as 
before? by i.r. spectroscopy, n.m.r. spectroscopy? and mass spectrometry. 

The calculations based on n.m.r, spectroscopy showed a 90% exchange 

of hydrogen by deuterium had occurred-
The mass spectrum of the deuterated mixture showed parent-ion 

peaks at m/e 232?233?234? and 235 corresponding to the ions 
C^F^SO’CHy C^F*S0eCH2D+? C^F^SOCHD^? and C^F^SO.CD-̂ respectively.
The corresponding peak heights were in the ratio of 1.2 s 1.7 g 14 s
37? which?, using approximations similar to those used for the
sulphone? represented an 87$ replacement of hydrogen by deuterium.

Methyl heptafluoropropyl sulphide failed to react under similar 
conditions. This was not a solubility effect because a reaction in 
ethanol was also unsuccessful. This result indicates the importance 
of electron-withdrawal by the oxygen atom in carbanion formation, 
since the sulphide can stabilise a carbanion by d-orbital interaction

in the same way as can the sulphoxide and sulphone.
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2* Under ^aloform1 Conditions. The reaction of methyl heptafluoro- 

propyl sulphoxide and sodium hypochlorites at room temperatures yielded 
a mixture of trichloromethyl heptafluoropropyl sulphone (82$ "based on 
sulphoxide consumed) and unreacted methyl heptafluoropropyl sulphoxide 
(21$ recovered). The absence of any other high-boiling products 
indicates that oxidation and chlorination occurred either by a 

synchronous processor by a two-stage reaction in which the second 
step was the faster. The possibilities for the two-stage reaction are 
given below.

c3f*so«ch3 ■■■■■"■•—  > c3f*so*cci3 ■■■■— ■—  •> c3f*so*cci3 (35)
C,F*SO CEL ■■■— - > C.FrSO'GH^ -for8.*.,..) (kFiSO’CCl.. (36)Of o o l d o
Of the two possibilities (equations 35 and 36), the second,

which involves oxidation before chlorination, is considered to be
energetically preferable becauses

(i) a carbanion in which the charge is to a sulphonyl group 

will be more readily formed that a carbanion in which the charge 
is o(- to a sulphinyl group, because of the greater electron- 
withdrawing effect of the sulphonyl group? this will make the 
second step in equation (36) easier than the first step in 

equation (35)•
(ii) the electron-withdrawing effect of the chlorine atoms will 
make the oxidation of the postulated trichloromethyl hepta­
fluoropropyl sulphoxide more difficult than the oxidation of 
methyl heptafluoropropyl sulphoxide, consequently the first 

step in equation (36) will be easier than the second step in 

equation (35)«

Although no direct evidence is available in support of the 
above argument it is significant that alkyl sulphides have been
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oxidised to the corresponding sulphones, without chlorination, by
116

sodium hypochlorite at room temperature. It can therefore be inferred
that the reported oxidation of dimethyl sulphoxide to bis(trichloro-

117
methyl) sulphone, with sodium hypochlorite at reflux temperature, 
proceeds via the initial formation of dimethyl sulphone and, by 
analogy, that the oxidative chlorination of methyl heptafluoropropyl 

sulphoxide proceeds via the formation of methyl heptafluoropropyl sul­
phone o

This is apparently contradicted by the report that the reaction

of the sodium salt of thiobisacetic acid with sodium hypochlorite
118

gives products of the type CX^SO'CX^ and CHX^SO’CHXg. However, in 
addition to these products, incompletely halogenated sulphones were 
obtained, e.g., CHBr'SOjCHBr^. The isolation of these products is 

precluded by the 'haloform' type of mechanism proposed earlier, and 

it is therefore concluded that the reaction of thiobisacetic acid 
proceeds by a different mechanism.

An attempt to prepare triiodomethyl heptafluoropropyl sulphoxide 
by the iodination of methyl heptafluoropropyl sulphoxide with iodine 

in potassium iodide solution, in the presence of sodium hydroxide, was 
unsuccessful. This is further evidence against the intermediacy 
of trichloromethyl sulphoxide in the sodium hypochlorite reaction.
The failure to react with iodine, however, is not readily reconcilable 
with carbanion formation by methyl heptafluoropropyl sulphoxide as 

evidenced by the deuterium-exchange experiment. It can only be 
suggested that the carbanion formed from methyl heptafluoropropyl 
sulphoxide is unstable and reacts with its 'solvent sheath' (water 
or deuterium oxide) before it can react with any other species 

present.
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Nuoleophilic Displacement on the Sulphur Atom of Methyl Heptafluoro~ 

propyl Sulphoxide
The reaction of methyl heptafluoropropyl sulphoxide with dilute 

sodium hydroxide parallels the reaction of the corresponding sulphone 
in that attack occurs on the sulphur atom to give lH-heptafluoro- 
propane (92%). This result confirms the results obtained by Russian 

workers from the alkaline hydrolysis of methyl trifluoromethyl 
sulphoxide. In the latter reaction* trifluoromethane and sodium

71
ethanesulphinate were the observed products.
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CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK

Methyl polyfluoroalkyl sulphides were prepared in moderate 

yields (40-5°$) by the general reaction of polyfluoromonoiodoalkanes 

with dimethyl sulphide under photochemical conditions. Better yields 
(>80$) were obtained from the corresponding reaction of polyfluoro- 
monoiodoalkanes with dimethyl disulphide. Both of these preparative 

methods required long irradiation periods (3-4 weeks), which made them 
both costly and tedious. These difficulties were overcome in the 
corresponding thermally initiated, free-radical reactions but these 
reactions gave poor yields of methyl polyfluoroalkyl sulphides.

A preliminary investigation of the ionic reaction of hepta- 
fluoro-l-iodopropane with sodium methanethiolate, in the presence of 
excess dimethyl disulphide, showed that methyl heptafluoropropyl 

sulphide was formed in good yield (.ca. 70$)- The reaction was 
performed with dimethyl sulphoxide as solvent and was ca. 70f° complete 
after 19 hr. at 100°. It is believed that this reaction could be 

developed as a general method of preparation of methyl polyfluoroalkyl 

sulphides from polyfluoromonoiodoalkanes. In view of the fact that 
the high yields of polyfluoroalkyl sulphides obtained from the photo­

chemical reactions of disulphides were confined to methyl polyfluoro­

alkyl sulphides, it would be useful to determine whether the 
corresponding ionic reaotions are subject to the same limitations.

The methyl polyfluoroalkyl sulphones prepared were shown to 
form carbanions of the type R^SO^CHgjand these could provide a 

convenient route of introducing the HfS0^CH2 group into other com­

pounds. The methyl polyfluoroalkyl sulphoxides prepared were not 
investigated in great detail, although it was shown that these
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compounds were capable of oarbanion formation.

Both the polyfluoroalkyl sulphones and polyfluoroalkyl 

sulphoxides underwent attack on the sulphur atom by hydroxide ion. 
This attack, in the case of trichloromethyl heptafluoropropyl 
sulphone, gave rise to heptafluoropropanesulphonic acid (potassium 

salt)•
From heptafluoro-l-iodopropane, the following routes to the 

corresponding sulphonic acid were devised. These routes are 
considered general for the preparation of polyfluoroalkanesulphonio 

acids from polyfluoromonoiodoalkanes.

*Me2S2/ht>, or MSgS/hb, or MeSNa/MegSg.

The author wishes to express his thanks for a topic, which while 

providing interesting chemistry, possessed the more tangible incentive 

of being of possible commercial interest.

-> G^F-S-GH3 or iLoV'AcOir
KMnO^/AcOH Ua’OCl » C3Ff O.Cd3

KOH/HgO/dioxan

v
aq. KMnO^ * Ĉ F* SQyC
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EXPERIMENTAL

General Techniques
Many of the compounds encountered during the course of this work

were either gases or volatile liquids, certain of which possessed
obnoxious odours. These materials w:g;re conveniently manipulated in a
vacuum-system constructed from Pyrex glass. By this means air and
moisture were excluded, toxicity hazards were minimized, and small

fci‘
quantities of material handled qualitatively.

The vacuum-system consisted of a storage system comprising five 

bulbs (l to 25 litres), a distillation section consisting of a train of 

five traps, and a molecular-weight section equipped with two large~bore 
manometers for the accurate measurement of gas pressures. A detachable, 
thin-walled Fyrex bulb (237 ml.) was used in conjunction with the latter 
section for the measurement of molecular weights by the method of Regnault.

The distillation train was used for removing impurities from 
reactants, and for separating the reaction products into convenient 
fractions by the method of fractional condensation. The mixture to be 
separated was condensed in the first trap at the temperature of liquid 
nitrogen (-196°) and allowed to warm up slowly so that a pressure of pa.
2 mm. developed. The vapour of the warming mixture was passed through the 

remaining traps, each cooled to a successively lower temperature by slush 
baths. These were Dewar vessels containing a slush of a melting organic 
solvent maintained at its melting point by the addition of liquid nitrogen, 
a slush of solid carbon dioxide in methylated spirits, or liquid nitrogen 

with which the last trap in the series was cooled. The temperatures of 
the slush baths which were used are given in Table 20.



TIB LB 20.
Slush bath temperatures

Liquid Temp. Liquid Temp,
Carbon Tetrachloride -22° Toluene -95°

Chlorobenzene -45° Light Petroleum (b.p.30°~40°)

o0N~YH1

Carbon Dioxide/Meths. -78° Liquid nitrogen -196°

By repeated passage of each fraction through the distillation train, 
compounds whose boiling points differed by more than 30°could be separated. 

Throughout this dissertation compounds, or mixtures, are designated by the 

temperature of the trap in which they condensed, » "-78° fraction".
G-ases which did not condense at -196° were adsorbed onto charcoal, 

at -196°, which had previously been activated by heating in vacuo to 300° 
(20 min.). The gas was desorbed by heating the charcoal in vacuo to 
300° (20 min.) and the volume of the desorbed gas was then measured at 
room temperature.

Low pressure reactions (<8 atm.) were carried out in sealed, 
evacuated, thick-walled, Pyrex tubes and photochemical reactions were 

carried out in sealed, evacuated, silica tubes held at a specified distance 
from a Hanovia S500 mercury-vapour lamp.

Reactions at higher pressures were carried out in stainless-steel 
autoclaves equipped with a pressure gauge and bursting disc.

The volatile reaction products were separated by fractional con­
densation and each fraction was either weighed, or measured as a gas 
volume, and then examined by some, or all of the following techniques: 
molecular-weight determination, gas-liquid chromatography (g.l.o.), 
infrared (i.r*) spectrosoppy, nuclear magnetic resonance (n.m.r.)
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spectroscopy, mass spectrometry, and elemental analysis.
In certain cases pure samples were isolated by g.l.c. separation 

and trapping. This was accomplished by allowing the vapour of the pure 
sample to enter a cooled, spiral trap fitted with a self-sealing rubber 
serum cap. These preparative-scale separations were carried out on 

Perkin-Elmer model 116,451? or 452 instruments.
b

Unless otherwise stated quan^ative analysis of mixtures was carried
out by g.l.c. using a Griffin and George B.6. instrument. This instrument
incorporates a gas density balance detector, the response of which is
related to the weight and molecular weight of the compound by the follow- 

119
ing equation.

Weight of sample = Peak area.f.M/(M-m)
M = molecular weight of sample 
m = molecular weight of carrier gas 

f = a constant of proportionality.
The quantities calculated from this equation gave excellent agree­

ment with other checks, e.g., molecular weight of mixture, mass balance, 
or quantitative chemical separation. Both analytical-and preparative- 
scale g.l.c. investigations were carried out using columns ( 2 - 8  m*,
6 mm., i.d.) with Celite as the inert support. Unless otherwise stated, 
Silicone Oil M.S.550 (30%) was used as the stationary phase; the column 
length and operating temperature are given in the text.

High resolution i.r. spectra of pure compounds were recorded on 
Perkin-Elmer 21 or 257 instruments fitted with sodium chloride optics. 
Routine i.r. spectra were run on a Perkin-Elmer model 137 Infracord. 
Identification of known compounds by i.r. spectroscopy was made, unless 

otherwise stated, by a comparison of the i.r. spectrum obtained with that
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of an authentic sample, recorded in the departmental files,
N.m.r. spectra were recorded on a Perkin-Elmer RIO permanent

*Lmagnet machine operating at frequencies of 60*00 Me./sec, for H and 
56.46 Me./sec, for 19P.

Mass spectra were recorded either on an A.E.I. MS/2H mass spectro­
meter, a single-focusing sector magnet instrument with a resolution of 

1 in 700, or on an A.E.I. MS/9 mass spectrometer with a resolution of 1 in 
1500.

Eluoride ion was detected by the alizarin/zirconium nitrate test.
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Preparation of Heactants

1* Silver Heptaf luorobutyrate. To a solution of silver nitrate (200 g.,
1.18 moles) in water (600 ml.), a slight excess of a solution of sodium 
carbonate (69 g*, 0.62 mole) in water (200 ml.) was added with stirring.
The yellow precipitate of silver carbonate was washed twelve times with 
water (12 x 1000 ml.), in a blackened beaker. The sludge of silver carbonate, 
so obtained, was treated with the theoretical quantity of 80% heptafluoro- 
butyric acid and the resultant clear solution was evaporated at reduced 

pressure, with the temperature maintained below 50° to prevent decomposition, 
until crystallisation took place. The white crystals were dried over 
phosphoric oxide, in a darkened vacuum-desic cator (14 days)/to give
silver heptafluorobutyrate (300 g., 1.04 moles, 90%).120
2. Heptafluoro-I-iodopropane. Finely-powdered, dry silver heptafluoro­

butyrate (330 g., 1.04 moles) and finely-powdered, dry iodine (381 g.,
1,50 moles) were intimately mixed and placed in a round-bottomed flask 
(31 .) fitted with a nitrogen inlet.

The flask was connected to a vertical air condenser (ca. 20 cm.,
3 cm. i.d*), for returning iodine to the reaction mixture, with its upper 

end connected to two traps (ca. 300 ml.) cooled to -78°.
Before pyrolysis the apparatus was flushed with dry nitrogen (l hr.), 

the flask was then gently heated and the heptafluoro-l-iodopropane collected 

in the cooled traps. After the reaction was complete (3~4 hr.)sthe 
apparatus was again flushed with nitrogen to carry any remaining hepta- 

fluoro-l-iodopropane to the traps. The crude product was washed (3 x 100 ml.) 
with aqueous sodium hydroxide (30% w/v) at 0°, dried (phosphoric oxide), 
and distilled through a Vigreux column to give heptaf luoro-l-iodopropane 
(266 g., 0.90 mole, 88%) (Found: M, 295. Calc, for C^I: M, 296)
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120

b.p. 39-^0° (lit* 41). The product was shown to he pure by g.l.c, (8 i.u

column at 40°) and i*r. spectroscopy.
121

3* Trifluoroiodomethane. Dry, powdered silver trifluoroacetate

(193 g*> O.87 mole) and dry, powdered iodine (336 g., 1.32 moles) were
intimately mixed and placed in a round-bottomed flask (2.5 1.) fitted with
a nitrogen inlet. The flask was connected to a pyrolysis apparatus which

consisted of a vertical air condenser (ca. 100 cm., 3 cm. i.d.) with its
upper end leading to a scrubbing tower (5 cm. i.d.) packed with glass
helices. During the pyrolysis a continuous flow of an aqueous solution
of sodium hydroxide (36% w/v) and sodium thiosulphate (5̂ > w/v) was passed
down the tower against the gas stream. The gas outlet at the" top of the

tower was connected, via a Drechsel bottle which contained the same
scrubbing solution (£a. 150 ml.), to two drying tubes (ca. 40 cm., 3 cm«,
i.d.) packed with phosphoric oxide.

The apparatus was flushed with dry nitrogen and gently heated, and
the trifluoroiodomethane collected in two traps, cooled to -78°, connected
to the drying tubes. The crude product was purified by fractional condens
ation in vacuo to give trifluoroiodomethane (151 g», 0.77 mole,
(Pound: M, 196. Calc, for CP̂ I: M,196). The product was shown to be pure
by g.l.c. (8 m, column at 20°) and i.r. spectroscopy,

122
4* Tetrafluoro-l,2-diiodoethane» Tetrafluoroethylene (3*97 &•>

39.7 mmoles) and iodine (15*2 g., 60.0 mmoles), sealed in vacuo in a 
Fty-rex tube (300 ml.) and heated at 150° (14 hr.), gave, after fractional 
condensation in vaeuo, unreacted tetrafluoroethylene (1.31 g*, 13*1 mmoles 
335% recovered) (Pound: M, 100. Calc, for M, 100), condensing at
-196°, and a fraction condensing at -22°.

The -22° fraction was shaken with mercury, to remove excess iodine,
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and subsequently identified as tetrafluoro-1,2-diiodoethane (7*90 g*,

22.3 mmoles, 84$ based on tetrafluoroethylene consumed) by comparison of 
its g.l.c* retention time (4 m. column at 120°) with that of an authentic 
sample, and by i.r spectroscopy.

123
5* 1-Chlorotetrafluoro-2-iodoethane. Tetrafluoroethylene (12.1 g.,

0.121 mole) and iodine chloride (40*5 0.248 mole), sealed in vacuo
in a silica tube (l 1.) and heated at 90° (24 hr.), gave, on fractional
condensation in vacuo, unreacted tetrafluoroethylene (3*42 g., 34*2 mmoles,
27% recovered), condensing at -196°, and a fraction condensing at -78°.

The «-78° fraction was removed from the vacuum-system, washed with

dilute solium hydroxide solution (ca. 10 ml,), dried (phosphoric oxide),
and distilled at atmospheric pressure to give l-chloro-2-iodotetrafluoro-
ethane (21.1 g., 80.2 mmoles, 92% based on tetrafluoroethylene consumed)

123
(Found: M, 264. Calc, for C?C1F_I; M, 2$3) b.p. 56° (lit., 56*5°)> identified

124
by i.r. spectroscopy.

/ 236. Bis(trifluoromethylthio)merour.y» Carbon disulphide (161 g., 2.12 moles)
and mercuric fluoride (238 gOJ 1.00 mole) (prepared by passing fluorine 
gas, at 100°, over mercuric chloride for 24 hr.) were sealed in an auto­
clave (1 I., Hastalloy lined) and heated at 250° (5 hr.).

After reaction, the volatile material was vented off at room

temperature and the residual carbon disulphide solution filtered from the 
red mercuric sulphide. The carbon disulphide was evaporated under reduced 
pressure (20°/l7 mm.) and the resultant brown solid distilled under reduced
pressure (83°/20 mm,) to yield a white solid identified as bis(trifluoro-

methylthio)mercury, (CF;S)pHg (81.5 g., 0.203 mole, £1%) m.p. 37-39°
23

(lit., 39-40' ).
20 ( *

7, Bis(ohloromethyl) Sulphide. S-Trithiane, S•CH*S•CH^S• ( 2 0 0  g.,
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1,45 moles) was placed in a round-bottomed flask (2 1.) fitted with a
reflux condenser, stirrer, and dropping funnel, Thionyl chloride (518 g.,
4*35 moles) was added over a period of 1 hr,, with stirring, and the
resultant mixture was then heated under reflux (48 hr,).

The products were distilled under reduced pressure and the low-
boiling products allowed to escape. A liquid, b.p. 83°/35 mm., was
collected and redistilled at atmospheric pressure to give yellow bis-
(chloromethyl) sulphide (131 g*> 1.00 mole, 69/6) (found: C, 18.0; H,2.8̂ o.

20
Calc, for C„HC1 Ss 0,18.3; H,3*l$) b.p, 156° (lit., 156-156.5°)* ̂H. 24
8. Trifluoromethyl Ethyl Sulphide. Bis(trifluoromethylthio)mercury 
(40.0 g,, 99*5 mmoles) and iodoethane (29.6 g., 0,190 mole) were sealed 
in a F^rex tube (300 ml.) and heated at 100° (24 hr.).

Fractionation of the volatile products in vacuo gave small quantities 
of carbonyl sulphide and silicon tetrafluoride, condensing at -196°, and
trifluoromethyl ethyl sulphide (19*5 g*> 0.150 mole, 79?°) (Found: M, 130.

