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ABSYIRACT

The work of this thesis is concerned with the preparation,
identification and some reactions of bis(trifluoromethylthio)alkanes
and -fluoroalkanes and some reactions of trifluoromethylsulphur(VI)
chloride tetrafluoride,

*Bigtrifluoromethyl disulphide reacts in a Pyrex vessel with
olefinsto give adducts which are best described as formed by attack
of CF,S® radicals on the olefin, Ethylene gives CF SCH CH

3 3 CF53

propene CF350H2CH(CH3)SCF3; tetrafluoroethylene CFBS(CFz 2)2SCF

and CFBS(CF2CFé)nSCF3 (n large); hexafluoropropene

3
CFBS[})F(CFB)CszﬁSCF3 (n = 1,2); 1,1-difluoroethylene CF5s(CF20H2)DSCF5
(n = 1-6); trifluorcethylene CFBS(CcmFH)nSCF3 (n = 1=7); chloxo=-

trifluoroethylene CF S(CF20FCl)nSCF (n = 1-4) and also CF,SCF,CFC1CPF

37772 3
and éF2CFClCF20FCI§- tetrachloroethylene CF580012001 SCF3,CFBSCCI=0012
and CFBSCCI2CClB° The infrared spectra of these adducts have been
investigated but structure elucidation is obtained by a detailed

investigation of the 19F n.,m.r. and mass spectra which are discussed
at some length. An attempt is made to rationalise the mode of
formation of the various isomers in the polymeric adducts in the
light of current thinking on free radical addition to unsymmetrical

olefins,

The reaction of CFBS[CF(CFB)CFQ‘JzSCF3 with chlorine monofluoride

3

vhose structure is established by 19F n.n.,r., i.r, and mass spectra

F,CF CP(CF )CF(CF\)CF SF,.CF

gives the new bis-sulphur(IV) compound CF_S 2CF3

and by elemental analysis.
The reaction of some of the adducts with liquid chlorine fails
to give the S(IV) dichlorides.
Trifluoromethylsulphur(VI) chloride tetrafluoride adds to
unsaturated carbon - carbon linkages under the influence of ultra-

violet light in a manner best described by addition of CF5



radicals. Ethylene gives CF3SF4CHZCH201; propene CF§SF4CH20HCICH

3SF4CF20F201; hexafluoropropene CF3SF4

and CFBSF4CF20FClCF3 (trace); 1,1=difluoroethylene CF3SF4CH20F201;

trifluoroethylene CFBSF4CFHCF201; chlorotrifluoroethylene

OF ;SF ,CF,CFC1, and CF,SF 4(<,F20Fc1)201; acetylene CF,SF,CH=CHCL.

The 19F n.m.,r. spectra of the adducts egstablishes the trans structure

3;

tetrafluoroethylene CF CF(CFB)CFZCI

about the sulphur atom. Some of the reactions also produce a compound
which is thought to be CP,SF, S¥, CF..
& 3774774773

The ultra-violet light induced reaction of CF Cl with hydrogen

SF
374
is also thought to produce CFBSF4SF4CF5 with HCl produced as a

eg-product, but the reaction of CF SF4Cl with oxygen fails to give

3

the oxide or peroxide, CFBSF4OSF4CF3 or CF3SF4OOSF4CF3, under the

reaction conditions used.

CF_SF,Cl decomposes in the presence of mercury to give only

374

CF301 and SF4 and a seheme is postulated to try to account for the

specificity of the products observed.
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The requirements of World War II for materials with unique and superior
properties gave great impetus to research in fluorine chemistry in general
and in sulphur - fluorine chemistry in particular . Research was hindered,
however, by a lack of commercial availability of many fluorinated reagents.
Progress was made mainly by industrial research chemists and by devotees
in a limited number of universities.

In the last fifteen years the whole picture has changed and tnis is
reflected in the number of reviews concerring various aspects of sulphur =
fluorine chemistry (1 - 16) which have been published.

The chemistry discussed in this brief introduction is not intended
to be comprehensive, On the contrary, a selection has been made purely
on the basis of personal interest which is mainly in poiyfluoroalkyl
sulphur chemistry,

The ability of fluorine, with its high electronegativity and small
atoic radius, tc stabilise unusual chemical structures, and tle ability
of sulphur to exhibit several valence states enable many compounds
containing sulphur and fluorine to exist, of which the polyfluoroalkyl
sulphur derivatives are particularly interesting. It is coavenient to
discuss these under three main headings, viz. divalent, tetravalent
and hexavalent sulphur compounds.

Divalent Sulphur Compounds;

CF SSCF3, whose chemistry is discussed in more detail in Cnapter I,

3
Introduction, is ezsily converted to (CF3S)2Hg by ultra - violet

irraaiation in the presence of mercury(17).
CF,33CP, + Hg ———» (CF.S)_ Hg.
3 3 ° 3772

This mercurial, which can ualso be prepared from thiocarbonylfluoride (18)
tius

HgF, + 2F,C=S—* (CFBQ)QHg

2
or from carbon disulphide (19),

o]
- 250 -
CS, + Hgfy——> (VFSS)QH{,

is an important reagent for introducing tne CF35- grouping into a whole
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variety of compounds., Some examples are listed in Table 1.1 while
other chemistry of interest involving the mercurial is embodied in the

following equations;

neference

(CP48) lig + 28,1 _20% CF ;$51H, (12)

(CFBS)ZHg + Aglo, L LR OF ;g . (19)

(CFBS)2Hg + Cu ———1223——+ CF3SCu (12)
Reagent Products Reference
CHBCOCl CFBSC(O)CH3 _ (19)
CF30001 CFBSC(O)CFB (12)
CF3501 (CFBS22+ CFBSHgCl (20)
0013301 CF3320c15 (19)
C1,Cs | (CF33)205+ UF 5 SHgCL (21)
CFBSC(S)F (CF33)2CS +CF,SHgF (21)
PC1y (CFBS)3P+(QFBS)2PCl+CF58P012 (22)
(CF3)2PI (CF3)2PSCF3 : (12)
Asc15 (CFas)BAs+(CF35)2AsCl+CFBSA3012 (22)
(CP) pAsI (CP) AsSCE, | (12)
CpHyT CF5SC,Hy : (23)
CH, I, (CF33)20H2 ‘ (23)
CHI3 (CFBS)BCH (23)
CBr, (CF33)4C+(CF33)2C=0(33F3)2 (23)
BrCH,CH,Br CF 4 5CIi,CH,SCFy (23)

Table I.1 ¢ Reactions of (CFBS)QHg
A large number of cyclic sulphides can be made by the reaction of

sulphur with fluorinated olefins at elevated ftemperalures (24,25) €.

ARn AR i /D\ "l gl Q
e, B, ".)i"l,-l OF Co
250- I I 152 TP .
=‘ :"‘ /""| (-\ ;‘l "'? '|v-. ’-'-l"
CF2 (,Fz + _-—T—)BOO Cr 2\5 5 2 F,o0 2 A bra
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while acyclic sulphides may be prepared by the high temperature reactions
of perfluoroalkyl iodides with sulphur (26) e.g.

C,r. T + S e (C.F S
377 0(37)2
300
The preparation (27) of fluorothioketones has been investigated, some

examples of which are

S
i
- (CFB)QCFHgCF(CFS 5 * 8 ———-;-4 2CF3-C-CF3 + HgF,
445
< \ SbF 55
€1, 0012 3 F.C CF, —— .y 2CF,=5
N7 — N3/ 475-500°

CF,=CF, + § ——=% CF_=§ + CF,CF=S + CF,SSCF
2 2 500-600° 2 5 573
i
Hg + S ——F—-;vCFBCF

(CFCF
> 450°

2)2

Hexafluorothioacetone reacts rapidly at low temperatures with olefins
containing allylic hydrogen (28) to give 1 : 1 adducts that are allyl

sulphides eg;

”k\\__,as CH \\S

i |

r\\ ¢//‘ "CF cH, CH(CF3)2

The number of divalent sulphur fluorides being prepared is steadily
increasing: Sulphur difluoride, SF2, whose existence was in soume doubt
for many years, has been characterised by its mass spectrum (29) and by
its micréwave spectrum (30). The mass spectrum of SF2 wais odtained when

SCl2 vapour was reacted with HgF2 at a very low pressure while the

microwave spectrum established SF_, as having C symmetry and a dipole

2 2v

noment of 1.C5D., The values for the bond length and bond angle are shown

o]
1.5894 - F
"”j/;;; 16'

L7

L‘n
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Both disulphur difluoride, ¥35F, and thiothionyl fluoride, S=SF2, are
formed by the rezction of sulphur vapour with AgF (31, 32, 55). Disulphux
difluoride is a colourless liquid, b.p. 15 , which freezes to a white
solid at -1330 (33). FSSF is thermally less stable than tie isower S=SF2.
Alkali metal fluorides catalyse the isomerisation to S=SF2 (32). The

microwave spectrum (34) of FSSF shows the structure given in Fig. I.2.

o
1.8834A
0o §———2us
L6354
1.635 a/‘;*//f' 7.0
108.3
F F

E_j-ég. 1020

For the sake of completeness, thiothionyl fluoride, S=3F is included

2’

here rather than under " Tetravaient sulphur compounds",. SSF? is formed

by fluorinztion of 82012(35) or by the passage of NF5 through nolten
sulphur (36),

S2C12 + ZKSOQF — S=SF2 + 2KC1 + SO2

35 + NI', —» 5=3F, + I=5F
3 4000 2
as well as from the isomerisation of F3SF. SSFz‘is a colourless gas,

b.p. =10.6 whose structure was determined from the mi¢rowave specirum (37)

to be that given in Fig. I.3.

o
1.8604A
S <Ee—107.5
. 0 & PN
1.5984A ; k//’ o
92.5

F
Fig, I.3.

Sulphenyl fluorides, R-3F, were first estubliched in the form of
(CFB)ZCFSF (38) which was identified by a detailed annlysis of the 19
n.m,r, spectrum, The compound claimed to be CClBSF (39) was revealed
by subsequent work to be in fact CClQFSCl (40). The few sulphenyl
fluorides known to date include ¥, NCF ST (16), CFBSF (41), 5-3-3F (42)

( included here rather than under "Tetruvalcrt sulphur compounds" for the



s

sake of completeness) and F NCClZSF.(43). These sulphenyl fluorides are

2

formed thus

3 S o
[ (CFB)QC-]ZJFZ — (CF5) CFSF
AgSCN + CaF2 —_— FzﬂJrZSF
CF,SC1 + HgF, —— CP;SF
SC1, + KF ———> SF;SF

. a o . .
NF,CC1,8C1 + AgF, ——> NF,CCL,SF

Tetravalent Sulphur Compounds,

Sulphur tetrafluoride, SF,, was first made from the action of fluorine

4

on a thin film of sulphur (44) and is now more conveniently prepared by

the reaction of sulphur dichloride and sodium fluoride in a slurry of

~cetonitrile(45).
SF4 derivatives containing 5 = N bonds belonging to the classes
] ]
RN - SFB, R~N=5F, R-N-= S(F) - NR,, R - N = S(F)R and LEsSPF and

SF, derivatives containing S - O bonds belonging to the classes O:SFZ,

4
0=S(F)R, O=S(F)NR2 and 0=S(F)OR are well established and discussed in

the reviews cited., SF, derivatives of the class Fns(OR)4_n have been

4
established for R= F(N02)OCCH2—,.n=1 (46) and It= Ph, n=1-4 (47).

Alkyl and aryl sulﬁhur trifiuorides, R-SF5’ h.ve been prepared where
R:CF3 (48,49,50); R=CF(CF3)2 (38); R=C6H5,(50) ; and others (12).

The formation of (CF5)2CFSF from the CsF catalysed addition of

3’

» e o . _ . . R _ : .
CrBCP_CFQ to SF4 at 150, is accompanied by formation of [(CFB)QCFJQSFZ.

Trhis latter compound can be formed almost exclusively if the ratio of

C?.CF=CF. to SF, is increased to 2:1 from 131, Shreeve has observed a

3 2 4

similar reaction (51) with CF,=CF, which adds to SF4,

CF,SF
2

in the presence

of CsP, to give (CFBCF2)23F2 and CF Other compounds of the cluss

3 3°

!
RfSF2Rf are formed by the fluorination of bis(perfluoroalkyl)sulphides

with (a) C1F (51, 52) and (b) elemental F, (53) thus

CF,SR, — CF,SF,R
/

3SRy (a) R =CF

C,F., n-C_F
J

f 3" 72 37

(v) Rf=CF3

CF33F2Rf with Rf = i-C3F7 is obtained by the CsF catalysed reaction of



CF,SF, with CF,CF=CF, (38).

3

Hydrolysis of the R compounds gives RfS(O)F (48, 54) while

fSF3
! 1
hydrolysis of the RfSFzRf compounds gives RfS(O)Rf (51~54).

The unique compound (CGF5)4S witich is unstable above Oo 2nd decomposes
to (C6F5)28‘and 06F5'06F5’ can be formed either by the action of C6F5Li
on SF4 or by the actionoof C6F5Li on C6F5SF3 (55) thus

CgFsLi + SF, =8 (26F5)4S

CeFoli + C6F5SF3 =80 (C6F5)4S

C6FSSF3 is prepared by the fluorination of (C6F58)2 with AgF,.

Hexavalent Sulphur Compounds.

Sulphur hexafluoride, SF6’ was first isolated and characterised in
1900 by Moissan and Lebeau (56). It was prepared by burning sulphur in an
atmosphere of fluorine and removing lower fluorides by pyrolysis at 400O
and washing with aqﬁeous alkali, |

By virtue of its dielectric properties and its chemical énd
physiological ;nertness, SF6 is of importance in electrical and cooling
techniques., The inactive behaviour of SF6 i3 due less to its
thermodynamig properties [the S=F bond dissociation energy is 76 keals./
mole (57)] bu£ rather to its kinetic properties. HNormal nucleopnilic
reagents cannot attack the highly symmetrical octahedral structure of six
equal 5-F bond distances, 1.5642 (58). However, the decomposition
yielding 5,C1

3 27727

are known (59). The reaction of 5F with oxygen can be initiated

reactions at 200° of SFg with A1C1 or with S0, giving

&y inl
b02r2
by electrical explosion of extremely small masses of platinum or copper
into SF6/02 miztures (60). e.g.
AT 1 =3
SP + 202 — 0 oF4 + F2
1 by S
S£6 + 202 —_— 0-01‘2 + 2F2 |
£ the mixed halides, only SF5Br (9) and deCl'(9) are known. The

chemistry of the latter is discussed in more detail in the Introduction

to Chapter II.
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Structural studies (61) indicate slightly distorted octahedral

symmetries for SF5C1 and SFSBr.

Disulphur decafluoride, o) Wwas first isolated and characterised

b2F1
(62) by Denbigh and Whytlaw - Gray as a high = boiling residue in the

preparation of SF6 by direct fluorination of sulphur.52F1O has an

interesting structure (61) , consisting of two SF5 units joined by a

long S-5 bond to retain an octahedral bond distribution about each S atom.

The two halves of the molecule are staggered as shown in Fi;.I1.4.

F
1.562 I‘/,F <§§\ ",F

P 67/.8 5 S:\ F
§7 | 2.214 5(7¢/ g
Fig.I.4 F “

The first fluorocarbon derivative of SF, CF

SF5’ was prepared by

3
the reaction of CHBSH with CoF3 or F2 in the presence of AgF (63). The
reaction of 032 with CoF3 at 200° to 250o also produced LPB 5 along with

CF4 and 5F, (63) whilst use of eiemental fluorine at 48° (64) resulted
in a wide range of products including CF3SF5, SF50F2SF5, bF CF bF3’

CF30F3 and 82F1O The electrochemical method of fluorinating cowpounds
containing a C-3 bond provides a convenient route to the preparation of
fluorocarbon derivatives of 056. Table L,2 lists a few of the more unusual

compounds prepared in this way.

Reagent Products Heference

(053)23 } CFBbr (LF ) sr4 (65)

(CH28)3 Cs, CFBbLS, CF (bF )2, (CF23F4)3 (66)

(83H7)2S c3F7sF5, (c F ) 5%, (12)

CL33(02n4)50H3 CrBSrS, C P, s¢4cF , (c )2‘ 4 (66)
(¢ F SP4)2, “*33F4c F4bP5

(CH2)45 C4FgS%s) (c » ) C§F70F4CF3 (12)

T=ble 1,2, Blectrochnemical fluorination of C=S compounds.
A fuller list is to be found in Kefecrence (12),
Fluorocarbon derivatives of SF6 are chemically and pyrolytically

quite stahle, as misht be expected of substances derived of fluorocarbons
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and SF6 e.g. CIF SF5 is inert to water, KOH solution, anc oxidising acids

3

(12). However, pyrolytic decomposition of the perfluorocalkyl derivatives
is reported to occur (65) via free radical mechanisms at temperatures
vetween 400o and 500o in flow systems or closed reactors

RfSF5-——————+ RfF + Rf-Rf + SF4

(Rf)2SF4————>Rf-Rf + §F,

(CF has been copyrolysed with hexafluoropropene (67) to give

3) 5%,

SF and a mixture of the C_F isomers,

4 5 12

Most of the disubstituted fluorocarbon derivatives of SF6 are trans

avout the central sulphur atom but the nature of the substituent group can

force the molecule to take up a cis configuration e.g.

////CFE———CF2\\
0 SF,
\\\\‘CF-———-CF'//
5 2
19

was established as cis about the sulphur by the F n.m.r. spectrum (68)

which showed two signals for the SF, group with an A B, fine structure.

4 272

Recent years have produced the synthesis of compounds with sulphur
atoms of mixed oxidation state bonded to one another with the preparation

of CF_38F,CF, (41) and SF-57, (42)i.e. s (II; - S (IV). It would scem

3

only a matter of time, therefore,till other-compounds in this class,

S (11} - s (VI) and 3 (IV) - S (VI), are produced, Also awaiting synthesis

are t:e unknown classes of compounds .
(1) stable sulphur iodides

(2) culphur hydrides, SH 'snG, SF_H etc.

4’ 5
(3) mixed h-olide sulphur compounds, P01, _yr SOF.CL, ., and

SF,Cl,_ ., other than sF,Cl.

6-x‘
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MOHsL VACUUM LINE.
The figure illustrates the :onel vacuum line used for transfer of ?
culorine monofluoride. vierwise, stvandard vacuum techniques, using a

Pyrex vacuum line, were uczed tiiroughout., Hygroncopiec solids were hnndled

z

in a dry, oxygen - free, nitrogen atmospirere, Molecular weights were
deteruined by the vapour density method or by mass spectrometry., Vapour

. o ‘
pressures were measured at room tempersture and corrected to 25°C. Boiling
voints were measured in semi = micro apparatus at stiospheric pressure

and covrected to 760.00 ui. Hg.

Blenmental ~nalysec were performned by Alfred Bernhardt Microanalytisches

Laboratorium,

Infrared spectra of gnses wewe recorded in H or 10 cm. gas cells
fitted with KBr windows. The spectra of involatile liguids or greases were

taken as liquid films on KBr plates or as .olutinons using HaCl, scmi -

permanent cells obtained from RB,1.I.C. All spectra were rccorded on t



- 10 -

Perkin - Elmer 237, 257 or 457 spectropliotometers, The following
abbreviations have been useé in the text : s, strongy m, medium; w, weak;
sh, shoulder; br, brozd; v, veryj sym, sy.metric; as, asymuictric; Vv,
stretchy ) , angle deformation,

lizss spectra were recorded at 70 eV (unless otherwise stated) using
an A B,I. ¥S 12 or an A, B.I., MS 9 spectrometer, For volatile liquids
and gases, the cold gas inlet system was used while involatile liquids
and.greases were introduced into the ionisation chzmber by means of the
probe inlet., 1v spectra,

N.m,r. Svectra were recorded on a Perkin - Elmer R. 10 spectrouneter

1 .
operating at 60.0 MHz,. for H and 56.4 MHz. for 19F n.m.r, spectra. The
probe temperature was 330. The nuclear magnetic double resonance spectru
was recorded on a Varian T-60 N.M.R. spectrometer.

References (externnl) employed throughout were trichloro -

!

|
€
|
t

flucromethane for fluovrine spectra anda tetramethylsilane for proton spectras

The conversion factors for relating literature chemical shifts (in p.p.m.)

to CCL,F employed were (69).

3
$, (00131?) = &p (CF,C00E) + 76.5
= &g (CFCl2CF(312) + 67.8
= & (7)) - 430

= SF (5F) - 56.8




CEAPTERTI

PREPAZATION AND SOME REACTIONS

OF

B:S(TRIFLUOROMSTEYLTHIO) ALKANSS AiD ~FLUOROALKANES.
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INTRODUCTION

Bistrifluoromethyldisulphide, CF SSCFB, was first reported in a

b

preliminary communication in 1950 (70) and more fully later in 1952 (17).

It was prepared by heating trifluoromethyl iodide and sulphur in glass or

metal vessels at elevated temniperatures e.g. at 31003
0
-~ 5 210 o < 1
CrBI + 5 =2 (CFBU)2 + (CF35)2S + (Cr38)282
(5%) (12%) (1)
The structure was established as A rather than B
Cr,~— 5 —CF
3 3
CF,—-—235 l
r3 \\\
S
S —CF
3
A ‘B

by an elegant series of reactions and this was confirmed in 1954 by an

electron diffraction study (71) witich gave the following parameters
o]

2.054
1024, /4/.5 105.4° \

for the trans, non — planar structure. The dihedral angle was not listed.
Bistrifluoromethyldisulphide is reported (17) to be insoluble in and
un=zffected by water or hydrochloric acid at room temperature although it

is completely decomposed by dilute alkali in accord with tlie following

schene
cr_sseF, —20 o op 51 4 cP_SOH
3 3 p) 31
F‘,co;,s-s——-— F,C=5 + HF F, co;, s

i.e. involving hydrolytic fission of the 5=S5 bond.

The i.re (72) u.v. (72) 19Fn.m.r£75) an¢ wais (74) spectra of
bistrifluoromethyldizulphide have all been reported and support the trans
non - planar structure. Since the first preparation, from CF,I and S,

3

bistrifluoromethyldisulphide has been prepared in a variety of ways e.g.
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Reference
60-200° ‘ '
cs, + IF > CF,SSCF, + SF, + CF_S3SCF 20
2t s 37703 4 3700 (20)
80% 16
NaF N “
00133c1 CHBCN > CF3801 + CFSQSCF3 (75)
CCL.S + NaF —io CS. + CF,SSCF (75)
—_—r—>
2 245 2 T s
3750
CC1.SBr + 6KF —=21¥ent ., op S5eF. 4+ Br (76)
3 368‘353 2
0130330013 + 6KF —-——-——»CF3SSCF3 + 6KC1 (76)
' 58%

and other methods which are reported in the many review articles ( 4, Ty
11=14, 77, 78).
Bistrifluoromethyldisulphide also appears as a product in many

reactions, for exzmples

Reference
UFg + CS, ——> UF, + SF, + (CFBS)z + (CF38)2S (79)
VF5 +CS, — VF5 + (CFBS)2 + (CF3S)2S + SF, (80)
CFBS(O)Cl + (CFBS)zﬂg———ygFBSOZSCFB + (CF3S)2 (81)
2NF,S0,C1 + (CFBS)2Hg CHéCN o, + 250, + (CFBS)Z (82)
+ HgCl2

Many others are menticned in the reviews ( 4, 7, 11=14, T7).

Bistrifluoromethyldisulphide can be oxidised to CFBSF5 by CoF3 (17),

to CF.SF, by F, (49), CF3OF (49) and AgF, (48).

Homolytic cleavage of the 3-S bond in RSSR compounds, R=alkyl, aryl,
can be effected by u.v. irradiation and has been extensively reviewed
(83-89). Bistrifluoromethyldisulphide is no exception and gives (CF38)2Hg
on irradiation in the presence of Hg (17), trifluoromethylthiodifluoramine,

CF,SKF,, on irradistion in the presence of tetrafluorohydrazine (90), and

3 2

trifluoromethanesulphenyl chloride, CF,S5Cl on irradiation in the presence

3
of C1, (20) or oxalyl chloride (91), A1l of these re=ctions are postulated

to proceed through CF_S°® radicals produced by homolytic cleava;e of the

3

S-S bond, CF3S. radicals 21so being postulated as intermedites in the
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formation of bistrifluoromethylsulphide, (CF5)2S, on irradiation af (CFBS)2;v
( 20, 73), in the formation of transition metal trifluoromethylthio
derivatives from transition metal carbonyls, cyclopentadienes or
cyclopentadienyl . carbonyls ( 92, 93) and in the formation of a (SCcmFz)n

polyomer on irradiation of (CF38)2 with tetrafluorothiirane CF20F2S in

Pyrex (94). The reaction with bisdimethyldiarsine (CI,).AsAs(CH

305 3o

proceeds in the absence of u.vwlight to give dimethyl(trifluoromethyl)-

arsine, CF_SAs(CHB)2 (95). Other CF,S- containing compounds are well

5
reviewed ( 4, 7, 11=14, 77, 96=100).

3

The major part of this chapter deals with the preparation of
bis(trifluoromethylthio)alkanes and - fluoroalkanes by the photochemically
initiated addition of bistrifluoromethyldisulphide to olefins, The addition
of free radicals to olefins has been comprehensively reviewed ( 85, 96,
101=106) and the direction of radical addition to unsymmetrical olefins
discussed,

In this work, the direction of addition of the CF,S® radical from

3

irradiation of (CF to the unsymmetrical olefins examined will be

3°)2
discussed in the light of present thinking and the nature of the products

observed, |
The second part of this crapter is concerned with the fluorination

of the bis(trifluoromethylthio)alkanes‘ and - fluoroalkanes to the : ;

bis[;ulphur (IV)] difluorides. Previous attempts to fluorinate bis~

(perfluoroalkyl) sulphides using metal fluorides AgF2, or CoF3 did not

yield bis(perfluoroalkyl) sulphur difluorides but ratuer cleaved the

sulphur-carbon bond (73).
(03F7)23F2 and (03F7)SF3

of SF4 with CF2=CFCF3 (38). With a 1:1 ratio of SF4 to CF2=CFCF3,

trifluoride is the major product while with a 1:2 ratio of SF, to CF

are both formed by the CsF catalysed reaction

tue

=CFCF
S5

4 2
the difluoride is the major product. Fluorination by F, at -119° (73)
and -78° (53) of (CFB)ZS is reported to produce (CF3)2SF2 although the

compound is not very well characterised and does not have the same chemical
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properties as (CF3)QSF2 prepared from (CF3)2S by the action of chlorine -
monofluoride (51, 52) and characterised byi.rq19F'n.m.r. and mass spectra,
elenental analysis, Other comparable reactions of chlorine monofluoride

are listed in Table 1.1,

Table 1.1,

Reagent. Product. Reference,
SOF,, SOF, 107
so2 50,FC1 107
504 C10S0,F ' 107
Rfs(o)n'f Rfs(o)FQR; 108

(R 0By = CF 02F5)

6F20F20F2CF2§ CF CF20F20F25F2 ‘ 109
dEQCFQCFQCFZb(o) CF20B20F2CF26(O)F 109
SOF ,* SF5001 110, 111
SF4** SFSCl 112

* in the presence of BF3 or KFF or CsF

*3 in the presence of CsF
Iodine pentafluoride is a milder fluorinating agent than chlorine

monofluoride and generally effects the transformation of -CF_ 1 and -CI

2 3

groups to =CF_, groups (96) . However, it hau been found to fluorinate

3~J
tetrafluorodithietane, CFQSCF2§, to trifluoromethylsulpiur Lrifluoride i.e.;

an S (II) —> 5 (IV) oxidation (27).

The last part of this chapter represents an attempt to prepare some
stable S(IV) dichlorides. Diaryl sulphur dichlorides are well known (113),
but the only 2lkyl sulphur dichloride to date is vis (2-chloroethy1)sulphur

dichloride, (ClCH cH ) SClz, prepared from the action of chlorine on

2

mustard gas (uch CH 5 in CCl, solution (113). Alkyl ana aryl sulpour

2) 53 4

trichlorides are well established (9, 114) being formed by tae action of

chlorine on disulphides or sulphenyl chlorides thus

RSC1 —212 5 RSCL

RSSR —C212. 2RSC1,
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but previous attampts at the culorination of di-«lliyl sulphices to tue
S5{IV) coinovunds have wesulted in %he chlorinition of the o - carbon and

tre elimination of ®C1 (115).
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SU'MARY OF RSACTIONS

A, Preparztive Reactions.

1. CFL83CF; + CHé:CH2 =22 CF,5CH,CH,SCF;
2. CF;3SCF; + CH,CH=CH, ST oI 3 CH(CH YCE 2SCF
3. CF35CF, +  CF,=CF, LML 3b(cf CF2)2QCF3 +
CF S(CF CF ) SCFB, n large
4.  CF,SSCP; + CF,CP=CF, BT ALEN CFBQ[CF(CJB)CFEJD§CF3, n=1,2
5. CF3SSCF3 +  CF,=CH, Re¥e CFBS(CFZCHQ)HSCFB, n=1-6
6. 3SDCF3 +  CF,=CFH LV CFBS(CF2CFH)HSCF3, n=j-7
7. CF SSCF, + CFCl=CT, deVe CF3S(CF01CF2)HSCF3, n=1-4
+ dFZCFClCFZCFClé
+ CF,SCF,CFCICF,
8.  CF,S3CT, + 0012—0"124E45=+ OF,SCC1,001,8CF, + CF550C1=CCl,
+ CF,5CC1,C01,.

8., Reactions with Iodine Pentafluoride and Cnlorine lonofluoride,

9.  OFSCHCH)SCT, + IFy — CF,I + CF, + solid products.

2773 0 75 5 4
¥ _3CH 1 1C - + CF
10, CrBDb 2CIQSCF3 + C1F —> KCl 4 CF3Cl + 012 . 4
[ [Fal s AT P_S ViR TV
+ CFsub912CH2oCP3 + CgE,CHClbﬂzobEB.

+ an unidentified S(Vi)vfluoride.

g X w o} o
11. CFBSCP(CFB)CEZSCF5 + ClFp — C“A~+ F3Cl + \12

+ CF_5F_+ tr; g- CI_o5F Cl4CH._S3CF _CPC1C
3°%5 ng= CF 55K, CL+CF,5CF, g

i CFBQCF(CF5)CF201 (CEB)QuB 5C1

CFBCFCICF2SCI+CF Cl(CF.)CFSCl

+ (CF ) CiCl+ trans-(CF

+

+

CFSF
5)2 41

+ trans-C¥F_C¥CLCPF.SF, C1
=== 2%y

+ trans-CF.C
rans 3 FC1CF Sr4 3

12, CF S [E% F_)CF ]z CEB + ClF ~—>» HCl,SiF4,CF4, F3c oF4,SOF

(all trace)

+ Crson[bE(Lv5)uF2]2bE2CF3



C. Rezsctions with Chlorine.

0 o H E 'xC ~ NONTT C -

13. CFBQCHQCI2b F3 + 012 ———9bFBDCnCl H2SCF3 + HC1

14, CF_SCH(CH_)CH_.SCF. + Cl1. —>» CF_SCC1(CH,)CH, SCF, + HC1
4 5SCH(CH, ) CH,5CF 2 35CC1(CH;)CH,SCF,

15, 05*3';‘,c;}.?(c:F3)01«*,,303"3 + Cl, — no reaction,
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RESULT% AMD DISCILLI0N

A, Preparation of Bis(trifluoromethylthio)slkines and —#luoro.l: .nes.
P . X0l nes

The ultra=-violet spectrum of CF5SSCF3 (72) shows a Amax at 235nn.
This, as well as the Azsax at 250nm of alkyl disulphides (72, 116) ié
associated with conjugation between the unshared electrons of the two

sulplur atoms, with a sulphur atom expanding its valence shell to ten or

.more electrons (72, 116). Expansion of the outer valence shell of sulphur

has been shown to be possible (117). The homolytic rupture of the wezk
S-S bond is the major result of this light absorption (86). A mass
spectrometric investigation of alkyl and perfluworoalkyl sulphides has been

made and C-S5 and 5-5 bond energies for CF,SSCF_, and CHBSSCH

3 3

3 calculated (74)

and listed in Table 1.2.