24
Calc, for Ĉ Ĥ F̂ S: m s130) b.p. 39**41° (lit., 40° ), condensing at -78° 
and identified by i.r. spectroscopy.

129* Bis( trifluoromethyl). Disulphide. a) From trifluoroiodoroethane * 

Trifluoroiodomethane(71.6 g., 0*365 mole) and sulphur (ca* 30 g*, 0,94 
mole) were sealed in an autoclave (l 1., Hastalloy lined), and heated at 
265° (36 hr.). The products Y/ere separated by fractional condensation 

in vacuoT and the -78° fraction was identified as bis(trifluoromethyl) 
disulphide (21.0 g., 0.104 mole, 56$) (Found: M, 202. Calc, for cyPgSgi

0 12
M, 202) b.p. 36 (lit., 34*6 )* The i.r. spectrum was identical with that 

125 
reported.

25b) From bis( trifluoromethylthio )mercury. To a solution of bis(tri~ 
fluoromethylthio)mercury (27*4 6*? 67*6 mmoles) in tetrachloroethane
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(50 ml*), contained in a round-bottomed flask (250 ml.), was added a 
solution of iodine (18,0 g., 70*9 mmoles) in tetrachloroethane (100 ml.). 
The mixture was stirred (8 hr.) during which time red mercuric iodide 
precipitated.

The volatile products were transferred to the vacuum-system and 
separated by fractional condensation in vacuo. The fraction condensing 

at -78° was identified as bis(trifluoromethyl) disulphide (11.3 56.1
mmoles, 83)0) (Found: M, 204. Calc, for Ĉ FgŜ : M, 202) by i.r. spectro­
scopŷ  and shown to be pure by g.l.c. (4 column at 20°). The i.r. 
spectrum differed from that reported, and from the i.r. spectrum obtained 
in the previous experiment, in that a band at 6.53/-* was absent.
10. Sodium Alkanethiolates. Fthanethiol (£a. 40 ml.) was dissolved in 
sodium-*dried ether (ca. 100 ml.) contained in a round-bottomed flask' IAVCHI r

(250 ml.) fitted with a total-reflux head, maintained at -78°, and a drying 
tube (phosphoric oxide). Finely-diced sodium (8.12 g., 0.353 mole) was 

added with constant stirring (15 min.) and stirring was maintained for a 
further 4 hr. The resultant white precipitate was filtered and transferred 
to a round-bottomed flask (100 ml.). The flask was evacuated, to remove 
any volatile material, and gave sodium ethanethiolate (30.6 g., 0.326 mole, 
90%).

The reaction between sodium and methanethiol, under the above con­
ditions, was slow. After stirring (8 hr.)?a mixture of ethanol and excess 

methanethiol was added to the reaction flask and the resultant mixture 
was heated under reflux (2 hr.). The precipitate of sodium methane- 
thiolate was isolated by the procedure described above. The yield was 
not recorded.
11. Miscellaneous Reactants. Other reactants were either commercial
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grade or pure research samples (checked hy i.r. spectroscopy and g.l.c.), 
kindly donated by members of the department* Commercial samples were 
dried and purified by distillation or by fractional condensation in vacuo. 
Photochemical Reactions of Dimethyl Sulphide with Polyfluoroiodoalkanes 

The reactants were sealed in silica tubes (.ca* 300 ml#) and 
irradiated at a distance of 6 in, from the lamp. During irradiation the 
tube was shaken vigorously and irradiation was continued until the form­
ation of tar was observed on the sides of the reaction tube. After 
reaction the volatile products were transferred to the vacuum-system and 

separated by fractional condensation in vacuo.

1* With Trifluoroiodomethane. Dimethyl sulphide (5*62 g*, 90*7 mmoles) 
and trifluoroiodomethane (4*25 g., 21.7 mmoles), sealed in a silica tube 
and irradiated (14 days), gave:

(i) a non-condensable gas at -196° (0*046 g#, 2.3 mmoles; M, 20), 
shown by i.r. spectroscopy to be a mixture of carbon monoxide and 
methane,
(ii) trifluoromethane (0.51 g*, 7*3 mmoles, 34%) (Pound: M, 70.
Calc, for CHPV M, 70), which condensed at -196°and was shown by 3 "■
i.r. spectroscopy to be contaminated with small amounts of silicon 
tetrafluoride and hexafluoroethane,

(iii) a combined -95° and -78° fraction (3*93 g*> 51*6 mmoles;
M, 76), shown by i.r. spectroscopy and g.l.c. (8 m. column at 20°) 
to consist of unreacted dimethyl sulphide (2.34 g*, 37*9 mmoles, 
42% recovered) and methyl trifluoromethyl sulphide (1.59 g*, 13*7 
mmoles, 63%),
(iv) a -22° fraction (0.57 g., 5.3 mmoles), identified by i.r. 
spectroscopy, n.m.r. spectroscopy, and mass spectrometry (p.148 )
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as bis(methylthdo)raethane, CĤ S*CH*S*CĤ , and
(v) a solid, non-volatile residue which was extracted with water.
The aqueous extract was evaporated, during which, an unpleasant 

odour ascribed to bis(methylthio)methane was evolved; a yellow- 
brown solid remained. The solid was recrystallised from ethanol 
to yield white crystals of trimethylsulphonium iodide (3*79 g*>

126 p-i n
18.6 mmoles, 86̂ >) decomposition temp. 210°-211 (lit.
identified by comparison with an authentic sample. A positive test
for iodide ion was obtained with aqueous silver nitrate .
A small residue of tar remained in the tube.

Trif luoroiodome thane (lOÔ o) reacted to give trif luorome thane (33/°) 
and methyl trifluoromethyl sulphide (63̂ ). Trimethylsulphonium iodide 
was isolated in 87fo yield.

2. With Heptaf luoro-l-iodopropane. Dimethyl sulphide (5*74 g*, 92.4 
mmoles) and heptafluoro-l-iodopropane (6.31 g., 21.3 mmoles), sealed in 
a silica tube and irradiated (28 days), gave:

(i) a non-condensable gas at -196° (0.8 mmole), shown by i.r. 

spectroscopy to be a mixture of carbon monoxide and methane,
(ii) a -196° fraction (trace), shown by i.r. spectroscopy to be 
silicon tetrafluoride,

(iii) a -130° fraction (1.82 g., 12.2 mmoles; M, 149)i shown by 
i.r* spectroscopy to consist of lH-heptafluoropropane and dimethyl 
sulphide,

(iv) a -78° fraction (4*98 g*), and
(v) a -22° fraction (0.72 g., 6.2 mmoles), shown by i.r. spectro­
scopy to be bls(methylthio)methane•
Trimethylsulphonium iodide (3*97 g., 19.4 mmoles, 91%) was extracted
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from the residue in the tube; a small quantity of tar remained.
The -130° fraction (l„82 g.) was shaken with mercuric chloride 

(ca. 10 g.) in a Fyrex ampoule (25 ml.) for 14 hr.s and the volatile 
component wqs identified as lH-heptafluoropropane (I.67 g., 9*8 mmoles,
Is-Sfo) (Found: M, 172, Calc, for M, 170) by i.r. spectroscopy.

The -78° fraction (4*98 g.) was shown by i.r. spectroscopy and g.l.c. 

(8 m. column at 40°) to consist of unreacted dimethyl sulphide (2.65 g., 
42.7 mmoles, 46% recovered), an unknown component A, and a trace of an 
unidentified component, possibly perfluorohexane•

Compound A was isolated by g.l.c. (4 m. column at 40°) and identified 
as methyl heptafluoropropyl sulphide. CF*CF*CF*S*CH^ (2.30 g*, 10.7 mmoles, 
50%) (Found: C, 21.9; H, 1.4%; M, 215. Ĉ Ĥ F_,S requires C, 22.2; H, 1.4J&; 
M, 216) b.p. 61°.

The mass spectrum (p. 144), n.m.r. spectrum (p. 173) and i.r. 
spectrum (p. 163) consistent with the proposed structure.

He ptafluor o-l-io do propane (l00y>) reacted to give 1H- heptaf luoro- 

propane (46%), methyl heptafluoropropyl sulphide {50fo), and trimethyl- 
sulphonium iodide (91̂ ).

3» With Heptafluoro-2-iodopropane. Dimethyl sulphide (6.52 g., 0.105 
mole) and heptafluoro-2-iodopropane (8.12 g., 27«4 mmoles), sealed in a 
silica tube and irradiated (24 days), gave;

(i) a non-condensable gas at -196° (0.026 g., 1.3 mmoles; M, 20), 
shown by i.r, spectroscopy to consist of carbon monoxide and 
methane,
(ii) a -196° fraction (trace), shown by i.r. spectroscopy to be 

silicon tetrafluoride,

(iii) a -130° fraction (2.53 g*, 16.2 mmoles; M, 157), shown by
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i.r. spectroscopy and g.l.c. (8 in. column at 20°^ to consist of 
2H-heptafluoropropane, CF^CHF*CF^ (2.40 g», 14*1 mmoles, 66>o) and 
unreacted dimethyl sulphide (0.13 g., 2.1 mmoles, 2% recovered),
(iv) a ~78° fraction (6.28 g.), and
(v) a -22° fraction (1.21 g., 11.2 mmoles), shown by i.r. spectro­
scopy to be bis(methylthio)methane.
Trimethylsulphonium iodide (4*00 g., 19*7 mmoles, 92%) was extracted 

from the reaction tube; a small residue of tar remained.
The -78° fraction (6,28 g.) was examined by i.r. spectroscopy and 

g.l.c. (8m. column at 50°) and shown to consist of unreacted heptafluoro-
2-iodopropane (1.80 g., 6.1 mmoles, 22% recovered), unreacted'dimethyl 
sulphide (3*01 g., 48.6 mmoles, 46% recovered), an unknown component B, 
and a trace of an unidentified component, possibly perfluoro*~(2,3-dimethyl- 
butane).

Component B was isolated by g.l.c. (4 m. column at 40°) and identic 

fied as methyl heptafluoro isonronvl sulphide. (CF^)gCF*S*CH^ (1.47 g.,

6.8 mmoles, 32%) (Found: C, 22.4; H, 1,4%; M, 214. Ĉ Ĥ F̂ S requires 
C, 22.2; H, 1.4%; M, 216) b.p. 6l°.

The mass spectrum (p. 144), n.m.r. spectrum (p. 183 ), and i.r, 
spectrum (p. 166) are consistent with the proposed structure.

Heptafluoro-2-iodopropane (78%) reacted to give 2H-heptafluoro- 

propane (66%), methyl heptaf luoro sulphide, (32%) and trimethyl-
sulphonium iodide (92%) based on the iodopropane consumed.

With l-ChIorotetrafluoro-2-iodoethane. 1-Chlorotetrafluoro-2-iodo- 
ethane (6.24 g., 23,8 mmoles) and dimethyl sulphide (5*42 g., 87*4 mmoles), 
sealed in a silica tube and irradiated (28 days) gave:

(i) a.anall quantity of a gas which did not condense at -196°,
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(ii) a -196° fraction (trace), shown by i.r. spectroscopy to be 
silicon tetrafluoride,
(iii) a -130° fraction (2.00 g., 15*4 mmoles; M, 130), which,

after treatment with mercuric chloride, gave lH-2-chlorotetra-

fluoroethane (1.70 g., 12.5 mmoles, 52%) (Pound? M, 138. Oalc.
for C HC1F,s M, 136), identified by a comparison of its i.r.

4 127
spectrum with that reported,
(iv) a -78° fraction (4.00 g.), shown by i.r. spectroscopy and 
g.l.c. (8 m. column at 50°) to consist of unreacted dimethyl 
sulphide (l.94 g*s 31*3 mmoles, 36% recovered) and an unknown 
component 0 (2.06 g.), and
(v) a -22° fraction (0.64 g., 5*9 mmoles), shown by i.r. spectro­
scopy to be bis(methylthio)methane contaminated with a trace of 
an unidentified component.

Trimethylsulphonium iodide (4*18 g*s 20.3 mmoles, 86%) was extracted 
from the tube; a small residue of tar remained.

The -78° fraction (4*00 g.) was shaken with mercuric chloride (ca.
40 g.) in a Pyrex tube (200 ml.) for 14 hr. to remove the dimethyl sulphide. 
The volatile component C was transferred to the vacuum-systera via a drying 

tube (phosphoric oxide) and was identified as methyl 2-chlorotetrafluoro- 

ethyl sulphideq CFgCl'-CPjS"CĤ  (1.96 g., 10.8 mmoles, 45%) (Founds C, 19.85 
H, 1.9? F, 42.0; S, 17.7%? M, 180. C3H3C1F4S requires 0, 19.75 H, 1.7;
F, 41*6; S, 17.5%5 M, 182) b.p. (Siwoloboff) 80°.

The mass spectrum (p. 145)j n.m.r. spectrum (p. 190), and i.r. 
spectrum (p. 163) are consistent with the proposed structure.

1-Chlorotetrafluoro-2-iodoethane (l00%) reacted to give 1H-2—chloro- 
tetrafluoroethane (52%), methyl 2-chlorotetrafluoroethyl sulphide (45%)9 
and trimethylsulphonium iodide (86%).
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5* With Pentadecafluoro-l-iodo-5-methylhexane. Dimethyl sulphide (5*26g*,
84.9 mmoles) and pentadecafluoro-l-iodo-5"*methylhexane (10.29 g* ? 20*7 
mmoles), sealed in a silica tube and irradiated (28 days), gave?

(i) a non-condensable gas at -196° (0,019 g., 1.0 mmole $ M, 19)? 
shown by i.r. spectroscopy to be methane, possibly contaminated 

with carbon monoxide.
(ii) dimethyl sulphide (0.49 g«? 7*9 mmoles, 9$ recovered) (Founds 

M, 63. Calc, for Ĉ Ĥ Ss M, 62), which condensed at -95° was 
identified by i.r. spectroscopy, and

(iii) a -78° fraction (3.69 g* ? 37*5 romolesf M, 98)? which, after 
reaction with mercuric chloride, gave a volatile component D, 
subsequently identified as lH-pentadecafluoro-5-meth.ylhexanes 

(CF3)^CF‘CFjCFjCF^CHF2. (2.84 g., 7.68 mmoles, 45#) (Founds C, 22.4? 
H, 0,5$? M, 363, C^HF^^ requires C, 22.5l H, 0.3$? M, 370) b.p. 
(Siwoloboff) 90-92°.
The mass spectrum (p. l6l), n.ra.r. spectrum (p. 172), and i.r, 

spectrum (p. 170) are consistent with the proposed structure.
A fraction condensing at -22° (5«27 g.) was also isolated, and 

shown by i.r. spectroscopy and g.l.c. (8 m. column at 135°) to consist 
of unreacted pentadecafluoro-l-iodo-5~methylhexane (l.72 g., 3-47 mmoles, 
17$ recovered), bis(methylthio)methane (0.27 g.? 2.48 mmoles), and an 
unknown component E,

Component E was isolated by g.l.c. (as above) and identified as 

Methyl pentadecafluoro-5-methyihexyi sulphide, (CF^)^CF0CF^CF^CF^CF^S*CH^ 
(3.28 g,, 7.97 mmoles, 46$) (Founds C, 23.O5 H, 1.0$ F, 68.5$ S, 7»9$» 
CgH^F^S requires C, 23.0$ H, 0.7$ F, 68.6$ S, 7.7$) b.p. 139°.

The mass spectrum (p. 147)? n.m.r. spectrum (p. 172), and i.r. 
spectrum (p. 164) are consistent with the proposed structure.
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The non-volatile residue in the reaction tube was extracted to give 

an ether-soluble tar (0,41 g*) and trimethylsulphonium iodide (2.92 g., 
14*3 mmoles, 83$)#

Pentadecafluoro-l-iodo-5-methylhexane (83$) reacted to give 1H- 
pentadecafluoro-5-methylhexane (45$) > methyl pentadecafluoro-5-methyl- 

hezyl sulphide (46$), and trimethylsulphonium iodide (83%) based on the 
iodoalkane consumed.
6. YTith Tetrafluoro-1,2-diiodoethane. Dimethyl sulphide (13*95 g*>
0.225 mole) and tetrafluoro-1,2-diiodoethane (8.50 g., 24.0 mmoles), 
sealed in a silica tube and irradiated (14 days), gave:

(i) tetrafluoroethylene (1.89 g*, 18.9 mmoles, 86$) (Found: M, 100. 
Calc., for 3-00), which condensed at -196° and was* identified
by i.r. spectroscopy,
(ii) a -I3O0 fraction (0*21 g., 2,7 mmoles; M, 78), shown by i.r. 
spectroscopy to be a mixture of tetrafluoroethylene (0.12 g», 1.2 

mmoles, 5x0 and unreacted dimethyl sulphide (0.09 g., 1.5 mmoles,
1% recovered),

(iii) unreacted dimethyl sulphide (13,2 g., 0.213 mole, 94$
recovered) (Found: M, 62, Calc, for CgHgS; M, 62), which condensed 

at -78° and was identified by i.r. spectroscopy, and
(iv) a -22° fraction (1.02 g.).

A tar, which contained a high proportion of iodine, remained in the
tube.

The -22° fraction (l.02 g.) was examined by i.r. spectroscopy and 
g.l.c. (2 m, column at 120°) and was shown to consist of five components. 

The major component was identified as unchanged tetrafluoro-1,2-diiodo- 

ethane (ca. 0.75 g*> 2.1 mmoles, 9$ recovered). The other four components
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(ca. 0,27 g.) were not identified. Exact quantities oannot be quoted for 
this fraction since the molecular weights of the unidentified components 
were not known.

Tetrafluoro-1,2-diiodoethane (91$) reacted to give tetrafluoro­
ethylene (91$ based on the diiodoethane consumed).
7. With 0otafluoro-l,4-diiodobutane. Dimethyl sulphide (6.73 g*> 0.108
mole) and octafluoro-l,4”diiodobutane (7*90 g,, 17*4 mmoles), sealed in a
silica tube and irradiated (14 days), gave:

(i) a non-condensable gas at -196° (0.8 mmole), shown by i.r. 
spectroscopy to. be a mixture of methane and carbon monoxide,
(ii) a -196° fraction (trace), shown by i.r. spectrosdopy to be a 
mixture of tetrafluoroethylene and silicon tetrafluoride,
(ixi) a -78° fraction (4*34 g., 69.4 mmoles; M, 63), shown by
i.r, spectroscopy and g.l.c. (8m. column at 60°) to consist of
lHyiH-octailuorobufcarB, CHB'*0S*CF»CF«p!fi’*CHF2 (0.05 g., 0.25 mmole,
2$) and unreacted dimethyl sulphide (4*29 g*, 69.2 mmoles, 64$
recovered),
(iv) a -45° fraction (1.15 g*), and
(v) a -22° fraction (5*96 g.)
Trimethylsulphonium iodide (2.03 g*> 10.0 mmoles, 90$) was extracted 

from the tube; a small quantity of tar remained.
The combined -45° and -22° fraction (7*il g*) was examined by i.r. 

spectroscopy and g.l.c. (8 m. column at 160°) and shown to consist of 

unreacted octafluoro-l,4“diiodobutane (3*16 g*, 6.96 mmoles, 40$ recovered), 
bis(methylthio)methane (0,60 g,, 5*58 mmoles), and four unknown components
F, G-, H, and J which were subsequently isolated by g.l.c, (5 m. column at
150°)
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Component F was identified as lH-octafluoro-4-iodobutane, CHP̂ CF ĈF̂

CFr,I (1*42 g., 4*33 mmoles, 42%) (Found: C, 14*6; H, 0.6%; M, 323* Calc.128
for qpFgls C, 14*6; H, 0.3%; M, 328) b.p. (Siwoloboff) 90° (lit., 90-91° )* 

The mass spectrum (p. 160 ) and i.r. spectrum (p. 170 ) are consistent 
with the proposed structure.

Component G- was not positively identified, but its elution order 
from g.l̂ c. suggested it was methyl 4H-octafluorobutyl sulphide, CHF*CF̂  
CF*CF|S*CH^ (0.16 g., O.63 mmoles, 6%) and calculations have been based 
on this assumption.

Compound H was identified as methyl octafluoro~4~iodobutyl sulphide, 
CF^i'CF^CFjCF'S'CH^ (l.71 g., 4*58 mmoles, 44%) (Found: C, 16*3; H, 0.8;
I, 34*3%* Ĉ _Ĥ FqI requires C, 16.1; H, 0.8; I, 34.0%),

The mass spectrum (p. 146)? n.rn.r. spectrum (p. 191 ), and i.r. 
spectrum (p. 164) are consistent with the proposed structure.