Table 1.2 C=S and S-S bond energies (kcals./mole)

COIiPCUKT: c=S 8=
CH, SSCH, ~ 68.5 83.7 ,
CF,SSCFy 45.5 89.8

These results indicate that the.C-S bond is the weaker in both instances
and that any bond rupture would preferentially take place at the C-3 bord.
With dimethyldisulphide, indirect evidence from experiments with ethylene
and acetylene shows that 5-5 bond cleavage takes H&ace (86) thus:

CH§SSCH3 _h_\’__) ZCHBS'

Haszeldine showed that the C~S bond in CFisSCF3 does not cleave

directly on irradiation in a silica vessel, out S~3 bond cleavage is the
primary result of irradiation and C-35 bond cleavage is a secondary process,

effected by radical displacement by CF,S°(17) thus:

3
hv .
CF,SSCF, ———> 2CF, S

3°°7 3 3
CF_S* + C¥_SSCr CF_SC¥. + CF_SS°
3 37703 37773 3
CF_S5° CF_S* + S

3 3

Gee (118) has sugzested that fragments contuining -more than one Sulphur
atom may be stzabilised by some sort of resonance interaction of ihe free

electron with the sulphur chain and it is perhaps the stability of the
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CFBSS' radical as much as the wezakness of the C=3 bond which is responsible
for the second.ry bond cleavage, Thus the bond energy data cannct be used
here to predict products from irradiastion involving disulphides. One
sugrestion (69) is that there is significant torsional strain in the 58
bond when the dihedral angle between the two substituents attached to a
sulphur—~sulpnhur bond is forced by geometric constiraints to he smaller than
the normal 900 and an effect of this sort may nave some bearing on the
relative ease of S-S bond cleavage described above,

Irradiation in Pyrex of CF_SSCF, with orzanometallic complexes to give

3 3

tritluoromethylthio derivatives (93) and with Cl, to give CF_SC1l (20) is

2 3

. . . ~® . a2 e . I .
thought 1o proceed via CF_3 radicals altnough in the latter case, C=S5 bond

3

cleavage, probably of the CF,SCl, was seen to take place when the reaction

5
was carried oul in silica.." Now Pyrex only transmits light of wavelength
3300nm whilst silica or quartz will transmit light of wavelength >22C nn (86)

therefore it is possible that the Amax at 23%5nm in the ultra-violet spectrum

of CF_SSCF, corresponds to the formation of excited CFES' radicals whereas

3 3
at higher waveleagths the extinction coefficient of CFBSSCF3 is very small
and less energetic GF3SEradical dre formed, which do not have sufficient

energy to effect secondary C-S bond cleavage. To support this idea, it is
noted that when dimethyldisulphide is exposed to ultra-violet light of
wavelength 253,7nm and 360nm, in the presence of air the same procucts are
formed in e=ch case but the latter rezction tzkes ca.5 times as long to
reach completion (119). The Amax of (CH3)282 is at 253nm (4) and
irradiation st that wavelength is known to procduce CH3S' radicals (86) and
it is possible that the irradiation at the hi_her wavelength does not

produce such energetic rzdicals.
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and Distribution for 100-watts ledium

Pressure Arc Tube Ho. 12277

% light
davelennth, Energy (keal,/mole). transmitted

136743 20,9 1.18
1128.7 1.95
1014.0 4.95
578,0/590.0 49.5/48.4 9.58
5461 52,4 16.41
435.8 65.7 13434
404.5 7047 7.51
366.0 7841 16440
33441 85.6 136
52045 88,0 4.56
333:6"°°"'°""°".""°'§3:3"""""""'°""'§:éb'
296.7 96.3 3.31
289.4 98.8 1,00
280.4 101.8 1.16
275.2 104.0 44
270.0 105.7 ' 53
265.2 10749 2455
25741 111,2 .80
253.7 112.5 ' 2.20
248,2 11561 1.24
240.0 119.0 77

Table 1.3 gives the ultra-violet output and distrioution for the ultra-

violet

source uscd in this work.

The dotted line shows where the filtering

action of the Pyrvex might be expected to act, cutting out all the energy

below the line, When Pyrex vessels were used for the reanction of CF_,SJCF3
. 2
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with olefins C{AB)=C(XY), the "clean" products CFBSC(AJ)C(XI)SCFB
described below were obtained, but when quartz vessels were used, the
CFBSC(AB)C(XY)CFB products were also obtained, showing that some C=S bond
cleavage had indeed taken plice due to the higﬁ energy radiation,

The preparation of the bis(trifluoromethylthio)alkane and fluoro-
alkanes was very smooth except in the case of the tetraciiloro - compound.
They were all clear liquids or greases., The liquids did not decompose
during the recording of their boiling point in air. The preparation from
CF_SSCF

3 3

dezlt with under the i.r., n.m,r. and masg speetra headings.

and olefin is described first with the characterisation being

Reaction of Bistrifluoromethyldisulphide with Ithylene.

The addition of free radicals to ethylene is well established e.g.
the radicals CF% [}rom CF3I (96)}. Br, Cl; I'|from liBr, HCI, HI

respectively (1031]CC13' [from cCcl_Br (102, 120—1225] CF2Br' [from CF_Br

2772

3
(102, 123)] C,F,° [from . (124)] (cFy) 0" (125), sF,=x"  [£rom |
SF,N = C1 (126) ], SF,* [ £rom 5701 (127, 128)],V(CF3)2P’[from (cr) ,PP(CF5),
(12911mand (CH3)2P‘ [krom (CH5)2PP(CH3)2 (129i] all add to ethylene to give
the 1:] monomers although telomerisation is sometimes obscrved e.g. with
SF501 and CF31° Otuer éxamples of radical adaition to ethylene are to be
found in References (85) and (102). Bistrifluoromethyldisulphide and
ethylene under the influence of ultra-violet light react éo give
1,2 - bis(trifluoromethythio)ethane, CFBSCH20H2SCF3. CFBSCHchzsCF5 is
already known, having been formed by the feaction of bis(trifluoro = °
methylthio)mercury with 1,2~ dibromoctrane (23) thus

(CF55)2Hg + BrCH,CI,Br —ngl%§2—> CFBSCH2CHQSCF3 + Hgir,
and so identification of the product formed here was accowplished by
comparison of b.p.; Lr;and1ﬂ n.m.r. spectra (23). The compound is foimed
by addition of the CFBS. radical to ethylene to give the CFBSCH20H2'

radical with the termination step being either radical combination with
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‘CFBS. or radical displacement of 9FBS' from CFBSSCF5, both of which |
processes are well known for RSSR reactions (84). There is no reaction
betwecen CF3SSCF3 and ethylene in the absence of u.v, light and in a bonb |
at ca. 50 atmos. and 100o there is very little conversion to the
vis(trifluoromethylthio) ethane, It was originally thought that all

|

disulphides thermally dissociate at 100 -~ 150o since many colour reversibly |

when heated to temperatures in this range and this reversible colouration

was incorrectly attributed to the formation of stable radicals., However,
it has been shown that reversible colouration and homolytic cleavage may
oécur simultaneously but that they are not necéssarily related phenomena.
Although some diaryl disulphides do diséociate at 100-1500 not all
disulphides thermally dissociate at moderate temperatures (84). It may
well be therefore that only a higher temperature will be necessary to

SSCF3/0H2=CH mixture to

bring about efficient conversion of the CF >

3

CFBDCH2CHQSCF3°

The density/temperature relationship for CFBSCHZCstCF3 was recorded
by meazsuring the volume of a weighed amount of the material in a mercury -
calibrated capillary tube at various temperatures and is found to be

@ = —1.956x1077T 4+ 2.014
where @ = densiiy in gms./ml.
and T = temperature in °k.

Two samples of the material were plaqed in small phials with strips
of polished conper and sealed up, one in the bresence of air and one
anaeroﬁically and left for 3 months, There was no visible discolouration
of the copper strips in eitner case,

Reaction of Bistrifluoromethyldisulphide with Propene,

Bistrifluoromethyldisulphide uncdergoes free racical uddition to

propene under thcinfluence of u.v. light to give the 1:1 adduct

3

or =CH2 of propene cannot be determined from the present results since the

CF SCH20H(CH3)SCF3. Whether the initial attack of the CF3S. is at tine =CH
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same final product would be formed in eitler case. The same situation is
encountered in the free radical additions of (CHB)QP. [from (CHB)QPP(CH5)2
(129)} and (CF3)2P' [ﬁrom (CF3)2PP(CF3)2, (129i] radicals to propene
although the SF,° [from SF,C1 (127)] =na CF,* [ from CF, T (130) ] racicals

are bélieved to attack the =CH, group in rvndical adiition to propene,

5 &

Attack at the =CH=- group in the addition of (CFB)QN' [:ron (u?_)2301 (131ﬂ
J

to propene is believed to be due to an ionic mechanism and the free raaical

attack does takeplace at the =CH2 group.

The density/temperature equation for CF SCHZCH(CHB)SCFZ was measurecd
/

3
as described in the CF SSCFB/CH2=CH reaction above and is found to be

3 2
3

~1.658x1077T + 1.859
where e

density in gms./ml.
and T = temperature in °k.

Two polished copper strips immersed in CF SCH2CH(CH5)SCF3 under the

3

conditions described in the previous reaction showed no visible

contamination after 3 mohths.

Ren~ction of Bistrifluoromethyldisulvhide with Tetrafluoroethylene.

When bistrifluoromethyldisulphidé reacts with tetrafluoroethylene
under the influence of u.v. light, the only products are CFZ)S(CFZCFz)nsCF3
with n=2 (3%) and n = a large number (97%). DIven when the ratio of
CFBSSCF3 to CF2=CF2 is increased to 5:1 the only liquid product isoluted
is CFBS(CcmF SCF, and CF_SCF,CF_SCF, was never isolated from the reaction.

2)2 3 3 272 3

Radical additions to tetrafluoroethylene are adequately reviewed (85, 96,
102, 104, 106) though some examples bear inc¢ividual mention here. 1:1
adducts are easily obtained in the adaition to tetrafluoroetiylene of the
radicals SF =N [from SF,NC1 (132)], (O)SF2=N‘ [irom (O)5F2=NCI (133)],
CF32N0' [99% yield (125)], PhS°® [from Ph3SPh (134, 1353 althou_h SF5- [from
SF.C1 (136, 137)) also gives the telomer rdcucts SF,(CF,CF)) Cl with n=2,3
plus some higher material, - Haszeldine and Steele (138) noted that in

reactions involving tetrafluoroethylene, it is difficult to supnress tie
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propagztion reaction with res.ect to chain transfer or combination steps

as is cerizinly the case in the reaction between CFAS;JCF5 and tetrafluoro-

A 3
ethylene coted here, ilthough not impossible as can be zeen from the
renrctions cited above, The CFﬁssCFB- induced polymerisation of tetrafluoro-

ethylene (139) under high pressures and with hish temreratures umay well

give trifluoromethylthio= containing polymers analogous to the telomers

formed in the present reaction, and previous addition of the CF5S. radical

[from CF3SH (140)] was found to yield CFBS(CF2CF2)1H, n=1,2,%, etc, (from
1

a 1.5:1.0 ratio of CF_SH,CF.CRH.).

372772

Reaction of Biswvrifluoromethyldisulphide with Hexafluoropropene,

The reaction between vistrifluoromethyldisulphide and hexafluoro -
propene under the influence of u.ve light gives two ligquid products,
CFBS[:CF(CFB)CFz]nSCF3 with n=1(9.5%), é(90.5%), although the hizh pressure/
temperature reaction of bistrifluoromethyldisulphide with hexafluoro -
propene in an autoclave was found to give a solid white polyfluoropropene

S ﬁnits (141). TFor the n=1 compound adove, the

19

winich may well contazin CF

3

structure is unambiguous and the “F n.m.r. spectrum is in agreement with

that of ithe CF SCF(CF3)0F2SCF found to the extent of 10% in the u.v,

3 3

irradiation of a 1:1 mixture of trifluoromethanesulphenylchloride, CF_SC1,

and hexafluoropropene {(142)., The n=2 compound has three po:ssible
structures viz,

- C¥CF,SCF CF,SCICF,CF,CFSCF

CF
5 %p, %3 3%r, 2 %¢F, 2
SoF > 3
Vi(a) vI(b)
CFBSCcm?CFQ?FSCFB
CP, CFy
vi(e)

' . . . 1

put only VI(a) was isolated here, Characterisation was by 9 n.n.r. and

mass spectra and is discussed under these sections, CFTS[.CF(CFB)CF‘?]?SCF5
N 2

was obtained as a product in the u,v. irradiztion of a ~4:1 mixzture of
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hexsfluoronropene and trifluoromethanethiol (140) aliliough the struvcture
of the coumpound was not established.
§- 8+
Hexzfluoropropene, polarissd thus CFBCF:.CF2 (143), is very scnaitive
to nuclcopiiilic attack (144) witich is exclusively on the CF2 group .

Haszeldine, in reviewing free radical attack on hexafluoroproperne (144),

ras suggested tint the more nucleophilic the attacking radical

IS s the mowe
shonld radical attack bhe oriented towzrds the CF2 group and, ag in the

case of hexafluoropropene, wnere the difference in stability of the
intermedinte radicals RCFzéFCFB and RCF(CFB)CFz' (where R is the
attacking radical), normally sufficient to determine the position of
attack, 1is very small, the nucleophilic or electropitilic character of It
could be important in determining the position of attack as well as
determiniag the rate., This idea hgs been used to account for t..e foxmation

in excess of the less favoured isomer when trifluoromethanetniol is reacted

with hexafluoropropene:~ 555 of CF SCF(CFE)CFQH as oppoosed to 45

3

CP,SCF,CFHCF, is found, although the effect of the H* radical is not t:len
3 .

2 3
into account (140). Tedder and Walton have sugzested that a more logical
method of determining the direction of adaition to an unsymmetrical olefin
is by considering the relative strengths of the tonds formed i.e. Dy
assuming that the new bond will be formed at the carbon atom which foxas
the least gtabilised radical (104, 145). ‘hile predicting the s:ne
directién of radical addition as before, tiis concept also draws iato
consideration the substituents of the carben atom undergoing attock, With
hexafluoropropene, therefore, the radic:l R will form 2 slightly nore staole
bond with =CF2 than with =CF(CF3). On these bases, as well az on steric

grounds, one would expect the CF,S5® radical to attack the CF2 group of

3

hexafluoropropene although its relative electrophilic character (140),

compared to CiH,S* and_CF st‘, wvould tend to recduce tne rate of additicn
3 .

3

to the olefin as well as direct some of the attack at the CF(CFB) 5TORD.

In this work, where only CF5S' raiicals are present, a 48% yield is
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obtained, after 184 hrs, reaction time; with CP_SH where both H® and CF.S°

3 3

rodicnls are precent, a 70% yield is obtzined after 40 Lrs, irradiation.

Tizis would suggest that the rezction involving CF SH is perhaps niore

3

complicated tham at first it seems. In the present work, 90.5% of the

reaction product is CFBS[bF(CFB)CF2]2SCF3 and, having structure VI(&)

above, tils mist necessarily result from initial attack of tihe CF,S°®
0

radical at the CF2 group of hexafluoropropene to yive CPBSCF “ 3, i.e

at least 90% of the radical attack of the CFqS.raalcal, arising from

CF3SSCF3, on hexaflporopropene occurs 2% the Cuh group. The termination

Step is more likely to be a combination of two such radicals rather than

further radical attack of CFBSCFZE)FCF3 at the unfavoured end of another

hexafluoropropene molecule, to give CPBan 83 ngCFZ' followed by eitier
3

radical or radical displacement of CF,S°*

3

radical combination with a CF3S
from CFBSSCF3' Radical combination in the rcaciion between S2F1O ana
hexafluoropropene (146) thus

S, F,.. —>» SF.' + SF

2710 5 5
p_* F_CF=CF, —> SF_CF,CICy SF.CP-CF, °
SI‘5 + C 3 > 5 ¢2 3 or xb' 5
cr
3
ST _CF_CFCF + SF_CPCF. + SF_* — SF_CF_CF(CP,)SF
5?56b205b33 or SF CFCF, 5 5CT5 ( 3)0 5
CFB

" is thought to be the reason for the inefficient reaction of 82F40 with
]
hexalluoropropene compared with reaction of SFBCl with hexafluoropropene
. - . - . .
(136) where radical displacement of Cl1 <from SFscl is the terrination

step thus

R + SFSCl’ —» BR-Cl + 3F5‘

The 1:1 product in the rezction of CI‘B”"‘CF5 with hexafluoropropene can

arise in any of the following ways:

. ] Snlakn) CF?\S. i 'r-nﬁ o (3 o .
A, CF,S* 4 CF,=CFCF, —» CF,SCF cx0n3 & Or50F,CF(CF, J5CF,

3 2 3 3,2

(ii) | + CF555CF

3
T.3CP f oCF i w_¢ .
CF53 CrQCF(CPB) CFy 4 c#,8
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B. ~ CF,S' + CF_=CFCF, —> C7.3CF(CF.)CF’ —2a35 o o : cF
3 o=CFCF eroCF(CEB)C 5 —~—z§7—» cx SCF(C¥ )Csz
ii) | +CF,_S3CF
(1) | s0m,ss
CFBSCF(LyE) ¥ 5CF5 + CF,S

Radical displacement steps at sulphur have been previously postulated e.g.

3
3

in reactions involving trifluoromethanesulphenyl chloride (142), sulphur
chiloride pentafluoride (136) and dimethyltetrasulphide (87).
If scheme A is followed, this acssumes that tle CFBS. radical from

CFBSSCF avtacks the CF2 group of hexafluoropropene exclusively. Exclusive

addition at the =CF2 end of the double bond in hexafluoropropene is not.
uncommon €,5. radical attack by the uF [?rom CF I (147)] oy tne(Cr )2

[trom (CF,) WX, X=3r or I (148)] and by tue co1,° [from 00148z (149) ]

3)2

radicals all occur exclusively at the CF, group. If scheme B is obeyed,

2
then there is 9.5% attack at tne CF(CF ) group of hexafluoxoplop ne by the

CF S° radical arising from CF_SSCF, and is more in keeping with the

5 3
surJe,tod slizht electrophilic character of the CF3S. radical (140) t.iough

OGS

probably CW3”“F CF(CF )SCF3 iy formed via both schemes,

Reaction of Bigtrifluorometuvldisulphide with 1,1~ Difluorcethylene.

Work on the ~ddition of the CCl,® radical [from CCl, Br (120)];the CH3.

5
N:HCH (150)] and the C,F_* radical rfzom ¢, F. I (124, 151ﬂ

3 5 7 31

to 1,1- difluoroethylene has shown thai addition takes pl .ce almost

radical [from Ci

exclusively at the CH2 end of the molecule, This is in agreement with the

concept of the site of attack veing that at which the attacking rzcical will
form the strongest ovond (1A5) and is oupported by the exclusive addition

to the Cli, of CH,=CF, by the SFﬁi‘raaiczl from[§F501 (137 ané SF53r (152%,
the PIL,* redical [ from iz, (144) ], tre c#

radical [from (cr

5No' radical (125), the (0p3)2n’
5) plB (153)] and the CFy

The rcaction between bistrifluoromethyldizulphide and 1,1~ difluoro-

* radical [ from CFBI (154, 1553.

ethylene gives the series of adducts CFSS(CHZCFZ)HS_CF3 with n=1-6. The
n=1 adduct, CFB”CH CF SCLS,

either end of the aouble bond, but in the light of the exaomples cited above

could arise from attack by the CF3S. radical at
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plué the fact that the CFBSH/CH2=CF2 reaction proceeds by exclucive ati=ack

of the CFBS’radical at the CH2 group to ;ive CFBSCH20F2H (140), it is

probable “thzt CFBSCHchOSCF3 is formed by radical attack at CH2

CFBSCHché with radical combination or displacement being the termination

to _ive

step., A similar sitvation exists in the rezction of both (CH,)OPP(CH,)2
J e J

and (CF3)2PP(CF3)2 with CH =CF, to cive the correspondiing 1:1 adducts (129).
It is noteworthy that in the reaution of trilluoromsthanssulphenyl chloride
with 1,1- difluoroethylene (142), bistrifluorcmethrléisulphide 2nd " an
unidentified component" were formed as by=products. It is quite possibvle

that tihis "™ unidentified component® is CFBSCHZCF2SCF3'

There 2re tnree possible structures for the n=2 compound of
CF45(CI,CF,) SCF,, but only two of these VIII(a) ané VIII(b) are found.
VIII(c) was not identified. -

CFESCHZCF2CF2CH2SCF3 CF350H2CF2gHécpzsCF3
VIII(a) VIII(Db)
CFBSCFZCHQ%CFZSCF3
VIII(c)

The free radical additions of CF,Br, (156), CF,

(157) to 1,1~ difluoroetnylene all proceed to give the adducts.R(CHchz)nX

BrCIrCiBr and CFZCICF2CII

(where R= the attacking radical, CF,_Br®, CF_B3rCFCl°® and CF ClCF201'; and

2 2 2
X= Br, Br, and I respectively) with R attacking at the CH2 group and with

<

n=1 and 2, The structure of the n=2 conpound in each case is RCHQCF CHOCF2A

i.e., the "head to tail" telomerisation adduct:-

. —«  +CHp=CTFp . . .
-— 2
R® + CH2_CF2 -— RCH20¥2 —e C RCIQCFzCﬂ20F2

1+RI

RCH2CF2CH20F21 + R

If the CF_3° rzdical from CF,SSCF, is assumed to attack the 1,1~

3 3 3

difluoroethylene at the CH, group. Tnen the structures of the n=2 adcucts

2

identified can be rationalised thus: Initial zttack of a CF,S® »adical

3

at the CH2 group gives the radical CFTSCH20F2'; radical compination of two
. /

CF,SCH,CF," radicals gives structure VIII(a) whilst attack of raiical

3 2
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CF3SCH20F2. at the CH2 group of 1,1=- Zifluoroethylene, i.e, head = to - tuil
addition, followed by radical combination with a CFBS} radical or radical
displacement of a CFBS' radical from CFBSSCF7 cives product VIII{(b).
2

Product VIII(c) is not formed as theve is ro initinl radical attack at

CF.. Thus there is the schemes~-

2 .
. i e +UIP2CHA3CF. . e
CF.S* + CH,=CF CF_SCH,CR: TU2UHaSU¥y | on SCH CF CF.Cl_ 50
5 =0y~ CF,SCH,CHY > CF J5CH,OF, CF 0l 50¥
l+CHE=CF2 VIII{=)
OF;SCIL,OF ,CIL,C¥,, oGPy CFBSCH20F7CH20F280F3
l+CFBSSCF3 ' vIII(b)

I "l CI(‘*“ E\ .
CFBde2C}20H2 EzoCP5 + C 3S

VIII(Db)
The n=3,4 and n=5,6 compounds occur as two separable fractions ovut it wis
not possible to separate tie individual compounds- completely.
The n=3 compound consists of the isomers IX(a) and IX(v) viz.,

CF SCH2CF CH, CF,CH,CF SCF

3 P M M Ml R
1x(a)

T QT OR «-r: (i F JT. I akn

CLBSanbbz rQCPZC 2CI2::C}3

1X(b)
Addition of a CF,S® radical to the CH2 group of 1,1= difluorocetiylene
J
with head - to - tail addition to zive the radical CF3SCH2CF20H2CF2

or radical displacement

CHZCFé

followed by either radical combination with CFBS

of CF,S° from CF_SSCF_ gives structure IX(a). W:ilct radical combinstion

3 3 3"
f 2l . 1 . - o , Iy :,' N . .
) CFBSCHZ(,F2 and CFESCHZCF2CHZCF2 , both formed by =adciition of CF5S to
the CH2 group of CH2=CF2 with head - to - tail adcdition of a CH2=CF2 unit

in the latter case, gives rise to structure IX(b)., No other structures
were identified. The n=4 compound has the structures,

CFSSCHZCFZCH20F20H20F2CH2CF2QCI'3

X(a)

CFBSCHZCFQCﬁzCFZCh2CF20F201{2.>CF5

X(b)

CFBoCHZCrzchZLr2CF2Cn20F2CH2bCr5

X(c)

S to the CH, group of CH,=CF followed

X(a) is formed by addition of C¥F ,=CF,

3
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by head =~ to - tzil addition of CH2=CF2 to give the radical

CFBSCHQCFQCHZCF CH20F2CH2CF2', i.es the "4 = unit long" radiczl with

either r=dica2l combination with CF,S® or radical displacement at CF

3 3

as the termination step. X(b) is formed by radical combinztion of a "3 -

55CF,
2

unit" radical with a " - unit" radical i.e.

?‘1 "’I 4 H ’1 ° .,‘
CF ;SCI,OF ,CE,CF,CE,CF) + CF,CH,

X(v)

and X(c) is formed by radical combination of two "2 = unit" radicals i.e.

SCF,
2

T T . ®n ald
CFBSCLZCP2CHZCF2 + LF20H20F2LM2SCF3

x(c)

The n=5 compound consists of the isomers:-

! > TE . 4 F
CFBSCHzcﬁ2CH20F20“2CFZCHQCF20F20HQSC 3

XI(a)

H,CF,CI F,Cl
CP,SCH, CF 1L, CF,CH,CF ,CF ,CH,CT,CH,

XI(v)

SCF3 .

XI(a) is formed by radical combination of a "4 - unit" radical with a
"1 - unit" radical whilst XI(b) is formed by radical combination of a
"3 - unit" radical with a "2 - unit" radical.

The n=6 compound consists of the isomers

CF_3CI,CF,CH

c H,CI CY < CF,Ci CF_CH_SCF
3 5 CF G, F20H2 CF,.C i

Rl Ml M Rl M R
XII(a)

H,C H 1 C¥,CH,SCF
CFBSCH2CF2C_2 FZC 2CF20F2CIZCF20H2 32 > 3

XII1(b)
XII(a) is formed by radical combination of a "4 - unit" radical with a
"2 ~ unit" radicz2l whilst XII(b) is formed by radical combination of two

"3 — unit" radicils. The percentage distribution of products is

n 1 2 354 5,6
j__; 67.8 19.5 7.0 55

The dehsity/tempelature equation for CFBSCHZCFZSCFj was measured as

described in the C? SSCF5/CH2=CH reaction above and is found to be

7y )
@ = -1.970x107°T + 2,132

where @ density in gms./ml,

.o,
and T = temocroture in K.
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Two polished copper strips were inmersed in CF,SCH

C#,_»CF, uncer oo
3 5CF, 3 G b0
contitions deccribed in tlre CFBSSCFB/CH2=CH2 reaction above and left for

3 months whence it was Tound that although the strip of copper in ihe
phial exposed to air wzs not corroded, ticre was exitensive corrosion of

tiie strip of copper cealed up with CF.jSCIIzCFQSCF3 wiader anaeiouic conditions

The sirip wos considerably blackened and etclied and there waw a yollow
deposit on the walls of the phial. A mass specirometric examination

revealed that althiough most of the CF SCH2‘F,SCF

2773

o Yo trace of the C¥

was unchangoed, tnere nad

3

been some decomposition to sulphur and CH2=CF SLroupeo

3

wvas found,

Reaction of Bistrifluoromethyldiszulphide with Trifluorcethylenc.

Table 1.4, which swamarises the results of some previous work on iie
ree radical addition to trifluoroethylene, serves to illustrate that
trifluoroethylene undergoes bi-directional radical zddition. This is to
be.expected from the similarity of the Arrhenius parameters for the

acdition to =CHF and =CF, of trifluoroethylene of the CF2Br'(123), CCl3'

2

(120) ana ¢ (151) radicals. Haszeldine and Steele (161) h.ve shown

357

that homopolymerisation of trifluoroethylene by a free radical P° will give

both PCHFCF,* (ces 60-80%) and PCF,CEF® (ca. 40-20%). The subscquent growth

2

of these radicals by combination with furtuer CHF:CF2 molecules can be

represented thus:-

-
PCICF, CIIFCF CaiF CF ']
CFH=CY, r’ 2 2 2

" [PPCLFCF,CIFCF, (60-80x)
(60-80‘;{’) LP = o VAT e,
—— CHFCrzchCr2CEZCLF-—-—[:
PCHFCF, 2 (40-20%)
(60-807%) PCHFCT.CF,C: FCiL¥CF '___[:
CFHE=CF 2~ 2 L2
~PCHFCT ,CF,CEF 2 (60~-80;0)
(40-20¢) L+Pc5F0F2CF20ﬁ30320hF2___{:
(40-20,:)

with a similar sequence initiated by racaicazl PCcmFH‘ (40-20%). In the

131 reaction between bistrifiuoromethyldisulphide and trifldoroetﬁylene
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Tadle 1.4,

—HBr, u.v. > CHFZCEFBr(58%)+CF2BrCH2F(42%) (158)
—CF;1, weve ———— CFBCHFCFZI(BO%) + (158)
CFBCF20HFI(2Oﬁ)
—CFC1,I,B2,0,————>» CFC1,CiFCF, I (preaominzat) (158)
+CFC1 ,CF,CIiFI
—CF,Br, B2202,1OO —— CF,BrCHFCT Br(io%) (158)
+cr ,BrCF,C. FBr(305)
-L:2J12,PhCOjBU ;120° —> CF,BrCHFCF, Br(505) (158)
+CF,BxCE 2CHFBr(50%)
L-CF2J1, w.ve 150°—— CF ,BECHFCF )32 (70 4%)
. _#+CF,BrCR,CHT 78r(29.6%)(123)
;—(CFZ)zNBr (CF ) NCFHCF Br(78%)
+(CF ) mCﬂZL“WBr(22%) (153)
—-CHﬁsH, X-ray ——————> CHBSCHFCNF (75%) (158)
+CHBDCF CH2F( 59)
o[~ CF5SH, weve ————— CF,SCLFCIF,(987) (158)
+CHBSCF2CH2F(2%)
--SiH015 UeVy > ClBSiCHFCHF (99%) (158)
+C1,81CT, 011, F(1%)
-QP Cl, Bzy0y ——> oFSCHFCF 01(95p) (159)
+SF,. CF?CHPCl(5a)
—-SF5Cl Ueve 63-160°— SF5CHFCF 01(92 965%) (160)
+SFSCF2CFHCI(8-¢%)
r-or Cl ueve 63-160°— SF5CHFCF201(predominant) (137)
+5FCF ,CFKCL
—SFCL u.v. ————> SF5CHFCF C1(73%) (159)
v5cr CFHC1(2795)
—ST B > SFCHFCF,37(1007) (152)
—CEF T u.ve 85- -154°—> C_T ST CFiCT, 1(80%) (124,151)
+C3F7CF20FHI(20%)
—CCl,3r w.v. 100° —> CClBCFHCFzBr(7&Z)
+CCl3CF20FHBr(22%) (120)
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products CFBS(CFHCF2)nSCF3, n = 1-7, are obtained. Tize n = 1 conpound,
CFBSCFHCFzsCFB, can arise in two ways, viz. by attack of CF3S. at eitner

end of CFH:CF2 to give the radicals CF SCFHCFé and CF,SCF,CFHU° with

3 37702
termination occurring by radical combination with CF3S. or by radical
displacement at CF3SSCF3' The n = 2 compound is found to consist of two,

XIV(a) and XIV(b), of the three possible isomers;

CF3SCFHCF20FHCF230F3 CF 3 SCTHCT ,CF,CFHSCF,
X1v(a) XIv(b)
CF 5 SCF ,CPHCFHCF,SCF
XIv(ec)

XIV(c) is not detected although there is no reason why it should not be
formed as evidenced by the reaction scheme drawn up by Haszeldine and
3teele and reproduced above. If it is formed here, it must be in such a
small quantity as to not be detected by the technique used., In view of
the complexity of the system, it is not possible to make a positive
identification of all the higher telomers, i.e. n = 3=7, formed in this
reaction., Suffice it to say that the only constraints on the nature of the
structures of these nigher telomers are the concentrations of the higher
radicals and the probabilities‘of’combination or transfer, to give an
zdcuet, and addition of =2 furtﬂer CFH:CF2 unit, to give a higher racicnl,
The percentage distribution of products is
n 1 2 5 4 5:6,7
g 36,8 25.6 16.8 12.5 8.3

o]

When the ratio of trifluorocethylene to disulphide is increased to

2 : 1, the product Iistribution is

2 1 2 3 4 5’6979>7
% 10.7 24.7 28.6 21.6 14.4

The most noticeable rezult of the increased ratio is tnat products
(uniﬁentified) with n >7 »re obcorved. flco, the relative amount of nigner

telomer is increased as the relative amount of lower telomwer is decrexnsed,
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Reaction of Bistrifluoromethyldisulphide with Cnlorotrifluoroethylene.

Many of the free radical adaditions to cllorotrifluoroethylene occur
exclusively 2t the CF2 sroup; e.g8. additions ofthe SF2=N' [from SF2=EBr
3, CH from RéPR

(R = H etc.) (165)], Br® [from I3r (138)], PH [;rom Pd3 (144}] and SFé

(162)], CF; [from_CFBI (163,164)], B2 [R' =

[£rom SF,C1 (136)] radicals.
In the reaction between bistrifludromethyldisulphide and chloro-

trifluoroethylene, the n = 1 adduct, CF_SCF,CFC13CF.,, is not formed in

37772 3’

any great quontity, even when the ratio of disulpnide to olefin is raised

to 5 : 1. CFBSCF CFClSCF5 could be formed by radical attack of CFBS' at

2
either end of the double bond follcwed by radical combination with CF3S.
or radical displacement at CFBSSCF3 as termination steps, a situation

gcimilar to that found for the reaction

2(CF,),NO" + CF,=CFCl—> (LF5)2 10CF CrClUN(CF ) (125).

3)2 2
However, evidence for exclusive attack of the CF3S radical, arising from
CF 33 CF3’ at the CF, group of LP =CFC1 is founa from the higher telomers
which are formed in the 1 : 1 reaction, viz. CFSS(CcmFCl)nSCF3 with
n = 2-4, Telomerisation is also found when CFBSH adds to cinlorotrifluoro-
ethylene under the influence of u.v. light (140). Formation of the 1 : 1
adduct occurs by exclusive addition of the CF5S. at the CF2 group to give
CF;SCK,CICLH but the structures of the higher telomers CFBS(CF2CF01)nH,
n = 2,3, ete., are not known. The reaction of ethanol with chloro-
trifluoroethylene, catalysed by di-tert—bﬁtylperoxide and azobis-iso=-
butyronhitrile (166) or initiated by gumma-irradiation (166) and u.v.
irradiation (157), has oveen well investigated. Radical zddition of
?B(OM)CH ocours exclusively at the CP2 group of chlorotrifluoroethylene
to give the radical CHB(OE)CHCcmFCI' w%ich can terminate oy daisplacement
of CH (OH)CH' from ethanol or czn add znotiler olefin unit, addition agnin
3
taking place at the cF group of chlorotrifiuoroetnylene, to give tne

cu (OI)CHQ? CF 1CW20FCI' radical, and so on. Altiaough minor products are
5 T

formed by various rearrangement reactions, tie main products are forumed by
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this process. A very similar reaction sequence is found for the reaxction

of methanol with cnlorot*1fluoroetny1ene (168) (initiated oy di-tert-

e e e — e —— e ————————

butylperoxide, gamma-irradiation or u.v. irradiation) altnough trace
quantities of the unfavoured compounds (formed by radical addition at CFCL) !
are found,

For CFBS(CF2CFCl)2SCF there are three possible structures viz, -

3’
in an hal i Al NN
CFBSCchFClCFQCFClSCFB CrBSC‘2CLCILFClblzsCF3
XX111(a) XXIII(o)
CF5SCFCLCF ,CF,CFCLSCT,
XXI111(c)

The n = 2 compound consists of isomers XXIII(a) and XXIII(b), XXIII(c)
being absent as would be expected if initial attack of the CF}S- radical

is in the direction indicated by the literature citations above, i.e. at

the CF, group. The formation of structures XXI1I(a) and XXIII(b) can be
rationalised in terms of radical addition at CF2 thus := attack of a CF3S'
radical on CF2=CFCI to give the radical CFBSCFZCFCl' which can undergo

radical combiration with another CFBSCcmFCl' radical to give tne isomer

XXIII(b) or can =2ttack a CF,=CFCl molecule to give the radical

2
CFBSCF20F01CF20F01' which can undergo radical combination with CF3S' or
radical displacement of CF3S. from CFBSSCF.5 to give isomer XXIII(a).

The n = 3 and n = 4 components have the structures :-

XX1v(a) CFy oF CFClLszFClCr2CFuISCF3

xX1v(v) 3SCF LFClLchFCICFClCF2SC»5 nE
Xv(a) CFBSCr2CFClCFZCFClcFQCFClCFZCFC1SCF,
xxv(v) | CFBSCFZC“CICF CFC1CFCFC1CFCICE,SC 5 n=4
XxXv(c) CFBSCFéCEﬂlCFéCFClCFClCF2CFClCFZSCF3

A trace amount of nigher telomers was found but was not separated or
identified.

In t:e same way as was done for the n = 2 isorers, the formation of
3 and n = 4 telomers, of which tuere is a

the isomers making up the n =

preponderance of ZXIV(b) and XXV{c) respectively, can be rctionalised in
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PSS

terns of free radical attack exclusively at the Ci, sroup of chlors
z

trifluovoethylene. Tivs addition of two CF2=CF01 units gives the rocical

CFBSCcmFCICFZCFCl' wiich can undergo radical combination with anciner
such radical 1o give isomer XKV(C) ¢c radical combinntion with a

Cr,3CF,CFCL" to give isomer XXIV(b); or can 234 anotier olefin unit to
J

give the radiczl CFBSCFQCF01CF?CF01CF?CFCI' wiich ‘can combine with a
o ~ ~

CF3SCF20FCl°radicalto give isomer XXV(v), =racical combination with a

CFBS° radical or radical displacement at CF;55CF; giving isomer XXIv{a);

or can add another olefin unit to give CFBSCF2CFCICFéCFClCF20PClCF?CFCl'

which can undergo radical combination with CF_S® or radical displaccment

at CTF,SSCF, to give XXV(a). The higier telomers would be procuced by
2
racdical combirations of the higuer rzdicals.

The n = 1 compound is found as the least componrnent of a mixture of

1,2-bis(trifluorometkylthio),1-chlorotrifluoroethane, CF3SCF CFCLsCE_,

> s
1,3=dichloroliexafluorotiiolan, 6?ZCFCICF2CFCI§, and 1-trifluorometliylinio,
2-chilorohexafluoropropane, CFBSCF2CFC1CF3. The presence of the latter two,

perhaps unexpecied products can be accounted for by ¢ mechanism similor
to that invoked to explain the surprisingly large amounts of octafluoro-
thiolan produced during the copolymerisation of tetrafluoroethylene witn

tetrafluorothiiran (169). Octafluorothiolan is formed thus :-
Cr,=CF
2=V

| . P T AeCF.SOF CFY — 22 L OF, — 5—CF
R T e Fp5CT,00 237
e ci
C 7
P 7, 2\CF2/ 2
~~ O ( |
C.t‘2 + TP G, |

Faogrfe
A ] 1CFE
CFBQCFQCFC._CP2

reactions as already indicated but can also undergo intrarolecular

CFCl° radical can therefore undergo tie conventional

radical attack on sulphur to form the thiolan with elimination of a CF%

. .y . . o . S o)
radical which can combine with a CF3DCF2CFCI ratical to give

CF_SCF ¢ ¢
3 C 5 FClCF3 thus
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CFC1 CF, C¥C1—CF, 4" CFC1CF, SCF,
l | = — | < + cFe —is CF,CFCLCR, SOF, :
CF, .CFC1 CF. CFCl ¥ 5 2775
2. / 2\ / ,
;S S
CF
39 ‘

The product distribution for the 1 : 1 reaction is

n 2 3 4 >4
% 24.08 22.2 19.9 7.0

with CF,_CFC1CF,CFC1S, CF_SCI,. CFC1CF., 2nd CF_SCPF CPCL3CF. forminsg an
2 372 5 372 3 ©

inseparable mixture to the extent of 26.0% of the products.

2

Increasing tihe ratio of bistrifluvoromet.yl-iisulpride to chloro-
trifluoroeti:ylene to 5 ¢ 1 serves only to increase the amount of low

molecular weigi.t moaterial withi respect to tie higner telomers, tie thiolan

&FQCFClCF?UFdil =ti11ll being formed in large quantitics,

Reaction of Bistrifluoromeilyldisulphide with Petrachlorocthylenec.

Free radical addition to fetrachloroethyleno to give the saturated

1 ¢ 1 2dduct R'30120012R has been observed fcr SFSOF (170), BrﬁsFQ (126),

2nd (CF3)2H ) [which gives (CF3 2@0001200120m(cr3)2 (1252} In otiher cases,

si* [from c1

5 ;SiH (85)], HOCHy, Shy{on)CH",

CzHS(OH)CH', and 03H7(0H)CH' [from HOCHa, CHB(OH)Cﬂg, C2H5(OH)CH2, and

e,g. ~addition of the radicals Cl

03H7(OH)CH? respectively (171)]‘, formation of the saturated compound

R'CCl2CClQB is accompanied by formation of the unsaturated compound

R'CCl=0012 ani in yet other instances, e.g. adiition of tiue radicals

ClL 5101 [from cn S1C1,H (85)], C1CH,C0,(CH;)CH" and "CHC1C0,C,il [potn

3 3

from 01CH200201—:20H3 (172)], the saturated compound is not formed 2%t all and

only the unsaturated compound is obtzined. This last situation was observed
by Tedder in the addition of the trichloromethyl radical [from CC1;Br (175ﬂ
to tetrachloroetiylene where the compounds formed were CClQBrCCIQBr,

CClBr:CClz, CCl CClzBr, and C C16' It is sugzested that the unsatursted

3 2
compound m~y be formed by Cl° elimination from t:e radical CClzBrCClé, tie
71® ztom being picked up by a tetrachloroetiylene molecule to sive CClSCClé
wonich then unierroes radical displacement at CClsBr to zive CCIBCCIQBr anG

ccas.
3
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In the reaction of bistrifluoromethyldisulpuiie with tetraciiloro-

ethylene, the products obtained zre CFBSCCIOCClQSCF3, CFBQCCl=CC1 and

2!
CFBSCCl CCl_,., Tunese would be formed in accoré with the above schieme thus :-

273

(from CF SSCFB) + CC1,=CC1

3 2
CF,50C1,C01; > CF,5001,0C1,5CF;
l T3S o8t + oF,scCL ,CC1,3CF
3 3 3
0c1,=001, l
C1' + CF,SCCL=CC1,
v CFBS’
co1,0015 > UK;5CCL,C0L,
CF,SSCF

3 3\ . fa
rCFBS + CFBoCCl20015

The reaction is extremely slow and the yields are very low. As a

NIeT 1 F ',,.-,
preparation of C 5800120012>Cr3,

General Reaction Scheme.

the reaction is very inefficient.

From the products observed in all the preceding reactions, the
following general reaction scheme can be establiched.
CF, JSCF3
hvlﬁhujiation

. (aB)e=c(xY) (48)C=C(XY). An gye Cte,
*3 Propagation CF Sﬂ( 1B)C(XY)"3 Propagation cr, se(as)e(xy)c(an)o(ar)s ===

(R*) (R3) | (R3)

[¢)

+ R’ lTermination + Rn Termination
n

=R Ry=r

Radical combination is postulated as the main termination process although
termination processes involving R® radicels (i e. CF_S") can occur oy

dis p 5] o o LAl oo Rl 5
racical diszplacement at R =! (1 e. CF5° CF., ) mhe stuctures of all the

0

isomers formed can be readily rationalised by this scheme and are shown in
Table 1.5.
Note 1. The anomalous compounds found with the chlorotrifluoroetuylene

and tetrachloroethylene reactions cannot be accounted for Ly tnis ucheme
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Ho. COMPOUXD o IS0ILLRIC STRUCTAES L3 XY
I 3?351012022)n3c93 1R, i H
i1 0755 CT(C,W)C- ] SCRg| 1 Ry =Ry I L i
TII 0353(4?2332)n5br, 2 e =Ry or =R NG
v largq aninown LS
K CPBS[“F(CFB)CFé]nSCFB _: R -R, #FF CIy
VI 2 [R-R, §FF CFy
VII CFBS(CF2CH2)nSCF3 1 [R,-R, “HPFPF
TIIT ! 2 |i,=Ry(a), Ry-it, (o) LWHFF
IX 3 R —Ro(l), 2—31(b) LHFF
X 4 R —Ro(a), ?3-R1(b), 32-R2(o) HHEFF
XI 5 4-31( ), 33-R2(b) AHFF
XII 5 34-R2(a), RB-RB(b) L HFPPF
YIIT |CF53(CF,CTH) 5CF; 1 [R,-R, - —;:-;— %1 ~-
XIV 2 mowonmom
XV 3 wowoaow
VI 4 momonon
AVIT 5 mowowom
XVIII 6 nowonon
XIX 7 wowonon
%X |CP srcicr,crelh -

2 2
XxI ) CFZCPClCF3 -
CIII CF53(JF20F01) 50T T By-Ry #rFCl
{XTIT 2 52-30(3), q1-R1(b) FPPFCL
LIV 3 :3-Ro(a), w2-31(b) PP P CL
oN's 4 14-R0(&), 33-R1(b), 32-n2(c) P F Cl
LXTL >4 hn'mown »FFCL
TRVIT CFBS(CCIQCClZ)nSCFB 1 Ry-Ry C1C1Cl C1
LIV 0F33001=0012 -
XTI CF3300120013 -

Table 1.5
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but their formation is given in the text.
liote 2. The "lIsomeric Structures™ colwwn in Table 1.5 for the conrpounis
CFES(CFZCFH)HSCF5, n >1, has been deliberately leit blank since even the

= 2 compound can have. three cifferent iscmers formed in four different
ways whilst the n = 7 compound has 128 different ways of being formed
(although some of these lead to the same isomers and otherz will not be
followed due to the small concentrations of the radicals involved).
fact, there are o ways of forming a CFBS(CcmFH)nSCF3 adduct and Table 1.9
is not large enough to accommodate all of them.
Note %. Since the major part of this work was published (174), a Patent
(175) has appeared describing the u.v. induced addition of bistrifluoro-
methyldisulpnide to tetrafluoroetiylene, chlorotrifluoroetiylene, biomo-
trifluoroethylene, 1,1-difluoroetiiylene, and hexafluotropropene. Although
the reactions were carried out under tkhe influence of u.,v., light, as
reported in this work, a different experimental technique was used,
Bistrifluorometiyldisulphide was refluxed into the reaction zone, a quartz
well in the reactor which housed the u.v. source, The olefin was passed
into the rcactor at a constant rate and the mixture irradiated. The
reaction was monitored by means of the temperature of tae boiling liquid.
By employing this technique, Dear and Gilbert were able to isolate
CF,SCF.CT SCF-, as well as CF S(CF 2)2uCF-, from the reaction betwcen

37772772
CF = 1 CF.CP.SCF, is not prepared by tue :tatic
3SSCF3 and CF2 CF2 whereas CF3b oCF, 3 prep y b
conditions used in this work.

Also significant was the isolation of CFBSCF(CF3)CFZSCF3 a3 the only
Product in the CFBSSCF /CF2=CFCF5 reaction., In the present work, tlie main
product (90.5%) is the 1 : 2 adduct, CF3SCF20F(CF3)CF(CF3)CFQSCF3.

With chlorotrifluoroethylene, Dear and Gilbert report ihe formation

of the compounds CF3S(CFQCFCl)nSCF3’ n = 2-4, Ifrom the reaction of CFBSSCF3’

as is found in the present work. rowever, this vwork also produced tle

) A ™ s nTa) ;, . J\}"‘
compounds CFBSCFzCF01bCF3, CFBSCcmFClCFz, and CkzchICFZCFLlu from the

reaction of CF_SSCF. and CF2=CFCI, no mention of wanich is nade by Dear and
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Gilbert,

With CHz=CF2, the 1 : 1 adduct agoin was not prepared oy the method
of Dear and Gilbert and only CF3S(C}?ZCF2)2SCF5 was mentioned. Of tiie t.ree
possible isomers, »

CFBSCH20F2CF20H230F3 | CF3SCH20F2CII2CF2'SCF3
viri(a) - VIII(b)
CFBSCF2CHQCH20FZSCF3
VIII(c)

only VIII(c), the unfavoured isomer, was procduced. in the present work,
the isomers VIII(a), VIII(B) are detected with no trace of VIII(c). This is
perhaps a consequence of the different experimental tecunique employed
though it is noteworthy that the 19F n.m.rz. parcneters reported by Dear

and Gilbert for isomer VIII(c) are almost identical to those found here

for isomer VIII(a) (which is also characterised by the mass spectrum).

Very interesting is the thermal conversion of CFBS(CF2CF2)2SCF3
(5500/7 days) to CF.C¥._CF.CF.S reported by Dear and Gilbert and it is

2727272

possible that some of the n = 2 adducts prepared in.this work mey undergo

8 similar conversion.

Infrared Sveectra of 3is(trifluorometnyltihio)alkanes and —fluoroalkanes.

The characterisation and identification of CF3S— cderivatives is [reatl;
facilitated by the use of infrared spectroscopy. From the infrared specira
of a large number of compounds containing CF3S- groupe, it has been
‘possible to establish a number of group frequency assignents. Tuis is
because the sulphur atom in the bridging position serves to break éGown
coupling between the groups bonded to it as a rcsult of its relatively
large mass, Nabi and Sheppard (176) were able to assi_n the vibr:tions
of the CFBS~ sroup to the following frequency regions on the bacis of a
study of a number of trifluorometianesulphenyl cerivatives :~ v _{(C-F)

1

1205 = 1155 cn', V_(C-F) 1135 ~ 1095 emT !, 55(CF3) 765 =750 cnTl,

-
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Gas Presg, o\ i i A
Wo. x G/ solvent || Vas & vg(b- ) 6S(CL3) Slsk°‘5 ViC=iy
P a4 1172vs 1131vs - . .o
I CA.Q‘\/_'AQ l1 L0 l 1112VS 3 ‘573 922" 4031
1T cr(ccq)CH? 15 & 1 1173vs i132vs 7598 546w Aot
AT A 1190vs 1140vs, or - s . -
1T (CF,Cr,), 4 211135vs 11045 1655 e A
T T169vs 11604
1 O nR 4 ' 4=
o [erteRg)en,] 5 " |1122vs,br 1101vs | 162 90w | 454
N 11389vs 110898, s1. "l - .
L <1 211140va_1105vs 62s o4z | 452w
e — T . T1¢0vs 1159vs - - -
vII (C:ZCLz)n 23 & 2 1720 27 752s 545w 455m
. <1 & 1189vs 1145vs,br .
VIIT liq. film |?[1127vs 159s 240w | 452m
IX CCly & 311169vs 1169vs 759s (v) (v) .
X ¢lioxan A4 11140vs 1112vs
XI CCly & 511190vs 11&9vs 757s (b) (v)
XII dioxan 6 11141vs 1113vs
_ Y T . 1192vs 1163vs . oo
XIlI (cr20rn)n 26 & 3 1 1130vs 11095 7623 5225 A71m
., 1195vs 1167vs 50
XIV 5¢& 3 2 1146vs 1130vs 762s 520y 474m
: <l & L [1191vs 1163vs e s y
X7 lig.film |7 [1140vs 1127vs r59m odew 470m
- CCly & 2 |1179vs 1152vs ey , .
AVI dioxan t1138vs 1117vs 159m (v) (o)
XVII 51, }
. CCly & 2 |1187vs,sh 1176vs -
§¥£II dioxan ? 1150vs 1116vs 757m (o) (b)
1186vs 1156s
XXI1IT (CFQCF01)H <1 2 {1138s,s5h 1131vs 762m 537w 481w
< 1120vs -
74 ligq. film |, [1174vs 1145vs 7615 cas o
YXIV sy 511119vs 1109vs 761 545w A 4w
- TOI & 1164vs 1141vs 7E e
T S 11125vs, oy 159 () (o)
. ] . . 1187vs 1172vs L .
XT a) 1 ! i [‘d A .
KXVII  CC1,CCL, lige film | [L0000 1 100vs 756m 558w | 456w

(a) recorded in mm.

.
Tem
115

(b) region not investigated.

Table 1.6 ¢ CF_S- vibrations of the CFZS—X~SCF3 compound

2

Sas(CF3

extensive study of compounds containing tle CF3S— group

) 549 = 310 cm71, and V{(C=-3) 495 =445 cm71lIn\a

mucli more

(177,176), tiese

assignments were confirmed. Although no acsispunents are wade, the same

. . . , ot c (g 3) e
group frequencies are observed in the infrared spectra of (LBBJ)Zu

. . I T OY(TAT Jith A ona I
cerivatives (179) anda in the derivatives CFBv-CAn buLAdz (wltn LG 3,
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to. X Gas Press. v{C-k) ' C-I
(a)/Solvent Deform:tion,

I CILCH 11 and 1 2950w 1431s

22 1462

L{, 3
It cicH(CE, ) |95 2nd 1 29845 2947s 2893m 14260
2 5 13845

VII C?2CH2 23 and 2 2955w 13598
VIIT (¢z_cz.) <) 213 liqe 2010w 2970w 1392n

277272 Pt
1% (CFQCH?), 231, and 5527w 2965w 14273
2/ 3 N

£ (CF2CF2)4 dioxzan 1392s
XTI (CF2032)5 ccl, 3006w 2964w 2922w 1425,
pAN (cr.cH,), l=2ud dioxan 2870w 2350w 2925
27275 i 4055

XIII  CF,07T 26 and 3 29592m 13495
. 15750
IV CF, FE)2 5 ~nd 3 2929y 134Cr
1H559m
v (Ccmm)3 <1 ana liq, 2998w 1345n
file i337m
VT (crgc ) , CCi, and diowan 2932w _ 1542a
LI1T (CF2CFH) CCl, and 2992w 1339m

XVIII n

{IX n=5,6,7 dioxan 1344m

(a) recorded in mu, Hg.

Table 1.7 : Y(C-I) and deformation C=Il of the CFBS--X-SCF3 compouncs.

F or Cl) prenared from the rezction of RC(S)F (R:Cl;F,CFBS) with the
svlphenyl chlorides CF;3-CC1F-SCI, CF 45-C01,-5C1 and (0“3)2001-501 (130)
Table 1,6, lists the CF5S- croup frequencies for tnebis(trifluoromethyltnio)
alkanes and =fluoroalkanes. The vas(C-F)tnd \k{C-F) are grouped togetlier
since identific~tion of some of the bands as Vg 0T Vg Was not poiscioles
he freguencies observed here are very similar to those found by
Hnrris in the corpounas CF3802H5, CF3S(032)nSCF5 n=1,2,3,5, (CF33)2CHCHB,
(CFBS)ZCHCHQ

only ohserved one SS{CF3) frequency for ench compound althougn tihere are

SCFB, (gF3s)30H.and (CF38)4C (23). As is founl here, larris

several different CF,S~ groups in the compounds. Also, tho number of

3

vV (C-F) frequencies observed was less than one would anticipate for comprunds

y . . P L. . e
cont~ining ceveral CF_S- scoups, Although farris did not identify Jaauc')

3



1300

1?00

450

CFBSCHZCstcF3

| d T I ' T T

CF SCH(CHB)CstCF

3 3

T

| | | I l I | ) '

CFBS(CF2CF2)ZSCF3

L '

CF SCF(CF3)CF2SCF

3 3

T

CFss[?F(CFB)CF2]2SCF

3

| l T B T | | T r T T .

CFBSCH2CF2bCF3

|"| II']]I' 1

‘ CF,SCFHCF,SCF
’ l I 3 2773
LANLEN |

et

CFBS(CFQCFcl)ZsoF3

‘ l T III [ T T In
CFBSCCIQCClzscF3

1300

1

1200

I
1100

T T T ¥ ¥ T

I T T
1000 900 800 700 600

Fig, 1.1 : I.R, Spectra of some bis(trifluoromethylthio)alkanes and
-fluoroalkanes (cem™'),
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and v(c-s) frequencies with his stgdies, the compounds examined here all
showed only one frecquency for each vibraition. Table 1.7. shows the v(C-Ii)
and C-=} c¢eformztinsn vibrations oboserved here,

A survey of V{C-F) vidbrations in fluorinzted nydroczrbons (181) ihas
shown th2t they can occur =»ywhere in the range 1400-1OOOcm_1.and are very
difficult to assisn. No attermpt therefore has been mide here to assign
V (C-F) bands or & {CF) bands (for the same reason) in the i.r. spectra of
the bis(trifluoromethylthio)alksanes and —fluoroalkancs,

Figelel gives an illustration of %the  infrared spectra of a few of the
bis(trifluoromethylthio)alkanes and =fluoroalikanes, From this it can be
seen that the observetion of vaéC-F), ‘US(C-F), Js(CI:‘B)’ 5as(CF3) and
1’(0-8) vibrations in the infrared>sbectrum of any one of these compounds
serves to show that the compéundcontains the CF3S- group, but attention
has to be pzid to the rest of the spéctrum In order to détermine the reust
of trhe structure of the compound,

Some other bands in the i.r. spectra are worth noting := tine b@nd at
64Ocm-1f0rCFBSCHZCHZSCF3 and at 6470:11-'1 for CP, CH20F2>CP compare well
with that 2t 643cm” | for cr_uc 1 (119) which is assizned to UQ-C(H)

Tie V(C=C) of CF,;5001=CC1, is observed at 1541cm .

N.m.r, Spectra of 3is{trifi norometnyltihio)alkanes ~n-. =fluoroalkanes.,

19

F Chemical Shifts.,

It L~3 been shown (182) that variations in the local paramagnetic
circulzticns of the fluorine atom are the dominant cause of chemical shifts
in fluorine compoundsz. The poramagnetic contribution which reprecents a
shiift tow=rd low field is gre~test in covalently bonded fluorine and is
zero in the gphericzlly symmetric F  ion. The n: nitude of ti:is effect is
dependent on the degrce of ionic éharzcter in the bBond and this hazs been
shown to be consistant with observations on the 19F cnenicnl shifts found
in an extensive series of binary fluorides (Table 1.8) where, generally

speaking, the more electronesetive the atom (A) bound to [luorine, the wowe



Comnound €235Q99§ ext, €£2 ext, ‘ Electronegativity (183)
PeDells DeDelle

F, - 0.0 4400
c1T, -193,0,-81.0 +343.4 3425
RF, -219,0 +285,0 3415
LR -349.0,=219,0 +29045,+15249 3.05
IF, -138,0,=95.8 +41842,+368.9 2,80
ST, -127.0 +375.6 2.75
SeFy | -128,0 +372.7 2455
CF, -11.9 +491.0 2.45
AsF3 =35.0 ' +469,.1 2,20
PP, -0.7 +502,1 2,20
GeF,, +99,0 . +608.8 2.20
SbF5 +648,42642,+52,0 +537.3 : 2,10
57, +54.2 +55545 | 1,90
HIF - +625,0 | 2,20

Table 14§i19f‘n.m.r. chemical shifts of some binary fluorides (69)

covalent the A~F bond, and hence the less ionic the bond. Thus the
increasing electronegativity of tiie bonded 2tom destroys the symmetrical
charge distribution, characteristic of the 7 ion, to a sreater extent,
thus incréasing the paramagnetic contributions and causing tle regonance
to be displaced to lower field.

Attempts to rationalise the shielding of nuclei in aliphafic
fluoroczrvons however, heve not gencrally been successful. The influences
governing the chemical shifts in the Lalomethanes (Table 1.9) are expl:rined
in the case ¢f the fluoromethanes, as succescive replacement of the i atoms
by the more electronegative F atoms cousing a progyessive dicplacenent of
tie fluorine recsonance to lower field. This tyne of re=noning in the caue

of the chlorofluoromethanes leads to a prediction of thne chemical 3nift

progression opposite to tiwnt found .
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Comnound., E(pepoma)
CF
4 0
CF,H 8,2
3 1
CPH, 80,9
CFH3 210,0
CFBCI ~36,8
CF,C1, -60.4
CF013 =767
19

Table 1,93 F n.m.r, cheniczl shifts of the fluoromethznes and chloro-

fluoromethanes (184),

Structures of the form;

cit 4 c1”
I - +
Cl—C F and Cl———-F:F
)
c1 clL
A B

with B favoured over A, are postulated as contributing to the overall
molecular structure and therefore leading to less shielding of the F
nucleus, In fluoroethanes and higher alkenes, the efiects of vicinal
substituents.are not well understood., The progressive displacement of

the 19F resonance to lower field in the sevies CF,CF2,0F3 in fluorocarbons
is thought to be due to the =zmouvnt of charge which fluorine is able to draw
from a corbon atom and this decreases as @he number of competing fluorines
bonded to that carbon increases (184). In the case of the CF2 group, the
apnarent electron withdrawing power of the 2djacent substituents is in the
following order of efiectivencss: CC13’ CH2I > cocl, CH2Br > CEQCI > CF3
:> CFQH (184). Another order of apparent electron wifhdrawing power is
deduced (135) to be : I >3Br > Cl > F>> CF2I> CF, Br > CF,C1 > CTy, both
series exhibiting a trond contrafy to that expected from group electro-
negativity considération. A "repulsive unshielding effect has been
suggested (185) to exnlain this anomalous trend, i.e. very large groups

Give rise to stevic interactions which tend to increase-their apparent
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19

electron withdrawing power . Characteristic ‘I chemic~l shifts are

renorted (13,136,187,138) for a large number of fluowcowr anic comuounds

and in ener~l the correlation tables given have been used to help assign
chenicsl shifts in the bis(trifluoromethylthio)alkanes z:d =fluorocelkanes |
when thnere has been some doubt, i

194

P Spin-Spin Coupling Constants,

The apparently random size of F=F coupling constoants in fluorocorganic
compounds is rationalised by 2 dual mechaniosm i.e. the "through-bond",
"through-space" mechanism (189). As the name implies, the "through=bond"
mechanism proceeds through the electronic structure in the“intervehing
bonds whereas the "through~space' mechanism becomes operative only when
thefe is direct overlap of the electronic clouds‘of the fluorine atoms,
proceeding thfough an electronic structure where there is "no bond". In
seninal fluorines, l.e. fluorine nuclei separated by two bonds, the two
mechonisms may both be operating at once and this may explain the extremely
largze coupling constants observed (150~400 Ez )e In the case of vicinal

-fluorincs only the "through bond"™ mechanism is importent normally since
ﬁhe structure does not usually allow for sufficiecnt fluorine~fluorine
electron cloud interaction, The marnitude of the "through-bond" coupling
is hence governed by the electron withdrawing power of the other
substituents attached to the carbon skeleton and may tiierefore decrease
to zero or almost zero in certain instances, When the fluorine nuclei

are separzted by more than three bonds, the "tirough-bond" coupling

is very smnll indeed, but the geometry of the molecule may allow "through-

Space" interactions to occur due to the close proximity of the respective
i

fluorines. Thus the observed spin-spin coupling constants in fluoroorganic
compounds are not so anomalous as they first seem in tne lignt of this
mechanisme.g. in perfluorobutyric acid the following coupling

— — — H
CF3 CF2 CF2 Cco0

. 3 2 1

- constants are observed:- J12=J03.$1H . and J13=,9-9 Lz.(1838) and can be
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explained by tihe dual mechanism above,

The CF_S= graup is particularly seusitive in its chemicol suify to

3

the nature of the sroup immedinately attached to tre sulphur e.g. Haas has |
' "
suown (97) that all the compounds of theCFBSN- fanily of compounds have :
a chemical siift in the range 51+ 4 p.pems while the CFBSS- family has a
chemical shift in the region 49+ 5 p.p.m.(97,180).
No, CCIPOUND 5@?28 SCF2 §CF acr
e ——_— —_— = —— — —
I CFBDCResz;JCF3 +41.9
II . CFESCH(C%)CHOSCF3 i +4241
i ii ii +40.3
s(or . ) . .
111 CFBb( 2CF2)QSCF3 i +35¢3% ii +85.5
i ii did iii +118.7 :
v CFBSCF(CFB)CFZSCFB i +33,6 +78.2 +15649 47441
i ii ii +3%5,2 ;
vi(a) CFBS[CF(CFB)CFF]ZSCFB +36.4 A+T1.5  +164.7 +69.1 |
AB B+T7367
VII Cr_8CHF,CH,SCF i +37.2 +71e3
37772772773
i ii ii +42.4
I . ;1 F 3 ;‘ ° ’ .
vI11i(a) CFBSCHzc_zc 2CH250F3 +42.4 +113,0
N 3CIH,.CH, CH. CF i +42.0 1i +62.
117(1b) CF3 CF,CH,C 2SCF3 i +42.0 ii +62.1
i ii iii  iv iv +36,0 1iii +89.9
XIIT CF7SCF2CFIKSCF3 i +36.2 +747 +22761
| i ii i1 +40.6
X1v(a) CFBSCFHCcmFHCFQSCFB i 36,7 iii +117.5 1i+198.9
i ii iii iv v vi vi +41.7 v +75.4  ivi-212.1
XIv(b) CF3SCFHCF20F20FHSCF3 4 +41.3 +121.5 +222,2
XX1I CFBSCF2CFC1CF3 +35.4 +5065 +i27.4  +78.7
XXI1I(a) CT; SCF ,CFC1CFCTCLSCT, i437.1 ii +73.6 1iii +73.4
i i1 iid dvy v vi +33.4  iv +113.7 v +80.3
XXIII(b) CFBSCFQCFCICFClcFZSCFB +35.5 +7645 +78e4
XXIV(b) CF,3CF, CRCICP.CFCLCPCLCE, SCF +35,0 +76.6 +7842
572 2 22 £119.8
Xx F ) 4 4 T" F ‘.‘r‘ F .8 + L]
V(e) ¢ 3L,((*ch..czl)z(c Clcr2)2SCr3 +34 +1Z;‘2
XXv F_S C1,5CF 2.
II 0-330012C 12001’3 +42.4
XXVIII CF38001=0012 +39.5
XXIX CF,SCC1,CCl +3648
?9 2773

2&&1&_1;19: T n.mier. Chemical Shifts of the CF3S- derivatives.,




From Table 1,10 tiie following cmtegories'fox- JCFBS— in the bis(trifluoro=~

methylthio)alkanes and =fluorozlk=nes can be distinguisheds:-

Croon &rance (pep.m,)
CF,SCHK- 4043424
X=H,F,CH,
-— 0——,
CPBSCF2 34 48=3T.,2
CF 5 SCFX~ 33,5+ 041
x=C1, CT,

Table 1,11.