Compound J was identified as l,4-bis(methylthio)octafluorobutane, 
CH^S*CF*CF*CF*CF^S *CĤ  (0.06 g., 0.20 mmole, 2%) by mass spectral evidence 

only (p. 149).
0ctafluoro-l,4-diiodobutane (60%) reacted to give lH,4fi-octafluoro- 

butane (2%), lH-octafluoro-4“lodobutane (42%), methyl octafluoro-4-iodo- 
butyl sulphide (44h)? l,4-bis(methylthio)octafluorobutane (2/o), an unidenti­
fied .component, presumed to be methyl 4H-octafluorobutyl sulphide (6%), 
and trimethylsulphonium iodide (90%). The yields are based on the diiodo- 
butatve .consumed.

Thermal Reaction of Dimethyl Sulphide with Heptafluoro-l-iodopropane.
Dimethyl sulphide (2.06 g., 33*2 mmoles) and heptafluoro-l-iodopropane 

(3*42 g., 11.5 mmoles), sealed in a Pyrex tube (300 ml.) and heated at 
170o (72 hr*), gave, after fractional condensation in vacuo:
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(i) a non-condensable gas at -196° (0.9 mmole), which was not 
examined further,
(ii) silicon tetrafluoride (0.15 mmole), which condensed at -196° 
and was identified by i.r. spectroscopy,
(iii) a -130° fraction (l.OO g., 8.5 mmoles; M, 118), which, after 
reaction with mercuric chloride, gave lH-heptafluoropropane (0.74 

g., 4*34 mmoles, 69%) (Found: M, 167* Calc* for 170),- 
identified by i.r. spectroscopy, and
(iv) a -78° fraction (2.88 g.), shown by i.r. spectroscopy and g.l.c. 
(8 m. column at 50°) to consist of unreacted dimethyl sulphide 
(l.l4 g., 18,4 mmoles, 53% recovered), unreacted heptafluoro-1- 
iodopropane (1.52 g*, 5*14 mmoles, 45% recovered), and methyl hepta­
fluoropropyl sulphide (0.22 g . ,  1,02 mmoles, 16%).
The involatile residue in the reaction tube was extracted to yield 

trimethyl sulphonium iodide (0.26 g., 1.28 mmoles, 20%) and a tar (0.10 g.) 
which was soluble in ether. A blacl$ insoluble solid remained in the tube.

Heptafluoro-l-iodopropane (56%) reacted to give lH-heptafluoropropane 
(69%), methyl heptafluoropropyl sulphide (l6%), and trimethylsulphonium 
iodide (20%) based on the iodopropane consumed.
Photochemical Reaction of Methyl Ethyl Sulphide with Heptafluoro-l- 
iodopropane

Methyl ethyl sulphide (6.57 g*, 86.5 mmoles) and heptafluoro-l- 
iodopropane (7*36 g., 24*9 mmoles) were sealed in a silica tube (300 ml.) 
and irradiated (28 days), with shaking, at a distance of 4 in. from the 
lamp. After this period a large quantity of tar was deposited on the 
sides of the tube. The volatile material was examined by i.r. spectroscopy 
and the presence of unreacted heptafluoro-l-iodopropane was observed. The
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volatile material was transferred to another tube and irradiation was 
continued for a further 21 days, fractional condensation of the products 
in vacuo gave:

(i) a non-condensable gas at -196° (1.8 mmoles), shown by i.r. 
spectroscopy to contain methane,
(ii) a -196° fraction (0.08 g., 2,7 mmoles; M, 30 )> shown by i.r. 
spectroscopy to consist of ethane and ethylene which, on treatment 
with bromine and subsequent purification, gave ethane (0.06 g.,

2,3 mmoles),
(iii) lH-heptafluoropropane (2.32 g., 13*6 mmoles, 58%) (Found: M,

169• Calc, for Ĉ HF_,: M, 170), which condensed at -130° and was 
identified by i.r. spectroscopy,
(iv) a -78° fraction (5*04 g.), and
(v) a “22° fraction (0.874 &•) which was not investigated further.
The tar remaining in the tube was extracted with water to yield a

mixture of trialkylsulphonium iodides (0.78 g.) (Found: C, 17*8; H, 4*2;
I, 63.7%) decomposition temp. 198°.

The -78° fraction (3*04 g*) was investigated by i.r. spectroscopy 
and g.l.c, (8 m. column at 70°) and shown to consist of nine components.
Two of these components were present only in trace quantities and were not 

positively identified, but were shown to correspond in retention times to 
perfluorohexane and iodoethane respectively. The remaining seven 
components were identified as unreacted heptafluoro-l-iodopropane (0.351 
g., 1*19 mraoles, 5% recovered), unreacted methyl ethyl sulphide (1.94 g*,
25.6 mmoles, 30>0 recovered), dimethyl sulphide (0.101 g., I.63 mmoles), 
diethyl sulphide (0.775 g*» 8,61 mmoles), methyl heptafluoropropyl sulphide 
(0.356 g., 1.65 mmoles, 7%)t ethyl heptafluoropropyl sulphide (1.10 g.,
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4*80 mmoles, 21/c) (see p. 116), and 1,1,1,2,2,3,3rheptafluoropentane 
(0*267 g», 1*35 mmoles, 6%) (see p. 116)*

Heptafluoro-l-iodopropane (95%) reacted to give lH-heptafluoropropane 
(58%), methyl heptafluoropropyl sulphide (7%)y ethyl heptafluoropropyl 
sulphide (21;u), and 1,1,1,2,2,3,3-heptafluoropentane (6̂ 0) based on the 
iodopropane consumed.
Photochemical Reaction of Methyl Trifluoromethyi Sulphide with Heptafluoro- 

l-iodopropane

Methyl trifluoromethyl sulphide (1.15 g*, 9*91 mmoles) and hepta- 
fluoro-l-iodopropane (l.6l g*, 5*41 mmoles), sealed in a silica tube (100 
ml.) and irradiated at a distance of 2 in. from the lamp (35 days), gave, 
after fractional condensation in vacuo:

(i) trifluoifne thane (trace), condensing at -196° and identified by 

i.r* spectroscopy,
(ii) a -130° fraction (0.336 g*, 1.75 mmoles; M, 192), shown by i.r. 
spectroscopy and g.l.c. (8 m* column at 20°) to consist of perfluoro- 
butane (trace), lH-heptafluoropropane (0.046 g., 0.27 mmole, 12)6), 
and trifluoroiodomethane (0.289 g., 1.47 mmoles, 64/6),

(iii) a -95° fraction (0.989 g*, 8,10 mmoles; M, 122), shown by i.r* 
spectroscopy and g.l.c. (8 m. column at 20°) to consist of 1H- 
heptafiuoropropane (0.048 g., 0.28 mmoles, 12fo), trifluoroiodo­
me thane (0.050 g., 0.25 mmoles, lljk), unreacted methyl trifluoro- 
methy3. sulphide (0.861 g., 7*41 mmoles, 75% recovered), and an 

unidentified component (0.03 g.), and
(iv) a -78° fraction (1.256 g.), shown by i.r. spectroscopy and 

g.l.c. (8 m. column at 40°) to consist of perfluorohexane (0.080 g.,
0.23 mmoles, 20)b), methyl heptafluoropropyl sulphide (0.254 g*,
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1.17 mmoles, 51%), unreacted heptafluoro-l-iodopropane (0.920 g*,
3.11 mmoles, 57% recovered), and a trace of an unidentified com­
ponent •
A small quantity of tar remained in the reaction tube. Heptafluoro- 

l-iodopropane (43%) reacted to give perfluorohexane (20%), lH-heptafluoro- 

propane (24%), methyl heptafluoropropyl sulphide (51%), perfluorobutane 
(trace), and trifluoroiodomethane (64%) based on the iodopropane consumed. 
Photochemical Reaction of Methanethiol with Heptafluoro-l-iodopropane

Methanethiol (l,10 g., 22.9 mmoles) and heptafluoro-l-iodopropane 
(6.76 g.-, 22.8 mmoles), sealed in a silica tube and irradiated (9 days), 
gave, on fractional condensation in vacuo:

(i) a non-condensable gas at -196° (0.008 g., 1.9 mmoles,* M, 4), 
which showed no i.r. absorption in the region 2.5 to 15ju,
(ii) lH-heptafluoropropane (3*24 g., 19*0 mmoles, 85%) (found: M,
171. Calc# for Ĉ HF_,: M, 170), which condensed at -130° and was 
identified by i.r. spectroscopy,
(iii) a -78° fraction (0.82 g.), shown by i.r. spectroscopy and g.l.c. 

to consist of unreacted heptafluoro-l-iodopropane (0,11 g., 0,37 
mmole, 2% recovered) and methyl heptafluoropropyl sulphide (0.71 g., 
3.28 mmoles, 14%), and

(iv) a -22° fraction (0.12 g.), which was not investigated further.

An acetone-soluble, black tar remained in the tube. Heptafluoro-l-
iodopropane (98%) reacted to give lH-heptafluoropropane (85%) and methyl 
heptafluoropropyl sulphide (14%) based on the iodopropane consumed. 
Photochemical Reaction of Bis(chloromethvl) Sulphide with Trifluoroiodo­
methane

The photochemical reaction of bis(chloromethyl) sulphide with
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trifluoroiodomethane w a s  unsuccessful. After irradiation (84 days), 
trifluoroiodomethane (70%) was recovered unchanged and the inside of the 
reaction tube was observed to be covered with a black deposit. The volatile 
products were shown, by i.r. spectroscopy, to include trifluoromethane, 
chlorotrifluoromethane, hexafluoroethane, carbon disulphide, hydrogen 
chloride, and small amounts of unknown products. The latter were not 

characterised and the reaction was not investigated further.

Photochemical Reactions of Dimethyl Bisulphide with Polyfluoroiodoalkanes 
The reactions (l-5) were carried out under similar conditions. The 

irradiations were carried out at a distance of 4 in* from the lamp, for a 

period of 21 days. In experiments 1 and 2 the sealed silica tubes (300 nl.) 

were held in a vertical position and the liquid phase irradiated; in 
experiments 3”5 the tubes were held horizontally and the liquid and gas 
phases irradiated.

The products were identified by i.r. spectroscopy, g.l.c, retention 

times (4 m* column at appropriate temperature), and molecular-weight 
determinations (except experiment 5). Experiment 1 is given in detail, 
the other experiments are summarised in Tables 21a and 21b.
1. With Heptafluoro-l-iodopropane. Dimethyl disulphide (7.91 g., 84.3 

mmoles) and heptafluoro-l-iodopropane (4.44 g*> 15«0 mmoles), sealed in a 
silica tube and irradiated (21 days), gave, on fractional condensation 
in vacuo:

(i) a trace of a non-condensable gas at -196°, subsequently 
identified by i.r. spectroscopy as methane,

(ii) a -130° fraction (O.I55 g*> 1.0 mmole; M, 155)j shown by i.r. 
spectroscopy and g.l.c, (8 m, column at 20°) to contain lH-hepta- 

fluoropropane (0.15 g., 0.9 mmole, 6%) and methanethiol (0.005 g.,
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0*1 mmole,<1% based on dimethyl disulphide used), contaminated
with a trace of an unidentified component?
(iii) a -76° fraction (3*22 g., 15*3 mmoles; M, 210), and

(iv) a -45° fraction (4.24 g«).
Large quantities of a black oil remained in the tube*
The -78° fraction (3*22 g.) was examined by i.r. spectroscopy and 

g.l.c. (8m. column at 45°) and shown to consist of methyl heptafluoro­
propyl sulphide (2.82 g., 13*0 mmoles, 92%), unreacted heptafluoro-l- 
iodopropane (0.32 g., 1*1 mmoles, 1% recovered), dimethyl sulphide (0,05 
g., 0.8 mmoles, 1% based on dimethyl disulphide), and carbon di sulphide 
(trace).

The -45° fraction (4*24 g.) was removed from the system and 
distilled through a Vigreux column (15 cm,). One fraction, only, was 
obtained and identified by i.r. spectroscopy as unreacted dimethyl 

disulphide (3*95 g*, 42.0 mmoles, 51% recovered) b.p. 107°°
The oil remaining in the tube was distilled, with some decomposition, 

to yield a further quantity of dimethyl disulphide (1.62 g., 17*3 mmoles, 
21% recovered).

Heptafluoro-l-iodopropane (93%) reacted to give lH-heptafluoropropane 
(6%) and methyl heptafluoropropyl sulphide (93%) based on the iodopropane 
consumed.

Subsequent experiments, with the reaction tube held horizontally, 
gave methyl heptafluoropropyl sulphide (80-85%).
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TABLE 21a

Photochemical reactions of polyfluoromonoiodoalkanes with dimethyl disulphide

Iodo oompound Me2S2
mmoles

Extent
of

...... . \ ■
Product RpSMe

Experiment
Rpl mmole s reaction

Yield % Fraction

1 CFiCF*CF0I 
D  £ *-

15.0 84.3 93 93 1 CD O

2 CF̂ I 15.4 120 97 92 -95°

3 (cf3)2cfi 28.5 126 100 83 -78°

4 CFgCl'CFgl 25.9 68.7 100 82

OCOP-I

3 (cf3)2c f*(gf2)4i 20.3 48*6 100 80

OCMCM1

TABLE 21 h

Photochemical reactions of polyfluoromonoiodoalkanes with dimefllsulphide

Experiment

1 ■■■■■■■■■■■■■■....  m , .................  .... .......... .......... ....... ..... .

Products Yield %

R^H
CS2 MegS MeSH GH,4

Yield fraction
1 6

001—!1 Trace 1 <1 <1

2 5 -;96° Trace 1 1 <1

3 12 -130° Traoe 4 2 2

4 14 -130° Trace 5 3 4

5 17 -45° Trace 4 < 1 5



112

6. With Tetrafluoro-l,2-diiodethane. Tetrafluoro-l,2-diiodoethane (10*36 

g., 29.3 mmoles) and dimethyl disulphide (11.23 g., 0.120 mole) were 
sealed in a silica tube (300 ml.), which was clamped horizontally above the 
lamp and irradiated (30 days). Fractional condensation of the products 
in vacuo gave:

(i) a non-condensable gas at -196° (ca. 1*5 mmoles), which was not 

examined,
(ii) a -196° fraction (0,15 g., 1.5 mmoles; H, 98), shown by i.r. 
spectroscopy to be tetrafluoroethylene (ca. 5%)y contaminated with 
silicon tetrafluoride and difluoromethane,

(iii) a -130° fraction (0.22 g,, 1,6 mmoles; M, 138), shown by i.r. 
spectroscopy to be a mixture of carbon disulphide, perfluorocyclo- 
propane, and an unidentified component (or components) with i.r. 
bands at 3*40 m, 3*48 m, 3*52 w, 8.25 s, 10.05 s, 10.55 w, and 
12.20 wyu, and

(iv) a -7̂ fraobcn(G41 g.), shown by i.r. spectroscopy to contain dimethyl 
sulphide, carbon disulphide, methyl 1,1,2,2-tetrafluoroethyl sulphide, 
and a trace of the unidentified component present in the -130°fraction<, 
The -78° fraction was shaken with mercuric chloride (15 hr.) and
gave methyl 1,1,2,2-tetrafluoroethyl sulphide (0.36 g,, 2.4 mmoles,
8%) (Found: M, 146. Calc, for C,H. F. S: M, 148), contaminated withij. —
a trace of the unidentified component.

A -45° fraction (2*32 g.) and a -22° fraction (7*31 g*) were also 
isolated, and a black obnoxious oil remained in the tube.

The combined -22° and -45° fraction (9*63 g.) was examined by i.r. 
spectroscopy and g.l.c. (8 m. column at 160°) and shown to consist of 

unreacted dimethyl disulphide (5*14 g*, 54.7 mmoles, 46% recovered),
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bis(methylthio)methane (0.43 g** 4*0 mmoles), methyl octafluoro-4-iodo- 
butyl sulphide (0.10 g., 0.27 mmole, 2%) (identified, by mass spectrometry), 
and three unknown components K, L, and M. Trace quantities of three 
unidentified components were also present.

Components K, L, and M were separated by g.l.c. (as above).
Component K was identified as ly2-bis( methylthio )tetrafluoroethane, 

CH*S*CF£CF*S*CH^ (2.60 g., 13*4 mmoles, 46%) (Found: C, 24*7; H, 3*3j S, 
32.7%. Ĉ HgF S2 requires C, 24.7; H, 3*3j S, 33.0%) b.p. (Siwoloboff)
150°.

The mass spectrum (p. 148), n.m.r. spectrum (p. 189), and i.r. 
spectrum (p.164 ) are consistent with the proposed structure.

Component L was identified as methyl tetrafluoro-2-iodoethy 1

sulphidej CF̂ I* CF|S« CH  ̂(0*45 g* ? I.64 mmoles, 6%) by mass spectrometry 
only (p. 145)" Tbe i.r. spectrum is recorded (p. I64).

Component M was identified as l,4-bis(methylthio)octafluorobutane, 
CH"S*CF*CF*CF*CF*S*CH (0.64 g., 2.18 mmoles, 15%) by mass spectrometry3 2 2 d  iL 3
only (p. 149). The i.r. spectrum is recorded (p. 164).

Tetrafluoro-l,2-diiodoethane (100%) reacted to give tetrafluoro- 
ethylene (5%), difluoromethane (trace), perfluorocyclopropane, methyl 1,1, 
2,2-tetrafluoroethyl sulphide (83b), methyl octafluoro-4-iodobutyl sulphide 
(2%), l,2-bis(methylthio)tetrafluoroethane (46%), methyl tetrafluoro-2- 
iodoetbyl sulphide (6%), l,4-bis(methylthio)octafluorobutane (15%), and 
at least four unidentified components.
Attempted Ionic Reaction of Dimethyl Disulphide with Tetrafluoroethylene 

Dimethyl disulphide (11.10 g., 0.118 mole), iodine (7*61 g*» 30*0 
mmoles), and tetrafluoroethylene (3*00 g., 30.0 mmoles), were sealed in a 
Fyrex tube (300 ml.) and kept in the dark at room temperature (22 days).
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Fractional condensation of the products in vacuo gave unreacted tetra- 

fluoroetbylene (3*00 g., 30*0 inmoles, 100%), which condensed at -196° 
and was identified by i.r. spectroscopy. The high-boiling components 

were not investigated but a black oil was observed in the reaction tube. 
Thermal Reaction of Dimethyl Disulphide with Heptafluoro-l-iodopropane

Dimethyl disulphide (l.97 g** 21.0 mmoles) and heptafluoro-l-iodo- 
propane (5*80 g., 19.6 mmoles), sealed in a Pyrex tube (340 ml.) and 
heated at 150° (72 hr.), gave,on fractional condensation of the products 
in vacuo:

(i) a non-condensable gas at -196° (1.7 mmoles), shown by i.r. 
spectroscopy to contain carbonyl sulphide, silicon tetrafluoride, 
hydrogen sulphide, and an unidentified fluorocarbon.
(ii) a -130° fraction (1,20 g., 12.3 mmoles; M, 98), shown by i.r. 
spectroscopy and g.l.c. (8 m. column at 20°) to consist of 1H- 
heptafluoropropane (0.83 g., 4.9 mmoles, 61%) and methanethiol 
(0.36 g., 7*4 mmoles),
(iii) a -78° fraction (4*71g.)> and
(iv) a -36° fraction (0.11 g.), shown by i.r. spectroscopy to 
consist of dimethyl disulphide and an unknown component. This 
fraction was not investigated further.
A black tar remained in the tube.

The -78° fraction (4.71 g*) was examined by i.r. spectroscopy and 
g.l.c. (8m. column at 40°) and shown to consist of unreacted heptafluoro' 
1-iodopropane (3*40 g., 11.5 mmoles, 59% recovered), dimethyl sulphide 
(0.51 g*> 8,3 mmoles), carbon disulphide (0.24 g., 3*2 mmoles), methyl 
heptafluoropropyl sulphide (0.54 g.# 2.5 mmoles, 31%)> and trace 
quantities of two unidentified components.

Heptafluoro-l-iodopropane (41%) reacted to give IH-heptafluoro- 
propane (6l%) and methyl heptafluoropropyl sulphide (31%) based on the
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iodopropane consumed.

Photochemical Reactions of Diethyl Disulphide
1. With Heptafluoro-l-iodopropane. Diethyl disulphide (9*92 g., 81.2 
mmoles) and heptafluoro-l-iodopropane (7*90 g., 26.6 mmoles) were sealed 
in a silica tube (300 ml.), which was clamped horizontally at a distance 
of 4 in. from the lamp, and irradiated (28 days). Subsequent examination 
of the volatile fraction, by i.r. spectroscopy, showed the presence of 
unreac ted heptafluoro-l-iodopropane.

The volatile products were returned to the tube and irradiation 

continued (20 days). Fractional condensation of the products in vacuo 
gave:

(i) a non-condensable gas at -196° (0.4 mmole) which showed no
i.r. absorption in the region of 2.5 to
(ii) a -196° fraction (0.36 g., 12.0 mmoles; M, 30), shown by
i.r. spectroscopy to contain ethane and ethylene, contaminated 
with silicon tetrafluoride,
(iii) lH-heptafluoropane (l,86 g,, 10.9 mmoles, kX%) (Found:
M, 168. Calc, for Ĉ HF_,: M, 170), which condensed at -I3O0 and 
was identified by i.r. spectroscopy,
(iv) a -78° fraction (3*52 g.), and
(v) a -22° fraction (0„57 g*)«
The residual black oil in the tube was heated to 60° in vacuo and 

a further 3*52 g. of liquid collected. This was combined with the -22° 

fraction and identified by i.r. spectroscopy as unreacted diethyl 
disulphide (4*09 g., 33*5 mmoles, 40c/o recovered).

The -78° fraction (3*52 g.) was examined by g.l.c. (8 m. column 
at 70°) and shown to consist of ethanethiol (0.01 g., 0.5 mmole),



116

diethyl sulphide (0.22 g., 2.4 mmoles), and two unknown components N 
and 0 which were separated by g.l.c. (as above). Small quantities of 
two unidentified components were also detected.

Compound N was identified as 1.1.1,2.2.3.3-heptafluoropentane, 

CF'CF^CF-CH-CH^ (0,30 g., 1.5 mmoles, 6%) (Found: C, 30.4; H, 2,5%; M, 
196, Ĉ Ĥ F-, requires C, 30.3; H, 2.5%; |f, 198) b.p. (isoteniscope)

37.9°.
The mass spectrum (p. l6o)> n.rn.r, spectrum (p. l8l), and i.r. 

spectrum (p. 170) are consistent with the proposed structure.
Compound 0 was identified as ethyl heptafluoropropyl sulphide, 

CF«CF*CF*S*CH-CH^ (2.88 g,, 12.5 mmoles, 45%) (Found: C, 26.3; H, 2.4; 
F, 57.4%; M, 230. Ĉ H^F^S requires C, 26.1, H, 2.2; F, 57.8%; M, 230) 
b.p. 78°.

The mass spectrum (p. 150), n.rn.r. spectrum (p. 174), and i.r. 
spectrum (p. 163 ) are consistent with the proposed structure.

Heptafluoro-l-iodopropane (100%) reacted to give lH-heptafluoro- 

propane (41%), ethyl heptafluoropropyl sulphide (47%), and 1,1,1,2,2,3,
3-heptafluoropentane (6%).

2. With Trifluoroiodomethane. Diethyl disulphide (9.75 g., 79*9 
mmoles) and trifluoroiodomethane (6.18 g., 31*5 mmoles) were sealed in 
a silica tube (300 ml*), which was held horizontally at a distance of 
2(- in* from the lamp, and irradiated (48 days). Fractional condensation 
of the products in vacuo gave:

(i) a non-condensable gas at -196°, which showed no i.r, absorp­
tion in the range 2.5 to 15/*,
(ii) a -196° fraction (24.I mmoles), shown by i.r. spectroscopy 
to contain ethane, ethylene, and trifluoromethane,

(iii) 1,1,1-trifluoropropane (0.21 g., 2.1 mmoles, 7%) (Found;



117

M, 100. Calc, for Ĉ H,_Fy M, 98), which condensed at -130° and 
was identified by i.r. spectroscopy, and
(iv) a -78° fraction (1.98 g.), shown by i.r, spectroscopy and 

g.l.c. (8 m. column at 70°) to consist of ethyl trifluoromethyl 

sulphide (1.76 g., 13*5 mmoles, 43%), ethanethiol (0.02 g.,
0.3 mmole), diethyl sulphide (0.14 g., 1.6 mmoles), and an 
unidentified component (trace).
The high-boiling residue was not investigated.

The -196° fraction (24.1 mmoles) was condensed in vacuo into a 
hydrolysis bulb (1 1.) and treated with bromine (ca. 1 ml.). The excess 
bromine was destroyed with mercury and the volatile products (0.925 g., 
14.0 mmoles; M, 66) were shown, by i.r, spectroscopy and molecular- 
weight determinations, to consist of trifluoromethane (0.896 g., 12.8 
mmoles, 40%) and ethane (0.026 g., 1,2 mmoles).

Trifluoroiodomethane (100%) reacted to give trifluoromethane (40%), 
ethyl trifluoromethyl sulphide (43%), and 1,1,1-trifluoropropane (7%)*

Reactions of Sodium Alkanethiolates with Heptafluoro-l-iodopropane

1. With Sodium Ethanethiolate. Ileptafluoro-l-iodopropane (7*25 g*,
24.5 mmoles) and sodium ethanethiolate (2,04 g., 24*3 mmoles), in 
dimethyl sulphoxide (60 ml.), were sealed in a Pyrex tube (300 ml.) and 

heated at 100° (15 hr.). Fractionation of the volatile products in 
vacuo gave:

(i) lH-heptafluoropropane (O.83 g., 4.9 mmoles, 92% based on the 
iodopropane consumed) (Found: M, 172. Calc, for Ĉ HF-,: M, 170), 
which condensed at -I3O0 and was identified by i.r. spectroscopy, 
and
(ii) unreacted heptafluoro-l-iodopropane (5*76 g., 19*5 mmoles,
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80% recovered) (Found: M, 294. Gale, for Ĉ F_,I: M, 296), which 
condensed at -78° and was identified by i.r. spectroscopy.
The residue in the tube was not investigated.

2. With Sodium Methanethiolate in the presence of Dimethyl Disulphide.

Heptafluoro-l-iodopropane (5*92 g., 20.0 mmoles), sodium methane- 
thiolate (l.6l g., 23*2 mmoles), and dimethyl disulphide (6.83 g., 72*8 
mmoles), in dimethyl sulphoxide (60 ml.), were sealed in a Pyrex tube 
(300 ml,) and heated at 100° (19 hr.) Fractionation of the volatile 
products in vacuo gave:

(i) lH-heptafluoropropane (0.26 g., 1.5 mmoles, 10%) (Found: M, 

170; Gale, for Ĉ HF-,: M 170), which condensed at -130° and was 
identified by i.r. spectroscopy, and
(ii) a -78° fraction (3*76 g.), shown by i.r. spectroscopy and 
g.l.c. (8 m. column at 48°) to consist of unreacted heptafluoro- 
l-iodopropane (1.60 g., 5*4 mmoles, 27% recovered), methylhepta- 
fluoropropyl sulphide (2.14 g., 9*9 mmoles, 68%), and dimethyl 
sulphide (trace).
The high-boiling material (mainly dimethyl disulphide and dimethyl 

sulphoxide) was not examined.
Heptafluoro-l-iodopropane (73%) reacted to give IH-heptafluoro- 

propane (10%) and methyl heptafluoropropyl sulphide (68%) based on the 
iodopropane consumed.

In a separate experiment heptafluoro-l-iodopropane and dimethyl 
disulphide (excess), heated at 100° (20 hr.), failed to react.
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Comparison of Certain Reactions of Alkyl and Polyfluoroalkyl Sulphides
1. With*Mercuric Chloride. In a typical experiment methyl heptafluoro­
propyl sulphide (l,31 g»j 6,06 mmoles) and mercuric chloride (joa. 5 g.) 
were sealed in a Pyrex ampoule (20 ml*) and shaken vigorously (15 hr.). 
The volatile material was transferred to the vacuum-system and identified 
as unchanged methyl heptafluoropropyl sulphide (1.29 g», 5.97 mmoles,
95/o recovered) (pound: M, 216. Calc* for C. H,F_,S: M, 216) by i.r.

q- j ( “ *

spectroscopy.

The reaction was extended to a series of polyfluoroalkyl sulphides 
using similar conditions to those described above.

The results are summarised in Table 22,
TAB15 22

Attempted reaction of polyfluoroalkyl sulphides with mercuric chloride

Sulphide ¥t. 
( g •) mmole s Recovery

%
CF.»CF*CF£SMe 1.31 6,06 95
(CF^CF'SMe 1.09 5.05 93
CF*CF*CF*S5tj 2 c. 1,02 4 *44 91

CFjSEt 1.91 14.7 96
CP2Cl.CF ŜMe 1.10 6.05 95

CF'SMe3 1.05 9.05 98
(CF3)2CF*(CF2)z*SMe 3*23 7.84 85

The reaction was then repeated with alkyl sulphides. Thus dimethyl 

sulphide (0.36 g., 3*8 mmoles) and mercuric chloride (ca, 5 g.) were 
sealed in a Pyrex ampoule (20 ml,) and shaken (15 hr.). On opening the 
ampoule in vacuo no volatile material was detected. The solid residue 
was not examined..
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The reaction was extended to other alkyl sulphides and the results 
obtained are summarised in Table 23 .

TABLE 23
Reaction of alkyl sulphides with mercuric chloride

Sulphide Wt.
(g-) mmoles Recovery

%
Me 2*3 0.36 5.8 0

MeSEt 0.51 6.7 0
Et2S 0.71 7*9 4

2. Pith Iodomethane. Methyl trifluoromethyl sulphide (0.12 g., 1.0

mmole) and iodomethane (0.14 g• , 1.0 mmole) were sealed in a Pyrex
ampoule (5 ml.) and kept in the dark (12 hr.), fractional condensation
of the products in vacuo gave an equimolar mixture of methyl trifluoro-
methyl sulphide and iodomethane (0.26 g., 2.0 mmoles, 100%) (found: H,
128. Calc* for equimolar mixture of CnELl? S and CH,I: M, 129),2 p j j m
identified by i.r spectroscopy. The reactants were then re sealed and 
left in the dark (6 months). On re-examination of the volatile material 
it was found that no reaction had occurred.

A similar reaction (12 hr.) between dimethyl sulphide (0.08 g.,
1.3 mmoles) and iodomethane (0.17 g., 1*2 mmoles) gave trimethylsulph- 
onium iodide (0.22 g,, 1.10 mmoles, 92%).
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Oxidation of Polyfluoroally 1 Sulphides 

Methyl Heptafluoropropyl Sulphide
a) Pith potassium permanganate. Methyl heptafluoropropyl sulphide 

(3*82 g., 17.7 mmoles) was dissolved in glacial acetic acid (60 ml.) 
contained in a round-bottomed flask which was fitted with a total 
reflux head maintained at -78°* The flask was cooled in an ice-bath 
and potassium permanganate (4*18 g., 25*8 mmoles), dissolved in the 
minimum quantity of hot water, was slowly added (l hr.) with vigorous 
stirring. Stirring was continued (4 hr.) during which time the flask 

attained room temperature.
An aqueous solution of sodium metabisulphite was then added, to 

destroy the manganese dioxide formed in the reaction, and the product 
separated as the lower?liquid layer. This was removed with a dropping 
pipette?washed with aqueous sodium bicarbonate, and dried over molecular 
sieve (type 4A).

The residue in the flask was partially neutralised with aqueous 

sodium bicarbonate and extracted with ether (3 x 100 ml.). The ether 
extract was separated, neutralised as before, dried (MgSÔ ), filtered, 
and the ether removed by distillation. The residual product was 
combined with that previously separated and distilled from a micro­
distillation unit (3 ml.) to give methyl heptafluoropropyl sulphone, 
CP^CFjCfjSOjCH^ (3*73 g., 15.0 mmoles, 85%) (found: C, 19.5; H, 1.2%. 
Ĉ Ĥ P-̂ OgS requires C, 19.3; H, 1.2%) b.p. 154°.

The mass spectrum (p. 154), n.m.r* spectrum (p. 175 )> a^d i.r. 
spectrum (p. 167) are consistent with the proposed structure.

Subsequent preparations of the sulphone gave yields which varied 
from 62 to 88%.

b) ¥ith fuming nitric acid. Methyl heptafluoropropyl sulphide
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(3.04 g., 14*2 mmoles) and fuming nitric acid (d»1.51, 12 ml.) were 
sealed in a Pyrex tube (250 ml.) and heated at 100° (14 hr.).

After reaction the tube was cooled to -78°? and the contents 
transferred to a wide-necked vessel and neutralised by the careful 
addition of aqueous sodium bicarbonate. This caused the product to 
separate as a lower layer. The isolation and purification of the 

product was carried out as described in the preceding experiment, and 
gave methyl heptafluoropropyl sulphoxide. CP*Cf£Cf£S0*CH^ (2*30 g»,

9.9 mmoles, 70%) (found: C, 20.8; H, 1.6%. C^H^FyOS requires C, 20.8;

H, 1.3%) b.p. 141-1420,
The mass spectrum (p. 152), n.rn.r. spectrum (p. 179), ahd' i.r, 

spectrum (p. 166 ) are consistent with the proposed structure.

c) With hydrogen peroxide ( 1 : 1  molar ratio). Methyl heptafluoro­

propyl sulphide (6.00 g., 27.8 mmoles) and 100 volume hydrogen peroxide 
(3.6 ml. 28.1 mmoles) were dissolved in glacial acetic acid (10 ml.), 
sealed in vacuo in a Pyrex tube (300 ml.), and heated at 100° (24 hr.).

After reaction the solution was transferred to a wide-necked 

vessel, neutralised with aqueous sodium bicarbonate, and extracted with 

ether (3 x 20 ml.). The ether extract was washed with water, dried 
(MgSÔ ), filtered, and the ether removed by distillation. The residue 
was distilled from a micro-distillation unit (10 ml.) and identified 
by i.r. spectroscopy as methyl heptafluoropropyl sulphoxide (4*60 g.,

19.8 mmoles, 71%) b.p. 142°.

d) With an excess of hydrogen peroxide. Methyl heptafluoropropyl 

sulphide (2.92 g., 13*5 mmoles) and 100 volume hydrogen peroxide (15 ml. 
117 mmoles) were dissolved in glacial acetic acid (20 ml.), sealed in 
vacuo in a Pyrex tube (300 ml.), and heated at 100° (9 days).
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The product was isolated by the procedure described in the 
preceding experiment and identified by i.r. spectroscopy as methyl 

heptafluoropropyl sulphone (2.89 g., 11*7 mmoles, 86%) b.p, 154°*

e) With sodium metaperiodate at 5°. Methyl heptafluoropropyl 
sulphide (2.32 g., 10.7 mmoles) and aqueous 0,5 M-sodium metaperiodate
(22.0 ml., 11.0 mmoles) were cooled to 5°» i*1 & stoppered flask (100 ml.)
and stirred vigorously (8 hr*). The flask and contents were allowed to 

attain room temperature and stirred for a further 15 hr.
The resultant lower layer of liquid was separated, dried (phos­

phoric oxide), and transferred to the vacuum-system. After fractional 
condensation in vacuo, the product was identified by i.r. spectroscopy 

as unreacted methyl heptafluoropropyl sulphide (2.00 g., 9.4 mmoles,
87% recovered) (found: M, 214. Calc, for Ĉ Ĥ FyS: M, 216), condensing 
at -78°.

f) With sodium metaperiodate at 100°. Methyl heptafluoropropyl 
sulphide (2,16 g., 10.0 mmoles) and aqueous 0.5 M-sodium metaperiodate
(20.0 ml. 10.0 mmoles), sealed in a Pyrex tube (300 ml.) and heated
at 100° (7 days), gave, on fractional condensation of the products in 
vacuo:

(i) unchanged methyl heptafluoropropyl sulphide (l.74 g., 8.0 
mmoles, 80% recovered) (found: M, 216. Calc, for C^FyS: M, 216), 
which condensed at -78° and was identified by i.r. spectroscopy, 
and
(ii) a -45° fraction which consisted of two layers. The upper 
aqueous layer was discarded. The lower layer was dried over 
molecular sieve (type 4A) to give methyl heptafluoropropyl 

sulphone (0#3Q g., 1.2 mmoles, 60% based on the sulphide consumed),
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identified by i*r. spectroscopy.

g) With sodium metaperiodate in methanol. Methyl heptafluoro­
propyl sulphide (2.41 g,, 11.2 mmoles), aqueous 0.5 M-sodium metaperiodate 
(20.0 ml,, 10.0 mmoles), and methanol (15 ml.) were sealed in vacuo in 
a lyrex tube (300 ml.) and heated at 100° (24 hr.).

Isolation and identification of products, as described in the 

preceding experiment, gave unreacted methyl heptafluoropropyl-sulphide 

(1.83 g., 8.5 mmoles, 76% recovered), which condensed at -78°, and 
methyl heptafluoropropyl sulphoxide (O.38 g., 1.6 mmoles, 60̂ > based on 
the sulphide consumed), which condensed at -45° and was shown by i.r* 
spectroscopy to be contaminated with a trace of the corresponding 

sulphone•

2, Methyl Heptafluoroisopropyl Sulphide
a) With potassium permanganate. Methyl heptafluoroisopropyl 

sulphide (1.83 g., 8.5 mmoles) and potassium permanganate (I.83 g.,
11.5 mmoles) reacted, under the conditions previously described (p. 121 )> 
to give methyl heptaf luoroisopropyl sulphone, (CF^gCl^SO^CH^ (1.24 g.,
5.0 mmoles, 59/0 (found: G, 19.6; H, 1.3; f, 53*2%. requires 
G, 19.4; H, 1.2; F, 53*6%) b.p, (Siwoloboff) 152°.

The mass spectrum (p. 154), n.rn.r. spectrum (p.l83 ), and i.r. 
spectrum (p. 167) are consistent with the proposed structure.

b) With fuming nitric acid. Methyl heptaf luoroisopropyl 
sulphide (5*24 g*, 24.2 mmoles) and fuming nitric acid (d. 1.51, 20 ml.) 
reacted, under the conditions previously described (p. 12.1. ), to give 
methyl heptaf luoroisopropyl sulphoxide. ( CF̂ ),-,CFa SO* CĤ  (4*08 g,,
17.6 mmoles, 72%) (Found: C, 20.6; H, 1.3%. C Ĥ F̂̂ OS requires C, 20.8;
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H, 1.3/°) t>.p. 141°.
The mass spectrum (p.152 ), n.m.r. spectrum (p. 185 ), and i.r. 

spectrum (p. 166 ) are consistent with the proposed structure.