The 19F n.m.r. spectra of the bis(trifluoromethylthio)alkanes,

7 T _CH P o i u(CH, )se
c*asc.*,zcnzscr3 and Crsscnzc“(c 3)DCFB,

respectively, The HF coupling, if any, is less than 0.25Hz. The 1H N.M.Te

show one and two singlets

spectrum of CFBSCZ'LQCH2SCF5 consists of a singlet showing that &all the

Protons are equivalent (see Table 1.12).

No. COMPOUND o, dcu 5033
¥_SCI,CH 245
iy c BSC C 2SCF3 +2.94
1z CTF_SCH(CH,)CH, SCF see text see text +1.33
3 372773
i o ap om A .
VII C1',SC,CF,SCFy +3465
A D QT n 17 -3,
VII(=) 0}30V42CF2CFZLIZSCF5 +3.48
7] 07_SCii, CF.CE,CF.GCT, +3.78 = +2.
viII(n) 5s ,CF,CHCT, CT5 +3 7 +2.41
XIII  CF_SCF _CFHSCEF, +6432
572 3
XIv(a) CP,SCFHCFZCFHCF,,SCF3 +7.02 = +6,30
? “ ' +6.17 = +5.15
X F_SCPUCE FH3 -5.02 = +4.23
xIv(p) ¢ 3 C cfQCcmlHDCFB +5 +4.23
Table 1.12 1H n.m,r. Chemical Shifts of the CF3S_ derivatives
The 'H n.m,r, spectrum of CFBSCH(CH5)CHQSCF3’ on the other hand, is very

complex and compares with the 1H ne,mere. spectrum of SF_CH CHClCH3, which
J

2

was analysed as an AB,P_XYZ system (190), dnd trans—CF38F4 H,CHC1CH

473 2 5

described in Chapter II. Thus CF SCH(CHB)CHQSCF may possibly be regarded

3 3

as an A5D3P3KYZ system with no detected coupling betwcen A3 ang. I)3 or

between A D3 and PBXYZ. Tie 1H n.m.,re spectrum is shown in Fig. 1.2.

3
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H resonance of itne vinyl group

(=)
of metnyl acrylate - an AsSC spin
systen (137).

CLBSigmlon
irradiating at

Trequency (v).

CH and CHp
signals on
irradiating
at frequency

(2).

—t

() (a) —
Jige 1.2 3 1H n.n.r. spectrum of CE_SCH(CHB)CHZSCFB.

2

A

The CH3 sirnal is easily identified but the Cd and CH2 sisgnals caunot be
picked out., Tre CH, signal is a doublet (J = 6.9 lz.) suggesting that
5

coupling to CII alonz talies place. To try to clarify the interachtions

)]

giving ri

O

;e, to the fine structure of the spectrum, recourse to double
A S

(=N

rradiation was made. When two non-equivalent nuclei, A and X, are coupled
tOEGther oy indirect spin-spin interaction, tie resonance spectrum of each
nucleus is snlit into a miltiplet structure. If one of tliese nuclel jumps

rapidly bvetween the various spin states corresponding to the multiplet linc

of the other nucleus, tien only a single average resononce absowption
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frequency will De observed at the centre of the original multiplet., Sopin
nultiplets in thie X resonance absorptlon are observed w.oen tiie nucleus A
spends a longer time in a given spin state tihan the time corrssponding lo
the reciprocal of the frequency separation of the multiplets. Portizl or
complete spin decoupling can occur naturally if one of the nuclel possesses
an electric quadrupole moment. Here the lifetime of such a nuclesus in a
particular spin sta%e is limited by rapid spin-lattice relaxation; ec.g. in
the case of nitrogen coupled to hydrogen nuclei, the iiydrogen resonance
absorption bands can be made considerably sharper by irradizting with the
nitrogen résonance frequency, Spin-spin decoupling can also be promoted
without the necessity of one of the nuclei concerned possessing a
quadrupole moment. In applications wihere different magnetic nuclei are
being dealt with, the multiplet of oné nucléus can be collapsed by
irradiating the other interacting nucleus with the appropriate resonance
frequency,

Thus secondary irradiation of CFBSCE(CHB)CﬂgsCF with a freguency

3

corresponding to the centre of the CiH, doublet, (a) in Fig. 1.2, sharpens

3
up the low field part of the complex multiplet whilst the high field part

of tiis multiplet is left unaffected, supporting the suggestion that the

CH3 protons couple only with. the CH proton and not with the CH, protons.

2

Confirmation of this is achieved by secondary irradiation of

CF5S H(CH3)CH280F3 with a frequency corresponding to the centre of the low
field part of the complex multiplet, i.e. the CH resonance frequency (v),
whence the CH sinal collapses to a broad singlet (Fig. 1.2). The

3

decoupling of the CIl and CH2 protons could not be observed since tie signals

are too close togetier. Hence the CHCH, part of the spectrum is reduced

2

to an ABC spectrum. The ASC spin system is very complicated (69) =zné no
attempt was made to solve it nere, but Fig. 1.2 snows an ABC spectrum, that
of the vinyl group of methyl acrylate (187), and the similarity between the

two spectra is evident.

The 19F n.,m,r., spectrum of CF38(0F2CF°)2SCF is relatively simple,

3

showing only three signals (chemical shifts are to be found in Table 1.10),



écgzs(cp) Sar, saw‘)

Fig

.]‘ .

but the coupling was too complicated for any J values to be calculated

save. that the CF,S signal uwns a broad triplet on expansion. Tie spectrum

3

is identical to that found by Dear and Gilbert for cvis(br CF, )9 5 (175).
(T{\ nF QOT . Lie

3 ST 45 bie

chemical sl:iifts and coupling constants (as far as they could be setermined)

Fig. 1.3 skows the 19]?‘ N.m.r. spectrum of CF) cr
are given in Tables 1,10 and 1.13 respectively. Expansion of the two CFBS
sigrals snows the low field one to be a doublet of triplets w..ile tiae
hizher field signal is a triplet of doublets, establicshing them zs C,3CxF

) 2

and CP_SCF, respectively., The CF,, CFZ’ and CF si;nals are too complex for
2

3>V
COLL0UND .JCEBSC§2 JCE3SC T, JCE5SCE JC“BSCCE JI1F2 Jh1F1 JF1F2
CF,3CF(CF,)CF, 307,  10.4 3.8 1.2 5+5
3 3

CFBSCFQ?WE:CFZ“CF 10.3

CF;"3
CF 50Tl SCF 10.9 5.8 14.1
CP450F, CFISCR, 1047 3.6 10.9 3.7 5.8 56.4 13.1

Table 1,13 : Coupling Constants (Hz.).
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Scr_s
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5095

ﬂ 160 2.
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i
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Fige 1.4 : 9% nomer. spectrum of CF SCF CF(CF )CB(CF )CF 3Cr

vany coupling constant data to be obtained. Again, the spectrum is identical
to that recorded by Dear and Gilbert (175) and also to the publis:
spectrum (142).

Figt 1.4 shows the 19F n.m.r., spectrum of CF o[CW(C¢ )C D'CFj, tie

chemical shifts being iven in.Table 1.10. There is only one CT signal

3°

and three other signals with an intensity ratio of 3 ¢ 3 : 2 : 1; i.e,

CF,5, CF;, CF,, and CF signals. The CF

5 S signal has a chemical shift typicai

3

of a CFBSCF2 group by comparison with CF SCF(CFB)CFQSCF and from

3 3

Table .11, The signal is a brozd triplet on expansion with J = 10,3 Hz.,
again suggesting CF380F2. Tre simplicity of the spectrum suggests thot a
symmetrical structure such as VI(a) or VI(b) is present since VI(c) woula

be expected to give a much more complicated spectrum with at least two CF58

8ignals,

C CFCPFCF,_SCF CF_3CFCF CF,_ CRSCF
A A 3¢, 2 2y 2
CI«'3 3 3
vI(a) CF 5CF ,CFCT CFSCF, VI(b)
' ’ CF, “CF
3 3
vi(e)
VI(a) is suggested by the presence of CFBSCF2 and the cnemical suift of the
CF2 8ignal confirms this; CF, in the environment of VI(b) would appear at

2
£2. 120 p.p.m. (191). The CF2 siznal appears 2s an AB type spectrum witha
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one of the weaker bands hidden by the CF3 si_ nal. Analysis oi tie CF2

sign2l as an A3 specirun (69) gives the parameters 6A = +1TeD Depelay,

6B = 4+73.7 DeDelia, IJﬂn|= 144 Hz, The CF2 cremical s5:.ift agrees with the
sl

SCF range found by Tiers(191) The CF chemical shift is more appropriate

to VI(a) tl.an VI(b). llence the overall suggestion is tuat VI(a) is the

probable structure for CFZS[?F(CF3)CF2]QSCF , & result wiich is confirmed
J <

k2t

3
by the mass spectrum. The non-equivalence of the C‘2 fluorines, fo.und

also in cozpounds such as CF,BrCFBr30,F (192) and CF,ClCFClJOéF (192), is

2 2

probably due to restricted rotation zbout t:e CF(CFY)—CF(CFT) C-C wond.
2 J
These two carbons each have four diffewent subctituents and therefore sucn

2 structure should give rise to optical activity witu the dl racemic

mixture and the meso form all being possible izsomers -
CF3 QF3 QF3
T_SCF :_F Fl I ACPF,5C CF_5CT R
CPBSC EQC /J:' \(_)A(‘ 2bbF5 50 12 mC/
] ! |
C C C
CF"SS:,<7/E\\‘CF CF,'//E\§JCF SCF CF_SCF <775\\\E
P 2 o ) 2 k) 2 3 J 2 o
F F oy

\/‘Y\-/

4l recemic meso
mixture
The 1H n.me.r. spectrum of CFBS]L2CFQSCF5 (sec Tables 1.12 and 1.13)

consists of a triplet frem coupling witn tie CF2 sroup. There Coes not

zppear to be any coupling with the CF, groups. Harris bas snown that tae
;&
rd
12 signal in CF380H°CPnCl is at +3.48 p.pem, with a triplet fine structure
<« [4

19

due to coupling with CF, (142). The F n,m,r. spectirum siiows two 1 ¢ 1

2

CF.S signals (see Fig. 1.5). By comparison with the CF,S chemical suifts

3

3

b
ot

3
.
-

.
Q
vy
23]

signals of CF_SCF,CI SCF

J

CF,5CE,

3

¢ CFBS(CFZ)



(a)

-

‘

ol

Fig. 1.5 : (a) obvserved 2nd (b) calculated CF, resonance ia the ’? n.o.r.
spectrum of OF_SCF, CI sCF

3772 3 )

of CFBS(CF2CFQ)ZSCP and CF,_30H_CH, 3CF., the low field signal is assigned
<~

v 3 372275
to CEZSCFz waiile the nigher fi2ld signal is agcigaed to CPBSCH2. Pigze 15
z L
snows that not only does the CFES of CFBSCF? counls with CF2, but so does
i G N QT 3o o 3
the CFBQ of CF,5CH,e Ty wap 18 lorger than J.. oo on (Table 1.13)
3 ~ V=3 NI ij"“g )

From {the imown coupling constants, %tue fine structure expected for the

™ 3 - - . L) 1
CPQ signnl is calculated 2nd shown togetner with tlie obscrved spectrum in
Fige 1.6. As can be seen, the agreement is quite good.,

oo af e .
Tre 9F n.,m.r, spectrum of CFWS(CnZCFz)ZvCL% gives three C”j“ signals
2 - .

(Table 1.10); two of approximately tie same hei:ht and the third about
3% the hneight of the otber two together, From Table 1.11, these are

Seigned as CF_SCH, with CFP_JCF, : CF,3CH, as 1 3 3. tiere are also turee
o 2 372 3 2

CF2 signals; one about 3x tie height of the other two combined. Assignment

is made with the nelp of Reference (186). This suggests the preseuce of
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two compounis; one symmetrical giving rise to just one CF S(C ) sinal and

the othier not gymmeirical,

2 e A
v S0 AT
P 3!

oCP The former shows the CI_S signal as a triplet
3 .

4 L/ }- u L'
277272
= 3,2 llz, Yo other coupnling constants could be determined

E - A 1 -
from the '9F n.m,r. sgectrum, The H n.m.r. spgectrum shows a complex

nultiplet between +3.,78 and +2.41 p.p.m. but a large triplet, with

Jou cp, = 1402

=2"=2
sui:ports the CF

Ez., can be picked out at +3%,43 p.p.m.. Tiis latter signal

SCiI,.CP.CF.CH, SCF
5 SCE,CT,CT,CH, SCT,

is too complex for further analysis, as would be expected for a compound -

structure., The remainder of the spectrum

V_SOH CF I P SCr
such as CI‘3 CH, ch{ C¥ CiB
The 'H n.m.r. spectrum of a CF S(CF2FL2) se n = 3,4, mixture shows

5’

a broad absorption from +3%.78 to +2.15 p.p.m. and no details could be

determined, Only one signal, that of a CF,S group, at +41.2 p.pems and

3

could be found in the 19F n.,n,r. spectrum., This was

2

due to an insuffiency of material and no structural data could be

typical of CFBSCH

tetermined from the n.m,r. spectra., A similar situation, i.e. an

insufficiency of material, existed for the n = 5,6 mixture of

CFBS(LF cu The 'H n.m.r.

272 3°
+3.50 to +1.16 p.pem. while only one signal (Table 1.14) could be picked

) SCF spectrum shows a broad absorption from

out in the 19F NeMeTe spectrum.

Table 1;14 :

Supplementary Table of CF,S signals
P4
COMPOUND 1. éggBQ(a)
CFBS(CFQCHz)nSCFB 344 41.2
5,6 4104
. 35643, 4145
7. 5(uF CFH) SCF .
C‘3°(’*2 {)n “¥3 5 41.2, 41.1
4 35.1, 41.5
41.2
5,6,7 39.6, 40.2
F (cr CFC1) 50F3 3 35.0
4 34.8

(a) all chemical shifts are positive with respect to 0013F (ext.).




. . co 1 . o e
Fig, 1. ¢+ CII resonance in tne H n.m.r. spectrum of Ci., SCF.CPHSCF
=~ 372 g

1 . o . . . . ‘o
The I nem.r. spectrum of CPﬂbCF?CFanFv is showvn in Fig, 1.7 with
3 ) )

2

‘the chemical shift given in Table 1.12. The signal is a doublet (from
geminal FF coupling) of triplets (from vicinal HF coupling) with coupling

. . . L1 . B
constants given in Table 1.13., The H n.,m.r., spectrum of CFYSCF;CF201
2

(142) is a doublet of triplets centred at § = +5.92 p.p.m; with J} =547,
and JH1F2z1OHz. The two CF3S signals in the 19F n.m.r.‘spectrum of
CFBSCFZCFHSCF3 are shown in Fige 1.8. The lower field si nal is
identified as the 0238(0F2) signal fron Table 1,11 and from the fine
structure‘which is a triplet (from CFécoupling) of doublets (from CF
lcoupling). The higher field CFBS signal is icentified as the CFBS(CPH)

resonance from Table 1.11 a2nd from the fine structure which is a doublet

(from CF coupling) of triplets (from CF, coupling). J values are given in

2

» 27 _s(CrE
6'0533(0*2) £,5(C¥E)
10 Hz, Hy
— —

Egﬁ_l;g : CF3S resonances in the %7 nom.r, spectrum of CFBSCF2CFHSCF3
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Table 1.713. Tie CF signal is a well defined doublet from zgeminzl IIF

coupling, butl on expansion gives a doublet of broad triplets (from CF,

<

coupling) witlh further fine structure unicentifiable, as is the fine

structure of the CF, simnal.

2

N e\ oo . . -

The 'II nem.r, spectrum of CFZS(CF CFPH),SCH. is very comnlicated., It
7

23

consists of three complex multiplets with chemical shift ranges 44.22 to

2

+5.01 p.p.m., +5.19 to +56.21 p.pem., and +6.32 to +7.18 p.p.m. and analysis

~

is not possible, especially since the compound is a mixture of isomcrs., The

Y9 nom.r. spectrum (Table 1.10) of CFBS(CFQCFI?}?SCF3 shows three CF3S

signals; one at.+41.3 p.pe.m. which is %x the leight of the other two

o

together, There are thiree CF, signals and tlree C¥ cignals; in each cacse

2

there is one signal 3x the height of the other two signzls combined. Tius

there is, as in the case of CFBS(CF2CH2)ZSCF one symmetrical aznd one

3’
unsymmetrical structure for CFBS(CFzCFH)QSCFE. From Table 1.11, the CF5S

signal of the syﬁmetrical structure ‘is due to QEBSCFH. This is confirmed
by the CF2 chemical shift and. to a lesser extent, by the CF ciiemical
shift. The symmetrical stucture is therefore suggested to be

CFBSCFHCFQCFQCFHSCFS. Tiere is only one structure for the unsymmetrical

compound, viz, CFBSCFHCcmFHCFzscF.. The CF_S signal at +36.7 DeDeM, is

3 3

assigned to QE5S(CF2) on the basis of Table 1.11 and on the fine structure

which is a broad triplet with J = 9.2 Iz, and the CF3S signal at

CF,3CE,

+40.6 p.p.m, is assigned to CEBS(CFH). No other coupling constants could
be determined due to the complexity of the fine structure of the signals.

The other possible isomer, CF SCF,CFHCFLCF, SCF, is not observed in the 19F

37772 277753

N.m,r, spectrum., The CP,5 signal is a sensitive probe, but no trace of
2

n s .. N . N .
0*33 Signals for this structure ave found, although it may have been

Present in minute quantities.
19P

!

Table 1,14 summarises the information that can be gained from the
D.m.r, spectra of the compounds CF3S(CFZCFH)HSCF3, n = 3,4;5,6,7; i.e. tie
CF3S 8ignals. Although there are signals detected due to CF2 and CF groups,

a83ignment of these to isomeric stuctures is well nigh impossible due to
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the shecer complexity of tie systems., Tue H n.m.r. spectra are zlso not

very helpful; all bear a very great resemblance to tiat of LL7~\;TZCFI)?SCJj.
3 4

N
The 9F ne.m.re spectrum of CF_S(CF _CFCL)

5CF, shows three CF_5 signs
J - 4 &d A “ — i
U2 3
of

one of which is 1/3 of the neignt the other “two siyrnals combined. There
are also three CF2 signals and tiwree CF signals, with one being 1/3 of the
heignt of tlie otner two combined in eazcih case, This would suggest a

symmetrical compound and an unsymmetirical compound as in the carlier cases

of CF S(CF CTH),SCF, and CF S(CFQCV ) SCF_, but this time the symmetrical

27" 3 3?

structure is nresent in ithe smaller amount. The cnemical shifts are given

2

in Table 1,10. By comparicon with Table 1.11, the CFBS signal of tne

1"

symmetrical structure is assigned io uF,S(CFQ). This is confirmed oy tle
-2

fine structure of the signal which shows a broad triplet with

J = 10.2 lz, Thus, the symmetrical structure is thousht to be
CF_BSCE2
N%SCFZCF01CFClCF2SCF3. The unsymmetrical structure can only be

CFBSCF2CFClCF2'CFClsCF3 and the chemical shifts of the CF3S groups agrec
with the ranges in Table 1.11.

TFor the CFBS(CFZCFCl)nSCFB, n = 5,4; compounds, .the 19F Nn.Mm,r, data
are given in Table 1,10, Obviously not all the sizgnals are recorded in the
table; insufficient material precludes all the signals being detected.

From Table 1.11, the CF_S cignals in both cases would z2ppear to be due to

3
CEfKCFz), but no coupling constants to confirm or deny this could be
talculated, the-signals being too complex.

; . s . . 19
The chemical shifts of the siznals in the “F n.m.,r. spectrum of

CF3SCF2CFCICFK are gpiven in Table 1.10.

For éoF2CFolcF;BFc , t.ere are two possible structures, (a) or (b)

1 an
P 1

5
D

(v)

9F n.m,r, spectrum can be explained in terms of (a), more readily than

- . 19
M terms of (b), being the preferred cstructure. T:e F sgpectral parameters



S-CF,=C  C=CF,-C  $=CC1P-C  C-COLF-C
(1) (2) (%) (4)
34(ppuma) | +67.7  +105.7 +75.7  +116.1
§8(p.pum.) | 492.3  +133.1
IJAfl’”Z Y1 214.2 2431
Table 1.75 : 19? n.mn.r, parancters of éFguEClCFZCFClé

are listed in Table 1.15. The fluorines df the CF2 groups are analysed as

AB spin systems(69). Reference is made to 51m1]1r comnounds such as

éCFQC ClCCl 20?01, investigated by Tatlow et al (199), in assizning signoels,
‘The F(1)B 3ignal is basic2lly a doublet with J = 16,2 Hz., probably from
coupling with F(4). F(?)B iz a trivlet with J = 14.1 Hz.; this is most
probably due to equal coupling to F(B) and F(4) to give an overlanping
doublet of coublets with J(1)B(3) and J(1)B(4) both 14.1 iz, Further
coupling of both F(1)B and F(Z)B is observed but is too complex foxr a full
analysis, as are the F(7) and F(4) signals. The F/2)A simn2l zas toth

a1

wrancizes as extremely siarp lines with very little coupling evident in the

expanded signal,

g and Sederholm iLave studied the following systems (139).

II(1) I1(dii)

Although they found coupling bLetween the two CF3 groups in both the cis

conformations I1{i) and II(ii), they found no coupling in the trans
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conformations, There are too many tonds bayween the CF3 sroups, tnéy
argued, so ihzat any coupling would have to be "through - space" ccupling,
no "through = bond" coupling being possible. In the frans forms, tiiere is

no way that the two CF, electron clouds czn interact, 4Lence there is ro
2, v

"througn =~ space" coupling. This is evidenced by the sin le line resonzncce.

In the cis forms on the othier honc, *the electrzon clouds of tie two CIF

groups can interact and "through - space" coupling ic obzerved.

———

Thus, only in structure (a) of éFQCFC]CF CkC1ls can there be no
coupling to the F(2)A fluorine and can thc’F(1>B and F(2)B signals show
the splittings observed. The slight anomaly is the F(1)A fluorine which
does not give as sharp a signal as tiat of the F(Z)A fluorine., Taere must
be glight interactioh with other fluorines, but how this can occur is
not exactly clear.

Table 1.10 lists the '“F n.m.r. chemical snifts of bthe CP.5 signals
of the products of the reaction between CFBSSCF3 anc 0012=C012. Tue signal

for CFBSCCl CCl, would appear to be somewhat lower tiian one would expect,
J .

2
but identification by its mass spectrum is positive ani the reason for the
signal value being low must be put down to the greater electron withdrawing

power of the CCl, group compared to the CF_ S group (in CF330019001 SCFB)'
) < <

3

~

Mass Spectra of Bis(trifluorometlylthio)rlkanes and -fluoroalkenes,

Theoretical considerations srow that the ionisation process in mass
Spectrometry is not simply the removal of an electron from a single bond
in a molecule (194); the redistribution of clectronic charge between the
bonds takes nlace so rapidly tiiat all the bonds are weakened simultaneously,
out there will often be some bond which is weakened much more tlan others
and bond ionisation can be interpreted in that cense. For large polyatonic
Molecules, it is tunought that there is a mechanism waereby the "wcak -
Point" can "yander about™ in the molecule, dissociation occurring when
~the electronic configuratioﬁ enables it to take place most easily (194),

h133turated hydrocarbons, the above ideas i.old very well such that the
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subsequent decomposition can often be evaluated =statistically, but wien
heterontomns are present in the molecule, ihis t.eory iends ino bdreak
down (195).,As far as cecomponition of a molescular ion is conuerined,
it is neitler necessary nor important to know how ani from wiere thé
initial electron is vemoved. A preferred charge localisation coacept
is suggested whereby the charge ic preferzntially loc%lised on one a
Just before decomposition of the molecular jon (195). Frequently, this
‘atom turns out to be the heteroatom in heteroatom - containins hydrocarvons.
‘The feal significance of this localised charge concept is in its ability
to predict which bonds are most likely to break in a given molecular icn.
Although the stability of the fragments, both charged and unchar;ed,
which are formed in a fragmentation process may often play an important
part in determining the mode of fragmentation (194), the major fragments
in mass spectra are best rationalised by bearing in mind that %he most
stable ion products are those which are formed by the most favourable
reaction pathways (195).
Certain modes of fragmentation are confirmed by the observation in
the mass spectrum of metastabie veaks, These are usually weak diffuse
signals and often appear in the mass spectrum at non - integral masses.”
How these peaks arise is well understood. Some of the ions formed in the
ionisation chamber of the mass spectrometer are metastable. That is to ey,
they are sufficiently stable to be withdrawn in large numbers from tie
ionisation chamber but their nalf - life is extremely chort (gg. 1 micro=-
second) ang mény of tiiem will dissociate during their passage towards the
collector, Some of tiecze ions, of original mass m1 vill of course reach
the collector without decomposition., Others will decoizpose to pive ions

of mass m, (plus neutral frasments) vefore leaving tie ion chamber. Zence
Deaks corresponding to both the initial and final masses, m, and m,
resPectively, will be observed in the mass spectrum. It is the metastable

transition m,—> Ay occurring between tne ionisation chamber and the

®ollector which gives rise to metastable peaks in the mass spectrum,
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Thus, a metastable peak, m", is entirely cleracicristic of the metastable

transition which gives rise to it =2rd the sosition of m” in the :x

épectrum is calculated from the equation m* = (m2)2/m1.

In contrast to Lydrocarbon compounds, which normally give rice %o
positive ions on electron bombarcment, the high electronegativity of
fluorine would suggzest that negative ions could be formed ag well as
positive ions on electron bombardment of fluorinc containing connunds.
Wegative ion mass spectromeiric studies have shown that this is indezd

the case e.g. SF6 and CFBC(O)CF both show negative ion mass spectra (197).

3
It has been shown (198) that the fragmentatibn modes of the dithio-
ethers R—S—(CHQ)H—S—R follow clogsely those established for simyle thic-
ethers (199), For simple thioethers, it was found that Kcleavage, éﬁ
cleavage, and &, B cleavage with hydrogen rearranzement are the ti.ree
important fragmentation processes. In this work, the definition of & and

B cleavage given by Levy and Stahl (199) rather than that used by

Budzikiewicz et 21. (195) will be used, viz. :-

+
K cleavage R-§-R —s RSt 4+ R°
T o+ .
@ cleavage R-5~C-R —>" R~S=C + R
: oAy Pcleavage A PR - , ot .
with hydrogen R}g—s{g;g—n — R* + O=SH + C=C-R
rearrangemendt Py b

(Egzg: a2 single headed arrow is used to denote a one electron transfer and
' a double headed arrow to denote a two electron transfer.)’

Six major fragmentation pathways were established for the aliphatic thio-

ethers (199) and these are listed in Tabdble 1.16.

S?RIﬂS ; N ION TVYPRH
i St
CHe1dN-1 0,1,2,3, eto. J (CUp)nSE
or R-S3
M-14N 1,2,3,4, etc. R-SH
M-14N+1 1,2’3,4, etC. R-SH2
M-148-5 29954445, CnH2n+1
M-14N-6 2,3,4,5. CnH2n
M_14N-7 2,3,4,5. CnHzn-1

Table 1.16.
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The mass cspectra of tie bis{trif luoromctiylthio)alsones and —flusroalizncs

1=

and related compounds are given ia Tanle 1,17. In tue caze of ions

C“\

4.

e T
containing two sulphur atoms, the ions lisied refer to S7°87° contrilb

Similarly, ions contzining cilox are nutoted only for those contal

the 0135 izotope. Wiere more than one ci:lovine atom is present,

characteristiic isotope ratterns are obscrved (194);

2. 2%
95. 1% 4

-—

€ole @

Isotope pattern Isotope pattern for
for 1 sulphur 32.3%% 4 chlorine atoms.
atom.
20.6%
» 4.5%
4.2% ,

0.74% 0i4%

(] N X
832 533 834 (0135)4 (0135)2+(0137)2 (0157)4
(c1%%) gr02% c1524(0177),
‘Pig, 1.10
Except for 3330012001 S0P 50 all the bis(trifluoromethylinic)szlianes

and -fluoronlkanes show molecular ions, as is found witlh alipaztic

dithioethers (198) s«nd thioethers (199), although incrersing the amount

of halogen with respect to hydrogen decrences the relative abuninnce of

T4

i

the molecular ion eg. CF5SCI2
for the molecular ion whilst %

55CF, has a relative ~bundance of 465
~
he relitive abundance of the molecular ion of

CF33(0F20F2)QSCF3 is less than 1% and the molecular ion of CFBSCLIZCCI,oCb

15 not ohserved at 2l1l. A similar trend is skhown in the fluoroeinanes (145)

a8 shown in Tzble 1,13

Relzative abundcdance of

Pluorgethane Moleculaxr Ton Cﬁl“‘__
: o1
Fe 0.15
CF¥F_CH 1.16
3773
0.0
CFH20H3 1

(continued on parce 84)

NP
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Pable 1. 17

(1) OF ; 3C1L,CH,5CF ; &

=2 )
230, 46, C¥ ¥, 5CH,CR ;, 161, 6, CF,5CHCHS ; 129, 72, CFBSChzcn;;
128, 10, 015302 ; 115, 100, GF,SCH; 101, 1, CF53+; 82, 5, CF,5";
69, 65, ch; 63, 19, cFst; 60, 17, SCzH4, 59, 32, SC,H;; 58, 17,
SCQHQ, 57, 6, scza*; AT, 41, QCUB, 46, 15.5, an:, 45, 30, SCH';
44, T, 865 32, 5.5, 8% 31, 4, CFF; 20, 17, C,hp; 27, 26, C,HY;
26, 9, CZHZ.

(2) cr,scn(CH,)CH, wCr3°

+

244, 28, crj SLH(CH Ye JCF 175, 2, SCH(CH )CH SCFé 14%, 8,
CFBS(CHZCLCH Y, 142 32 cr 30535, 141, 3, c 3bc d4 129, 100,
CFBSCnCHB, 115, 41, crjscnz, 101, 1, C¥, s*; 91, 6, scficp2 or

CFoChChS, 82, 5, cr2 sty 76, 2, coscnt 74, 5, oSCH(CH )CH; 73, 12,

sc.ut; “72, 3, sc.ut; 71, 6, L; 69, 88, CFY; 63, 11, crst;

c'\

305 347 U3 3} .
61, 16, SCH20U7, 60, 11, 5C,Hy3 59, 17, bC2H3, 58, 10, scznz;
57, 3, SC,E'; 47, 43, SCH;; 46, 12, ocvz; 45, 37, SCH'; R s¢’;
2, 23, CHBCHCHQ, 41, 83, Cﬁf:w 40, 1, C;H4’ 39, 39, O 33 38, 6,
3 2, 3Ty 3, C3h s %2, 7, 53 31, 6, CF 29, 2, ChﬁcﬂZ’ 28, 15.5,
+
c, 4, 27, 23.5, C,Hy; 26, 2, C2h2, 15, 2, CHB.

(3) g 5(CF 20F21230W5:
402, <1, CF b(CP2CF )5 3; 333, 1, CF,3(CF CF2)23+; 301, <1,
CP s(cr Cﬂz) 251, <1, CF,SCF,CF,Cip; 201, <1, CF,SCF.CFh; 181, 1,

| 3V 0 2; 372 2}
4 1 151, 20, CF;bC 131, 10, C5F5’ 113, 3, SCZFB; 100, 9,
F 82, 5, CF,S ’ 69y 100, CF 63, 1)) CFS 507 1y CF 32, 1’

2

2’
+
$75 31, 5, c¥t.

5’

(5) cF SLF(CF )CF,S

L

352, 1, CnBSCF(LF )cp OCF; 251, 10.5, CF,SC 5 g 245, 3, 5,C,F 7, 201,
CFBbCFCFB 163, 9, CF;SC, ; 151, 39, CF,3 CFr 53 150, 2, CFBCPCFz,
131, 3, C, FS, 113, 1o, 802F3, 101, 2, 0133 100, 5.5, CFCFB; 94, 3,
SC,Fy; 82, 6.5, cF 55 69, 100, CF; 63, 23, cF3*; 50, 1, CFp;

32’ 1’ E’ H 31, 6, CF .

1,
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Table 1. 17 (cont.)

(6) ___35_[._05 or, )] pacr,:
502, 1, CF,3 [[CF,Co(CT, )] JCAB ") 433, 8, (u—cv5)+ 401, 2, (i-ci, o) ;
395, 2 (M—CF end 2F)7 3 313, 1, LFBDbW2“F (cF,)cr=CsT; 181, 4, Cdl/’
151, 10, L,UCE 150, 1, CBFZ; 144, 1, v5‘4; 131, 5, C.F s 113, 3,

+ 375
scng; 100 3, crcrj, 93, 1.5, C5P§’ 82, 5.5, CFzs.; 69, 1oo cxu,

63, 20, CFs'; 32, 2, st; 31, 1, CF'.

(1) QEBSCFZC“ SCF3~

266, 11, CF ;SCF,Cli oCﬁB; 165, 64.5, CF S(CF CH )+ 151, 4, CF3SCFZ;
145, 9, CFBDCHCET 127, 6, oCBH LB; 115, 41, CF)SC}; 114, 1, Cb3b0ﬂ+
113, 12, CF_sct; 101, 3.5, CF3 *.7 96, 8, S(CH2CF2)+; 95, 7, S(CLCF )

: ;

94, 2, 5b2F2s 83, 5, CFQOH ;3 82, 9, CFQS+; 1T, 23, bCQFZE 3 76, 2!

SC,HF; 75, 1, 502F+; 69, 100, CE;; 64, 26, CF2CH;; 63, 24, CFsT or
v Ant + Tt s .
CE2Ch 3 58, 4, D02 3 5Ty 4, DCEH ;s 51, 4.5, DB+; 50, 5, szv 47, 13,

SCEYs 46, 23, SCHy; 45, 44.5, SCH' or CFCL;; 44, 5, sct or crcit;

3’
33, 8, skt; 32, 4.5, st; 31, 11, cr¥t.

(8) cw _Lpr cH l DCFB‘
330, 8, “cr a(cr CL,)2aCF; (v*); 310, 11, (u~ur)t; 261, 13, CF3S(CF2CHQ)2b+
229, 14, CF3Q(CF "H2)2, 209, 9, CFBS(CH CF )(CF*CF)+; 195, 21,
CF§KCH=CF)Cr2; 192, 8, S(CF oCIL, 2"*; 165, 17, CF, D(Cr20H2)+; 164, 3,
CRyS(cF,, cH)"; 159, 5.5, S=CHCF,CF,CHp; 151, 1, CFBbCFZ, 145, 5,
CF,s(CH=CF)*; 141, 1.5, S(CFCH,)(CF,CH )+ 127, 5, bCBHQPB 121, 1,
SC4H3F2, 115, 100, CF bCH; 113, 7, bczﬂ ; 100, 1, CF, F;, 96, 5,
s(Cr,cF,)*; 95, 8, s(cucr,)"; 82, 3, CF, Tio77, 13, S(CHZCF) i 16, 3,
s(crcH) ; 69, 72.5, CF;- 64, 15, CF,Clp; 63, 16.5, crst or CF205+;

51y, 4, SF*; 50, 1, CF2, 47, 3, sca;; 46, 19, SCLQ, 45, 32, SCE' or
CFCHQ, 44, 2, sct or crcut; 33, 5, sut; 32, 1.5, sT; 31, 4, cF'.

3
+
5
S

+

+
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Pable 1.17 (cont.)

(9) cE;s(cu,cn,), 50,

594, 4, 0F3 (cracrc)jocpg (1) 375, 2.5, (=F)%; 374, 13, (b-1E)T;
355, 6, (1-1,27)"; 354, 3, (u-25¥)7; 335, 2, (-2H,39)%; 305, 1,

(v- ) 305, 4, (Y~CF5,HF)+; 29%, 2, (H—CF35)+; 285, 1, (“_CFb IIOME
279, 1, (n—CFjSCh Yyt 273, 6, (F—C?JS,EF)+ 259, 2, (H-Cu. wou),nL)+;
253, 2, (L—C“3S,2ﬂ*) ; 229, 1, CF_ S(CF cqz)z, 213, <1, CF5S((L Cu,)Cﬁz,
209, 4, C¥. s(cz =CF)(CH, 0r2) ; 193, <1 CF,3CH=CFCF 2, 189, 1,

CF S(CH_CP) 179, <1, CrBSCh2CF2C 2, 165, 14.5, CF. D(bn cr )+ 159, 5,
CF SCH=CFCH,, Te 145, 4, CF. S(LH~CF)* 141, 1,

; o3 151, 2.5, CPSCF;

SC4H4F2 139, 3, SC,H F; 127, 7, SC3H2F2, 121 3, aC4H5F2, 115, loo,
CFBbCBQ, 11%, 16, DC P 108, 2, CF,CH,CF=CH ; 107, 1, CF,CuC¥= CH;
101, 2, CF§*+, 100, <1, CFQCFé, 96, 2, S(Ch2 2) 595, 11, S(CHCF A
89, 3, CFCHECF=CH+- 82, 3, CF2S+’ 77, 24, b(CH2CF)+; 76, 1, u(Ch_c*‘f‘
15, 2, SC,F3 69, 44, CFB, 64, 4, Cr2CH2, 63, 10, CF, cit or crst

59, 4, CH,CFCH 2 57, 2, CHCFCH'; 51, 5, SF'; 50, 1. 5, CFQ, 47, 4,
SLHj, 46, 11, QCP2, 45, 19, scE™; 44, 3, CFCH or sC*; 39, 4, 03H4,

3%, 3, SH'; 32, 3, sT; 31, 2.5, CF'.

(10) gg s(CF CH214SCf :

458, 4, CF 5(0r,08,) 50T, (m*); 438, 5.5, (v-ur)*; 419, 1.5, (&=1,2F)7;
389, 10.5, (V-CF3)+ 357, T, (M-CF s)*; 343, 2, CF S(CF CH2) cv+~

357, 3, (m-CF3 JEF)Y; 323, 16, (h—CF 5052,HF)+ 320 2, S(CF CH )4 st
293, 2, CF S(CF2CH2)+, 279, 1, CF b(CF crz) 27%, &, C7H5FBS ;

239,. 2, 6H3F st 253, 2, CF. S(CH CF )(Ch~br) 229, 1,
CFB(CnQCFz);, 223, 5.5, CFBb(Ch CF )(CH~CF)uh 215, <1, CF Q(CH CF )L*
209, 4, CFBS(CH 2)(Cu_CF) 203, 4, CF s(Ch_CF) Ch 189, 1,
CFD(Ch_CF) 179, <1, CF,SCH,CF cat 165, 14, CF b(CP2CF2)+; 159, S,

2 ool
W%SCH.CFCH2; 151, 3.5, CF.SCF*; 145, 3.5, CF. b(CHCF)+ 141, 1,

3 2’
SCH,CPCH CFZ 139, 3, SCH:CFCHCFE 127, 7, SCBA2F5, 121, 2, SCH=CFCH,CF';
115, 100, CFjSCH 113, 15, SC,Fy; 108, 2, CBQCHebF—Cn+; 107, 1,
CF.crcP=C.*;” 101, 2, CF58+; 100, <1, CrQCFg 96, 2, S(CH20F2)+; 95, 11,

+ " - -
“CﬂCFz) ; 89, 3, CFCH,CF=CE'; 82, 3, OF,87; 77, 10.5, 8(Cu,CF)"; 76, 1,

S(CH=CF)*, .
)75 75, 2, SC,F%; 69, 44, CFj, 64, 15, CF,Cib: 63, 10, CF,CE* or

+ .
CFi} 59, 4, CH,CFCH ; 57, 2, cicrei™; 51, 5, oFY; 50, 1, CF;; 47, 4,
SCit,

35 46, 11, SCHS; 45, 17.5, SCH® or CH20F+; 44, 3, sctor cucrt; 39, 4,

+
Cfg; 33, 2, sut; 32, 3, s*; 31, 2, c¥t



mable 1.17 (cont.)

(11) CE. 919:201 l 50T,

522, 5y CFBQ(LF cH ) UCF3 (i*); so0z, e, (w-ur)t: 4083, 5, (8-1,28)7;

163, 2, (v=2up,¥)*; 453, 1, (m-ur)) s 43%, 1, (h-CF,,;F) s 421, <1,
UhCFBS) 5 407, <1, (M-CF SCH ) 5 401, 3, (L—Ck r}) ; 387, 6,
(M—CFESCHg,LF)+ 381, 1. 5, (h—bﬁ s,2q9)t; 373, (m-craizﬁp,p2)+;

367, 3, (h—CrBSCH L2iF)ts 357, <1, (A—CFBDCH20F2)+; 34%, &1,

CFBS(CF o) CF2, 337, 2, (M—CFBSCLQ 2,HF)+, 303, 3, '

OFy S(CF CH ) (CF Ch)CFZ, 293, 1, CF (CH 0;2)4, 279, <1, CFTS(CFzCHZ)ch;,
273, 4, CF o(CH€LF2)2(0h=Cf)+' 259, 4, CF, D(Cn CF. )(CH:C“)CF 3 243, <1,
CF S(Cd ) CH,; 229, 3, C 5 s(CH Cr2)2, 22%, 1, CF_ o(Ch CF )(Cn_CE)Cﬂ;;
ms, <1, CF Q(CH CF )CF 209, 6, CF, s(cn CF, (Ch—CF) s 203, 2,

CF S(CL_Cl) CH 19;, 1, CF. u(Cn_Cb)CF2 179, 2, C”)*Cn2CF Ch 165, 13,
CF S(CH CF, )+ 164, 4, cr,s(cucr, )" ox CFOP,C h2bF2, 159, 8, Craoch-cp‘“ﬁ;
145, 3, CF5 s(ci=cF)"; 141, 1, de20F0H20P2, 140, <1, SCi= CFCn2CF2,
139, 2, SCh_CFCHCF2, 127, 6, scjnzr 121, 2, SCH:CFCH2CF ; 115, 100,
CPBSCdé, 113, 20, sczF3 10,, 8, Cr20ﬂ20FCH;; 108, 2, CF2€H20F=Ch+;

101, 1, Cr3S+; 100, <1, CFZCFZ, 96, 1, S(CH2CF2)+; 95, 12, S(CHCF2)+;
89, 3, CFCH_CcF=Ci™; 82, 4, CF s 77, 8, s(cx, cm)*; 76, 1, s(ci=Cr)*;

15 1, SC,F7; 69, 30, CF-, 64, 14, CF, CHQ, 63, 5, CP,CE or Cits™;

59,+4, CH,CFCH,? 57, 1, cicror’; 51, 4, S5 50, 1. o1 CF; 47, 3,

SCH;3 46, 5, SCHp; 45, 10, SCE' or Ci,CF'; 44, 2, SC or crcrt;

2

2
+
3, 2, SE'; 32, 2, s*; 31, 2, cF'.
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mable 1.17 (cont.)

(12) CF. u(«g anl,)bb :
586, 4. 5, CR. u(uv CH ),DuF; (1*); 566, 11, (=mR)Y; 547, 7, (Gi-i,2F)%;
546, 2, (m-218)"; 517, 5, (o ~Ccr,)"s 485, <, (5-CF,5)"5 471, <13
QPCEBQCH Y5 451, 2.5, (H-cf3o0L ) 431, 2, (I-CF33052,2ﬁF)+;

421, &1, (M= cw 8CTI,CF )+ 407, <i, (m-CF5 CH2Cr2bn )7y 401,

UECF3 SCh Crn,HP) 357, 5, (li=CF, 3SCH,CF,Cit,, JHR) T 381, 1,

@%CFBSCLZ 2,2Hr) 3 367, 2, A-Cb bCH20P2Ch2,2HF)+; 35T, <1,

MBS(LP CF2)4, 34%, <1, CF, o( H,CF ) CF2; 323, 3, CF3
293, 1, CFBS(LH CP2)§ 279, 1, CFBS(CLQ 2)2012; 272, 4,
CF38(0H20F2)2(CH_CP) 259, 3, CF)S(CN CF?)(CH=CF)CF s 243%, <1,
+ 3 B
2)? cH 229, 3, CFjb(Cl CF, 2,
mm, 6, CF Q(Cn CF )(Cu_CF) 203, 2, LFBS(CH=CF)ZCu2, 179, 2,

CFS(CH CF 223, 1, CF o(CH CF )(Cn CF)chz,
CF_SCH,CPF cn ; 165, 13, CF S(Cn20r2) s 164, 4, CFBS(CECF2)+ or

\,\)

Cy

2
/9

D\Cr w

2)?(Ca=c?)cpz;

;
CF;HénggT;§ 159, 8, CFjbCH_CPCu;, 145, 3, CFBSCH=CF+; 141, 1,
oMICFCP2CFZ; 139, 2, bCh_CEChCP2, 127, 6, SC;L¥y; 121, 2,

SCH=CFCE,CF"; 115, 100, CFBSCE2, 113, 18, CF3b0+ 109, 4.5, CF,CH, CFCH2,
108, 2, CF2bHQCFCH 101, 1, CF33+; 95, 11, bthrz, 91, 1, SCE CFCHZ,
89, 3, CFCIH, creut; 82, 3, cFsT; 77, 8, SCH,CF'; 76, 1, SCL=CF ;

2 2
75, 1, SCCFT 69, 27, CF,, 64, 1%, CF.CHY; 63, 4.5, CF2CH+ or crst;

2 2’
9, 4, CHQCFan, 5T, 1, CFCECF 51, 4, S¥'3 50, 1, C ;, 47y 3,

sm%, 46, 4.5, SCHp; 45, 9, scHY orCh, CF'; 44, 2, 3CT or Ch=CF'

2
33, 2, sut; 32, 2, sty 31, 1, cF'.
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Table 1,17 (cont.)

(13) Ci;5CF CRIL5CF,:
284, 1, cpjacr CFisCi; 196, 27, 0yascpﬁuy=s+; 18%, 9, Pw3<(cw crn)t;
177, 10, CE )O(CF_CM;S 16%, 3, C¥ SCF=CF'; 157, 5, C# sccs™: 151, 14,
CPBSCWQ, 145, 3, CF )(CFCh) 133, 23, CF3SCFH+; 132, 3, CFBSLF+;

127, 2, SCFHCFsT; 114, 4, CerCh 113, 41, CFBSC+; 107, 6, scicst
101, 5, Fss*; 95, 36, SC.F.H'; 94, 5, 50,7 2, 87, 2, SC.¥; 83, 3,

272 5
T ]+ ‘+ ﬁ + 1

SCH:Z; 82, 53, CF2b or CF,CFH ; 76, 5, DLQFh s 15, 9, SC s 69, 78,

3 51, 30,

2 2
crt; 64, 35, scrut; 63, 36, SCFT; 57, 3, sc.ut; 56, 2, sC
SF*; 50, 3, CFZ; 45, 100, scit; 44, 4.5, ¢ oor ¢ FEY; 32, 3, T or

2
+ + 2
CFi"; 31, 20.5, CF',

—+\.\:+

’
l?
+
2

(14) cr O(LF CFH), scr):

366 4, CFjb(CF CFH) bCF3 297, 6, cras(cr CF ) st 217, <,
(CszIH)(CF=CF)S ; 265, 3, CF S(CE CFn) 239, 1,

CFBS(Cr cFH) (CF=CH)s*; 233, 2, CFBS(CF CFh)CF 5 227,

CF s(CF cru) (cr=cu)*; 213, 2, CF3503F4, 209, 1, b(cr CP.)CPHCF=s"

196 2, CFjoCPHCP cit; 195, 3, CF3S(CE Cn)LF2~- 183, 6 CF. S(LFHCEH) ;
177, 9, S(CFCPH)(CF2CFH) s 164, 2, CF. s(crucr)t; 163, 3, CFBQLP_“ﬁ+

2,

151, 14, CFBSCF; 145, 4, CF b(CF CH)"; 133, 50, CFBSCFn s 132, 1,
(CF2

CFH)CF2 or CFBSCF 131, 2 CrQCFLFQ, 111, 1, SC,HF, or 03H214,
S 113, 14, 0021«“3 107, 2, SCBHFQ, 101, 6, CF,575 95, 16, SC F2H 94, 2,

s¢,F°; 83, 1, SCuFY; 82, 16, CF st or cr cPrt; 76, 2, C_H_¥. or SC_FH;

2" 23 . 2’ 2" 2 M 3Hof 2 2
75, 3, C,HF, or SC F 69, 100, CF3; 64, 7, SCFH'; 63, 7, CFS' or

30 5
¢ F.H; T57, 16, C PH+ or 5C H 51, 20, S¥T; 45, 42, scEt; 32, 2,

22 32,
st or CFH+; 31, 5, CF'
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Table 1,17 {cont.)

(15) GCF )(yF cpu) 5C LD

448, 1, Cf (“ CFH)3°C} (") 429, 1, ()5 428, 1, (EeEE)Y; 379, 1,

(M-CF3)+; )47, 2, CFBQ(Lr?clL)B; 315, 1, CFEL(CF CFH), 0“2; 309, 2,

CF s(cw CFL) (LF~bn) 297, <1, CF. ~/CF_CFﬁ)Qc;L+, 295, 3,
5(CF CPP)(CE bb)CF2 265, 2, Cr.s(CF hCF2);; 259, 2,

CF s(c 1CF )(kH—Pb)CFn 5 245, 1.5, CF b(deCF Y(cr=CcF)¥; 233, 3,

CFyKCF CFh)bﬂ 5 227, 1, CFBS(CF Lrh)(LF ci)t; 213, 2, CFBQ(Cr bE)CQ;j

195, 2, CPBD(CF_ CH)CFy; 183, 9, CFBS(CFZCFh)+; 177, 5, 5(CFCFR)(CFC¥i)"

or C_H r,, 164, 1.5, CFBS(CFMCF)+; 163, 3, CF,SCF=CF'; 151, 18,

R 5

CF,SCF,; 145, 5.5, CF s(er=cu)¥; 133, 91.5, CFSSCFH+; 131, 2, C¥_CICF

\N \,\.

+

3 ? 3 N E
113, 15 5, 302F3 or © Hﬁ4, 107, 1, SC,HF, or C4H2L3' 101, 7, CF.57;

¢ 3 e + » 0L 1". A =t 3 Q
1mn+1, OF ,CTp; 95,+16 50,7 " ox CEFT; 94, 1, 0C2r2+or CEFY; u3,+2,
SCHFy; 82, 14, CF,S* or CP,CEH'; 76, 2, SC,Fi or C, B 55 75, 3, SC.F
orCSHF;; 69, 100, CF;; 64, 6, sCFit; 63, 14, cFst or crucFt; 51, 22,
SE*5 50, 1, CFh; 45, 40, soi'; 32, 2, cPEt or 5% 31, 5, oFF

(16) CFzs(cr2CFH)ASCF3

530, 1, CF b(CF ori) bCﬂ; ) 511, 1, (M—F)+- 429, 3, (M—CF)S)+-
409, <1, (n—bFBS,dF)+ 597, 3, CF. b(LF CPJ) Cr 391, 3, (1=CF b,hi)*
319, 2, CﬂBD(CF ”Ph) cruat; 347, 1, CF o(CF CFu)*, 315, <1,

ﬁgb(CP CFR) crz, 309, 1, CF o(CF CFn) (Ch_bF)+ 297, 2,

QFS(CF CFH) cret; 277, 1, CF éo(Cr CFﬁ)(CP_bF)Ciu s 265, 2, CFBS(CFZCFh);;
259, 2, CF)b( rQCFH)(CH_CF)CF1 5 245, 1, CF,b(bPQCFH)(CF=CF)+; 233, 4,

CF S(Cr CPh)CF s 227, 2, CFss(CF cri) (ca=cP)*; 213, 3, CF5SCF (cr=Ccr)¥;
195,3, CF,5CF, (CH_LF) 183, 12, CF b(Cr CFH )*,+ 177, 7T, C/H2E5“+ ir

CDHBF/, 164, 2, c¥_ s(crucr); 163, 5, cpﬁscF CFY; 151, 20, CF,3CF;
+

Q NI (YD = T Wyainl '+_ 4 Qe . v T e
145, 7, CF§D<Cﬂ 2)7s 133, 68, CF,SCFRH'; 132, 3, CFjbbF or Cr2CfL012,

} -
? ’ 5, 28, C.F st or ¢, mrt;
131, 4, CF2uECH2, 114,+11, C HF 5" or :5 Fps 115 025 or C 113
107, 3, bCBHF or C,H,Fz; 101, 9, CFﬁ‘ ; 100, 2, CF,Cx7; 95, 28, DCFQUH
orLFuCFch 94, 2, oC2E; or C, HFB; 93, 2, CBF;; 83, 2, CF2HQ+; 82, 27,
+ - , s p pt o +
CF2S or CFQCF1L+; 16, 3, scFCut or (,, 2 2; 75, 5, DC2F or CBan, 69, »
_1°°’CF;; 64, 16 5, 3CFET; 63, 22, orst or cFcsT; 51, 22, SFY; 50, 4,

+ y ,1+
Py 45, 55, cust; 44, 8, T3 32, 5, CPH or 375 31, 17, ¢,



Table 1.17 (con‘b.)

(17) G, 3(CH,C¥N)  SCT, 3
/ -

+(18) CF, ~»sgc~s- crm)f..m;:

+(19) CE CF,CUH) 7008, ¢ :

116, <, ciau(ch ‘H) SRy (K1)s 157, <1, (-P)5 694, 1,

or,5(CHy CFH)680F':- 67), 2, CF,5(CF,CrH )*- 655, <1, Cl*‘_jS(le'2()ii‘H)6(CE‘:CE‘)+;

643, 2, CF,3(C¥, :'n) 012, 637, <1, CT, (u oFi) (ci=CcF)¥; 625, <1,
CFBD(CFZCI‘U) bﬁ'h 623, <1, CF s(w om) (CF--C_L‘)LII‘ 612, 1,

Cr s(cr' CFH) . DCFB 605, <1, CF. s,(cm CFH) (c u;i)CL‘,; 593, 1, CF._)_,S(CF CRR)Y
573, <1, Cl 3s(m?gcm) (cr=cr)*, 361, <1, CLBQ(CFZCJ‘A) (&2 555, < 1y
CF3S(CF CFH)B(CH—CT«')+ 541, <1, CF b(Crz(,FL) (ci _cr)cy 523, < 1,
CF b(CF th) (CH~CI«)CI‘ 511, <1 crn 0(05 (,FL)E, 401,<1,

CF s(cr CI‘11)4(CF._CF)+ 479, {1, (“*‘ h) C.l"2’ 473, 1,

CF b(Cr CFH) (cE=CF)Y; 459, <., CF o(C Crh) (w--ur)cin s 441, <1,

3
CF S(CF CFL) CH..CF)C“ 5 429, <1, c S(Cﬂ cm) 423, <1

CF s(cw CFH)B((Jn CF)CFH 409, <1, CIBS(Cf CF;,)é(cr =C¥)"; 397, <1,

CF S(CF CFH) CF 391, <1 CFBS(CF CFH) (LF~C}1) 347, <1, CF)O(CL‘ CFH 3,
315, <1, CF s(c; CF.rI) 309, <1, CF o(cr ,CFE) (Ch..CF)+ 295, 1,

CF S(CFQCFTIf(Cn—CF)C 277,<1, cwio(cl« C_UP)(CJ.‘ CI’)CFH i 265, 1,

CF b(CF CFrI) 259,< 1, CF D(CF CFH) (CH=CF¥)CFE'; 245, 2,

CF S(CF CE H)(Cr =Ccr)¥; 233, 7, CFjS(CF CFH)LEM 227, 2,
CFBS(CF CFH)(CII_CF)+ 213, 3, CF,5CF, (Cc¥= Cl")+ 195, 3, CFBSCFQ(Cﬂ=CF)+;

183, 15, CFéS(CFQCI‘H) s 177, 2.5, C4H21 st oor 051133'6; 164, 1.5,

CFBS(CFHCF) : 163, 5, CF_SCF=CF'; 151, 19, CF SCF2, 145, 9, C]:‘j”(Cl"=CH)+;

3
133, 100, CI‘BSCFH+; 131, 5, CrZCFCF'z, 114, 1, C2nF38+ or 05}12}“4, 113, 20,

CFBS or 03113*4, 107, 1, SCBhF or C4H2F3, 101, 4, CFBS 100, 1,

0“20F2, 95, 22, 5012011 or CFuCF2CL 5 94,«<1, SC F or CBHI‘é 93, < 1,
oot ot

33, 83, 1, CFQhS ; 82, 11, CF,S" or CFQ(,_H ; 75, 2, SC,F or “3*“2’

69, 49, CF?; 64, o, scruty 63, 6, cFst or CFHCF'; 51, 13, SF'; 50, 14,
CF 45, 2, cust; 44, 2, cst; 32, 2, crut or 3*; 31, 3, cF'.



Table 1.17 (cont.)

(20) §§;cvﬂwcw CKFC13:
264, 22, d;2u¢ulbi201UlS (i) 245, 3, (H-F)t; 232, 2, CF2CECICE20F01+;
229, 61, (“~“1)+~ 213, 1, C4F Cl3; 182, 25, CFCICFCFCLT; 163, 3,

C.F 01 148, 5, S(LF cre1)’s 147, 85.5, ¢,F 1% 144, 1.5, ¢ ¥, 8"

33 R S 374"
143, 1. 5, C4F5;, 131, 54 5, CéFr; 125, 5, cjr3~ ; 116, 32, Cift,CFCLY;
o+ Al ¢ many ot - 'L
13, 33, C,F;575 112, 3, 03}4, 110, 2, ¢,FC15%; 109, 4, LBPg :
106, 2, C;F, sty 98, 26, crcist; 97, 2.5, 02F201+; 94, 8, C F25 93, 15,

%F3, 85, 31, CF201 s 82, 7, CF26+, 81, 11, c?Fj, 79, 27, CClsT;

14, 5, C 5 ;, 69, 62, CFgr; 66, 8.5, crc1t; 63, 100, crst; 56, 1, czs*;
+ ot

50, 5, CFps 47, 6, CCL5 44, .7, s5¢*5 35, 4, ¢1%5 32, 4, 875 31, 39,
oF,
(21) CF;5CE, CFClCF3° .
26, 2, CF,50 F2CrCICE 5 251, <1, CF3SCF20FCF;; 217, < 1, CF3SCF20F01+;
185, 28, CF CPClCPB, 182, 2, CFBSCF2CF+; 166, 1.5, 0330F01CF+; 163, <1,
Mgsnpc s 151, 37, CF350F2, 147, 8, CF30C1=CF+; 135, 22, CF,CFCL ;
13& 15, CF350F+- 131, 55, CBFB’ 116, 4, CFZCFCI+ 113, 4, 02r3 st

) 6.5, CF,3 *. 100, 29, CPBCF 98, 3, scrc1™; 85, 4, LEZCl 82, 1,
wzs; 81, 1, CF20F+; 79, 3.5, sccit; 69, 100, cr3 66, 1, crel™;

63, 12, c¥s*; 44, 1, sct; 31, 5, cF'.

(22) ¢F_sCFP, CFC1SCF

318, 1, CPBSCF20F0158Pé 280, 2, CFBSCFCClSCF;' 249, 1, CFy s(CF CFCl)S+;
A7,<1, CF S(CF2CFCI) 182, 1, CF S(CFZCF)+; 167, 2, CF3bCFCl

151, 80.5, CFBSCFQ, 132, 44, CF;SCF; 116, -2 CF2CFbl s 113, 3, C2r5"+°
101, 30, cr.s%; 81, 1, CF.CF'; 69, 100, cFt; 63, 7.5, CPST; 31, 3, CF.

5 2 3’



Pable 1.17 (cont.)

(23) CPF ULLF vvcl) 5CF_ s

- 75 -

434,<1, CF u(uw20F01)

Cr5b(CF CPCI)CTGL 5 229,

\}

\Nvu+

, CFBS(CizCCL)C' 21

25

197, 1, (CrQCFCl)(vEQCF)+; 167, < 1, C“BLCPCI

crc1(crcicT) s 151, 51, CF ,50F
S(CF cc1)s 123, 2, SC.F

101, 2, CF S+; 94, 1,

cpz +, 81, 2, CF20F+;

CFp; 44, 2, sC'; 32,

+
2’

+ Al

3F'3 01 C. }Clg,

ccicer™;” 93, 9.5, CBF;;

5 333, <1, CF “(CFQCFCl);; 283, <1,

Ty 1y CFﬁs(cchx })

£z vt .
1035, 1, eruCE_OJ or

147, 14, (CEQCF01)CP*; 129, 4,
116, 5, C¥

crert; 113,

2
s T + oL ~
85, 27, brzCl s 82, T,
-

\O
[ 451
~~
o)
123

T an = T = ~
79, 5, obCl'; 69, 100, CFy; 63, 30, cisty 50, 2,

3, §'; 31,8, CF'.

(24) cP b(gigcrcll SCF

550, 1, cr “(CFZLECI)
CF s(cr CfCl) cre1’t

CF S(LF chl)CFblg 2
229, 3, CF b(CF~CCl)GT
197, 2, (CFQCFCl)LFCBZ
cr.scrc1t; 163, 4, CF

3
C4F4Cl 123, 10, sC,
143, ), 4F5; 137! 6’

SCBFB, 124, 2, C4FZ;

110, 2, s(cr=cc1)¥; 1
94, <1, 02012; 93, 7, C
CF20F+;' 79, 4, 5cC1%;
sty 55, 2,5, 03F+;

31, 5, cFt,

+

SCF (“ )7 449, 1, CﬁBS(CF C¥

3

379, 2, (h-0r30,01 s 361,
345, 1, (h—CF5obF cn“)+ 533, 2, CF5(0T, CFC1)

67, <1, CF S(CF CFC l)bFz,
217, 3, ers(uF cre1)™;
179, 2, CFBS(CF_ c1)*;
SCF=CF* C,F bl 162
3 °F V373 :
F201 151, 8645, CréSCFz;
bC4F3, 131, 22, CB‘F,
116, 7, CFZCFul 13, T,

09, 2, c3F201 105, 1, C

-[-co

5735 2 _
74, 2, C F2, 69, 1oo, C3

50, 3, CFps 44, 3, SC3

4 5
85, 22, cr.c1™; &2, 6, cF,8%; 81, 1.5,

1)-, 399, <1,
1, (M CF
; 283, <1,
245, 3, Ci, S(L“_C 1)cre1’;
213, 1. 5, CT5C w4;
175, 1, Sb4F5 167, 1,
1, C,F 6, 159, 1,
147, 15, (C¥, C”Cl)CF+;

3b6r2,‘ )

129, 4, S(vFZC *ioo1es, 2,

sc 112, 3, C.F"

255 o 4
101, 3, CF,0
+ 3

2 ’

‘;; 66, 1, Crcit; 63, 26,

35, 1, €175 32, 3, 573
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Table 1.17 (cont.)