3. Trifluoromethyl Ethyl Sulphide
With potassium permanganate. Trifluoromethyl ethyl sulphide 

(4*20 g., 32*3 mmoles) and potassium permanganate (8.00 g., 58*3 mmoles), 
reacted, under the conditions previously described (p. 121 )j to give 
trifluoromethyl ethyl sulphone. CE*SO*CHjCH^ (if.06 g., 2$.2 mmoles, 78%) 

(Found: C, 22.2; H, 3*1; S, 19.7%. C H^F OgS requires C, 22.2; H, 3*1;

S, 19.6%) b.p. Iif2°.
The mass spectrum (p. 158), n.rn.r. spectrum (p.187 ) and i.r. 

spectrum (p. 168) are consistent with the proposed structure.

if. Methyl Pentadecafluoro-“5~methvIhexyl Sulphide

With hydrogen peroxide. Methyl pentadecafluoro-5"methyl hexyl 
sulphide (2.04 g., 4*90 mmoles) was dissolved in glacial acetic acid 
(10 ml.) and the solution was heated with 100 volume hydrogen peroxide 
(10 ml.) until the evolution of oxygen ceased. Two further portions of 
100 volume hydrogen peroxide were added (2 x 10 ml.) and the solution 
heated under reflux (l6 hr.)0

The resultant solution was neutralised with aqueous sodium 
bicarbonate and extracted with ether (2 x 20 ml.). After separation the 
ether layer was dried (MgSÔ ), filtered, and the ether removed by 
distillation to leave a white solid. The solid was sublimed twice in 
vacuo (60°) to give methyl pentadeoafluoro-5-metbylhexyl sulphone. 
(CF5)2CF*CF*CF*CF^0£CH5, (1.82 g., 4*06 mmoles, 83%) (Found: C, 21.2;
H, 0.7; F, 63*6; S, 7.4%. CgH^F^OgS requires C, 21.4; H, 0.7; F, 63.6;
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S, 1*2%) m.p. 48° •
The mass spectrum (p. 155), n.m.r. spectrum, (p. 172), and i.r.

spectrum (p. 167) are consistent with the proposed structure.
Fr

Reactions of Polyfluoroalkyl Sulphones 
1. Methyl Heptafluoropropyl Sulphone

a) With sodium hydroxide. Methyl heptafluoropropyl sulphone 

(0.960 g., 3.87 mmoles) and aqueous 2M-sodium hydroxide (2.0 ml, 4.0 
mmoles), sealed in a Pyrex tube (60 ml.) and heated at 100° (44 hr.)7 
gave, on fractional condensation of the products in vacuo:

(i) lH-heptafluoropropane (0.491 g., 2.88 mmoles, 96% based on 
the sulphone consumed) (Found: M, 170. Calc, for M, 170),
which condensed at -130° and was identified by i.r, spectroscopy, 
and
(ii) a -78° fraction which consisted of two layers. The upper 
aqueous layer was discarded and the lower layer was identified by
i.r. spectroscopy as unreacted methyl heptafluoropropyl sulphone 

(0.211 g., 0.85 mmole, 22% recovered).
The solid which remained in the tube was neutralised with hydro­

chloric acid, evaporated to dryness, and shown by i.r. spectroscopy to 

contain sodium methanesulphonate.

b) With deuterium oxide. Methyl heptafluoropropyl sulphone (2.01 g., 

8.1 mmoles), deuterium oxide (3*00 g.j* 0.150 mole), and a catalytic 
quantity of sodium deuteroxide (ca. 0,001 g.), contained in a round- 
bottomed flask (25 ml.)> were stirred vigorously at room temperature
(72 hr.).

The resultant mixture consisted of two layers which were separated
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with a dropping pipette. The lower lqyer was dried over molecular 
sieve (type 4A) and was shown by i.r. spectroscopy (p. 169 ), n.rn.r. 
spectroscopy, and mass spectrometry (p. 159) a mixture
of deuteromethyl heptafluoropropyl sulphones (1.69 g*, ca, 6.6 mmoles, 
82%). The extent of hydrogen replacement by deuterium was ca. 90/o 
and the average molecular composition of the mixture may be represented 

by the formula CF*CF*CF*S0*C1L ,D0
d  C- v/ f

c) With sodium hypochlorite. Methyl heptafluoropropyl sulphone 

(3*04 g*, 12.2 mmoles) and an aqueous solution of sodium hypochlorite 
(ca. 80 ml., 14% w/v available chlorine), contained in a round-bottomed 
flask (100 ml.), were stirred vigorously at room temperature (72 hr.).

The lower layer was separated with a dropping pipette, washed 
with water (2x5 ml.), dried over molecular sieve (type 44), and 
identified as triohloromethyl heptafluoropropyl sulphone, CF*CF^CF*S0*CG1^ 

(4*20 g., 12.0 mmoles, 98%) (Found: C, 13*6; Cl, 30*1%* Ĉ Cl̂ FyOgS 
requires, C, 13*6; Cl, 30.2%) b.p. 172°.

The mass spectrum (p. 156), n.m.r. spectrum (p. 178 ), and i.r. 
spectrum (p. 168) are consistent with the proposed structure.

In a separate experiment the reaction was stopped after 12 hr.,, 
and the organic layer shown by g.l.c. (2 m. column at 120°) to consist 

only of two components; the trichloromethyl sulphone and unreacted 
methyl heptafluoropropyl sulphone. The corresponding monochloromethyl 
and dichioromethyl sulphones were not detected,

d) Y/ith benzaldehyde. A mixture of methyl heptafluoropropyl 

sulphone (l*25 g., 5.01 mmoles), bensaldehyde (0.53 g*> 5*00 mmoles), 
and ethanol (0,5 ml.), maintained at 0°, was treated with aqueous
5M-sodium hydroxide (ca. 1 ml., 5 mmoles). The mixture was vigorously
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stirred (10 min.) during which time a heavy precipitate was formed vfhich 
impeded the stirring# The suspension was diluted with water and stirring 
was continued (l hr.). The solid was filtered off, washed with-water, and 
recrystallised from ethanol. After drying over phosphoric oxide (48 hr.) 
in a vacuum-desiccator, white crystals of trans-heptafluoropropyl styryl 

sulphone. CF-CF-CF^SO^CHiCHPh (1.47 g., 4.25 mmoles, 85%) (found: G,
39.0; H, 2;2; IP, 39.6jfo, C - ^ F ^ S  requires C, 39.3; H, 2.1; F, 39-7>-) 
m.p, 37-39°, were obtained.

The mass spectrum (p. 159), n.rn.r. spectrum (p. 180 ), and i.r. 
spectrum (p. I67) are consistent with the proposed structure.

e) With iodine in the presence of hase. A solution of iodine 
(3*5̂  g., 14.0 mmoles) and potassium iodide (ca. 5 g*), in water (20 ml.) 
was added dropwise to stirred solution of methyl heptafluoropropyl 
sulphone (O.904 g., 3.64 mmoles) in methanol (2 ml.), followed by 
dropwise addition of sodium hydroxide solution (ca. 10 ml.). A yellow 
solid precipitated, which was filtered under nitrogen and washed with 
water until free of iodide ion. The product was dried in a vacuum- 
desiccator, over phosphoric oxide, and identified as triiodomethyl 

heptafluoropropyl sulphone. GFjGFgCF^SOgCI^ (1.92 g,, 3.C6 mmoles, 84%) 
(Found: C, 8.0; I, 60.9%. C^F^Î OgS requires C, 7.7; I, 6l.0%) m.p.
(with decomposition) 100-110°*

The n.rn.r. spectrum (p. 176) and i.r. spectrum (p. 168) are 
consistent with the proposed structure.

No attempt was made to recrystallise the sulphone since other 
experiments showed that the compound decomposed in solution. An 
attempt to obtain a U.V. spectrum, in hexane and in ethanol, was 
unsuccessful due to decomposition.
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f) With potassium permanganate. Methyl heptafluoropropyl sulphone 
(2,32 g., 9.35 mmoles), potassium permanganate (4*08 g., 27.0 mmoles), 
and water (5 ml.) were refluxed (24 hr,). Uhreacfcedpotassium permanganate 
was destroyed by addition of 100 volume hydrogen peroxide and the 
resultant suspension filtered through glass wool. The filtrate was 
neutralised with hydrochloric acid and evaporated to dryness. The solid 
residue was extracted with ethanol, filtered, and again evaporated to 
dryness to leave a white solid* This was dried over phosphoric oxide 

and identified as potassium heptafluoropropanesulphonate, CF^CF^CF^SO^K 

(2.29 g., 7.93 mmoles, 85%) (Found: C, 12.3; S, 11.0%. C^KO^S requires 
C, 12.5; S, 11.1)7) m.p, 278°.

The n.rn.r. spectrum (p. 177), and i.r. spectrum (p.170 ) are 

consistent with the proposed structure.
A sample of potassium heptafluoropropanesulphonate was purified by 

dissolving it in the minimum quantity of acetone and reprecipitating by the 
addition of chloroform. The i.r. spectrum of the purified sample was 
identical with that of the crude sample and the pure sample had m.p. 282̂ ,

g) With fuming nitric acid. Methyl heptafluoropropyl sulphone 

(2,44 g*, 9.8 mmoles) and fuming nitric acid (d. 1.51, 12 ml.) were 
sealed in vacuo in a fyrex tube (300 ml.) and heated at 100° (14 hr.).
The resultant solution was neutralised with aqueous potassium bicarbonate 
at 0°, and extracted with ether (2 x 25 ml.). The ether extract was 
dried over molecular sieve (type 4A), filtered, and distilled. Only 
unreacted methyl heptafluoropropyl sulphone (2.18 g., 8.8 mmoles, 90/u 

recovered) was obtained.
The aqueous phase was evaporated to dryness and extracted with 

ethanol. Examination of the ethanol extract showed only the presence
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of potassium nitrate (trace).
In another experiment methyl heptafluoropropyl sulphone and 

nitric acid (d 1*51, 20 ml.) were heated at 150° (72 hr,). Examination 
of the solution (as above) showed only unreacted methyl heptafluoropropyl 
sulphone (1.81 g., 7*3 mmoles, 74% recovered).

In a third experiment methyl heptafluoropropyl sulphone (2.53 g*,
10.2 mmoles) and nitric acid (d 1.51, 20 ml.) were refluxed (9 days).
During the reaction a gas was evolved which gave a precipitate with 
barium hydroxide solution. Examination of the nitric acid solution (as 
above) showed that all of the sulphone had been consumed, but no solid 
or liquid products were detected.

2. Trifluoromethyl Ethyl Sulphone
a)vfi.fi sodium hydroxide. Trifluoromethyl ethyl sulphone (0.851 g.,

5.25 mmoles) and aqueous 5M-sodium hydroxide solution (5*0 ml.,
25.0 mmoles), sealed in a Pyrex tube (80 ml.) and heated at 100°

(36 hr.), gave, after fractional condensation of the products in vacuo, 
trifluoromethane (0.337 g., 4* 85 mmoles, 92%) (found: M, 70* Calc, for 
CHF̂ J M, 70)s which was identified by i.r. spectroscopy.

The residue in the tube was neutralised with hydrochloric acid, 
evaporated to dryness, and shown by i.r. spectroscopy to contain sodium 
ethane sulphonate•

b) With sodium t-butoxide. Trifluoromethyl ethyl sulphone (0.802 g., 

4.94 mmoles) and a solution of t-butoxide (0.79 g», 8.2 mmoles) in hot 
t-butanol (15 ml.) (prepared by heating sodium in t-butanol) were 
sealed in a Pyrex tube (80 ml.) and heated at 100° (36 hr.). The 

volatile products were transferred to the vacuum-system and fractionated
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to give:

(i) trifluoromethane (0.295 g., 4*22 mmoles, 85%) (Found: M, 69. 
Calc, for CBFy M, 70), which condensed at -196° and was identified 
hy i.r. spectroscopy, and

(ii) ihobutene (0.190 g., 3*40 mmoles) (Found: M, 58. Calc, for 
Ĉ Hgj M, 56), which condensed at -130° and was identified hy 
i.r, spectroscopy.

c) With sodium hypochlorite. Trifluoromethyl ethyl sulphone 

(2.43 $•> 15*0 mmoles) and an aqueous solution of sodium hypochlorite 
(ca. 80 ml., 14/4 w/v available chlorine), contained in a round-bottomed 
flask (100 ml.), were stirred vigorously at room temperature (36 hr,).

The lower layer was separated with a dropping pipette, washed with 
water (2 x 5 ml*), dried over molecular sieve (type 4A), and identified 
as trifluoromethyl 1,1-dichloroethy1 sulphone. CF$.S0*CCl£CHy (3*14 g.,
13.6 mmoles, 90%) (Found: C, 15.9; H, 1.3; Cl, 30.5; S, 14.0%.
C ^ F ^ C l ^ S  requires C, 15.6; H, 1.3; Cl, 30.7; S, 13.8%) b.p. 
(Siwoloboff) 146°.

The mass spectrum (p. 156 ), and i.r. spectrum (p. 169) are 
consistent . with the proposed structure.

3* Methyl Heptafluoroisopropyl Sulphone.
With sodium hypochlorite. Methyl heptafluoroisopropyl 

sulphone (1.92 g,, 7*74 mmoles) was vigorously stirred with aqueous 
sodium hypochlorite solution (50 ml., 14% w/v available chlorine) at 
room temperature. The product was isolated3as previously described 
( above ), and identified as triehloromethyl heptafluoroisopropyl sulphone. 
(CF^)2CF*S0*CC13 (2.06 g., 5.85 mmoles, 75%) (Found: C, 14*1; Cl, 29.9;
F, 37.5%. C^Cl^OgS requires C, 13.6; Cl, 30*2; F, 37.9%).



132

The mass spectrum (p. 158)* n.m.r. spectrum (p. 172), and i.r, 
spectrum (p. 168) are consistent with the proposed structure.

4» Methyl Pentadeoafluoro-5~methylhexy 1 Sulphone
With sodium hypochlorite. Methyl pentadecaf luor o-5~methylhexy 1 

sulphone (0.981 g., 2.19 mmoles) was treated with aqueous sodium 
hypochlorite solution (50 ml.), as described in the preceding experiment. 
The reaction mixture was extracted with ether (3 x 20 ml.), washed with 
water (2 x 10 ml.), and dried over molecular sieve (type 4&)* The 
resultant solution was filtered, and the ether removed by distillation
to give a white solid. This was purified by sublimation in vacuo (30°)*
and identified as triohloromethy1 pentadecafluoro-l-methylhexyl sulphone, 
(C3?3)2CP*CF*CE'*CF*CE’*S0*CC13 (0.976 g., 1.77 mmoles, 81%) (Found: C, 17*4; 
Cl, 1 9 . OgCl̂ F-^OgS re<lu r̂es G, 17• 7; 01, 19.4%) m.p. 31~320.

The mass spectrum (p. 157 ), n.m.r. spectrum (p. 172)* ani3- 
spectrum (p. 168) are consistent with the proposed structure.

An attempt to scale-up the reaction, using methanol as a solvent, 
was unsuccessful. The reaction mixture became hot and an examination of 

the solution showed the absence of any polyfluoroalhyl sulphone or poly- 
fluoroalkanesulphonic acid, However, a strong positive test for fluoride 
ion was obtained. It was noted that the reaction mixture stood in 
direct sunlight during the reaction,

5* Triiodomethyl Heptafluoropropyl Sulphone
Photolytic decomposition. A round-bottomed flask containing 

triiodomethyl heptafluoropropyl sulphone (pa. 0.5 g*) and oxygen 
(0*5 atm.) was placed on the bench in direct sunlight. The sulphone 

darkened rapidly and deposited elemental iodine on the sides of the
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flask.
The volatile products were transferred to the vacuum-system and 

heptafluoro-l-iodopropane, silicon tetrafluoride, sulphur dioxide, and 
carbonyl fluoride were shown to be present by i.r# spectroscopy*

A control sample of triiodomethyl heptafluoropropyl sulphone, 

kept in the dark in vacuo, showed no decomposition,

6. Triehloromethy1 Heptafluoropropyl Sulphone
a) With potassium hydroxide. Trichloromethy1 heptafluoropropyl 

sulphone (1.97 g** 5*60 mmoles), aqueous 2*$-potassium hydroxide (8,0 ml.,
16,0 mmoles), and dioxane (10 ml.), sealed in a !Pyrex tube (80 ml.) 
and heated at 100° (7 days), gave, after fractional condensation in 
vacuo:

(i) carbon monoxide (O.O63 g., 2.3 mmoles) (Found: M, 28, Calc, 
for CO: M, 28) which did not condense at -196°, identified by 

i.r. spectroscopy,
(ii) IH-heptafluoropropane (0.II9 g., 0.70 mmole, 13%) (Found: M,
170. Cald. for C-.HP-,: M, 170), which condensed at -196° and was 3 7  —

identified by i.r. spectroscopy,
(iii) chloroform (0,06 g„, 0.51 mmole), which condensed at -78° 
and was identified by i.r. spectroscopy, and
(iv) a -45° fraction which was not investigated.
The solid which remained in the tube was extracted with water, 

neutralised with tydrochloric acid, and the solution evaporated to 
dryness. The resultant solid was extracted with acetone to leave a 

solid residue which gave a negative result when tested for fluoride ion. 
The acetone extract was centrifuged, to remove traces of a black 

solid, and evaporated to dryness to yield an off-white solid (1.25 g«)
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which was redissolved in acetone and reprecipitated by the addition 
o f chloroform . The solid was identified as potassium heptafluoro- 
propanesulphonate (l*l6 g., 4*02 mmoles, 72%) m.p. 288° (p. 129* Hup.
282°) by i.r. spectroscopy.

In a separate experiment trichloromethyl heptafluoropropyl 
sulphone and aqueous 2M-potassium hydroxide were heated at 100° (14 days) 
in the absence of a solvent; 92% of the sulphone was recovered unchanged.

b) Attempted fluorination at 100°. Trichloromethyl heptafluoro- 

propyl sulphone (2.39 g** 6.81 mmoles), dry antimony trifluoride (4*31 g«*
24.0 mmoles), and antimony pentachloride (4 drops) were sealed in a 
Pyrex tube (80 ml.) and heated at 100° (48 hr.).

The products were separated by fractional condensation in vacuo, 

to give silicon tetrafluoride (0.3 mmole), condensing at -196°, and 
unchanged trichloromethyl heptafluoropropyl sulphone (2.33 g** 6,62 mmoles, 
94% recovered), condensing at -22°. The products were identified by
i.r, spectroscopy.

c) Attempted fluorination at 140°. Trichloromethyl heptafluoro­
propyl sulphone (2.18 g., 6.21 mmoles), dry antimony trifluoride 
(4.46 g., 24*9 mmoles), and antimony pentafluoride (4 drops) were 
sealed in a Pyrex tube (80 ml.) and heated at 140° (7,days).

A qualitative examination of the volatile products by i.r. spectros­
copy showed the presence of silicon tetrafluoride* sulphur dioxide,

I29 126
1-chloroheptafluoropropane, pentafluoropropionyl chloride, and 

other decomposition products. The reaction was not investigated further.
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Reactions of Methyl Heptafluoropropyl Sulphoxide
1# With Sodium Hydroxide, Methyl heptafluoropropyl sulphoxide (l,73 

7*45 mmoles) and aqueous 2M-sodium hydroxide (3*8 ml,, 7*6 mmoles), 
sealed in a Fyrex tube (80 ml*) and heated at 100° (44 hr.), gave, on 
fractional condensation of the products in vacuo, lH-heptafluoropropane 
(1,16 g., 6.85 mmoles, 92%) (Found: M, 170. Calc.for C^Wy. M, 170), 
condensing at -196° and identified by i.r. spectroscopy, and water 
(3*56 g.) which condensed at -78°•

The residue in the tube was not examined.

2. With Deuterium Oxide. Methyl heptafluoropropyl sulphoxide (1.68 g.,
7.25 mmoles), deuterium oxide (3*00 g., 0.150 mole), and a catalytic 
quantity of sodium deuteroxide (ca. 0.001 g.), contained in a round- 

bottomed flask (25 ml,), were stirred vigorously at room temperature 
(72 hr.).

The isolation of the products was identical to that employed for 
the corresponding sulphone (p. 126 ). The products were shown by i.r. 

spectroscopy (p. 16$, n.ra.r. spectroscopy, and mass spectro­
metry (p. 153 ) to be a mixture of deuteromethyl heptafluoropropyl 
sulphoxides (1.29 g., ca. 5*5 mmoles, 76%). The extent of hydrogen 
replacement by deuterium was ca. 90% and the average molecular composition
of the products may be represented by the formula CF*CIi’;sCF*S0*CHn ,IL

3 d d U * 3 (

3* With Sodium Hypochlorite. Methyl heptafluoropropyl sulphoxide (2.10 g„, 
9̂ 05 mmoles) and aqueous sodium hypochlorite (75 ml., 14% w/v available 
chlorine), contained in a round-bottomed flask (100 ml.), were vigorously 

stirred at room temperature (6 days). The lower layer of liquid was 
separated with a dropping pipette and dried over molecular sieve (type 4A).
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The resultant liquid was examined by i.r. spectroscopy and g.l.c. 
(8 m. column at 160°) and shown to consist of unreacted methyl hepta- 
fluoropropyl sulphoxide (0.45 g.* 1.94 mmoles, 21% recovered), and 
trichloromethyl heptafluoropropyl sulphone (2,04 g*# 5*80 mmoles, 82% 
based on the sulphoxide consumed.).

3d. Attempted Reaction with Iodine in the presence of Base. Methyl 

heptafluoropropyl sulphoxide (0.93 g** 4.00 mmoles) was added to an 
aqueous solution of iodine and potassium iodide. The resultant mixture 
was warmed to 50° and aqueous 2M-sodium hydroxide added until the 

yellow colour disappeared. The lower liquid layer was separated with a 
dropping pipette and identified as unreacted methyl heptafluoropropyl 
sulphoxide (0.86 g., 3«8l mmoles, 92% recovered) by i.r. spectroscopy,

4. Thermal Stability at 100°. Methyl heptafluoropropyl sulphoxide (2o06 g. 

8.90 mmoles), sealed in a Pyrex tube (40 ml.) and heated at 100° (7 dsys), 
gave on fractional condensation of the products in vacuo, only unreacted 
methyl heptafluoropropyl sulphoxide (1.97 g«> 8.50 mmoles, 95%* recovered), 
which condensed at -45° and was identified by i.r* spectroscopy.