(25) CF. o(CF CFCL)  5CF,
666, <1, CI U(Cf WECl) bbﬂ+ (1"); 565, ¢ 1, (i=CF D) 515, <1,

3
f a3 i Al + [ —~ ey~
(M-CFBoCEQ) 5 495, 1, (1 =C¥,5,C1,)7 5 449, <1 oh S5 Zml) 393, <1,
a [y ) BRAl + ‘." 0 “ aq T
CF5b(Lﬁ2CF01)2brC1 ; 364, 1, C -j,\Cl exie 1) *, )47, 1, OUUL6L15;

333, 1, CFBS(chCF01)+; 295, 1, C‘_a( bZCfb])(CE=C61) s 283, <1,

F‘D(CP cvul)df s 267, <1, CP g(upzor 1\0 Fos 263, 1, cwascy CR=CPCF,;

24), 2, CrBS(CF cei)ercl™; 241, 1, ija~ or C . F Ll_, 231, 1, ch;;
;

4 5
229, 2, CF,3(Cr= CLl)LF 217, 3.5,«CFBS(u£°JPCl)¥ 21), 2, CEBdC,F
197, 2, C,T

¢, c1t; 193, 2, ¢ F;;‘ 179, 2, CF, D(bF—uul)+; 178, 2, C F C1%;
175, 1, “04
o,r.c1t; 1

\.N

174, 1, C5F6 167, 2, CPBQJr01 i 163, 5, CFBSCF=CF or
! AN ‘[’\T\+. E ) AhnTal N

3 3 o3 1, 041(, 151, 99, @fabufZ, 147, 16, (br26}61)bb s 144, 2,

52, 4 or C,F, 1;; 143, 2, 04 ;, 132, 8, crcicrelt or CF350F+; 131, 21,

Fr 129, 4, D(CP2C61) 25, 2, SCBF;; 124, 1, CiFZ; 116, 8, CE20F01+;

3'5’
113, 7, SC,F Tyo112, 1, C3 4, 110, <1, s(cr=cc1)¥; 109, 2, P201 ;

101, 3, CF,57; 97, 2, “2F261 94, 1, cci=coit; 93, 6, C5P3’ 85, 24,
+

CF201+;, 82, 6, CF,5"; 81, 2, CF20F+; 79, 4, sccit; 69, 100, Crb, 66, 1,
s o031, 75, ¢,

6'
Fos
62,

crert; 63, 26, crst; so0, 1.5, cFf; 35, 1, c1t; 32, 2, S

we

2

(21) cF. o~012001 SCF3
331, 2, uFBSuClel bCF3, 296, 6, CF,SCC1l=CCLlSCF 265, 2, CF,5CCL,0C ;,

3 3"
230, 40, CF,SC,C1%5 227, 21, CF;8CCl= ccis™; 195, T, CF;50,01%; 183, 87,

3 3’
CFBSCCIQ,« 164, 50, Cu12L012, 161, 58, SCCl= 0012; 160, 1.5, CF35g5001+,
129, 35, CF2SCCI++Cu1 0012, 126, 57.5, S=C= C";, 101, 2, CF23+; 94, 41,
+

02012, 91, 56, SC 01 82, 16, 0012 & CF,s"; 179, 80, SCC17; 69, 100,
O 63, 11, cFst : 59, 40, ¢c,c1*; 50, 16, CFl; 47, 55, oC1'; 35, 18,

2
€1%5%; 32, 32, s*; 31, 15, ot

(28) CF,SC.1=CC1,:

| 2 |
230, 36, CFBSCC1=” ;, 195, 7, CF3sc2012, 161, 54,02015S+; 160,2,C5F 3013‘”
129, 100, CF28001 or CCl= 0012, 106 36, S= c_cc12, 94, 60, C le, 91,

28, sc,c1*; 82, 14, cc1t ana cr s*; 79, 28, succit; 69, 42, CFr; 63, 7,

2 2
59, 20, 0201+; 50, 2, CF'

+
S4; 31’ 3’ CF+0

2
RS v 4T, 48, ccits 35, 16, 013§+, 32, 8,



_7"{...

fable 1.17 (cont.)

29) CF_SCC1,CCL,: .
( 9) _92__.2.&.3 . N ‘
300, 2, cpsscv pCC175 265, 2, CF,SCCL,CC1%; 230, 41, CIjSC,Ci 199, 49,
s <.

ccl 0“19, 195, 8, CF 0V2c12, 183, 90, OF,5CC155 164, 56, c;12=cu1§;
161, 64, SCCl= ”“1;; 160 5, CPBSb_UJl 129, 3%, CF2SCGl and Vvl-cdlf;
126, 63, S=C:cc?2; 117, 51, “13, 101, 2, CFéS+; 94, 46, . c1g, 91, 57,
s0201+; 82, 17, cV12 & CP,5T5 79, 79, scel’; 69, 100, ura, 63, 10,

“+ ~ ak 1+ - s = o (N 35 b3
CFsTs 59, 44, C,017; 50, 17.5, CFh; 47, 57, co1ty o 35, 22, c1??y 32,

35, s¥5 31, 17, CFF

Table 1.19 : letastable transitions obtained for Dis( {(triflunwon ,un"luAlo'—
alr nes a2nd -fluoroslkanes., (MF represento © the molecular lon)

m Transition m *
o, | Transition Lo = »
calce found
SSChzgjwaF/

230 mt ——--»uFBSdHOCH2S + CFy 161 112.6  112.7
230 mt 0P SCHE.CHY 4 CR_S" 129 72.3  T2.3
3772772 3
115 CFBSCHZ —> cpgt + CF,I, 63  34.5 3445
129 {CFYSCH2CHi ---»c;gs* .+ CF,=CTL 47 17.1 171

or J < .
0 SCT,CH, 5" + CHp=CH, 32 7.1
Q;BSCH(_331_22§Q25
244 Mt __-_-;0435nés; + CF} 175 125.5 125.5
143 OF 45C,] 'g —————>cyésc3ng + IiF 123 105.&8 105.9
+ ™ + 5 T (T = - C 2 d
143 BGC Hy —————#C;BSCHQ + CH,=CH, 115 . 92.3 92,3
244 ut — ¢, F st 4 cr.se 142 32,6  82.6
47376 3
129 OF,SC FCHj —_— CF23H+ + CH,=CHF 83 - 53.3 53.3
101 CF33+ —>orst + P, 63 9.3  39.1
oxr . . ’
41 CBH; -————>C3HZ + K 40 39,0
115 {CFBSCH; ———>crst + CH,F, 63  34.5 34.6
or o - =
61 H3CHSF --—-,CH2S+ + 1CIL, 46 3447
129 CPBSLHCH; —————»CHBS+ + 10TCF, 47 17.1  17.2
6 { "+ T = s
0 SC,H 4 —_— ’ + CH,=CH, 32 171
- 60 SCQHZ —-——>02H; + IS 26 11.4  11.5



Table 1.12 (cont.).

l_lf.!

402
583

181

352
333
352
245
213

502

433
401

401
231

181

247
165
247
266
165

266
163
115

330

I~T+ —_—
7 ot ‘
CéL y 3.,2 —_—
.l-
c,F —_
47
mt —
+ v .
C_F {
_5P11S2 —_—y
o+ ——
~t
C4P7b2 —_—
+
C,¥F. 3 —_—
477>
Mt —_—
+
o C7F1582 _—
¢.F._st
715
s
C7F150 —_
+
C_.F _—
59
+ _
C,F R —
477
+
C4F711232 —_—
+.
CF3802F2H2 —_
. ot
M+ —_—
+
Rl &
CF;SCQJ. 21.2 '—*__>
" +
M —_—
°Aer.sc 7.t —
CF_SCH —_—
3>V
mt —_—

5‘ < it ;)
nga(b*2)4: + COFg
N T q+ D C
‘\./5_ 11;, "* CP2—»J
n oot O
\.13.5 + -042
QEBSCP(QEB}C?LSCFB

-+ .

C F.S + CF
4°972 3

c .7 st CF
4-7°2 !

+ *
C.P.S CF.S
4%9 + 5
c.p.st + CF, =S
%375 2~
w oot 3
CZLSS + C,wl.2

m o gan} f)ﬁ o S ,17‘
Q%UEN\rBMLQQCLE
+ .
C.F.._S + CF
771572 3
—
CGJ: ,H.)—% + CF4
C6F125 - (41‘3
¢, F,.st + CT
6 11 4

-+
cC.F + :CF
477 2

+ .
C_F + :CPF

375 2
T oapmny u S'w
__,‘_BQL/.. 29;_.2 bFB
. s .
WS - g
c4_6n02 4+ HF .
et
C_F &S + EF
374

T +' | —

CBFSAES + CF,=5

+ .

F_H.S + CF.S
C5FsH, 3

I

C,FE,S + CF4
~+ o
Cngfzo CFBQCF
C, TS CF4
rst H
CFS + CI,F,
g§33(0ﬁzg§21;30F3
C6F9HBSZ + B

283
245
251
163
151

227
145
165
1565
17
96

5

63

310

-
Q

Q
b

e

N
-J
N
3

(@]

N

N
LW
e
N

\O
I~
L]

o

291.0

YRy

274.9

244.0
141.8

94,8

291.0



Table 1.19 (cont.).

21

115

419
357

418

+
.CPBSCHZ

- ot
CBP11L6°2
+

P, .1
C8_L y 1_{552

ni - ~+
C831OL552

C.F

785

T +

. CoFy 41555
c r H. ST
5673

-+
_C6F8H§S

.{_
{ YI
CI‘BSC?FT2

C,FEH.S
or[n-g

4F4H3

+
CFBSCH2

B
C10F128752

F. H.st

CoFyqHg
7
C1OF

12%6

+
8 113532

+
CF,SC_.F, H
37757674

c.F.H.st

+

s F, H.st

" ot
—> J9F9H6O

+ CF_S" + HF

IF
CF;
HF
HF

3
HF

CH2=CF

HF

+ HF
+ HF

+

+

+

+ CF_S°*

CHF

T2r2

CF;S(CH,COF,)  SOF,

HF

jai gy

3

159
141

555
354
335

305

259
253

253
189

195

145

107

63

399
337
317

cale IAaYe
272.%5 272,
206.6 206,64
190.7 190.7
152.0 159.0
140.9  141.0
127.% 127.3
122.7  122.7
10%.8 1i035.9
96.8  96.0
6.8 86.8
54.5 3445
336.1  336.0
5351 33541
316.1 31641
248,77 248,17
240.4 240.5
234.4  234.4
171.1 171.2
171 o1
146.8 146.7
127.5 127.4
89.9  89.9
34.5  34.5
3799 379.9
3181 318.1
240.4 240.5



209
165

127

115

522
522
387
522
273
407
179
165

127

109

115

387
273
407
179
165
109

47374

- 80 ~

47273

1.19 (cont.).
Transition
;?ES(”HEQj214 2. {cont.)
DT + Mot QT REA]
or C6P9L4g — Cetgist + LF
™ot ot RTINS . o
C7J.8-L5b ——“—‘—>C7F7h40 it
. ~ +

oR_SC. 1T C P.1.9 T_F

O, 80 F el —> Cg JUBQ + CHBF
S : 4
W oES TS jiay

C.¥g 53 — C, 5145 + FE
al QoY ﬁ+ Mo T (‘+ T

5F6i150 _ u5i‘5:;2,) 4 F

Y 0 - R -l'"+ 15
CIjb_Cza. 21‘12__——> d3141)D + “'F
CBF3UOS+ —_— G3F2HS+ ITF

e > ¢ 7 ub + IF

AT4T3 47372

(] + ,-\»1,-‘"[‘ T
CPBSCHQ — > PS5 + CE,F,
¢ s(CH, CF, ) SCF,
2 5(CH ) ) 5CT

v’Y+ n <t N 1
M — J12315H952 + EF
Mt —% o T, .H, St 4 oo

1171371072 3

- +

T Em— T ", N
010_12178 C1OP11r6q + IR

+ 1 + .
Vi 0 - n
M —_ C11P1511OS 4 CPis

r + S Nt .+ 1
) 0748H53 —_— u6r7¢23 + C“3F
. ot ~ + -
C1OP13h88.-————+ v6F9H4S + C4F4H4
A+ +
CF.SC.® ¥ —>(C, F H_S + HF
35C5ToF, 4¥4%3
i + .

i P —> 0 7 I il
CLBSCQIZLZ 31‘413 + I
c3F3H23+ — 03F2H5+ + HF

°Hle’rut — sc¢. 7 H + HF

4°4°3 47372

+ +
C F_H —>C F_H + HPF

4734 Y4723
. + et .
CFBSCHg ——> CFS + CF,H,

nR T ¢
2;53(0J2gE2)630F3
= +
P oug OIS P
Ciof12t7S — > Cypfiyqligs  #
+ . ot
PO —_ b4 H
0713158 - Cg ” oS + C 3F
+ +
I ——> C,F.H.,S + C, P H
C1OF13uas 06'914 AFay
S + .

¥ SC.FP. K ——> C,F,H.S + EF
CF3SCFE, 4T 4%

T EF F ust + HF
CF3802 By — C3 4
¢ F.HY —_— ¢ P + HF

107

502

453

367

421 . 3%

239
279
159
145
107

89
63

367
239
279
159
145

89

cale. oo
240.4  240.5
234.4 23444
22,0 229.1
134.8 164.3
17101 1712
127.5 1274
69.9 8949
345 3445
452.7 4@2.7.
793.1 39541
34841 348.1
339.6 339.6
209.0 209.0
190.8 190.6
141.2 141.2
127.5 127.5
89.9  89.9
72.6  72.6
3445 3445
348.1 54841
209.0 209.0
190.8 130.3
141.2 141.2
127.5 12745
72.6 T2.6



Table 1.17 (cent,).

L=}

115

101
25

366

297
177

265
195

265
183
366

95

- 448

448
315
309
259

SRS ( o1 0T \
Ly AN A ]
D & (4

O

(5eP, (cont.)
J

- -+ o T
oF, SCH CFS + CH,T,
CT 80w CPHSCE.
| = 3R 5
M* > C5Tls; + CP]
o et A AN LU
G, 0,18y > CsF5) + BT
in .m T~T+ oT e o (T
0338621 3). ———_} \J?_4J.Lk) -+ -u.Lz
» gt m— » gt ne
G575 — C,T 55, + OF}
ot ot .
C, 7S — C,F,5 + :CF,
(“+ - -
05F302 _— C2:82 -+ .CF2
cr,s” —_— T + CF
or 2 + + . 0
C T HS — 3 COF + CFI=S
®_S(CP.CT o
. Q’}b CPQQ;;)zsi_B
M _— V6F11WS£ + HF
¥t ——— T, S, + CF:
7 U5igtee 3
Mt ——> CFH,S" + CF_S°
S J
m ot e + . -
051 91{202 —_—— C4I‘5L282 4 ,Cl"4
T T (‘+ r + jaan
C4P5I120 —_— C4F4DS 4 uP
F.sc T T > us” FlI=CTF
or{c~ssb4£6 27____4 CBF6 s+ c 5
C,TgHs —— C,F, NS + T,
+ +
; D 1T T_H
CF,SC, Fely ——> C,FFoS + CF,
+ +
®_8C P_J 138 :
OF,SC P, T —> C,F,IS + :CF,
+ +
© — % CF.SC,.F.H + CF_SC,.F
M 370213 350273
» st Pt
C T, LS ——> C,FH + S
\
or,S(CF,CTH) ;507
+ ot
M ——> CyF, 1,8, + HF
. + T + ™
G F  H;S) > C,F 1 H S, + HF
+ ' + .
5 H
M —» C,F,H,5, + CF;
’ I ;':- —_— ¥ ust 1T
CF,SC gl = .CF, B3 +
- +
T — > C.F.HS 4+ HF
C7F1OH5S Pl
: + i ' r ot IS
CFgH,S — CgF¥,S + P

297
265

428
359
319
295
289

239

408.9
340.1
320.6
276.3
270.3

220.6

113.2
96.17
91.2
417



Table 1.19 (cont.).

429
397
315
265
183

295
233

163

675
511
612
315
233
133

- -+
0T, 50, Fgiy
rout

cP 302 3
-

CF,SC,F.H"
J

c.¥ nst

34

MT

r gt
C9¢15h!S

cw SC r,HL

1173

5

3305F 1i58
+
OF550

T
h2

+

C, 7 HS

376
{ 6 1013
C4F7H9

C.¥_S
3%5

cp33014P01

CP SC1OP15I

Mo = 5)

: CfBSC, 8 2

cr 5SCBF5H

CF,SCFH'
3

CBF4CIS

c.r c1t
34 2
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Tronsiiion

“W)° Cx ”;LJ ?3 (couts)
_— LF4HS + 1F
— Ty . FT
> Ul + CFI=CT,
— C4F4HS+ + T,
— G4F5HZS+ + CT,
— 32F4HS+ + :CF,
f——>>CBF4HS+ + CF,
N C2F2HS+ + 10,
7, S(CF,0F) 508,
—> CgPyshysT kst
CoFy 4158 st 4+ up
—_— 7F1OH33+ + CT,
_ 06«1Ors+ + HF
—> C,FIS + CFE=CF,
—> C,F,HS + 1CF,
— cjl5s+ + CF,HCT=CF,
— CBFBHS CF4
_— CQF3S + iCF,
_J-yq(o U) st n = 5,6,7T
Cys 27F st 4+ up
T OypfyslsT
—_— u11P18H58 + CF,S°
—_— C6F101 s* + HF
— C4F7S+ + HF
—_ 2F2HS . + F2
UFZCFCICF2CFClS
N c4r601s + C1
—_ 03F401+ + S
—> C.F c1t + C1

34

429

409

655
413
511
295
213

95

229

147
147

24743
239.8
240.5

276.

A

1260«1’

s

9.7

90.7
90.6

7845

-+ oy
o W
2O
L ] [ ]

\O >

B
Ny
[9)Y
[ ]

o\

276.3
194.7

65.0

19’3.6
120.7

11867

C b

found

62,2

54763
33948

240.6

-
W0 Ny =2
SRS T RS
L] ] L] [ ]
-3 =1 WUl

CN
M
A\
3
o~

43749
42646
27643
194.7

68.0



e el

318

179

318

279

295
229

279
151

161

199

129

iticn
N SUR, CRGISNT.
.___) = 2 ! 3
+ et .
1 > C,P (1S + 07,8
c.7¥ c1st c. 7. gt 1 CFC)
51‘5 p] _—> 12 4-) 4+ U
mt cr_screl”t + CF,SCP)
i s( P CHCL) [SOF
+ + .
P C1.S CF
M ———> C,F, (1,57 + o7
+ ™ + Al
0 750187 ——— C 7S + CE01
"o + S
0T CL,8" —— 2r101s + €501
*Fle'r,c1st * CF =S
.14...‘6018 —— 5P4Cl + =0
OF S(CF CF01)4SCF5
crclst ——s o rst + CF_C1
5°8 4 5 3
CFBSCFZ — s crst + CF,
__53001 =01,
M+ ~ 7 + ’Fo.
M ———> 0,C1,8 + CF}
gt ——— +
C,01,9 C,01; + S
¢, F,c18T — 02018 + ¥,
GF;5CC1,CC1 SCF,
+ +
C.Cl + S
0,01,8" —— C,C15
+
chzcls ——> C,C1S + 7,
CF3S -, CPS + 7,
[ + 1+ *
CI‘BSCCI2 —> CC 5 + ?FBS
62,5CC1,0C1,
+
S
020133 ——— C,01 +
cei.ccrt —— cort + :CC1
37772 3 2
N ,
¢, 18" ——— €15 + T,

'3

A%

365
175

167
147

175
63

161

129

91

129
91
63
82

129
117
91

307.0
109.8

94.4
94-4'

109.8

26.3

1i2.7
107.4

64.2

103.4
64.2
3943
36.7

103.4
63.8

64.2

14641

)

-2
*
C

2 94.5

109.8

2643

103.4
68.3

4.3
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vwhilst the molecular ion: of the perfluorop r-ffins are either zero or
vonishingly em~ll (200) as suown in Phble 9,20,

Relative Abundance of

Perfluoroonniffin Bolecular Ton ()

cF, 0
0216 0.15
C,Fy 0
®4F10 0

CF, . 0.03
CeF1yg 0.05
CF 1 0
CoTag 0

‘fable 1.20
Cullen oias shown tht the C-S bonds are strongecst when the molecule

is agymmetrical (74),ie wren CF_=3 and CHB-S are both present to give

3

CFBSCHB,compzred to CFESCF5 and CH330H3 where the molecule is symmetric,

‘This effect would explain the gréatcr intensity of the molecular ions of
- the bis(trifluoromethylthio)alkrnes compared to the -fluoroalkanes.

The mass spectrum of CF3SCH2CA2SCF ie listed in Tuble 1.17. Mo (1),

Table 1,19 lists all the metast:ble transition observed in tic mass

spectrum of CTF SCH20 230 3 In this table , as in all the other tsbles

% ; ; .
of metantable transition given, m refers to the metastable peak observed

in the masz spectrum and arising from decomposition of the parent ion m1

to the dauziiter My The symmetry of the molecular ion of CFBJChch?oCP

allows localisntion of the charge on either sulphuxr atoms, if, as is most
likely, it is assumed tht the ionication step is re:oval of an electron

S §
fr p: ir,CF_S c CF ,SCLL,, 11, SCF
om a sulplwmr lone palr,Cl3 CH2C ?u F3+e — 5S 12 3 + 2e

P cleavage, giving rise to the same products if it originates from either

8ulphur, would appear to be the most important fragmentation process here

thus :=
"‘"‘:c.-,_ . : + ' + )
SCH ——— CF',SCH. + CH,=S-CF o .
CFSQ 120H2SCF3 c 3s , + CHy= 3 1
: ‘ m[e 115




since m/c 115 is the base peak. It is worth noting Liowever, that the
agbundance o 2n ion ir tne mass cpectrum will depend, not only on tie reie
of reaction producing tlis ion but also on the rite of decomposition of

the product ion, ence the corwvelation between major fragnent and mnjor
fragment~tion pathway is not rigorous since it may wzll be that tie major
fragmentation pathvwsy gives rise to an ion which is sufficiently unatable
not to be detected in the quantities in which it is formed. Hovever, =ince
it is tuougnt that stability of products plays a part in determining
fragmentation pathwayé (194), tiis anomalj is not very common,

o cleavege with charge retention on sulphur represents another mode

of breakdouwn for the molccular ioan cf CP.,3C qCiigsCF y, out tvo posmibilities
<

A

‘exist :-
+ CF° _ 2.

CF ;SCH,CH, SCI‘ <:::: B : + ’
T\ T C
cr 0}2 + sop,

A metastable peak for process 2 is observed at m/e 112.7. Process 3 is

3.

l_

Mﬁhly unfavoured due to the instability of C¥,S5 as found by Cullen (74).
./-

. : . : - oot
This is perhaps reflected in the very low abundances of the CE3S ion founad

not only in-the mass spectrum of CFB, HQ' 2.JCFE, but in the mass spectira

of all the bis(trifluoromethylthio)alkanes and -fluoroalkanecs and of

W%SSCF' and CF,SCH, (74). otcleavage with charge retention on carvon, the

3 3773

¥-14N-5 series in Table 1.14, found for the aliphatic thioethers (199) can

W

also take place in two ways; viz. processes 4 and5.
T {
; $BSCH20 S* + 2-5 4. '
. ~ n/e 69
CF3SLH2CH2SLF3

(]
.

CFBSCHZCH; + CF,8°
- n/e 129

In the aliphatic fhioethers, o¢ cleavaze usually occurs with loss of the

1&4wr aliphatic fragsment (199). If this is the case here, 5 should be

the favoureq pathway. The large abundance of both m/e 69 (65%) and m/e 129
EQ would seem to argue that both processes, 4 and 5, occur, However,

ﬂwie is a metastable peak at m/e 72.3 which confirms that process 5 is a

"ajor fragmentation pathway whilst the peak at m/e 69 need not arise from




- 86 -

the molecular ion bul may arise from other ion fragments or even by
rearrangement (200).

Sequential loss of CH2 units in -saturated hydrocarbons is well
known‘(195) as is sequential loss of CF2 fragments in perfluoro-
carbons (200).  Thus, the ion at m/e 129 may lose CH, units

+

CF_5CE SCH2 + :CH2 6o

5 3
/e 12 m/e 115

}

- \
crys* + 10, 7.

n/e 101

alfhough there is no direct evidence in the form of metastable peaks,

e+
2CH2 — CF

The other fragmentation mode quoted for aliphatic thiocethers (199)
viz.ot, 3 cleavage with hydrogen rearrangement, is also found here, but
is not nearly so important a fragmentation mode as (3 cleavage or of

cleavage with charge retention on carbon, thus:-

teJ | +
— Y e C e * = = CHSCF 8.
Ftcpz S CHym § —S0Fs—> ' ¥ CF, = SH + Cf, 3
H

. n/e 8
B cleavage

The low abundances of the ion at m/e 83 and that derived from it,
CFHS+ at m/e 64, show that this fragmentation mode, although observed,
not relatively important.

The metastable peak at m/e 17.1 can arise in one of two ways:-

+ +
/Y i _
CH2 = C&\:—E/7 H—»S + CH2 = CH2 9.
m/e 60
+ + 0.
CF3SCH20H2 —_— CH3S + C2F3H 1

N m[e 129 m/e 47

The most feasible mechanism by which 10 can proceed is through a four-

ceéntre transition state:~

is



H
—|
CH = CH, CH - CH CH, Crl
AN G2 — 4 - |l +

HS CH Hs CF, - & HS CF, 16",

+ 2 + 2

. -
m/e 4

Process 10 accounts for the anomalously high abundance of the
CH33+ ion at m/e 47, although both Ifragmentations may be occurring. It
ghould .be noted, however, that many of the most prominent peaks in the
mass spectra of organic compounds are derived from ions which possess no
unpaired electrons (196). Triose odd-—electron ions which are present in
high abundance are usually formed by particularly favourable fragmentitation
paths. Process 9 is an odd-electron decombosition and if this is a
decomposition pathway giving rise to the metastable‘peak at m/e 17.1, it
must be a favourable pathway.

One mode of decomposition of the ion CFBSCH; is suggested by the
observation of a metastable peak at m/e 34.5 which is thought to arise
from the metastable‘transition CFBSCHE—%~CFS o+ CH2F2. A proposed

mechanism for this is again through a four-centre transition state:-

CF = F CF
L K. — | ‘\\ — W+ CHF, 11,
= CH, CH,F S :
+ + +
n/e 6

with elimination of the neutral difluoromethane.

To discuss the analysis of the mass spectra of all the other
biS(trifluorogethylthio)alkanes and -« fluoroalkanes in such detail would
be very space-consuming. Instead, Table 1.21 summarises five of the
decomposition processes fo: the molecular ion CFBS(R)nSCF3 by listing the
n/e values of the product ions, (A lack of space precludes the formulae
being listed and reference should be made to the appropriate mass
Spectrum in Table 1.17). Although for some of the molecular ions, some
of the fragmentation processes are confirmed by the observation of

Betastable peaks, it should be noted that the product ions may also arise
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Table 1.21 : Fragmentation process in the mass spectra of CFBS(R)HSCF

— 3
Mass Process |
Spectrum
No. R n 1 2 3 4 5
(1) CH,CH, 1 | 161* (101) | 129*% 69 115 (83)
(2) CH(CHB)CHz 1 1 175* (101) | 143* 69 | 129 115 (83 (212)
(3) CF,CT, 2 | 333% (101) | 301 69 151 (101) (370)
(5) CF(CFB)CFZ 1 | 283% (101) | 251% 69 | 201 151 (101)
(6) 2 | 433*% (101) | 401 69 151 (101)
(7) CH,CF, 1 (101) 165% 69 | 115 (151)| 83 (101)
- (8) 2 261* 229*% 69 | 115 (151)
- (9) 3 [(325) (101) | (293) 69 | 115 151 (83) (101)
(10) 4 1389 (101) | 357 69 | 115 151 (83) (101)
(11) 5 | 453% (101) | 421% 69 115 (101)
(12) , 6 | 517 (101) | (485) 69 115 (101)
.(13) CFHCF, 1 | 215*% (101) | 183 69 | 151 133 83 (101)
(14) 2 | 297% (101) | 265* 69 | 151 133 (83) (101)
(15) 3 | 379% 101 | 347 69 | 151 133 (83) 101
(16) 4 101 429% 69 | 151 133 83 101
(17) 5 511%
(18) (a)g| 6 593 | 151 133 | (83) 101
(19) 7 615 |
(22) OF,,CFC1 1 |(249) 101 | 217% 69 | 167* 151 101
(23) 2 | 365% (101) | 333 69 | (167) 151 (101)
(24) 3 101 449 69 | 167 151 101
(25) 4 101 565 69 | 167 151 101 (117)
L___EY) €C1,CC1, 1 101 (265) 69 183

(a.) Since the mass spectrum is of a mixture, only process 2 gives meaningful

figures.
Key
Process 1 o cleavage with charge retention at sulphur

+. . +‘
(a) CF3S (R)nSCFB'——e CF; + ’S(ﬁ)nSCF3

+
(b) —> CF,8° + (R) SCF

3 3

Process 2 & cleavage with charge retention at carbon

for (R)n = C(AB) C(XY)},'(a) CFBEC(AB)C(XY)SCFB _"C;B + éc(AB)c(XY)SCF3

(v) -—9CF3S° + E(AB)c(XY)SCF3
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Process 3 {3 cleavage

w2+

o

+ e
for (R)n = C(AB)C(XY) CFBSC(AB)c(M)scFB—e CFSSC(AB) + C(XY) = .
2
Process 4 o, (@ cleavage with rearrangemeﬁt of A, By XorY

for (R)n = C(AB)C(XY)

N

]
! +
- -5 =¢f - F. = \ = SCY
F+ CFy =3 @ CYSCFB——-) + CF, = X + C(4B) CYoCrB
!
e
cleavage
Process 5 Expulsion of sulphur with recoibination of fragments

L 3

- -t
N ang
E)FBS(H)nS_CFB] —> [CFB(R.,nh ”FB} + S
observation of a metastzble peak in the maés spectrum confirms the
process (Table 1,19 gives details)

() ion observed in very small relative abundance.

from other pafhways. Conversely, although some of the fragmentation
processes are not confirmed by the observation of metastable peaks, this deoes
not necessarily imply that the "product ions" do not arise from these processes.

The mass spectrum of CF SCH(CHB)CHZSCF is given in Table 1.17, No. (2)

3 3

and the metastable transitions are listed in Table 1.19. Thie mass spectrum has
as its base peak the ion at m/e 129 which probably arises mainly from f3 cleavage

of the molecular ion_:;-

o +
15 SCH, + CH,CH = SCF 12.
CF3SCH2TI oC]E‘3 —_—> CF‘3 o 3 CF3

CHy m/e 129

Since the molecule is not symmetrical as in the previous case, P cleavage may
originate from the positive charge being localised on the other sulphur

to giver- .

P SCHCH..SC CF.SCH® + CH, = SCF 13,
CF3 2 Fz —> O3 f O 3 3
CH3 CH3 m/e 115

The relative amounts of the ions at m/e 129 and m/e 115 is ca. 5:2, suggesting

that process 12 is favoured over process 13, However, this assumes that the
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decomposition of both product ions is unimportant or thal the rates of the
decomposition are similar and such assumptions are not valid. So whether
the positive charge is localised on sulphur (a) or sulphur (b) cannot be

determined from the ratio of the ions at m/e 129 and m/e 115. |

CFBbCHZCh(CHa)SCF

(a) (b)

The observation of a metastable pezk at m/e 92.3 is attributed to the

3

fragmentation mode

Ao . |
CFBSCH2 (7?H,§§-> CFBSCH2 + CH2 = CH2 14.
S |

H2 - HE m/e 115
~ The significance of this is two-fcld. Firstly, not all the ions at m/e
115 arise from B cleavage of the molecular ion since this metastable peak

proves another mode of formation. Secondly, although the ion at m/e 143
-+ :
3SCH(CHS)CHz+ or CFBSCHQCHCHB, arising from o cleavage of the

molecular ion with retention of charge on carbon, the latter structure is

may be either CF

proved to exisj@ by procéss 14, thus supporting « cleavage from

CFSSCHZCH(CHB)SCFQ; i.e. with localisation of charge on sulphur (a). o

cleavage from CF éCHQCH(CH3)SCF is unsubstantiated.

3 3
The metastable peak at m/e 53.3% is due to loss of 02H3F from CFBSCHCH; thus:=-
+ +
S S '—\ H
AN g N / + .
Fp I — |0 ch — CF,=SH + CH, = CHF 15,
F HZC-H FHC-H
m/e 8

m/e 129 '
The peak at m/e 83 however, is less than 1% abundant, therefore this does not
repregsent a major breakdown pathway for the ion CFBSCHCH;. The peak at m/e
83 may also be derived from the molecular ion by &, ﬁ cleavage with hydrogen
rearrangement as described for CFBSCHZCHQSCFB, though, in this case, there is

3 transfer by the same method thus:-
CH '
e~ 3 . +
5 S @ CH SCI"3 —» P + C > 3 2 3
m[e 244 m[e 971

8 possibility of CH

]

1
F~CF

l

-
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However, no ion is found at m/e 97.

The metastable peak at m/e 39.1 is probably due to loss of H®
from CHBZ$CH2, although this gives rise to an odd-electron species
FH2=C~CHé]?, since loss of F2 from CF3S+ is not observed in the nass
spectra of any of the other bis(triflucromethylthio)alkanes and
-fluoroalkanes., |
Again, there is a high abundance (43j) of the ion CH35+ at m/e 47,
This is probably formed and accounts for the metastable peak at m/e 17.1
by a process similér'to 10' above from the rearranged ion at m/e 129,
i.e. _
+ +
CF3§D- ?H - CFBSH - CH = CH2 ‘ 7.
H Jﬂsz
with decomposition as before.
A further mode of frégmentation observed inaliphatic sulphices is
observed here to a small extent. This is the expulsion of the
heteroatom, with or without hydrogen, followed by recombination of the

alkyl portions (201), e.g., CH,SCH = CH, gives rise to an (M-5)" ion,

3
3.6%, an (M~SH)Y ion, 95.1%, and an (1»1-3}15)+ ion, 10.7%. This is only
important when the resultant ion can be stabilised e.g. the
EHz - CH = CH;J+ ion from (M-SH)+ can be resonance stabilised:=-
EHZ ~CH = CH, <—> CH, = CH - EHZ

In the present case, an ion at m/e 212 (less than 1%) probably
results from loss of S from the molecular ion with recombination of

the fragments.,

The mass spectrum of CFBS(CF2CF SCF,, Table 1.17 No. (3), has a

2)2 3

vanishingly small molecular ion with respect to the base peak, m/e 69
CF;, but this is probably due to the very high abundance of the CF; ion,
The only other peak of any great relative abundance is CF38CF; (20%) .

Table 1.19 lists the metastable transitions observed in the mass spectrum

of
cr*ss(cpacpa) 2SCF3.
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It is possible that « cleavage with charge retention at sulphur,

for which a metastable peak at m/e 275.9 is observed, may procecd through

the cyclic compound:—~

CF, CF
Cﬁ// ‘\\C CF‘// 2\\CF
F .
‘ 2 I 2 _— |2 I 2 + CFB. 18.
+
N OFs g cF,
/i _ _
CF3

though the stability of this relative to the open chain compound is
doubtful due to the positive charge being located on the Sulphur with

both the electron-withdrawing CF3 and CF2 groups attached. Cyclic

+
compounds of the type HS = i:] are postulated in the decomposition of
CH2 =

dithioethers (195). -
o+
Whether the ion at m/e 301, CFBS(CF2)4, is derived from the molecular

ion by loss of CF,S° or from CF5S(CF20F2)25+ by loss of sulphur cannot be

3

determined since no metastable peaks .are observed for either process.
+
Both should be possible. Once the ion CFBS(CFz)4 is formed, decomposition

may occur by sequential loss of CF2 groups:-—

+ c +
5 + CFBS(CF2)3 —> :CF, + F3s(CF2)2 —
n/e 301 . m/e 251 m/e 201

+ G
o + CFBSCF2

m/e 151

+
o * CF3S <

m/e 101 19.

+
CF,S(CF,), —> :CF
3 ( 2)4

sCF

sCF

although there are no metastable peaks to support this pathway.

The mass spectra of CFBS[§F(CF3)CF?]HSCF3’ n =1 and 2, are given
in Table 1.17 Nos. (5) and (6) respectively whilst the metastable
transitions are listed in Table 1.19. The moleculdr ions are of low
abundance due to the domiﬁating CF; ion. The mass spectra compare well

vit ’ .
h the mass spectra of CFBSCF2CF3 and CFBSCFZCcmF3 (51)
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o, cleavage with charge retention on sulphur is shown by a
metastable peak at m/e 227.6to be a mode of decompocition for
CF, SCF(CF, )CF,SCF

5SCF(CF3) 0Ty

known.

though which of the two F_,C-S bonds cleave is not

5’ 5

The metastable peak at 180,3 is due to loss of CF4 from the ion at
m/e 333, (M—F)+, though how this is effected is not known. There are
a numbér of possibilities, especially since the structﬁre of the (M~F)+
ion is not known though it probabvly arises from cleavage of a C~F bond.

+ +
CF,S = CF - C = SCF —>» CF_SCF = C = SCF + CF

20,
5 —Na 3 3 3 4
CF3 F m/e 2
n/e 333
+
CF =8 :
/\'/ +
CF CH —3s CPF_SCF = CF = § = CI" + CF 27
CF3S CF3 Yy p - m/e 2
n/e 333
p +
S = C =« CP.SCF, —» 'S = C -~ CF,.SCF + CF 22,
/r-’ 2 3 il 2 3 4
CF CF CF
5 // 2 2
P

. m/e 333 . m/e 2

Process 22 seems unlikely and choosing between 29 and 21 is trivial
since rearrangemenits within the product ions can interconvert them.
The metastable peak at m/e 108.5 can arise from the decomposition of

the ion at m/e 245, a possible mechanism for which is

+ _ + -
CFP=C=28 ~-CF CF = C -~ SFCF + CF2 =S 23,
N2 3 or 3
h /(F — ok
\\.CFZ cm = C = SCF3
n/e 2 n/e 163

The mass spectrum of CFy S CF(CFB)CF2 25CF5 contains metastable peaks
at m/e 141.8 and at m/e 94.8 which arise from loss of CF, groups from

CSF; and C,F! respectively. There are several mechanisms possible for

47

these transitions and one example is:=-
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CF CF, - F CF F CF
2 2 2 2
" I K 4 il + I t
S - o —> +CF ! = CF = - cOF CP - CF
C¥ CF CF2 Clz + CF CF CF2 —% .012 + I Fo
n/e 231 m/e 181 m/e 31 24,

Several methods can be formulated wiiereby the ion CF,S]?F(CF3)0F2]2+
/

loses CF, to account fer the metastable peak at /e 244.0, but

4

determination of which one is responsible is not possible. Llso,
which of the two transitions listed in Table 1.19, viz. 433 745 and

401 313, gives rise to the metastable peak at m/e 274.9 cannot be

s

determined.,

19

The F n.m.r. spectrum suggests that the structure of the molecule

is CFBSCcmF(CFB)CF(CFa)CFZSCFB

spectrum thus:= there is no ion at m/e 201, if there was a

and this is substantiated by the mass

CF3SCF(CF3)--CF2f fragment in the molecule, then f cleavage would give

rise to CF SCF(CF3)+, m/e 201, as already seen in the mass spectrum of

3

CF_SCF{CF_)CF.SCI_,
3(3)2“’3

fragmentation process in the previous bis(trifluoromethylthio)alkanes

ﬁ cleavage, already shown to be an important

énd -fluoroalkanes and in aliphatic sulphides (199), does give rise to a

peak at m/e 151, CF SCF;, which is the third largest peak (10%) in the

3
spegtrum:-
. ‘/—\ ) + o <
X op = CF(CF,)CF(CF SCF
chs CF, CF(CF3)CF(CF3)CFZSCF3 — CFyS = CF, + ( 3) ( 3)CF2 3

m/e 151 25.

The mass spectra of the series of compounds CFBS(CHZCF2)nSCF3’ n=
1-6, are given in Table 1.17 Nos. (7)-(12). The metastable transitions
are listed in Table 1.19. In all but the n = 1 compound, where the base
peak is m/e 69, CF', the base peak is found to be m/e 115, CFBSCHZ. All
the compounds show a reasonably strong molecular ion.

The peak at m/e 165, produced by o« fission with charge retention

at sulphur, may also arise from decomposition of the ion at m/e 247, as

is shown by a metastable peak at m/e 110.2:-
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CF3-g=CF ‘-“ICF}gF-CF:CHz + CF2=S 26.
fl/// &Hz m/e 165
CF2 -—(S\/
n/e 247
Breakdown of the ion at m/e 165 to eventually give the CF,SF' and SF° ions

.3

_SF, and m/e 51, SF',

explains the otherwise anomalous peaks at m/e 120, CFj

both less than 1% abundant.
Charge localisation on sulphur (a) is more favourable than on sulphur
(b) and &k cleavage
CFBSCHZClgbCr
(a)  (b)

therefore probably occurs at the H,C-S (a) bond. However, charge localisation

3

at sulphur (b) must occur to some extent since o, B cleavage with hydrogen

rearrangement is a mode of fragmentation:-

+ H
] .1/——\' + .
F+CP,-S ~CP, -~CH~SCF, —> F* + CF, =SH + CF, = CHSCF 27.
E 2 24 3 2 2 3
A m{e 83
cleavage (5%)

The metastable peak at m/e 34.5 is probably due to the process,

o+
CF.S = CH. —> CPst + CF.EH 28,

3 2 22
n/e 115 n/e 6

since this is found in the CFBSCHZCstcF3

spectra of all the CFBS(CH20F2)nSCF3’ n = 2-6, compounds.

mass spectrum as well as the mass

h=2 ﬁ fission to give CF SCH;, m/e 115, 100%, is an important fragmentation

3

mode of the molecular ion and this would argue again charge localisation

on the sulphur with an adjacent CH2 group rather than an adjacent CF2 group.
ot cleavage with charge retention at carbon is supported by the meta-

stable peak at m/e 159.0. If sequential loss of CF, and CH, groups is then

Postulated thus:-



mt n/e 330
1 -CF_S
m/e'229 >< |
~cH, | l-cpz
m/e 215 m/e 179
~CF,
——>m/el165
-cnzl l-CFz
n/e 151 m/e 115 29,

a suggestion of the isomeric structures of CFBS(CHZCF SCF, is obtained,

2)2 3
The n = 2 compound has three possible structures, viz,
7 f in
CFBSCHZCF20F20HZSCP3 CFBSCH20*20H2CFQSCF3
VIII (a) ' VIII (b)
7 SCE
CF3SCP2CH20HZCF2 er
VIII (¢)
Lack of a peak at m/e 179, which is necessary for structure VIII (¢)
for this mode of breakdown, and of a peak due to CHZCH;, m/e 28 when peaks
due to CFZCFZ, m/e 100, and CHZCF;, m/e 64, are observed, tends to eliminate
structure VIII (c). Scheme 29 can be accounted for by VIII (a) and VIII (b)
and further proof of these structures comes from observation of peaks at m/e
115, CF

3SCH;, m/e 64 CHch;, structure VIII (a), and m/e 151, CF SCF;, m/e 100,

3
CFQCF;, structure VIII (b).
The mechanism for the metastable transition giving rise to the metastable

Peak at m/e 122.7 is suggested to be,

CF CF

2 2
/\\/\ // .
CH CH, CH + CHy - SCFy 30,
It | —> |
CF s CF
+
X1 \CF3 X,
S s
| |
CF
CFy o 3
m/e 310 m/e 1

This mechanism is suggested by the very great stability of the products.
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The ion at m/e 195 can be resonance stabilised whilst the radical CFBSCRE

by a CF% radical,

is similar to RSCx;, formed by H® abstraction from RSCH3
which was found to be stable (202) and did not decompose.
The ion at m/e 51, SF+, is probably formed by a rearrangement process

similar to that found in the mass specirum of the n = 1 compound although

no metastable peak confirming this is observed.

n = There are three poseible structures for the n = 3 compound:-
CF3SCH2CF20H20F20HZCFZSCF3 CFBSCHZCFZCﬂzw20F20HZSCF3
X (a) IX (b)

CFBSCFZCHZCH2CF2CHZCF2cCﬂ'3

X (c)
The isomeric structures are suggested by the nature of the ions arising from

the postulated decomposition pathway:-
' +

M m/e 394
~CF,S
m/e 293

. BEEVAR
~CH, l l-CFz
n/e 279 m/e 243
-CF, L->m/e 229

) |

~CH, l~ l-CFz
m/e 215 m/e 179
~CF, ~CE,

L—%m/e|165
~CH, ! l—CFZ |
m/e 151 m/e 115 31,

Lack of an ion at m/e 243 and an ion at m/e 28, CHch;, tends to rule out
structure IX (c). Structures IX (a) and IX (b) are confirmed by this scheme

and by the presence of ions at m/e 115, CFBSCHZ, m/e 64, CcmHZ, for structure

+ +

X (a), and at m/e 151, CF,SCF, and m/e 100, CF.CF,,

8imilar mechanism to 31 but originating from (M - BF)Y, m/e 374, supports this

for structure IX (b). A

argument,
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The metastable peaks at m/e 171.2 and 89.9 can cach arise Srom two
processes and it is not possible to differentiate between them., It is worth

noting that the transition m/e 374->m/e 253 is probvally loss of CF.S° and HF

38
although loess of ca. CF3SH and F° is possible. Until recently, the presence

of a metastable peak for the transition m1-)m2 heg been regarded as evidence
that the neutral atoms of mass (m1 - m2) are ejected in a one-step process as

a single entity. Usually this is correct, but consecutive loss of iwo entitiss,
perhaps in a concerted process, can happen, e.g. consecutive loss of two

HC = CH molecules from C7H; gives rise to a metastable pgak at m/e 16.8 in the
mass spectrum of toluene (195).

n= oA cleavage with charge retention at carbon followed by possitle

sequential loss of CH, and CF, units establishes the structures X (a), X (b) and

2
X (¢) thus:-

+

M m/e 458
~CF_S
3 3
n/e 3:57
~CH, l | l-cpz
m/e 343 m/e 307
~CF,
—>m/e %93
N
~CH, | 1—CF2
m/e 279 m/e 243
-CF2 b—am/e 229
| )
~CE, 1 l-CFz
m/e 215 n/e 179

~CF, Lm/e 165 <-——-| ~CH,
| X

~CH, l l-CFz

m/e 151 m/e 115 32,

Structure X (a) is suggested by peaks at m/e 215 and 151



k ) ) a4

— 99 .

direction of

group loss

-

¥ 8CH,CF, CH,CF,CH,CFCE,CF,SC

Y 38612 ¥, CHACF,CHAC F,CR, Fo5 F3

X (a)
Structure X (b) is suggested by peaks at m/e 215, 115, 223, 203,

direction of
group loss

CFjsCIich‘zCHz FCH,CF 0P 08, SCTy
X (b)

Structure X (¢) is suggested by peaks at m/e 179, 115

CF CH CF CH SCF,

direction of group 1oss
m—
CF,SCH CF,UH CF

3772 2 2 3
X (c)
n=5 ﬁ cleavage to give CFSSCH; is an impoirtant process. ol cleavage with

charge retention at carbon is evidenced by a metastable peak at m/e 339.6., If

sequential loss of CH, and CF2 groups is then postulated, a suggestion of

2
the structures forming the n = 5 compound is obtained:-
m/e 522

-CP_S
3

m/e tl121

_ i
-CH2 l-CIQ
m/e 407 m/e 371
-CF, |-—?m/e 357

—
-0321 J,-CFZ

m/e 343 n/e 307
~CH, L—»m/e 293

] ]
'CHZ.], 1-CF2
m/e 279  mfe 243

~CF, ‘—sm/e 229 &J-CH
-cnz l L—cpz

n/e 215 m/e 179
~-CF,, L_,m/e 165«---l ~CH,,
~CH, 1' K ‘-CF‘2 33.
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Ouly structures XI {a) and XI (L) "fit" this scheme
direction of
group losas
—

4, CF.CH, CF " CH,CF : ;
CFBSCJ2CP2 H2Cr20H2C12 H2lP2CFZCU28013

I (a)

The ion at m/e 215 can only come from XI (&) and not from XI (b)

direction of group loss _

CI'BSCHQCFZCHZCFZCH;ZCF20F2CH20F20H280F3

XI (b)

The ions at m/e 243 and 179 cannot arise from XI (a) but culy from XI (b).

The metastable peak at m/e 190.8 shows that there is loss of C,F,H, from

4474
CF38(0H2CF2) 4cng, m/e 407.  Vhether this is simultaneous lcss of two CH, = CI
groups or Jjust the loss of one group, such as CH2F - CF = CP - CH2F, is not
certain,

n=6 B cleavage to give CF SCH;, m/e 115, again appears to be important,

3

but, as before, & cleavage with charge retention at carbon and possible

subsequent sequential breakdown of the ion formed gives a suggestion of the
isoners composging the n = 6 compound thus:-

M m/e 586

‘ L-CFBS

o 3¢ -
-CHz 17 -CF2 34,

2
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The structures which fit this sequence are

qirection of group loss

nje] P CH " 7 O ol
CBBQCHZCPzC.2CF2CH20F20H2C12C}2CH201ZCHQSCF

XII (a)

3

confirmation of this structure is frow the observation of the ion at m/e 279 which

cannot arise from XII (b)

direction of loss of groups

’ ® CH P ! > g i
CFBSCHZC 20P20F20H2C12CEZCF20PQCB20F

‘H_SCTF
2CH28\J.3

X1I (b)
The ion at m/e 243 helps to confirm XII (b) since it cannot arise from XII (a).

In all the compounds CFBS(CcmHZ)nSCF , n = 1-6, there is an ubiquitous

3
loss of HF with métastable peaks appearing in the mass spectra as proof.
Loss of HI" is well substantiated in the literature e.g. in the fluoro-
ethylenes (203),

Loss of HF is also observed in the mass spectra of CFBS(CcmFH)nSCF3
n = 1-7. The mass spectra are given in Table 1.17 Nos. (13)=-(19). All
these compounds show molecular ions though they are not nearly so intense

as in the CFBS(CFQCHz)nSCF series, presumably a consequence of the increasing

3
fluorine content of the series,
b=1 In this mass spectrum, the base peak is at m/e 45, cEst; this is not
the base peak in the rest of the series and presumably, therefore, there is
& particularly favourable fragmentation pathway for its formation here.
The metastable traﬁsitionsvfor the n=1-7 compounds are listed in Table 1.19.
A mechanism for the metastable transition m/e 163 —m/e 113 is suggested
to be, |
F%-@-‘CF-—-) F‘§==C==CF2+:CF2 35
(Epz _/;> n/e 113
m/e 163
since decomposition of the ion at m/e 113 would account for the SF' ion found

to the extent of 30% at m/e 51.

The metastable peak observed at m/e 10.1 is probably due to the transition
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n/e 95—»i/e 31 rather than the decomposition of CF3S+ as this latter is

not observed in any other mass spectrum

n=2 HNost of the metastable transition listed require no further commentis,
but that with a metastable peak at m/e 91.2 is somewhat umasual, since it
represents a Y¥-cleavage of the molecular ion noct observed in the other

compounds examined. A mechanism by which Y¥-cleavage may occur may be

postulated as:-

CF2 CF2
+. / N + /N . |
S CFH —> S CFZH + CFZCFHSCF3 35,
IP‘\/F | il
CF2 | ?Fz CF2
CEH m/e 183
SCF3 :

m/e 366

There are three possible structures for the n = 2 ccmpound viz,.

CEjsCFHCFQCFHCFZSCFB CFBSCFHCFZCcmFHSCFB
X1V (a) XIv (b)
CF3SCF20FHCFHCFQSCF3
X1V (c)

By postulating sequential loss of CF2 and CFH units, origirating from

o cleavage with charge retention at carbon thus:-

MY m/e 366
l-CFBS
m/e 265
- 3¢ X
-CFH[ﬁV l-CFz
»m/e 233 m/e 215
~CF, I-—-»m/e' 183
_cml —CF,
n/e 151 m/e 133 37,

it can be seen that although XIV (a) and XIV (b) can account for this sequence;

XV (¢) is eliminated by the lack of an ion at m/e 215.
19

This is in agreement with the “F n.m.r. data.

It should also be noted that it is not possible to distinguish between
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the two processes giving rise to the metasiable peak at m/e 126.3., However,
loss of F2 is very umusual and the metastable peek at m/e 126.3 probably
arises from decomposition of the ion at m/e 265. For the compounds n = 3-7,
no information about the stmictures of the isomers can be obtained from the
mass spectra by the method used for the n = 2 compound and the CF3S<CF2CH2)nSCFB
geries of compounds since there are no "missing" ions which allow elimination
of certain structures., Also, in the n = 5, 6, T compounds, the mass
spectrum of a mixture of all three was run and the percentages gquoted have
no "absolute'" meaning.

In all these mass spectra, a peak at m/e 51, due to the set ion, is
observed in considerable abundance and is obviously due to some rearrangement
process as observed in several previous examples although in the n = 3

and n = 4 compounds these are metastable peaks at m/e 62.2 and w/e 78.5

respectively showing how precursors of the sF* ion may be formed thus:-

¢ =cr'
e N
FS ——> FS=C=CH' + :CF2 383,
X2
CF2 - F m[e 95
m[e 145
+
S=C = CF2 + :CF2 39.

C=CPF
.{{4;,/
FS —> F
\2 LF
CF2
m/e 163

The mass spectra of éF2CF01CF20FCIé, CF3SCF20FCICF3 and CFBS(CcmFCI)nSCFB,

n = 1-4, are listed in Table 1.17 Nos. (20)-(25).
Table 1,19 lists the metastable transitions observed in the mass spectra.
The fragmentation of aliphatic cyclic thioethers is well known (195) and it

is found that ring size influences the decomposition pattern. The breakdown

of CF,CFCICF,CFCLS is mot similar to that found for the cyclic thioethers, One

Dode of decomposition found in cyclic thioethers however, may be occurring here:-



CFC1 - CF,
| | ~> CF, - CFCl + CF, = CFC1 40,
cr, [crel 7
/ S
\ +o
S +e
m/e 264 m/e 148

although there is no substantiation for this., Next to the base peak, m/e¢

63, CFS+, the most abundant ion is at m/e 147 85.5%, C,F,C1T. The following

34
mechanism is suggested for its formation
CFCl - CF CFCl = CF -~ F
| 12 — | | / + o1 41.
CF CFC1 CF CF
2\ /< {(‘// (m* at 198.6)
S ]
+e +
m/e 264 m/e 229
61%
[ crer - <|:F+ .
| CFCL - CF + CF, =S
o, ;(cpz -5 N 2
\\S CF2 |
m/e 147 42.

85. 5%
There is however no support for the.latter part of this mechanism save
the high abundance of the ion m/e 147.
There are no metastable transitions observed in the mass spectrum of

CFBSCFQCFCICF3. The structure is deduced as CFBSCFZCFCICFB from the ion

at m/e 151 CF SCF! and lack of an ion at m/e 167 CFBSCFCI+; and from the

3°4
ion at m/e 135, CF3CF01+, and lack of an ion at m/e 119, CF ,CF *.  Rapp et

al. (204) base their identification of the reaction product from the

CH30H28H/CF2 = CFC1l reaction as CHBCHZSCFQCFCIH, rather than the isomer

CHBCﬁzsCFCICFzﬂ, on the observation of the ion CH3CHZSCF; and lack of the

ion cxaBansc:Fcfr in the mass spectrum,
R cleavage and & cleavage with charge retention at carbon and loss of
CF3S. are both fragmentation modes.

~ The metastable transitions observed in the mass spectrum of
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CP5SCF,CTC1SCF; arc listed in Table 1.19. (b cleavage to give COF SCFZ,

3
n/e 151 (80.5%), rather than CF

3

3sm?cf“, m/e 167 (2%), wovld secm to be

favoured according to the relative relative abundances of the ions, but it

may well be that the ion CF scre1* is relatively unstable. Ag in all the

3
CFBS(CF2CF.Cl)nSCF3, n = 1-4, compounds, the hase peak is m/e 69, c;
n=2 The metastable transitions are listed in Table 1.19. The structures
of the isomers composing the n = 2 compound are suggested by postulating

the sequential loss of CF2 and CFC1 groups from the ion originating from

« cleavage of the molecular ion with charge reteniion at carbon thus:-

M w/e 434
~CF5S
m/e 333
L4 ! _
-cyﬂll 2 l-CF
¥ 2
m/e 267 m/e 283
m/e ?17 <——l ~CFC1
-CFCll | l-—cpz
m/e 151 m/e 167 43,

This sequence can be accounted for by structures XXIII (a) and XXIII (b)

only since lack of an ion at m/e 267 eliminates structure XXIII (c)

d{zggﬁ}on of group loss Jzifggtion of group lﬁffi
CFBSCFQCFC].CFZCFCISCF3 CFBSCFZCFCICFCICFZSCF3
XXIII (a) XXIII (b)
CFBSCFCICFZCcmFCISCF3
XXIII (c)

Whether the metastable peak at m/e 94.5 arises from the transition m/e
295> m/e 167 or m/e 229 —>m/e 147 cannot be determined. The former may

take place thusi-

CF CF
2 2
YV V4 +
| c) (’cpu — Icl + CF;S = CFCL 44.
I | |
ccarprst CC1F m/e 167
|
OF3

m/e 2
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with thie svability of the CF3§ = CFCl ion perhaps determining the mode of
breakdown.
n= Again, by vostulating olcleavage with charge reteniion at carbon

followed by sequential loss of CP2 and CI'Cl groups, & suggestion as to the

‘possible isomeric structure of which the n = 3 compound is composed may be

obtained:=
M m/e 550
~CF,5
m/e 449
. 3¢ |

-CFCll 1 ~CF,,
m/e 383 m/e 399

m/e 3?3 e——J -CFC1
-CFCll L~CF2
m/e 267 m/e 283
~CF,, Lam/e 2}7 <——J ~CFC1
~CFC1 l ~CF,
m/e 151 'm/e 167 45.

Only XXIV (a) and XXIV (b) of the three possible structures can account for
this pathway, XXIV (c) being eliminated by the lack of an ion at m/e 383

direction of
group loss

CF,SCF,,CFC1CF,CFC1CF ,CFC1SCF XXIV (a)

37772 2 2 3
direction of group loss
CF,SCF,CFC1CF, CFC1CFC1CF,SCF XXIv (b)
372 2 2°73
CFBSCFCICFZCFZCFCICFZCFClSCFB XXIv (c)

In the absence of metastable peaks, it is diffieult to comment on
wnusual fragmentation pathways, so suffice it to say that 8 cleavage is very

Probably also occurring here and would give rise to peaks at m/e 151,

4

CF,SCF,, and at m/e 167, CF scre1”.

3

B =4 The metastable peaks observed in the mass spectrum of CFBS(CF20F01)4SCF3

are listed in Table 1.19. The structure of the isomers composing the n = 4

Compound are suggested by a process similar to that used above:=-



MY m/e 666
JTCF,S
2
m/e 565
. N
% _
4mml N 1-mb
m/e 499 n/e 515

m/e 449 é—J ~CFCl

7k
-CFClI '1 ~CF,

m/e 363 m/e 399

m/e |333 6—-—' -CFC1
-CFCll l ~CF,
m/e 267 m/e 283

~-CF,, [—7m/e 217 <;J ~CFC1
]

-CFCll’ L-CF2

m/e 151 m/e 167 46,

There are three possible structures which can account for this scheme viz:-~

direction of
group loss

CFBSCFZCFCICF2CFCICF2

direction of
group loss

—_—
'[‘1 n Ah Al
CF ;SCP,CFO1CF,CFCLCT, CRO1CRCLCF ,SCRy XXV (b)

direction of
group loss

—>
CFBSCFZCFCICFQCFClCFClCFQCFCICF280F3 XXV (e)

Peaks at m/e 79, SCC1*, and m/e 167, CF3SCF01+, confirm XXV (a) while the

CFC1CF,CFCLSCF Xxv (a)

3

peak at m/e 267 confirms XXV (¢). XXV (b) accounts for this sequence
equally well, but there are no unique ions for this isomer.

o« , @ cleavage with chlorine rearrangement is observed:-

Cl
] e | +
K -8 - - SCF, — F°* + CF, = SC1
F : CF, = S \f?E;» CF(CF20F01)3 3 o c
k ‘m/e 117

cleavage + CF, = CF(CFZCFCI)350F3 47.
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Decomposition of the ion at m/e 117 may account for the otherwise anomslous

. + . . . .

ion at m/e 85, CF201 y 24%, which is not only found here but also in the

CFas(CFZCbCl)nSCFy n = 2,3 compounds.
The mass spectra of the compounds CF

o 1_SCF F_S = (C and
Sb,lZCC-QSC SCCL FulQ, anda.

3 3 73
CF3500120013 are given in Table 1.17, Nos. (27)~(29) and the metastable
transitions are listed in Table 1.19.

For CF3800120012SCF5, no molecular ion is obgerved although a molecular
ion is obsexrvad in the mass spectra of the other two compounds. o cleavage
with charge retention on carbon and g cleavage are both fragmentation modes.

The metastable peak at m/e 64.3, also observed in the mass spectra of the

other two compounds, is calculated to be due to the transition m/e 129 —>

r

n/e 91. A tentative mechanism is postulated to be:-
Jy.) /0-001 —>
S -~ CCl1 4’
-,
2\

.—./001 J +F,
n/e 129 §

| ) 1

S =

+ L=<

+
= CCl 48.

m{e 91

f cleavage does not appear to be a possible mode of decomposition for

[(PER od

CFSCCL = 0C1, and the ion (CFzS - C01)? is not observed,

A metastable peak at m/e 112.7 shows that A cleavage of the CF.j - S bond
with charge retention at sulphur is a mode of fragmentation. Also
important is o« cleavage with charge retention at cerbon to give a high
abundance of m/e 129,CCl, = CCl+, 100%.  However, some of the ion current

+
may be carried by CF, = SCC1l also m/e 129.

2

A less important mode of fragmentation is o, (3 cleavage with chlorine

Trearrangement:—~
. Cl
: : | ¢ S 1 C1C = CCl
F'T CF2 -8=CC1l=CC1 W F + CF2 = SC1 + C =
! m/e 117
g
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The ion at m/e¢ 117 is less than 1% abundant,

3 cleavage of CF38C012 Cl3 is an important fragmentation process,

+
2'

K cleavage is also reasonadbly important, taking place with charge retenticn

judging by the very high abundance of the product ion, m/e 195, CF,SCCl.. 307.
, >

at carbon and less of CF,S to give an ion at m/e 199, CC1

P
s cc1,, 49%.

3
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B, Some Heactions of Bis(trifluorome thylthio)alkanes and -—-Tluoroailianss

with Todine Pentafluoride and Chlorine Nonofluoride.

Reaction of 1,2-bis(trifluoromethylthio)ethane with Iodine Pentafluoride

- The room temperature reaction does not proceed to completion under the

conditions used and unreacted CF_SCH CHQSCF3 and IF5 are recovered from the

372

reaction mixture, The more volatile materials are CF CF5I and SiF,. The

4’ 4

SiF4 is presumably derived from reaction of HF with the glass vacuum line
since HF is a more logical product of this reaction in a metal bomb. The

formation of CFA and CF3I indicates that the CF3-S bond is cleaved; Cullen (74)

has shown that in an asymmetric sulphide such as CF3SCH3’

there is very little

difference in the two C-S bond energies:=-

bond energy (kcals./mole)

CH, = CF, -« S
3= 8 3

Therefore oné would expect evidence of volatile CF

S compounds e.g.