Attempted Reaction of Methyl Heptafluoropropyl Sulphide with Deuterium 
Oxide

Methyl heptafluoropropyl sulphide (2.00 g., 9.3 mmoles), deuterium 
oxide (3*00 g., 0.150 mole), and a catalytic quantity of sodium 
deuteroxide (ca. 0.001 g.) were sealed in a Pyrex ampoule (30 ml.) 
and shaken vigorously (36 hr.). The products were separated by 
fractional condensation in vacuo to give:

(i) unreacted methyl heptafluoropropyl sulphide (1.95 g** 9.1
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mmoles, 95%)* which condensed at -78° and was identified by 
i.r* spectroscopy and mass spectrometry, and
(ii) a -45° fraction (2.90 g.), which was not investigated but 
was presumed to be deuterium oxide.
The reactants were resealed in tube together with ethanol (l ml.)

and shaken vigorously (36 hr.). Examination of the products (as above) 
showed that no deuterium-exchange had occurred.

Photochemical Reaction of Bis( trifluoromethyl) Disulphide with 

Pentafluoroiodobenaene
Bis(trifluoromethyl)disulphide (11.89 g*> 58.6 mmoles) arid penta- 

fluoroiodobenzene (5«20 g*, 17*4 mmoles), sealed in a silica tube (300 ml.) 
and irradiated at a distance of 4 in# from the lamp (24 days), gave, 

on fractional condensation of the volatile products in vacuo:
(i) trifluoroiodomethane (l*30 g*, 6.6 mmoles) (Found: M, 196.
Calc, for CF̂ I: M, 196), which condensed at -196° and was
identified by i.r, spectroscopy, and
(ii) a combined -95°and -78° fraction (8.08 g.), skown by i.r. 
spectroscopy to be a mixture of bis(trifluoromethyl) sulphide 

and disulphide. This fraction was not investigated further.
The liquid remaining in the tube was extracted with ether (2 x

25 ml.), washed with aqueous sodium thiosulphate solution, separated, 
and dried over molecular sieve (type 4A). After filtration, the ether 
was removed by distillation and the residue distilled from a micro- 
distillation unit (5 ml.) to give:

(iii) a fraction b.p. 120-124° (l*74 g*),
(iv) a fraction b.p. 130-160° (1.28 g.), and
(v) a high-boiling residue (2.01 g,), which was not investigated
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further•
Fraction (iii) was identified as trifluoromethyl pentafluorophenyl 

sulphide. CF^S'CgF  ̂(1.74 g** 6.5 mmoles, 42%) (Found: C, 30.5; P* 57*0; 
S, 11.8%. CyFgS requires C, 31*4; F,56.8* s, 11.9).

The mass spectrum (p. 151)* n.m.r. spectrum (p. 193 )* and i.r. 
spectrum (p. 165 ) are consistent with the proposed structure.

Fraction (iv) was shown by i.r. spectroscopy and g.l.c. (8 m. 
column at l60°) to consist of unreacted pentafluoroiodobenaene (0.68 g., 
2,3 mmole, 13% recovered) and an unknown component which was identified 
as trifluoromethyl pentafluorophenyl disulphide, CF Ŝ̂ CgF̂  (0.60 g.,
2.0 mmoles, 13%) (Found: C, 28.4; F, 50.2; S, 21.1%. Calc, for 
c7F8S2: C, 28.0; F, 50.7; S, 21.3).

The mass spectrum (p. 151), n.m.r. spectrum (p. 194 )* an& 
spectrum (p. 165) are consistent with the proposed structure.

Pentafluoroiodobenze (87%) reacted to give bis(trifluoromethyl) 
sulphide (42̂ ) and bis( trifluoromethyl) disulphide (13%) based on the 
iodobensenfi consumed.
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MASS SPECTRA

The mass spectra of the compounds prepared were, in all cases, 
consistent with the proposed structures. The full spectrum of each 

compound is given at the end of the appendix. It is not proposed to 

discuss each compound in detail "but to discuss certain features 

common to a group of compounds.
All assignments made are for singly charged ions and only those 

peaks greater than a certain percentage of the base peak are recorded. 

This percentage has been determined by the complexity of the break­
down of the compound, and is given in parenthesis by the name of 
each compound. All spectra are 'isotope corrected', i.e.,. although 
isotope peaks were observed, they have not been reported.

1. Compounds of the type R̂ ,S*CĤ  where = CF^CF^CFg, (CF^rjCF, 

0P2C1*CF2, (CF3)2CP>(CP2)4, CFgl-CFg, and CFgl^CFg)^

All the methyl polyfluoroalkyl sulphides prepared gave a strong 
parent-ion peak (m )+« Cleavage occurred at the S bond to give
the CH* ion (m/e 15) and at the E^- S bond to give the [CI^S]+ ion 

(m h  47). A particularly strong peak was obtained from cleavage of 

the C - C bond of the polyfluoroalkyl chain. Where the0̂ -carbon

possessed two fluorine atoms this peak occurred at m/e 97 and was 
assigned to the |CF^S'CH^1+ ion. In the absence of an&-iodin© atom 

in the polyf luoroalkyl chain, cleavage of the ^ -̂ 3, C - C bond gave 
the base peak. An (m - X)+ peak (where X * F, Cl, or i) was always 

present? in the case of^-iodopolyfluoroalkyl sulphides?the ready 
loss of an iodine atom gave rise to the base peak. All compounds of 

the type R^S*CH^ showed breakdown by loss of successive fluoroalkyl
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fragments, while maintaining the integrity of the CH^S group, e.g.,

CF.

CF.
^  cf - c f2- c f2- c f2- c f2- s - ch3

CF
-F

3\

CF,

CF.

CF - CF2- CF2- CF2- CF2- s - CH3

-CF,

s CF - CF2- CP2- CF2- CF2- S - CH3

•C F3 6

CF2- CF2- CF2- s - CH3

-CF,

CF - CF0- S - CEL c d J

-CF,

CF2- S - CH^

(Mt m/e 416 5 17$)

(m/e 3975 11%)

(m/e 347 9 2.1 fo)

(m/e 197? 12/0

(m/e 147? 3-3/0

(m/e 97? 100#)

-CF,

S - CH (m/e 47 5 13#)

The arrows are merely used to show a decrease in molecular 

weight and not to signify each ion is derived exclusively from its
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predecessor.
An alternative mode of cleavage of R^- S bond (i.e. , with

retention of the positive charge on the R^ group? rather than on the
CH^S group) gave the R* ion, or breakdown products derived from it.

2. Compounds of the type CĤ S° (CF^CF )̂®̂ ?® CI-I., (where n - 1 or 2)

The spectra of these compounds showed a very similar breakdown 
pattern to the methyl polyfluoroalkyl sulphides described above. A 
strong parent-ion peak was observed? as were peaks corresponding to 

the ions, CĤ  (m/e 15) and [CĤ sJ + (m/e 47)* Cleavage of the t/, -*/$ ,

C - C bond also occurred and the resultant ion, (CF̂ S* CĤ 1 + (m /e 97) 
corresponded to the base peak. A small peak was observed at (M - 47) « 
Breakdown also occurred, as in the preceding group of compounds, by 

loss of fluoroalkyl fragments while the positive charge remained on 

the fragment carrying the CH^S group

3® Compounds of the type R^S°C ,̂Ĥ  (where = CF^CF^CFg or ^ 3)
A strong parent-ion peak was observed and the breakdown pattern

was again similar to the methyl polyfluoroalkyl sulphides. Cleavage 

of the carbon-sulphur bonds gave the ions C^H* (m/e 29? base peak) and 
fc2HjS3+ (m/e 6l). Cleavage of the - |2, C — C bond of the ethyl 

group in both compounds,and of the C — C bond of the poly-
fluoroalkyl group,' in the heptafluoropropyl sulphide, gave rise to 

ions of the type jcH’SRp* and [CF*S° C2H,_]+ (m/e 111) respectively. 
Peaks corresponding to perfluoroalkyl ions were again evident.
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4. Trifluoromethyl Pentafluorophenyl Sulphide and Sisulphide
Both compounds gave a strong parent-ion peak* Cleavage of the 

CF^— S hond gave the ion CF* (m/e 69 )• A strong' peak at m /e 199? 
assigned to the ion JCgF ŝJ+3 was present and the peak at m/e 147 
was assigned to the ion

5. Compounds of the type B^SO^CH.,

These compounds gave a parent-ion peak of medium intensity* 

Cleavage of the 8H^- S hond gave a weak peak corresponding to the 

CĤ  ion (m/e 15) and cleavage of the R̂ ,- S hond gave rise to the 

has© peak |cĤ So| * (m/e 63)• The alternative mode of cleavage of 

the E^- S hond gave a peak corresponding to the E^ ion. A weak peak 
at m/e 48 was assigned to the SO* ion* Some evidence was obtained 

for the loss of an oxygen atom from the sulphoxides, since weak 

peaks associated with the breakdown of the corresponding sulphides 
were observed.

6. Compounds of the type E^SQ^CH  ̂£where = CF^CF^CFg? (CF^CFj or
(op3)2cp-(cf2)4]

These compounds did not give a parent-ion peak. Cleavage of
the S hond gave a weak peak corresponding to the CH^ ion (m/e 15)?
and cleavage of the R^— S hond gave the base peak [CH^S02]+ (m/e 79).

4*The alternative cleavage of this hond gave the R̂. ion. Weak peaks 

were observed at m/e 64 and m/e 48 corresponding to the ions SO*
4-and SO respectively.

phere Ef = CF-CF^CFg or (GF^^Fj
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7* Compounds of the type HfSÔ CCl., [where Rf = CF’CF^CF^ (CF-^CF, 

or (CF3)20F-(CF2)J

Again no parent-ion peak was observed for these sulphones. 

Cleavage of the CCl^-S bond gave rise to the base peak CCl^ (m/e 117)° 
A weak peak assigned to the [RfSOj+ ion was also observed. Cleavage 
of the S bond gave a peak corresponding to the R^ ion. The 
spectra of these compounds consisted largely of the breakdown pattern 
of the trichloromethyl group and the polyfluoroalkyl groups, 

although peaks at m/e 64 and m/e 48 were present which corresponded
4 . 4.to the ions S02 and SO respectively.
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SULPHIDES

Methyl h.eptaf luoropropyl sulphide 9 CF'CF^CFgS'CH^* yf)

m/e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

15 12 CH^ 100 5*0 C2F4
31 7oO CF 113 9-4 w
35 14 h3s 119 5-3 C2F5
45 37 CHS 127 5.0 c3h2f3s
46 33 CV 147 14 c3h3f4s

47 69 CH,S3 163 3.2 c3f5s
63 3-4 GFS 169 20 C3F7
69 24 cf3 178 3.2 C.H,FcS4 3 5
82 4*9 cf2s 197 12 c4h3f6s

83 3.2 CHFgS 216 79 g4h3f7s(m)

97 100 c2h3f2s

Methyl heptafluoroisopropyl sulphide, (CF^)^GF1’S* GĤ  (>3$)

m/e Relative
intensity Assignment m/e Relative

Intensity Assignment

15 10 ch3 69 24 cf3

31 5.6 CF 97 30 c2h3f2s

44 3.1 CS 100 5.3 C2P4
45 31 CHS 113 26 c2f3s

46 23 ch2s 127 4.7 c3h2f3s

47 20 CH3S 147 100 C3H3P4S
63 16 CFS 197 14 C,H,F,S 3 3 6
65 4.5 c2h3f2 216 68 c4h3f7s(m)
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Methyl 2-ohlorotetrafluoroethyl sulphide, CF2C1‘CF̂ S* CĤ  (> 3̂ )

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 5-3 CH,3 8? 4.0 CEgS

31 4.5 OF 85 9.3 CC1F

44 4.2 OS 97 100 c 2h 3f 2s

45 20 ■CHS 100 3.2 C2P4
46 10 CHgS 113 5.6 C„F,S5C.H,C1F 2 j 2 j
47 20 CH Ŝ  ̂ CGI 135 5.2 °2C1F4
50 3.2 c f 2 147 17 c3h 3f 4s

63 16 CFS 167 6.2 c 2cif4s

77 9.3 c2h 2fs 182 36 C,H,C1F,S(M) 
5 5 4 ""

Methyl tetrafluoro-2-iodoethyl sulphide, OF2I# CF̂ S* CĤ  3C/)

m/ e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

15 6.4 ch3 100 6.0 C2F4-
31 3.7 CF 126 3.7 c3h f 3s

45 13 CHS 127 5.2 I; C j H ^ S

46 11 c h2s 128 7.4 HI 5 C3H3F3S

47 12 CH-.S
5 147 100 c3h 3f 4s

63 9.3 CFS 174 13 CH3IS

76 6.8 CgHFS 177 3.6 c f2i

77 3.7 c 2h 2fs 274 15 C3H3F4IS(m )

97 48 c2h 3f 2s
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Methyl ootafluoro-4°-iodobutyl sulphide, GF^I*CF^CF^CF^S*CH^ (>3%)

m/ e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 6.3 c h3 127 15 15 C3H2F3S
31 4.5 CF 128 25 HI? O^S.^^3

45 11 CHS 147 7.8 c3h 3p 4b

46 7-5 cn2s 177 16 CF2I

47 17 CH^S 197 14 c4h 3p 6s

63 12 CFS 213 9.6 C4P7S
69 9°3 cf3 227 43 CgF^I

77 5*4 c2h2fs 247 100 °5H3f8S
97 53 c2h3f 2s 355 4.0 CcH,F_IS 5 3 7
100 12 °2F4 374 14 c5h3f8is(m )
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Methyl pentadeoafluoro-q-methvlhexvl sulphide? (CF3 )2 CF̂  CF2*CP2*CF̂ CF2*S*
ch3 (>l£)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 7.2 ch3 128 6.9 c3h3f3s
31 1.2 CF 131 6.3 °3F5
45 13 CHS 147 3.3 c3h3f4s
46 7.2 ch2s 150 1.2 C3F6
47 13 ch3s 167 1.2 C3V 5S
50 1.2 CFg 169 1.0 c3f7

51 1.8 CHF 178 1.8 C4H3F5S
63 5.7 CFS 181 1.8 C F 4 7
69 29 CF 195 5.2 c4hf6s

77 1.8 CgHgFS 196 1.8 W f i 8
79 1.8 c2h4fs 197 12 °4H3F6S
94 1.2 c3hf3 347 2.1 W i a 9
97 100 c2h3f 2s 364 12 c7h f13s
100 7.2 C2F4 397 11 C8H3F14S
101 5-1 c2hf4 415 1.8 c8h 2fi5s

119 2.7 C2P5 416 17 c8h3f15s(m )
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Bis(methylthio)methaneg CH’S*CHjS*CH3 (>1$ )

m/ e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

27 8. 2 °2H3 60 3-6 w
35 19 h3s 61 100 C2H5S
45 22 CHS 76 1.4 CS2
46 8.3 CH2S 78 1.4 ch2s2_

47 6.7 CH-jS
3

93 2.3 C2H5S2
58 1.8 g2h2s 108 82 c3-H8s2(i|)

lg 2-Ms(methylth.io) tetrafluoroethaneg CH^S*CR^CF^S*CH3 (>1 fo)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 3*7 ch3 77 3.6 C2H2FS
31 1.4 CF 79 6.9 ch3s2

44 1.4 CS 81 1.1 c2f3

45 13 CHS 94 4.1 W 2
46 6.9 ch2s 97 100 c2h3f2s

47 11 CH^S 113 1.4 c2f3s
48 3.0 CH^S 125 1.8 C3p3s
61 1.8 c2h5s 128 1.8 C3H3F3S

63 13 CFS 147 5.1 c3h3f4s

69 1.1 C£3 175 1.1 W bS2
76 2.2 CSg? CgHFS 194 26 C4H6F4S2(M)
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l,4-Bis(methylthio)octa£Inoro'butane, CH^S*CF£CF*CF£CF2S*CH3 (>1$)

m/e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

15 2.6 ch3 113 1.5 c2f3s

45 7.9 CHS 128 4»7 °2H3F3S
46 , 6.3 ch2s 131 1.3 C3F5
47 14 CH^S 147 3.8 C3H3F4S
63 5.2 CFS 197 1.8 C4H3F6S
77 1.8 C2H2PS 247 3.8 CcH,F„S 5 3 o
78 2.8 C2H3FS 275 2.3 W ts2
94 1.2 °2H692 279 1.9 C5H3P8S2
97 100 C2H3F2S 281 1.5
100 1.8 C2F4 294 20 c6h6f6s2(k )

Trifluoromethyl ethyl sulphide, CF^S'CHxCH^ (>3$) “ 3 2 3

m/e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

27 30 c2h3 59 6.8 c2h3s

29 100 °2H5 60 4.0 w
35 6.8 H S 61 11 c2h5s

45 10 CHS 63 8.0 CFS
46 4.4 ch2s 69 28 CF̂

47 6.8 CH,S3 82 4*4 CFgS
50 3.0 CF2 83 10 chf2s
57 3.2 C2HS 115 18 c2h2f3s
58 4*6 C2H2S 130 33 c3h 5f3s(m )
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Ethyl heptafluoropropyl sulphide, CF®CFjCF*S* GH^CH^ (>3$)

Relative
Intensity

Relative
Intensity Assignment

CH,
CH. CFS

CF
100

HS
100

11 CHS 111

119
169 12
183
215

60 230
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Trifluoromethyl pentafluorophenyl sulphide, CF*S°C^F^ (>3/£)

m/ e

31
63
69

79
86
87
93
98
105
111

Relative
Intensity

8.1
6.8
91
3.2

3.7 
19
9.3 
3.9

3*5
6.7

Assignment

CF
CFS

CF.
c5f

C4F2
C3PS

C3F3
C5P2
C F4 3
CcFS5

Am/e

117

149

155
167
180
199
202
249
268

Relative
Intensity

17
12

47

4*7
6.7
91
4*2
13
100

Assignment

C5F3
CrF.S5 3
c5f5

C6F5
W
CJTS6 5

' W a
a f?s 

c7f8s(m)

Trifluoromethyl pentafluorophenyl disulphides CF° S*S*C.-I'V (>3^)    ■ ■    — j 6 5

Am/e

31

63
64
69
76
82
87
93
98

99 
101 
105
111

Relative
Intensity

7.7
11
11

63

3*5
10
9*0
10
4*3
3*4
3*3
3*5
6.0

Assignment

CF
CFS

S2
cf3
CS„

CF S
c3fs
c3f3

C5F2
c4fs
CF^S

4 3 
CPS5

Am/e

117

131

149

155
167
168 
187

199
231
268
294
300

Relative
Intensity

15
3*2

14

43
3*0

17 
14
100
18
6.3
3*0

61

Assignment

C _F .5 3

°3F5
C5F3S

C5F5
C6F5

CcFcS5 5
C.FrS6 5

c6f 5ss
c7f8s

c f8s2(m )



SULPHOXIDE S
152

Methyl Heptafluoropropyl sulphoxide, CF^CF^CF^SO-CH^ (>2$>)

m/e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

15 6.2 CH^ 63 100 CH^OSf (CFS)

31 8.4 CF 69 48 cf3

34 2.7 h2s 97 3.8 c2h3f 2s

45 10 CHS 100 6.4 °2F4
46 4°7 CH2S 119 6.8 °2F5
47 19 CH.S3 169 14 c3f7

48 4.1 OS 232 37 C3H3F7OS(m )
62 2.2 ch2°s

Methyl heptafluoroisopropyl sulphoxide9 (CF^)2CF*SO*OH^ (>2$)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 8.0 CH,3 62 2.2 c h2os

31 7*9 CF 63 100 CH.OS $ (CFS) 3
33 2.2 HS 67 6.9 FOS

34 2.6 h 2s 69 29 c f3

45 13 CHS 97 6.8 W z s
46 6.2 CHgS 100 5.3 C2F4
47 3.5 CH. S 3 131 3° 2 C3F5
48 6.3 OS 147 5.6 c3h 3f 4s

50 2.5 c f 2 232 8.2 ,C3H3F^OS(M)
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Deuteromethyl heptafluoropropyl sulphoxidesg (mixture)

(peaks below m/e 31 not included)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

31 7.1 CF 69 62 cf3

34 5«8 H2S; IS 100 13 C2F4
36 4.8 ■ i2s 119 8.8 Q2F5
46 11 CH2S$ CIS 131 3.7 C3P5
48 3.2 CHgDS? CIgS 169 17 c3f7

50 23 CILS? CFn 3 2 232 1.2 c4h3f?os(m )

63 4-9 CH^OS § CFS 233 1-7 c4h2df7os(m )

64 5.5 ch2ios § ci2os 234 14 c4hd2f7os(m )

65 37 CHDgOS 235 37 c4b3f7os(m )
66 100 CI^OS? (CFS)
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SULPHONES

Methyl heptafluoropropyl sulphone, CF“CF^CF^SO^CH^ (>2%)

m/e
Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 37 CH.,3 69 86 CF̂

31 9.8 CF 79 100 CH-0oS 
3 2

45 3.7 CHS 100 15 C2P4
48 5.5 OS 119 9°9 C2F5
50 3.0 CP2 150 2.0 °3F6
63 22 CH^OS§ CFS 169 30 C3P7
64 3.6 °2S

Methyl heptafluoroisQpropyl sulphone, (GF^)gCF”SO^CH^ (>0.5%)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 36 CH,
3

67 1.6 FOS

31 4.4 CF 69 19 cf3

44 0.5 CS 79 100 ch3o2s

45 1-5 CHS 100 7.0 °2F4
46 0.7 ch2s 119 O p 5 c2f 5
48 2.3 OS 131 0.5 C3P5
50 0.6 CP2 150 0.8 C3F6
63 4.0 CH.OS5 CPS

3
169 0.5 C3f7

64 1.3 °2S
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Methyl pentadecafluoro-S-raethyihexyl sulphone, (CF^^CF*CFjCF^CF*CFj

so^ch3 (>0.556)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

15 28 CĤ 112 2.7 C3F4
31 1.3 CP 119 3.9 c2f5

45 1.3 CHS 131 12 C3P5
46 0.5 ch2s 150 0.6 °3F6
47 1.0 ch3s 169 0.6 C3F7
48 1.1 OS 181 2.9 C4F7
63 24 CH3OS.j CPS 231 0.5 °5P9
64 0.8 02s 281 2.0 C6F11
6 9 49 cf3 350 0.5 V l 4
79 100 ch3o2s 369 1.4 C P
93 1.5 c3f3 430 3-5 C7F15°2S
97 1-7 c2h3f 2s 433 0.6
100 7*4 °2P4



156

Triohloromethyl heptafluoropropyl suIphones CF’ CP^CF*S0^CC1^ (> 3f°)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

31 3.5 GF 83 6*5 ,'C10S

47 18 CC1 85 3.6 CC1F2
48 11 OS 100 14 C2P4
50 3.6 CF_2 117 100 CC1,

63 20 CFS 131 6.4 C3P5
64 5-2 °2S 150 4.9 C3F6
67 3.3 CIS\ FOS 169 13 °3P7
69 73 cf3 185 5-9 c3cif6

79 4*7 CC1S 217 9*4 C3F_0S

82
...27.... .

0C12 233 4*9 g3F7°2S

Trifluoromethyl 19l-dichloroethyl sulphone9 CF^SO^CCl^CH^ (>3$)

m/ e Relative
Intensity Assignment m/e Relative

Intensity Assignment

36 14 HC1 64 32 V
43 20 c2F 65 12 h o 2s

44 4.1 CJJF; CS
cl 67 3.2 CIS? FOS

48 19 OS 69 45 cf3
50 3.3 CP2 82 8.4 cc i2
60 11 CgHCl 83 8.4 CHClg
61 70 c2h 2ci 91 6.5
62 10 C2H3C1 97 100 c2h 3ci2
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Tricfrloromethyl pentadeoafluoro-5-methfflhexyl sulphone, (CF^^CF'CF^ 
CF£CF£CF£S0£CC13 (>0.3$)

' m / e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

31 4.0 CF 117 100 CCl^

35 1.6 Cl 131 21 C3F5
44 0.7 CS 135 0.5 c2cif4
47 8.2 CIS 143 0.5 C4P5
4B 6.5 OS 147 0.5 c3cif4
50 1.6 CP2 150 1.5 °3F6
63 6.6 CFS 169 1.6 C3F
64 8.9 °2S 181 4.7 C4F7
65 2.3 182 2.8 c3f6s

67 2.4 CIS; FOS 185 0.3 C,C1F, 3 6
69 77 cf3 193 0.3 °5F7
79 1.1 CC1S 200 0.3 C4F8
81 2.5 C2P 3 219 0.8 °4F9
82 21 cci2 231 0.6
83 8.2 CIOS 26$ 0.4 °5PH
85 6.3 CC1F 281 0.4 C6Pn
93 2.4 C3F3 331 0.5 C7F13
100 16 C2F4 369 0.8 C7P15
112 0.7 C3F4 417 0.3 C7F15OS



Trichloromethyl h.eptaf luoroisopropyl sulphone, (CF^^CF'SO^CCl^ (>3/)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

31 12 CF 82 33 cci2

35 4.4 Cl 83 10 CIOS

44 4.0 CS 85 8*1 ccif2

47 17 CC1 100 34 C2P4
48 21 OS 117 100 CC1

63 4.8 CFS 131 13 C3P5
64 20 °2S 150 17 C3F6
67 14 CISp FOS 169 6.4 C3F7
69 80 cf3 251 4.8 C4C12P7

Trifluoromethyl ethyl sulphone, CF^SO'CHjCH^ (>3$>)

m/e Relative
Intensity Assignment ra/e Relative

Intensity Assignment

27 30 c2e3 64 6 0 2 02s

29 100 CA 65 15 HOgS

48 9.2 OS 69 34 cp3

50 3.6 cf2 77 6.0 C„H_0S

51 3.1 chf2 93 78 C2H5°2S
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trana-Heptafluoropropyl styryl sulphone, CF^CFgCFgSO^CHsCHFh. (> 1 f>)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

31 1.8 CF 74 1.7 C6H2
39 2.3 C3H3 75 8.8 C6H3
45 3.1 CHS 76 4.8 c6h4
50 4.2 O F C 4H2 77 38 C/*Hc 6 5
51 13 CHFgj C4H3 102 11 °8H6
52 7.2 °4H4 103 100 08*f
63 2.6 CFS 167 88

W - 2 S

69 7*1 cf3

Deuteromethyi heptafluoropropyl sulphones (mixture) 
(peaks "below m/e 31 not included)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

31 9.8 CF 80 4-8 ch2do2s

46 4.0 CHgS? CDS 81 38 chd2o2s

48 7*7 CH^DS| CD2S| OS 82 86 ct3o2s

50 4.8 cd3s 5 cf2 100 18 C2P4
65 16 H0oS? CHDo0S 

d d 119 11 C2F5
66 38 D0„S| GD~0S 2 3 150 3.0 C3F6
69 100 cf3 169 28 C3F7
79 1.1 CH3°2S
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MISCELLANEOUS COMPOUNDS

IH-octafluoro-4-iodo'butane9 CHF£CF£CF£CF2I (>3^)

m/ e Relative
Intensity Assignment m/e Relative

Intensity Assignment

31 9-5 CF 127 31 I

50 21 cf2 131 23 °3F5
51 65 CBF2 163 7.1
69 4.9 CF-,3 177 47 CF2!

82 3.4 C-HF-j 
c. J

201 100
°*W B

100 14 C2P4 208 6.0 C2F3!
101 18 C2HF4 227 8.4 C2F4I
112 23 °3P4 239 11 °3p41
119 10 c2f5 328 50 c h f qi (m )

1,1,192,2,3,3-Heptafluoropentane, CP^CPjCF*CH^CH^ (>1 fo)

m/e Relative
Intensity Assignment m/e Relative

Intensity Assignment

14 2.1 ch2 77 13 C3H3F2
15 1.2 CH-.3 79 100 c3h5f2
27 20 C2H3 89 3.1 °4H3F2
29 33 C2H5 95 2.9 C3H2F3
31 3.1 CF 109 19 C4H4F3
33 3.4 ch2f 113 2.6 03^4
47 6.0 W 119 3.7 C2F5
51 43 chf2 139 2.7 C5H3F4
59 18 w 159 4.8 C5H4F5
65 4.7 W s 169 1.7 C3P7
75 1.9 c3iif2 178 1.6 W s
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lH~pentadecafluoro-5-rnethylh.exane, (CF^JgCF’CP^CFjCF-CHPg (>0 ,5/0)

m/e Relative
Intensity Assignment m/ e Relative

Intensity Assignment

31 6.5 CF 113 5.2 c3hf4

41 1-9 • 119 6.4 C2F5
43 1.2 c2F 124 0. 5 C4F4
44 3.6 C2HF 131 18 °3F5
45 1.3 132 1.2 • C-.HFr-3 5
50 1-5 cp2 143 0.8 °4F5
51 1-4 chf2 150 0.9 C3F6
55 1.3 C,F 151 1.1
57 1.2 162 0.5 4 6
59 1.2 163 0.5 C.HF. 4 6
60 2.0 169 1.0 C F 3 7
69 100 cf3 181 6.5 C4F7
73 1.6 200 0.8 C4P8
74 0.7 c3f2 201 1.2 W
75 0.7 c3hf2 219 3.8 C4F9
81 0.7 c2f3 231 0.3 C5F9
82 3.0 c2hf 262 1.1 C6F10
93 3.1 C3F3 269 0.5 V n
100 7 - 2 C2F4 281 3.1 C6F11
101 17 c2hf4 300 0.5 C6F12
112 1.0 C3F4
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INFRARED SPECTRA

The i.r. spectra of the compounds prepared* apart from showing
the presence of bands associated with C ~ H and C - P vibrations*
were of little diagnostic value* The band associated with C - S
stretching is known to be weak and variable in position* The bands

associated with S - 0 stretching unfortunately coincide with the
130

G - P stretching absorption region (ca,. 7*1 - lO.Ô ji). However* all

the sulphones prepared showed a band in the region 7*12 - 7*35/J°
For compounds of the type R^SO^R* where R does not contain chlorine*
the band was at 7•30(-0.05)̂ * while for compounds of the. .type R^SO^CCl^*
the band was observed at 7 • 13( *0* 02)jj_ .

Alkyl sulphones are reported to exhibit absorptions in the

regions 8.62 - 8.93l» and 7*41 - 7*70fi. These bands have been assigned
131

to S - 0 symmetric and asymmetric stretching respectively. Replacement
of one of the alkyl groups by a more electronegative substituent*
eog.9 Cl* causes a shift in the absorptions to lower wavelength

(CĤ SÔ Gl* 8.55)̂  an<i 7 • 14)Ji respectively) . On the basis of this
evidence the bands observed for R^SO^R (7*30^) and R^SO^CGl^ (7*13̂
have been assigned to asymmetric S ~ 0 stretching in these compounds.

The assignments are tentative because of the complexity of the

spectra in this region. However* the value of 7*30(-0.05^a is in
good agreement with the value of 7*36u* quoted by Gramstad and 

72 7
Hasaeldine* for the S - 0 asymmetric stretching vibration in
methyl trifluoromethyl sulphone.

The figures below represent the i.r. absorption bands* expressed

in microns ĵu() * in the region 2.5 - 15° 5/x*
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The following abbreviations have been useds 
w  ̂weak* m = medium, s = strong, vs = very strong, (sh) = shoulder, 
and (bd) « broad.

SULPHIDES

Methyl heptafluoropropyl sulphide, CF^CF^CFJS*CH^ (vapour)

3.37 m, 3-48 m, 6.93 m, 7*42 s, 7*91 s, 8.06 vs, 8.16 vs,
8.47 s, 8.93 vs, 9.12 s, 9.51 s, 10.25 s, 10.76 s, 11.57 s, 12.59 w,

12*95 13*41 s, 13*93 w, 14*77 m, and 15*30 w*

Methyl heptafluoroisopropyl sulphide, (CF^)2CF*S*CH^ (vapour)

3.30 w, 3.31 w, 3.39 m, 3.47 w, 3.54 m, 3*95 w, 4*03 w, 4.17 w, 
4*44 w, 4*57 w, 4*90 w, 5-00 w, 6.90 m. 7*30 w, 7*75 vs, 8.07 vs,
8.55 s, 9*09 S, 10.10 s, 10.33 S, 10.50 s, 11.22 w, 11.48 m, 13.76 s,
and 13.89 s.

Ethyl heptafluorcpropyl sulphide* CFjGF*GF^S*GHjCH^ (vapour)

3.34 w, 3*38 m, 3.44 m, 6.86 m, 7*20 w, 7*45 s? 7*80 s, 8.09 vs, 
8.20 vs, 8.47s, 8.95 Ss 9.15 9*59 s? 10.30 w, 10.80 s, 11.16 m,
11.60 s, 13.40 s, 14-34 m, and 15.30 w.

Methyl 2-ohlorotetrafluoroethyl sulphide, CFgCl*CF^CF^S*CH^ (vapour)
3.31 w, 3.39 m, 3.50 w, 6.92 m, 7.50 w, 8.00 s, 8.55 vs,

8.74 s, 9*00 vs, 9.38 m, 9.60 vs, 10.28 s, 10.95 vs, 11.38 m, 12.04 vs,
14.03 w, 14*95 (sh)w, and 15*10 w.
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Methyl pentadeoafluoro-5~Hiethylh-exyl sulphide, (CF^)^CF*CF^GF^CFjS*CH^ j

(capillary film) i
3*31 w, 3*39 w? 3*41 w, 3.50 ws 6.9O w, 6«94 w, 7*52 m? 7*78 s, |

7*95 s, 8.24 s, 8.37 s, 8.55 s, 8.84 s, 9.09 8, 9*63 m, 9*85 m, 10.15 s, 
IO.76 w, 11.30 w, 11.56 w, 11.70 w, 12.20 m, 12.45 12.85 m, 13.11 w, !

13.33 m, 13.50 m, 13.66 m, 13.79 m, 14.04 m, 14.49 m, and 14.81 m. |

Methyl tetrafluoro-2~iodoethyl sulphide, CF2I*CF2S0GH-j (capillary film)

3.44 w, 3*5^ 6.94 m, 6.99 m, 7.58 w,. 7*70 w, 8.15 m, 8.26 m,
8.44 m, 8.77 s, 9*13 s, 9*62 m, 9.85 s, 10.26 m, 11.63 s, 12.35 w?
13.16 s, 14.08 w, and 14*71 w.

Methyl octafluoro-4-iodobutyl sulphide, CF^X0CF^CF^CF^S"CH^
(capillary film)

3-39 w, 6.95 m, 6.99 (sh)m, 7-51 w, 7*75 m? 7*94 w, 8.42 vs, :
8.86 vs, 9.15 s? 9*46 s, 9-75 w, 9*91 w, 10.25 m, 10.70 m, 10.86 (sh)w,
11.14 m, II.65 w? 11.80 w, 12.24 w, 12.91 s, 13*30 w, 13.90 w, 14.32 w, ;

14.96 (sh)s, 15.05 s? an-d 15.29 s.

I,2-Bis(methylthio)tetrafluoroethane, CH°S*CF^CF^S*CH^ (capillary film)-----------  j 2 2  3
3.32 w, 3.38 m, 3.52 w, 6*94 m, 6.99 7*53 8.12 (sh)m,

8.20 m, 8.33 m, 8.93 (sh)s, 9.26 s, 9.66 s, 10.26 m, 11.01 s, 11.24 (sh)m,
II.63 w, 11.83 w, 12,32 s, 13.19 m, and 14*08 m.

1,4-Bis(methylthio)octafluorobutane, CH^S*CFjCF^CF*S*GH^ (capillary film) 

3.34 w, 3*44 m, 3.52 w, 3*54 w, 6.99 m, 7.07 m, 7*53 w, 7*66 m,
7*94 w, 8.30 m, 8.48 s, 8.73 m, 8.84 s, 9.17 0? 9*75 m? 10.20 w,

10.53 m, 10.88 w, 12.05 w, 12.35 m, 13.14 m, 13.93 m, and 14-39 m.
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Trifluoromethyl pentafluorophenyl sulphide, CF^S*C^F^
6.10 s, 6.49 (sh)s, 6.46 (sh)s, 6.60 s, 6.68 s,

7.26 w? 7*69 m, 7*75 (sh)ms 7*96 w, 8.20 w, 8.45 w, 8 
9.01 s, 9*14 s, 9-30 m, 9*70 m, 10.10 s, 11.49 12. 
13.66 ms and 15*41 m.

Trifluoromethyl pentafluorophenyl disulphide, CF*SaS* 

film)

6.10 m, 6.53 (sh)m, 6.60 s, 6.68 s, 7*11 w, 7*2
7.68 w, 8.60 s, 8.69 s, 9*09 s, 9.80 w, 10.15 s, 11.4 
12.41 w, 13.25 m, 13.70 w, and 15.60 w.

(capillary film) 
7.O7 w, 7.19 ws 
.61 s, 8.70 s,
41 w, 13.16 s,

C^F^ (capillary

3 Wj 7*31 w,
9 w, 11.63 m.
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SULPHOXIDES

Methyl heptafluoropropyl sulphoxide? CF^CF^CFjSO*CH^ (capillary film)
3*31 w9 3*40 w, 7.04 w9 7.09 m3 7*47 ss 7*80 m? 8*20 s? 8*44 s? 

.8*62 s? 8.85 s, 9*10 s? 9*22 s3 9-60 s9 10,45 ra? 10*95 m? 11*90 &9 
12.05 m3 13.34 m? 13*55 14.65 m9 and 15*05 m.

Methyl heptafluoroisopropyl sulphoxide, (CF^^CF'SO'CH^ (capillary film)

3.31 w, 3.40 Wj 6.99 Wy 7.O6 ms 7*13 niy 7*74 (sh)s? 7*81 s?
8.16 Sy 8,41 Sy 8.76 Sy 8.97 Sy 9*05 (sh)sy 9*26 my 10,15 Sy 10.21 ss 

10.47 m, 10.99 m? 12.20 ms 12.82 w? 13.25 m? 13.68 w? 13.91 s? and 
14*71 m.

Deuteromethyl heptafluoropropyl sulphoxides (mixture)9 (CF^JgCF’SO*. 
(capillary film)

3-36 Wy 4.43 Wy 4.63 w? 4*69 w? 7*46 s? 7*75 m, 8.00-8.41 (M)s, 
8.62 Sy 8.85 Sy 9*07 Sy 9.18 Sy 9-57 Sy 9*63 my 9*90 Wy 10.42 Wy 
10.87 my 11.63 w3 11,83 s9 12,99 w, 13*30 m, 13*51 s? 13*70 m, 14*71 m, 
14*93 m9 and 15*38 w.
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SULPHONES

Methyl heptafluoropropyl sulpHone, CF^CF^CF^SO*CH^ (capillary film)

3.30 w, 3.40 w, 7*09 Wj 7«34 b, 7*46 s? 7.78 m, 8.05-8.55 (bd)s, 
8.83 s, 9.08 m, 9.46 m, 10,45 m? 10.64 my 10.95 w, 11.35 m,
11.72 m, 13.09 m, 13.55 s, 13.79 s, 14*78 m, and 14*91 m.

Methyl heptafluoroisopropyl sulphone9 (GP^)pCF*SO^CH^ (capillary film)
3.26 w? 3.29 W? 7*09 wy 7.27 S? 7.34 Sy 7*52 Sy 7.81-8.18 (bd)sy

8.53 Sy 8064 Sy 8.8l Sy 10.16 Sy 10.36 Sy 10.64 Sy 10*90 Wy 13.05 Wy
13o50 Sy and 13.59

Methyl pentadecafluoro-5-methylhexyl sulphone, (CF _,),., CF ° CF^CF a CF̂ CF;;1'" " 1 .... 1 . 1 1 . --  ...... j d d d d d

SOjGH3 (melt)
3,28 Wy 3.31 Wy 3.40 Wy 7*07 Wy 7 » 27 Sy 7 * 69-8.05 (hd)Sy 8. 20-

8.69 (bd)sy 8.81 Sy 9.01 my 9.63 w, 10.18 s, 10.42 9 11.30 w, 12.05 w, 
12*42 m? 13*33 m? 13*70 my and 15»08 m.

trans-Heptafluoropropyl styryl sulphone, CF*CF|CF*SO*GHsCHPh (melt) 

3.24 m? 3.30 Wy 6.21 ss 6.34 m? 7»67 w? 6.89 my 7.30 s, 7*47 ss 
7.63 m? 7=75 m? 8.06-8.33 (bd)sy 8.62 Sy 8,85 Sy 9*09 my 9-48 my
9.80 Wy 9.98 Wy 10.18 my 10*53 Wy 10. 8l W y 11.24 m? 11.36 (sh)my
11.60 Sy 11.70 Sy 12,27 Sy 12.50 (sh)my 13.25 (sh)m, 13.42 s? 14.66 s? 
15.27 Wy and 15.58 s.
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Triohloromethyl heptafluoropropyl sulphone? CF^CF|CF^S0^CC13 

(capillary film)
7.13 Sy 7.50 Sy 7.83 my 8.00-8*41 (bd)sy 8.49 Sy 8.80 Sy

9.20 my 9-59 my 10*75 W y 10.95 Wy 11.60 Sy 12.15 Sy 12.45 S> 13*10 Wy 

13*34 Wy 13.54 Sy 14.74 m 9 and 15.30 w.

Triiodomethyl heptafluoropropyl sulphone, CIl^CF^CFjSO^GI^ (mull\ nujol 

and hexachlorobutadiene)

7.24 m, 7.35 m, 7.52 m y 7.85 w, 8.09 Sy 8.24 (sh)s, 8.30 s s 

8.43 (sh)sy 8.64 m, 8.80 Sy 9,24 m ? 9.60 w, 11.79 m 9 13.39 m , 13.89 w 9 

14.40 m s and 15.30 w.

Triohloromethyl pgntadecafluoro-5-methylhexyl sulphone, (CF3)2CFaCF^ 

CFjGF^CF»S0-GC13 (melt)

7.12 Sy 7.51 my 7.81 (sh)sy 7•97 Sy 8.12 (sh)sy 8.30 s ? 8.45 s 9 
8.65 Sy 8.77 Sy 9.05 m9 9-75 w, 10.18 Sy 11-36 Wy 12.03 my 12.42 m? 
12.95 Wy 13.25 Wy 13.33 Wy 13*61 Wy 13*70 Wy 13.88 Wy 14.08 Wy

14-49 Wy 14.75 Wy and 15*04 w.

Triohloromethyl heptafluoroisopropyl sulphone9 (CF^^CF'SO^CCl^ 

(capillary film)

7114 s s 7*77 s 5 7.96 (sli)s9 8.07 s ? 8.48 m 9 8.61 m, 8,73 s ?

10.20 Sy 10.66 m s 11.90 Sy 12,42 Sy 13.33 Wy and 13.85 s.

Trifluoromethyl ethyl sulphone, CF’SO^CH'CH^ (capillary film)

3.34 my 3.38 my 3.41 my 6.85 my 7.09 Wy 7.17 my 7.35 S, 7.58 Wy 

7.75 Wy 8.33 Sy 8,90 Sy 9.40 Wy 9*56 ID, 10.26 Wy 12*74 my 12.99 Wy 

13.30 Wy and 13.99 s.
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Trifluoromethyl I,l-dichloroethyl sulphone, CF’SOjCcijCH^ (capillary 
film)

3.31 Wy 6.91 m? 7.18 sy 7*25 s, 8.26 s? 8.97 ss 9.22 s> 9-57 w,
13.16 m? and 13.62 m.

Deuteromethyl heptafluoropropyl sulphones (mixture); CF^CF^CF^SO^CHq  ̂
D _ (capillary film)

C, *  (

3.32 w? 3.36 w? 4.37 w9 4*42 w, 4*59 wy 4.65 w? 7*27 s? 7°47 s,
7.75 my 8.13-8.44 (bd)s» 8.80 s, 9.03 m? 9.39 m 9 9.76 w? 9*79
10.52 W, 10*75 Wy 11.36 m, II.78 Wy 12.03 Wy 12.69 Ely 13*35 mS 13*53 Ely
13.89 my 14.10 in, 14.71 Wy and 15*15
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MISCELLANEOUS COMPOUNDS

lj,lgl9 29 2?393"-Heptafluoropentane, CF^CFjCF^CH^CH^ (vapour)
3*33 m, 3*38 m, 3.45 ms 6*79 6*92 (sh)w, 7*02 w, 7*28 ra,

7*41 s, 7.69 s, 7*80 (sh)m, 8*10 vs5 8.28 s, 8.45 s, 8.88 s, 9*35 s,
9*48 (sh)m, 9*80 m, 10.11 m, 10.58 m, 11.10 s, 11-55 (sh)s, 12.22 w,
12.63 w, 13*21 m, 14.08 s, and 15*31 w.

IH-pentadecafluoro-“5~̂ e'fchylb.exane9 (CF^^CF* CF^CF^CF*CHFg (vapour)
3.26 w, 3*34 w, 7*06 (sh)m, 7*12 m, 7*38 m, 7*76 vs, 7*90 vs,

8.20 (sh)s, 8.32 s, 8.46 s, 8.65 (sh)s, 8.74 s, 9*01 s, 9*26 s,
10.10 a, 11.52 m, 11.68 m, 12.03 m, 12.27 m, 12*50 m, 12.69 m, 12.89 ra, 
13*33 ss 13.87 s, 14*06 (sh)m, 14*49 and 15-62 w.

lH-ootafIuoro-4"-iodo'butane» CHFg CF'CF^CF^I (vapour)

3.31 w, 3.34 (sh)w, 7.12 m, 7*36 w, 7*45 m, 7-70 m, 7*89 m,
8.10 (sb.)s, 8,16 s, 8.37 vs, 8.74 vs, 8.98 s, 9*15 s? 9*45 w? 9*56 (sh)w, 
9.82 w, 10.35 w, 10.80 w, 11.15 w, 11.35 w, 11.69 m, 11.95 m, 12.30 m, 
12.48-12.62 (bd)ra, 13*15 sj 13*39 w, 13*90 s, and 14.46 m.

Potassium heptafluoropropanesulphonate, CF^CF^CFjSO^K (mull? nujol and 
hexachlorobutadiene)

2.30-2.95 (bd)w, 7.43 m, 7.80-8.45 (Ld)s, 8.65 m, 8.86 (sh)m,
8.95 s, 9*49 m, 9.59 m, 11.44 m, 13*31 m, 13*87 w, 14.55 m> and 15*44 m.
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N.M.R. SPECTRA

The author is indebted, to Dr. M. G. Barlow for the measurement
and interpretation of certain of these spectra.

All spectra were recorded using <internal tetramethyl silane
as reference, and the chemical shifts quoted areT values.

19All F spectra were recorded using external trifluoroacetic
19acid as reference, and the F chemical shitts are quoted m  p.p.m. 

from the resonance absorption of this compound\ negative values are 
to low field of this compound and positive values are to high field. 

Wherever possible 'neat’ liquid samples were used for. the 

determination of spectra. In certain cases, because of limited 
quantities of samples or because the sample was a solid, this was not 
possible and so a solvent was used. The solvent and solute concen- 
traction are given in parenthesis by the name of each compound.

In all cases the spectra obtained were consistent, with the 
proposed structures.

Compounds Containing the Pentadeoafluoro-^-methylhexyl Group

(CP3)g. CP • CPg. CPg. CPg. CF2‘ X

a b c d e f

The spectra of these compounds were complex and the fine
structure was poorly resolved. For these reasons the spectra are not
reproduced in detail, however, certain assignments have been made.

19In the F spectrum, the bands were assigned on the following
basis;

(i) integrated band intensities,
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(ii) the hands due to F , F ? and F, should show approximately8, Q C CL
the same chemical shift in all the compounds studied,

(iii) branching at the adjacent carbon causes F to absorb at 
lower field than F̂ ,
(iv) the chemical shift of F^ will be the most variable, and

(v) corresponding bands in the various compounds will have much
fine structure in common.
On this basis the following chemical shifts were deduced (Table

24).
TABLE 24

Chemical shifts in compounds of the type (CFj^CF * CF^CF^CF*CF*X. , i c

Substituent Chemical shifts
X Fa Fb F F, c d Fe F

I 110.8 37.8 43.0 35*6 “19.9
H -4.2 112,2 39-1 46.7 54.2 62.6

S'CH^ -6.0 111.1 38.9 43.6 43.6 14.1
SO® CH..

^ J -6 * 6 110.4 oa.37 oa.43 ca.43 oa.37
S0£CC13 -6.3 110.2 37•5 43*0 41.8 19.5

As previously stated the spectra were complex and assignment of
individual coupling constants was not always possible. However, in
every compound, the band system due to F appeared as a more or lessa
clearly defined triplet of triplets of doublets, due to coupling with 
Fc, F̂ , and F^ respectively, typical magnitudes of coupling constants 
being 14-5? 8.9? and 6.1 c./sec.
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Compounds Containing the Heptafluoropropyl Groups CF̂ CF|CF?,X

Methyl heptafluoropropyl sulphide9 CF^CF^CF^S0CH^

cf3* cf2- cf2* S • ch3

a b c d

“Hi spectrum
A single unresolved hand centred at T* 7*60 was observed,,

~*~9F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

Fa 3.6 3 triplet n 9*4 cL““0

Fc 14.7 2
quartet

of
triplets

of
quartets

J 9-6 c-a
c—b

Jo-d °*9

Fb 47.8 2 broad
triplet A-c 3-3
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Ethyl heptafluoropropyl sulphide3 CF^CF^CF^S0CH^CH^

CF,* CF * CF* S • CH • CH,
Jf C  t- £L J

a "b o d e

~̂H spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./seo.)

Hd 7.05 2 quartet Jd-« 7-6
He 8.65 3 triplet J . 7.8e-d

19•"T spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)
Fa 3.8 3 triplet J 9,4a-c ^

Fc 11.8 2
quartet

of
triplets

Jp « 9.4O ""’cl
J u 3-9c-h '

F% 47.8 2
— *---- — ____—

triplet «J, 4.0 h-c
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Methyl heptafluoropropyl sulphone, CF^CFjCFjSOjCH^

CFy CF2* CF2* S02* CH3 

a b c d

1H spectrum

A single unresolved "band centredatr6.8l was observed.

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)
Fa 5.0 3 triplet a—o
Fc 38.1 2 complex

F'b
..................... —, ....... ,i

'47.8 2 distorted
triplet J-h  ̂ 2.8b-c
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Triiodomethyl heptafluoropropyl sulphone, CF* CF* CF^SO'CI^(40$ 
solution in ether)

CF̂ * CF2* CF2a S02* CÎ  

a h c

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)
Fa 4-2 3 triplet „ - 9*5a—c

Fc 15-4 2
quartet

of
triplets

J 9.5 c-a J

J , 1.8 c-b

48.8 2 distorted
triplet J, 1.8 b-c
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Potassium heptafluoropropanesulphonate y CF^CF^CF^SO^K (2*j>f° solution in 

water).

CFy cp2» cp2- SO^K 

a b c

19P spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)
Pa 2,4 3 triplet J 8.9 a-c

Pc 37-5 2
quartet

of
triplets

J 9.1 c-a
J . 1.0 c-b

PT, 47.6 2 unresolved
multiplet
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Triohloromethyl heptafluoropropyl sulphone? CF^CF'CF°SO'CCl^3 d d d 3

CFy GF2- CF2‘ S02* CC13 

a Id c

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./seo.)
Fa 2.9 3 triplet Ja-c 'S'-2

Fo 20.5 2
quartet

of
triplets

J 9.2c-a
J v 2.5 c-b ^

Fb 46.6 2 distorted
triplet J-u 2.3 b-c J
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Methyl heptafluoropropyl sulphoxides CF'CF’CF^SO^CH^

Fc
The assignments c and d are

CF,* CF • C ° SO - CH,
^ | arbitary,
a h tti ®a

H spectrum

Band Chemical
shift Multiplicity Coupling 

constants (c./sec.)

He 7*13

doublet
of

doublets
of

triplets

Je-c 2-6 

Je-a 

e—D ___ _____ e

19F spectrum

Chemical
shift

Coupling 
onstants (c./sec.)Intensity' , MultiplicityBand

unresolved4.9

doublet
270

*p

49-1 unresolved

*The geminal fluorines are rendered non-equivalent by asymmetry of 
the sulphoxide group and these bands appear as part of an AB quartet 
centred on 45*4 p*p.m0 with internal chemical shift of 8.25 p«p«m.
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trans-Heptafluoropropyl styryl sulphone9 CF^CFjCF^SO^CHsCHPh 
(60% solution in carbon tetrachloride)

CF3* CF2* CFg* S02V /C =r C / \
’H spectrum

Band Ghemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

Hf ca. 2.46 5 complex

*He 3-10 1 doublet
Jd-e x5-5

*H, d 2.10 1 doublet J

*These bands appear as part of an AB quartet centred aty 2.63 and 
with an internal chemical shift of 0*95 P-P-w*

F spectrum

Band Ghemical
shift Intensity Multiplicity Coupling 

constants (c»/sec.)

Fa 2.7 3 broadened
triplet J 9.6 a-c

Fc 36,1 2 broadened
triplet J 9-6 c-a

pb 46.6 2 unresolved
multiplet
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191? I9 2, 2,3g3-Heptafluoropentane 8 CF^CFjCFjCH^CH^ (30$ solution in 

o_-dichloroben:aene) 0

CF CF • OF • CHo0 OH,3 2 tL d 3
a b o d e

1H spectrum

Band

He

Ghemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

8.97 3 triplet Je-d 7.0

H,d 8 c, 04 2
triplet

of
quartets

Jd-c 19 
Jd-e 7.0

IQF spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants ( c./sec.,)

Fa 3.6 3 triplet J 9*6 a-c
Fc 40.8 2 complex

51-4 2 complex



Compounds Containing the Heptafluoroisopropyl Group9 (CF^JgCF’X

Methyl heptafluoroisopropyl sulphide9 (CF^) ̂ CF* S* CH^

(CH3)2 CF * S * CH3 
a b c

1H spectrum

Band

Ho

Chemical
shift Multiplicity Coupling 

constants (c./sec.)

7.60
doublet

of
septets

J , 2.2 c~b
J 1.1G*“*ck

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec

Fa -1.5 6
doublet

of
quartets

Ja~* 10'5
J 1.0a-c

Fxb 90.0 1
septet
of

quartets
J. 10.2 b-a

2.4b-c
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Methyl heptafluoroisopropyl sulphone, (CF3)2CF»SO£CH3

(CP3)2 CF * S • CH3 
a h  c

spectrum

Band Chemical
shift Multiplicity Coupling 

constants (c./sec.)

Hc 6.69
doublet

of
septets

J . 3.6 o-h
J 0.5 c-a '

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

Fa -5*9 6 broadened
doublet J . 7*2 a-b '

Fb 95.8 1
overlapping
septet
of

quartets
J, 7*2 b-a
J, 3.6b-a
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Trichloromethyl heptafluoroisopropyl sulphone, (CF^)2CF°S0^CC1^

(gf3)2 CF • so2* cci3 

a To

19XF spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

Fa -7.1 6 doublet Ja~b 9’3

Fb 85*0 1 septet Jb-a 9*3
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Methyl heptafluoroisopropyl sulphoxide, (CF^gOP'SO'CH^

CP3\
CP • SO • CH.

CF.

'H spectrum

The assignments a and b are 
arbitary.

Band Chemical
shift Multiplicity Coupling 

constants (c./sec.)

Ha 7-05
doublet

of
poorly
resolved
septets

J\ 3.0 d-c
2A

) 0.7 
Ja - J

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

Fa -6.2 3 broadened
quintal: a" M  8.3

Ja-c '

b

*Fc

-4-6

106.2

3 broadened
quintet

2 v
*-a 8.3
J.b-c

1

overlapping
quartet

of
quartets

of
quartets

2  -k 8.5 c-b ^
J 7.6 o-a

A 3 '2c-d

*The asymmetry of the sulphoxide group renders the gerainal CF., groups 
non-equivalent•
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Miscellaneous Compounds

Trifluoromethyl ethyl sulphide9 CF^S'CHjCH^

c?3* S • ch2° CH^ 

a b c

~*~H spectrum

Coupling 
constants (c«/sec.)

Chemical
shift MultiplicityIntensityBand

7-10 quartet h-c

triplet c-b

19yF spectrum

A single unresolved band centred at 36.7 p.p.m. was observed.
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Brifluoromethyl ethyl sulphones CF^SO^CB^CH^

CFy S02* CH2* CH3 

a " b e

"̂H spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)

Hb 6.65 2 quartet b-c 7.2

H0 8.55 3 triplet c-b '7*2

~^F spectrum

A single broad band centred at 1*5 p.p.m. was observed showing 
poorly resolved fine structure.
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Bis(methylthio)niethane s CĤ S* CĤ S* CH^S (30% solution in carbon 

tetrachloride)

ch3* S • gh2« S • ch3 

a b c

spectrum

Band Chemical
shift Intensity

1

Multiplicity

6.45 singlet

Ha 7-90 3 singlet
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1,2~Bis(methylthio)tetrafluoroethane? CH^S°CF^CF^S°CH3 (30$ solution 

in chlorotrifluoromethane)

CHy S • ciy cf2- S • ch3 

a h e  d

1H spectrum

Coupling 
constants (c./sec.)

Chemical 
shift MultiplicityBand

quintet

*Average value

19F spectrum
A broad unresolved band centred at 12.8 p.p.m. was observed.
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Methyl 1-chlorotetrafluoroethyl sulphide» CF^Cl*CFjS*CH^

cf2ci • cf2» S * ch3 

a h  c

spectrum

Band

Hc

Chemical
shift Multiplicity Coupling 

constants (c./sec,)

7*63
triplet

of
triplets

J . 1.3c-b
J 0.8 c-a

19̂F spectrum

Band

Fa

Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)
J * 13.1 a-b
J 0,7a-c

-8.9 1
triplet

of
quartets

Fb 14*0 1
triplet

of
quartets

J, * 13.1b-a
J 1,1 c—a

*Average value.



191

Methyl tetrafluoro-4~iod.obu-b.yl sulphide» CP^I4 CF^CF-CP^S°CH^

CF I • CF2' CF2« GF2* S • CH3 

a b c d e

spectrum

Band Chemical
shift Multiplicity Coupling 

constants (c./sec.)

He 7.65
triplet

of
triplets

J , 1.2e-d
J 0.5 e-c

~^F spectrum

Band Chemical
shift Intensity

Fa -19.9 1

Fd 12.9 1

Fb 34.8 1

Fc 41.2 1

Because of the near equality of certain of the coupling 
constants., the poor resolution of certain of the bands,, and the 
complexity of the fine structure (arising from 'second-order* 
effects) only a simplified interpretation of the spectrum of this 
compound was possible. The bands assigned to F , F, ? and F allcl D C

appeared as triplets of triplets of triplets with varying amounts 

of fine splitting and of varying resolution. The band assigned to
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F^ appeared as a -triplet of triplets of quartets, the last splitting- 
being due to coupling with the protons.

In view of the previously mentioned complexity, the following 
averaged values of the coupling constants (e.g. there are two a-b 
coupling constants and the average is quoted) are approximate and 
the assignments are somewhat tentative.

^a—bs 15-0,. 3*2| 5*71 1®*1? and
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Trifluoromethyl pentafluorophenyl sulphide, CF^S'C^F,-

F F,c b

' /  \pd \  '/ ’S’0P3
a

F . F, , o' b*

IQF spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (oc/sec.)
pa "34 <1 3 triplet Ja-bV 5.1
Fbbf 54*6 2 complex

Fd 72.6 1
triplet

of
triplets

Jd-co' 19•3 

Jd-bb' 5-4

F iCO ’ 86.5 2 complex
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Trifluoromethyi pentaf luorophenyl dl sulphide, CF^S^C^F^

Fd

19F spectrum

Band Chemical
shift Intensity Multiplicity Coupling 

constants (c./sec.)
Fa -30.7 3 triplet Ja-bt)' 4,4

PW 55-7 2 complex

pa 71.5 1
triplet

of
triplets

Jd-oo' W * 6 
Ja-bb' 5.1

Pcc’ . 85.6 2 complex
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