3

CF_SF, or CF_SF., from cleavage of the S - CH2 bond but such compounds are

373 375
not found, although IF5
S
AN
or,{  CF,, to CF,SF, (27). The HF is almost certainly formed by fluorination
2\3/ 2 373

is known to oxidise tetrafluorodithietane

of the hydrocarbon part of the molecule; the driving force for the reactioﬁ
probably being the high bond energy [136 kcals. /mole (183)], though how many
hydrogené are exchanged for fluorine in one molecule of CF3SCH20HZSCF3 cannot
be determined. The sclid products were not investigated further, although a
Polymer such as fSCZHxF4_x}n may be formed, possibly with deposition of
sulphur, since no alkenes or alkanes are found. A polymer of this type is

known, viz.-(SCF2CF2}h (94) originating from the CF}S. initiated polymerisation

of tetrafluorothiirane, CF

- CF
2 2
\s”

Reaction of 1,2-bis(trifluoromethylthio)ethane with Chlorine Monofluoride

The reaction of CFBSCHZCHZSCF3 with C1F at room temperaturé in a 1:4 ratio

does not give the expected CFBSF20H20H2$F20F3. Instead, only ~30% of the
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CF3SVHZCH2bCI3 is used up, being converted to bPBuCHLan2hCr3 (trace;

identified by the mass spectrum, Table 1.22, with the metastable transitions

listed in Table 1.23), CF380012CH250F3, (identified by the mass spectrum

Table 1.22: Mass spectrum of CFBSCYCICHZSCF3 (m/e value, relative abundance,
ion, respectively; ions cuoted for 3501 isotope only)

264, 6, M3 209, 10, (3=C2)F; 195, 1, 03H3F301s;; 163, 9, 03H3F3015+; 160, 2,
C3H3Fss;; 159, 2, C4H2FBS£; 149, 9, CFBSCHC1+; 128, 9, 03H3F33+; 127, 3,
C3H2F3S+; 115, 58, CFBSCH;; 101, 15, CF38+; 9%, 3, c23501s*; 93, 3,
02H2C18+; 91, 10, C,C1S" and CzHBSE; 90, 3, czﬂzs;; 82, 11, CF,S"; 177, 9,
CZH2FS+; 69, 100, CF;; 63, 36, CFS'; 62, 20, 023301+; 61, 13. C?H201+; 60, 1,

+ + F -
cHCLYs 59, 17, CH;8y 58, 16, CHSTs 5T, 5, CpEs’s 50, 9, Cry; 47, 68,

+ +

ccr, 35, 23, c1's 32, 19, 85 31, 19, CF, 27, 45, CHy; 26, 51, C iy

Table 1.22: Metastable transitions observed in the mass specira of

CF,SCHCLCH)SCF and CF5SCCL,CH,S0F,.
»*
21 : . Transition 32 m
calc. found
SCHC1CH,,SCF
QE33”_QLW_2__.3
+ - ot .
264 M —> C H,FeS, + c1* 229 198.6 198.6
115 CFBSCH;———e'CFS+ + CF.H, 63 34.5 34.5
Q23§QQ12QE2§QFB
+ +
. .5
298 " — C,B,F,0lS, + CPyCl 194 126.4 126.5
298 nﬁ'———»03H2F301s+ + CFSC1 162 88.1 88.2
115 CF3SCH;-——+CFS+ + CFH, 63 34.5 34.5

Table 1.24: Mass spectrum of CF3500120H2SCF3 (m/§5value, relative abundance,
ion, respectively; ions quoted for ““Cl isotope only).

298, 8, M*; 263, 8, (M-C1)*; 261, 3, c4F6c1s;; 229, 46, 03H2F3012S£; 228,
+ + +, +,

2, CBHF331282 and C,HFeSys +226, 3, C,FgSys 1971 31 C3HaF301,5"s 196, 4,

CHRLCL,8Y; 195, 4, CoF,CLSTS 194, 6, CJEPLCLSS; 192, 4, C,F,CLSy; 177,

3y C.BFC1

+ + + +,
SEF)C1,8"s 176, 2, CF 1,8y 162, 10, C,H,F,C1S"y 161, 8, C,HF,01S;

99,4, C;E,FsShs 157, 4, C5PsSys 127, 67, CoH P58 125, 59, C5F,ST; 115,

54, CF scng; 114, 14, CZHF33+ and 00123+; 101, 4, CF5S+; 92, 9, ¢ HC1s’s 91,
10, 0,c15*; 82, 38, CC1} and CR,S*s 79, 39, ccus™s 77, 3, CHFSTy 69,

100, CF;; 63, 8, cFs*; 60, 6, C_HCLY; 59, 12, c,01%; 58, 8, CHS's 56, 2,

- OS50, 5, CFYs 47, 85, CCl*; 46, 10, CH,S*; 45, 3, CES'; 44, 16, cS¥; 32
+ .

483 31,1, CF'y 26, 11, CoHp
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in Table 1.24, with metastable transivions listed in Table 1.23

and a S(VI) compouud (trace). The natuve of this last compcund is
T & 1 9 n : . - .

not known but the F n.m,r., spectrum shows two signals: one at

5.=-101.4 P.p.m. and one at § = +115.7 p.pom. (Wer.i. CClBF ext. ).

The former signal is indicative of ﬁgan;—RfSF4CI. [&f. trans—CF?SF401,
AL o LIaas 3
A;F = -102.1 p.p.m, (205], and is split into a doublet with J = 12 Hz.
4

The latter signal is too weak for coupling to be observed, but the
chemical ghift is indicative of -3F4-C§CI~CX3 (206). The coupling

in 3 i is sis th
JSE4C.1'201 in aFSCFCICFzCl is 11.0 Hz. (206) and on this basis the compound
may be trans-ClSF4

The dichloro-bis(trifluoromethylthio)ethane is thought to be the

CFClCCl3 or of similar type.

1,1=dichloro compound, CF3300120525CF5 rather than the 1,2-dichloro

ccmpound CFBSCHCICHClSCF3 from both the mass and the 1H n.m,r, spectra.

The mass spectrum shows the ions 001;, m/e 82, and 5001;, m/e 114,

(identified as being present from the Clj'7 isotopes), and the 1H n.m.r,
spectrum shows a signal, & = 3.44 p.p.m., indicative of CH2 rather than

CH'. (207). The '7F n.m.r. spectrum of CF,SCC1 CH,SCF, has the

3 2 3
chemical shifts d’CgBSCﬂz = +40.8 p.p.m., é\CﬁstCl? = +43.6 p.p.m.
The i.r, spectrum is very similar to'that of OFBSCHZUHZSCF3 except for

the appearance of a strong broad band at 804 em” ! and assigned to Y(C=-Cl)

.(208). The reaction involves a considerable amount of the breakdown

products CF4 and CFBCl. The SiF4 found presumably comes from reaction
of HF with the glass vacuum line, the HF being formed as a result of
chlorine substitution into the alkyl part of the molecule. Formation

of HF as a product of C1F reaction is well known e.g.

Reference
1o (SOZF)zNH CIF,  (50,F),NCl + HF 209
\
2 RoH 2Py ROCL + HF, R, =((E).Cetc. 210
. iy £ I S 1 .
C1F
3. CF,00H  ——» CF,00C1 + KF 211

The HF found here, as well as the HCl found, may also result from
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hydrolysis of unreacted C1lF. & trace of chlorine is also chserved as
a product, as wonld be expected from an oxidation reaction involving Clr.
4+ T SOVTT 1 hl s
The mass spectra of CF3SCdzCHCISCF3 and CF3SQL2001280b5 how
fragientation patterns which can be interpreted as Bcleavage and &

cleavage with subsequent breakdown in a similar manner to that already

discussed in Section A,

Reaction of 1,2-Bis(trifluoromethylthio)hexaflucropropane witih Chlorine

Monofluoride

The reaction of CF3SCF(CF2)CF SCF3 with ClF alsc does not give the

expected product CF.S CF(CF )CF bF CF Instead, a whole wvariety of
3°

357
products is obtained. The more volatile are CF4, CFBCl, SiF4 (trace),
012, CFBSF5 and CFBbF401. These last two products alone suggest that

oxidative cleavage of the C - S bond takes place, The remainder of the
products form two fractions which could not be separated further; viz.
a fraction which passes a —22° trap but stops at —45° and a fraction
which passes a -45o trap but stops at —80°. Table 1.25 lists the 19F
n.,m,r., chemical shifts found, with a tentative identification of the
compounds giving rise to them., Table 1.26 lists the coupling constants
observed and these are assigned with regard to the proposed structures of
the compounds. In some cases, a full analysis is not possible due to
the complexity of the signals. Reference (180) was particularly useful
in the assigning of chemical shifts,

The sulphur (VI) compounds all seemed to have a trans structure
about the sulphur,

From the mass spectra, support for some of the compounds is found :-
SCF,CFCL1CF ’and

37772 3
CFBSCF(CFB)Ccml; n/e 239, (CF3)2CFSFZ, n/e 220, (CF3)20F5F+, and m/e

n/e 236, M* for (CF3)2CFSCl; m/e 286, MY for both CF

67, sC1t+, support the structure (CF3)2CFSF4Cl.  All the S(VI) compounds

receive support from m/e 108, SFZ; n/e 89, SFt; m/e 70, sFY

51, sF*; m/e 139, crsspz, and n/e 120, CF

o3 and m/e

3SF 3 lend support to



§

* denotes non-equivalence

Pable 126 : Coupling constants (Hz.)

Compound d's 4 d Gyt oF; ScF, 3 CF
(CF3)20F3F401 -122.0 +T4.7 +156.9
2 .
0F30F01CF?SF401 ~124.4 +77.4  +105,6 +147.6
CFBSCF20F01CF3 (2) +39.0 +75.1 +76.4 +141.6
CFBSCF(CFB)CFQCI (a) +37.6 +71.9 +6%.3% +165.7
(CF3)20F801 +76.8 +167.1
CF_CFC1CF,SC1 +80,0 +7%.1 and +138.8
5 2 +79.8
(CF3)2CFCl +82.2 +145.8
CF3(0F201)0F501 +73.0 +67.9 +152.7
(a) agrees with published spectrum (142)
~ Iable 1.25 : Chemical shifts (p.pem. wer.t. ext.CClar)
(eF) ,CFSF, C1 Jopsp, = 493 Jop osp, = 12:45 Jop op = 5.6
=4 =37"=4 =3=
CF38F4CF20F01C13 Jop. sF 23.0
: =37=4
c . .
F30F01CF2SF401 JCFZSF 23.65  Japosy 1145 Jop cosy 5.6
-27-4 =774 =374
CF 3 b —3 . L4 I3 -
3SCF2CFClCF5 JCF scr, 10.2; JQE SCCR 4.8 JCE scocp. ™ 03
3 3 3 =3
CE5CI CF5CCF, CF,CF
(CF3)2CF801 JC-3CE = 10.2
+*
CF . = H = . =
3CF01CF2 sC1 JCEE1 39.63 JCECE 10.43 JCE1QE 11.33
CF,).C
( 3) ,CFCL JCF3CE 6.2
¢ g = . =
FZCI(CPB)CFSCI JCE3CQE2 9.0; JCEC22 9.03 JCE3CE 16.9
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Table 1.27

Compound asym(SF4} Vsym(SF4)
s(vI) 865 682
CF,SF,C1 860 678
374
CF,SF GC3 692
3> 703 ?
SF5Cl G09 707

(all the bands are very strong absorptions)

CFBSF4CFZCFCICF3. The i.r. spectra of the two fractions also tend to

support .the S(VI) compounds:~ the SF4 asymrpeiric and symmetric
stretching frequencies observed zre given in Table 1.27, together with
those of CFBSF4Cl (212), CFB 501 (213).

From the nature ¢f the products, bond cleavage appears to be

ST (213) and P

indiscriminate save to say that only C=S bonds are cleaved. Bond

cleavage by CLF has been previously reported for RN = S5F, (214, 215):-
RfN'====SF2

The products found in the CFBSCF(CFB)CFQSCFB/CIF reaction can be

+ ClF(excess) —% RNCl, + ST,

rationalised thus:=-
! '

(1) c¢leavage thus CF,—~ SCFCF, -+ SCF
. 5 : 2 1 5
CF
5
with addition of C1lF accounts for
CF P S 1 P - CF. d C1SCF - C i
3Cl and 0_4, ClSF4?FCP3, 13?} F5’ an ] cml, 01F4SCﬁ3
CF CF CF

3 3 3

and F_sCF, .
5773

(2) cleavage thus l

L}

' ]

L CFCF, - S L CF

CF3S : fI F2 : 3
CF
3
and iti F 2 C
addition of ClF accounts for CFBSF4CI, and C 3SF5' CFBCFCICI*zSF4 1

and C . .
FBCFCICF2SCI, ClCF3 and CF4

(3) cleavage thus
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and addition of C1lF accounts for CFBSF4CI, CF38F5, CF5CFC CF2DF4CF5,
and CF_CFC1CF,SCF._.
3 A
(4) cleavage thus

——d e~

CF_SCFCF - SCF.
3 l 2 5
CF
3
and addition of ClF accounts for CF,SCFCF¥,Cl, ClF,SCF, and P .SCF¥,.
3 | ¢ 4°773% 57773
CF
3
(5) cleavage thus i .
)
1 1
CF.,S + CF - CF, - SCPF
57 \ 2 T 3
! t
CF
3
and addition of C1F accounts for CFBSF401 and CFBSF5’ 1?P - CF3 and

CF_SF,Cl, CF_SP_. CF
37740% V3R 3

Although these bond breaking and ClF addition processesc are re-
presented above ag individual processes, there is probably a concerted
mechanism taking place. No excess ClF is found in the reaction, nor
is any unreacied CF

‘ 3

formation of S({I1) compounds when oxidation would be expected to take

SCF(CF3)0F250F3 observed, This would explain the

place, i.e. there is insufficient C1lF in the reaction mixture used,

For example, consider process (4) above in more detail. A mechanism

such as
R T
CP_SCFCF, - 5CF CF,SCFCF + SCF
3 IFCF2 SCF; —» CFg l 5 3
C CF
Fs 3
with ClF addition to CFBSF thus
: ClF —— CF_SF, + Ol a
CF;SF + 2C1F —— CF;SF, 5 (a)
ClF ——> CF3SF4Cl (v)
CF,SF
33 201F — CF;SFg + Cl, (a)

Both methods of addition of C1F (a) and (b) are well documented e.g.

(a) CF; SCF, CF; —ur CFySF,CFCF;  + Cly Ref.(51)



- 117 -

(b) $0, + ClF —> SO,CIF Ref. (107)

CF3SCF(CF3)CF201 remains as S(II) due to insufficient G1F.

Reaction of 1,4-Bis(trifluoromethylthio)?,3-biz(trifluoromethyl Yhexafluoro-

butane with Chlorine Monofluoride,

Reaction of CF3SCF2({FCFCFZSCF3 with C1F proceeds, cother than slight break~

CF
CF;"3

down to give trace amounts of HC1, Siii."'4 (from hydrolysis), CF,
SOF2, smoothly to give 75% conversion to the bis-S{IV) compound,

, CF.Cl, SF, and

3 4

CF38F20F20F0F0F23F20F3 and chlorine, The compound is identified by mass, i.r.

4F2F3

and 1H and 19F n.m.r. spectra and by elemental analysis. As fer as is

known, this is the first compound of this type, i.e. containing two S(IV)‘SF2
1

groups in the perfluorocarbon chain, although RfSFzRg compounds are previously

reported (38, 51-53, 73).

"
o

The compoundAis stable in air for short periods but there is slight
decomposition at its boiling point (288-290° at 760 mm. Hg). .

The i.r. spectrum is listed in Teble 1.28 together with that of
CF3SF20F20F2CF3, quoted for comparison (51). The spectra compare very well,
the band at ~675 cm'"1 being assigned by Shreeve to a S~F stretching
Rode, It should be noted that this band is absent in the i.r speétrum of
(CBs ‘CF20F(CF3).] ,SCF5.

The mass spectrum is given in Table 1.29, with the metastable transition
listed in Table 1.30. As in this work, molecular ions were not observed in
the mass spectra §f the R.SF.R,. compounds (51) although R SF! ions were

£ 2f £ 2

characteristic. Here, CF,SF. is observed at m/e 139 (4%) and 06F133FZ at m/e

3572
389 (less than 1%). Many of the ions listed in Table 1.29 are less than 1%
abundant while there are no very intense ions other than CF;, 100%. This is
suggested to be due to the very high abundance of the m/e 9 CF; ion, which may
be formed easily by rearrangement processes as well as normal breakdown

Processes (200), an effect which is observed in the mass spectra of RfSFzRf (51)

The '9F n.m.r. chemical shifts and the coupling constants which could be
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CF,5T,,CT,CF

3 20F3 1343(m), 1280(vs), 126G(vs), 1230(s~vs), 1158(s);

(47) 1112(s~vs), 1080(w-m), 1045(w), 905(w-m), 842(u),
760(w-m), 697(m), 675(s8), 505(w), 482(w-m).

CF3SF20F2CFQFCF23F20F3 1322(w), 1278(vs), 1255(vs), 1227(vs), 1201(s),

éF?F5 1163(n), 1143(m), 1129(m), 1101(vs), 1026(w), 1014(m},

) 954(x), 899(n), 855(m), 842(n), 809(s), 785(m), 752(s),
(thie wor) 691(s), 643(s), 615(s).

Table 1.2@3 I.r. Spectrum of CPFP_SF_CF.CFCICF,SF.CF

U HoN+

522 (g 22 3
CF, 5

401%, S7F1SS+; 389%, 36F133F;; 370%, CgF,,8%5 351, 1, CGF 58Ty 332%,

06F125 ; 313%, CF,.ST; 301%, 05F11S+; 281%, C6F:1; 263, 1, C§F9S+; 251 %

C4FgS's  250%, C5F10+; 232%, C4FBS+; 231, 2, cspg; 225%, CP.S75  213%,

C4F7S+; 212%, CFgy 201, 1, CF33F20F=CF+ and CFBSF—CF:CF;; 182, 1, 03F68+;

181, 7, C4F;; 175%, c4F5s+; 169, 05F7+; 163, 03F5S+; 162%, c4pg; 151, 1,

02F58+; 150, 8, C5Fg; 144%, 03F$S+; 143*, C4F;; 129, 4, CFBSF;; 132%,

¢,F, st 131, 3, CoFp3 124%, C,Fy; 120, 4, CF4S+; 13, 2, C,F,875 112, 1,

C3F$; 101, 6, CFéS+ 100, 10, CZFZ; 93, 5, C3F;; 82, 3, CF,S'; 81, 2,

CFys 70, 10, SFp; 69, 100, CFy; 63, 5, CRS'; 51, T, SF'3 50, 51, CFp: 44,

5, ¢s*; 32, 5, 8% 31, 12, CF'.

Table 1.29: Mass Spectrum of CF,SF,CF CF(CFB)CF(CFB)CFQSFZCFB

351 oCF)
(m/e, relative abundance, ion respectively)

denotes important ions of less than 1% abundance.

Table 1.30: Metastable transitions observed in the mass spectrum of

CF_SF CFZCF(CFB)CF(CF3)CF SF_CF

372 2" 2773
24 Transition m, m¥*
calc, found
+ +
231 CFy —C,Fy + CF, 181 141.9 141.9
101 CF35+-——+ RSt + P 82 66.6 6647
69 { CF;-——-H!F; + F° 50 36,2 36,2
or
131 c,Ft —sCFt + FO=CF 69 36,3

35 3



Conpling
Conpound <§CF3S §CF5  dCTy  SCF &SP, Constunts(iz). Eofle
CFBSI«ZC.UZCFZCr3 +55.6 +61.2 +97.1 +11.2 JCE-zS'iig - 20,1 (47)
J -
CFSF,CF, = T.3
" r.] ~ -
CFBSF20*2CI~3 +55.8 +8C.2 +100.7 +13.0 JCE;*'SI_“Z - 19.5 (47
Jom am o
cgjspzci_ = 7.0
0F33F20F(CF3)2 +61.7 +75.4 +170 +16 Jszzc% = 19.0 (55)
: +80.8 +9.5 - : 1
CFBSFZCPZCFCFCFZSFQCFB +55.8 +69.3 +87.7 +169.8_ﬂ3‘1 JSEE' = 113.,0 this weork
cror'3 It = 191.8
3 CFF '
J : 20.3
cg3s_1_*2
J = 7.9
chScmgz
~ +71'5 " - W P,
CFBSCcmFCF\,FZSCFB +36.4 +69.1 +73.7 +164.7 = Jup gop 10,3 this woxrk
CF, -3 =2
CF
o3
19 3 2
Table 1.31: F n.m.r. parameters for CF35F2CF2TFE§FF28FZSCF3 and related
compounds., CF3 5

measured are listed in Table 1.31, together with the 19F n.m,r. data for

some related compounds for comparison. Both the SF2 fluorines and the CF2

fluorines show magnetic non-equivalence, and both signals are analysed as AB
spectra (69) to extract the parameters listed. Similar non-equivalence is

exhibited by CF38F20F20F3 (108) and it will be remembered that magnetic

non-equivalence is exhibited by the fluorines of the CF2 group in

C
F3SCF2CF9FCF

CF
cF, >
3
is proposed for the non-equivalence found in CFSSF2CF30F3 (108), with the

SCP, as discussed in Section A, A "preferred rotamer" concept

2773

bulky sulphur lone pair "locking" the molecule into the rotamer shown in

Fig. 1-10,



"ﬁ lone pair
Fig. 1-10

a similar concept may or may not explain the magnetic non-equivalence in

CFr_SF,.CF.CFCFCF.SF.CP._. Regtricted rotation about the central C-C bond due
3221&,223

CF; to the 2 bulky -CF3 groups would also tend %o mzke the
CF2 fluorines non-equivalent as is found for CF380F20F9FCFZSCF3.
CF.
2
CF
3

There is a whole chemistry of this compound to be investigated and one
wonders whether it will parallel that of the RfSFzRf already investigated,
.e.g. controlled hydrolysis to give the sulphoxides RfS(O)Rf (51, 54) which
can then be reacted with C1F to give RfS(O)F2Rf (108).  Further reaction
of these compounds with NH3 is found to give (Rf)2S(O)=NH compounds (216),
It should also be possible to prepare further bisIé(IVi] derivatives by

the action of C1F on some of the compounds described in Section A if the

correct compounds and conditions are chosen.

C. Some Reactions of Bis(trifluoromethylthio)alkanes and -fluoroalkanes with

Chlorine.

The reaction of CF.SCH.CH.SCF, with chlorine gives CF,SCH CHC13CF, and

37727275 3772 3

HCl in poor yield. The CFBSCHchCISCF3 is identified by its mass spectrum .
(Section B Table 1.22). The 19F n.m.r. spectrum gives the chemical shifts
{CFBSCHz = +39.5 p.p.m. and JEFBSCHCI = +38.4 p.p.m. (Ww.r.t. ext. CCljF).
The 'H n.m.r. spectrum is analysed as an ABX system (69) to give the parameters
&x = +5.17 PePeMey SB = +3.37 pcpomo, J..A = +3o26 PePom., JA.B = 7.7 HZ.,
Iy = T4 Bzoy Jgy = 5.4 Hzo,

The reaction of CF3SCH(CH3)CH2SCF3 with chlorine gives CF330H2001(CH3)30F3_

in very poor yield such that identification is based on the mass spectrum
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Table 1.32: Mass Spectrum of C”BSCCI(CQ )CH,» F3 (m/e, relative abundance,
ion respectively).

+
218, *, M'; 263, %, (M-CH,,+, 243, *, (-0l +

75 209, %, C4HsF5C1S,5 177, 1,
C4H F3CIS 3 176, 1, 04P401 162, 2, LBHZ cis’ s 141, %, C4H4‘" s*s 139, *,
C4H2Fé ; 128, 5, C, H FBS 115, 7, CrBSLP2, 114, 8, CFBSCH 115, 4,
C,F 3 101, 10, vﬁjs 5 94,% 02H3cls*; 82, 18, CF2S s TT, 3, 02H2FS+; 16, 2,
CZHPS and CBH L'y 75, 2, 63H4C“+ and CZFS+, T4, - 5“5§ T2, ,
3 5,8 s*y 69, 100, CFB, 63, 13, s’ 62, 15, Ch3“01 59, 1, €, 35 ; 51, 2,
P $ 50, 6, CF2, 49, 1, CHZCl s 48, 2, cHel”™ H 47, 1, CCL+, 45, 3, cus®
My 3, 0575 41, 5, Oy 39, 4, Cgis 36, 3, © ot 36, 8 KTy 35, : 01*;

32, 6, S, ,1, 6 CF'; 27,2, CHC'3 26, 1, cH.cl,

3 2

Table 1.%3: DMetlastable transitions observed in the mass spectrum of

CF33001(0H3)CHZSCF3.
o, Transition m, m*
cale, found
139 C4H2F3“ ——*02H2F38 + C, 115 95.2 95.1
209 C4H5F3018 —> C4H4F38 + HC1 + S 141 95.1

listed in Table 1.32 with the metastable transitions listed in Table 1.33.
Peaks such as m/e 49, CH201+, m/e 48, CHC1™, m/e 51, SF', can easily be
formed Ly rearrangement processes, but the lack of an ion at m/e 129, so
prominent (100%) in the mass spectrum of CF380H20H(CH3)SCF3, is really
indicative of the structure suggested.

The reaction between CFasCFzCF(CFB)SCF3 and chlorine does not proceed at
all under the conditions employed. '

There are three possible mechanisms for the reaction of 012 with the

- bis(trifluoromethylthio)alkanes , using CFzSCH,CH,SCF3 as an example,

: SCF
CF,SCH,CH,SCF; + C1° —» CF,SGHCH,SCF, + HCI
Jo,
CFSCHC1CHySCF;  + C1*  ete. (1)

However, in the absence of a free radical initiator or U.V. light, this

free radical process seems unlikely, especially as the chlorine radical is an
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electrophilic species (101) and the electron-vithdrawing effect of the or5S
group would make attack by C1° more difficult. What eliminates thise
nechanism, hpwever, is the experimental conditions observed in the reaction
between 012 and CFBSCH(CH3)CH2SCF3. Here after reaction, the system was
cooled to ~80° and chlorine removed under static vacuum, If rechanism (i)
were operating, then HCl would be formed during reaction and would be

removed with chlorine at -800.’ EC1 was not in fact observed until the

system was warmed to room temperature, a fact not compatible with mechanism (i)

1
c1, |
CF,SCH,CH,SCF, —————> CF,S \ CH - CH,SCF
377272773 31N 27773
Cl1 'H
(a)
CF3SCHClCHZSCF3 + HC1 (ii)
C1
012 3 +
7 —_— S - SCF.,
cn«Be*JCHZc:HZSCF3 > [CF3b CE,CH, CFj:l C1
I ()
CFSSCHCI - CHQSCF3 + HCl (iii)

Both (ii) and (iii) would explain the observed facts. Thus, both structure
(#) and (b) would be stable in the presence of Cl, but would immediately
decompose on removal of Cl,. However, with CEBSCF(CF3)CF280F3’ if (a) or (b)
were formed, there would be no elimination of HEl possible. (b) would simply
revert to starting material on removal of Cl, (217), but (a), if formed,

would have no reason to revert to starting material. That reaction does not
take place place can be explained thus: mechanism (iii) is preferred and hence
does not give a product with CFBSCF(CF3)0F2SCF3 or mechanism (ii) operates,

but only with the hydrocarbon derivatives and not with CFBSCF(CFB)CPZSCFB due to
the lone pair on sulphur being partially delocalised by the electronegative
fluorocarbon groups and not therefore being available for bonding to chlorine,

However, what suggests that (iii) is the correct mechanism is the precedent

established by Bohme et al. (218) for alkyl sulphides:~-
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Cl
1 ‘e Cl? 3 ' V4 -
R - ECHZR % |R =~ § -~ CHO?J Cl
jl-fm
C1

R1 ~ SCBC1R
Perhaps under suitable conditions, oxidative chlorinaticn of the bis-
(trifluoromethylthio)alkanes and -fluoroalkanes may proceed to give the

S(IV) dichlorides. Oxidative chlorination has been established for

mustard gas:-

Cl :
2 .
(01CH2c32)2s —_— (010520112)23012

CCl
(cc1,)
with no immediate elimination of HC1l and chlorination of the Kcarbon (113)

as is found here and with CFBSCFHCFZH vhich gives CFBSCFCICFQCI on reaction

with chlorine (142).
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EXPERIMEUTAL

e et 2 i et

A, Reactions of Bistrifluoromethyvldisulphide with Olefins

Reagents were obtained from the sources indicated in Table 1.34.,
Commercial bistrifluoromethyldisulphide woe purified by distillation
through traps held at -780, -950 and —1960, the pure material bheing
collected in the -95O trap.

Table 1.3%4 aléo lists the infrared. and n.m.r. spectra references for

both starting materials and those products identified by these techniques.

Table 1.34
Compound Source I.R. N.M.R.
CP3SSCFy Peninsular Chemresearch. Inc. (1'76) (186)
CH, = CH, - Matheson Co. (219)
0H5c11 = CH, Matheson Co. (219)
CF, = CF, Peninsular Chemresearch Inc. (220)
CF3CF = CF, Peninsular Chemresearch Inc. (220)
CH, = CF, Peninsular Chemresearch Imnc, (220)
Cra = CF2 Peninsular Chemresearch. Inc. (220)
CFCl = CF, Peninsular Chemresearch Inc, (220)
cc1, = ccl,, B.D.H. (221)
CP5SCH,CH, SCF (23) (23)
CFBSCF(CF3)CFZSCF3 (142)

In general, the olefin and the bistrifluoromethyldisulphide were
condensed together at -196° into a Pyrex reaction flask, of diameter 40 mm.,,
capacity ca. 120 ml. and fitted with a "Rotaflo" Teflon stop-cock, such that
at room temperature both reactants were in the vapour phase and the total
Pressure inside the flask was approximately one atmosphere. The flask and
contents were exposed to ultra-violet light from a Hanovia 12277 Medium
Pressure Mercury Arc Lamp until no more liquid product was seen to collect at

the bottom of the reaction flask. For the reaction between CF‘ESSCF3 and
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0012 = CClz, the bottom of the flask was covered witli black paper to ennune
that any reaction taking place under the influence of the ultra~violet

light would do so in the gas phase -~ CC12 = CC12 was found to have a
comparatively low vapour pressure, ca. 17 mm. Hg. at the reaction temperature
and was therefore mainly present as a liquid in the reaction flask, This

wvas done so that a direct comparison between the reactions of CF.,SSCI"3 with
J

0012 = 0012 and the other olcfins could be made without interference from

Table 1.35: Reaction of CF,SSCF, with olefins

37773
CF3SSCF3 Olefin Reaction % age con- Products
(mmoles) (mmoles) Time (hrs.) version of
olefin
CH, = CH, 44 48.8 CF;SCH,CH,SCF
5¢51 5.69
= . ¥,SCH(CH, )CH, SCF
CH,CH = CH, 20 59.9 CF5SCH(CH; )CH,SCTy
6,06 5.91
CF, = CF, 16 100 CF3S(CF28r2)nSCF3
4.27 4.53 n = 2, and v. large
CF, = CF, 16 -100 CF3S(CF20F2)nSCF3
5.73 . 1.13 n=2and v. large
CFBCF = CF, 184 48.5 CFBSIE:F(CFB)CFZ:]nSCF3
5.32 6.56 n=1,2
CH, = CF, 26 100 CFBS(CH20F2)nSCF3
5082 5.92 ; n=1-6
CFH = CF, 28 100 CF3S(CFHCF2)nSCF3
5.78 6.24 n = 1-7
= F
CFH = CF, 28 100 CFBS(CFHC?Q)nSC 3
4.80 10,61 n=1-7, >7
CF, = CPCl 24 100 CFCLCF,CFCICF,S
5.87 6.08 CF4SCF,CFC1CF,
CF33(0F20F01)nSCF3
CF, = CFCl 24 100 CFC1CF,CFC1CF,S
6.66 1.32 CFBSCcmFCICFB
cpjs(cpzcrm)nscp3

n = 1-4



Table 1.35 (cont'd)

€C1, =cCC1, 500 13,6 pP)uCCl 0012acrg
6.40 5671 CP;5CC1 = CC1,
. CF550C1,C01,
Table 1._§§
Compound n B.P. (%) Vapour Pressure M. W,
(mn. Hg. ) Fouﬂd< a) Calc.
CF5SCH,CH,SCF; 110-111(?) 16.18 230 230
CFBQCH(CH )CH280F3 117-118 17.05 244 244
CP S(CF Q)QJCPB o 127-129 525 402 . 402
CF S[CF(CF )CFZZI SCF, 1 96-95(¢) 45.26 352 352
2 153.155(4) 0.64 502. 502
CFBS(CH2CF2)nSCF3 1 116-117 14.79 266 266
2 166=167 0.21 ’ 330 330
3 grease - 394 354
4 grease - 458 458
5 grease - 522 522
6 grease - 586 586
CFBS(CFHCFZ)nSCF3 1 89-91 5177 284 284
2 115-117 8.53 366 366
3 162-164 : 0.09 448 448
4 262-264 - 530 530
5 grease - 612 612
6 grease - 694 694
o 7  grease - 776 176
éF010F20F01CF2é _ 264 264
CFBSCFZOFClCFB' 94~99 mixture 286 286
CF33(0F20F01)nSCF3 1 318 318
2 158-159 0.46 434 434
3 196-198 - 550 550
4 grease - 666 666
OF,5CC1,CC1, ,SCPy 168-170 - - -
CF3SCCI cc1, 137-138 9.83 230 230
CF3800120013 - - 300 300

(a) Molecular weight determined by mass spectrometry
(b) B.P. 110°C published (23)

(¢) B.P., 100°C published (142)

() B.P. 156-159 C published (140)
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any liquid phase recaction in the former cace. After reaction, the producis
volatile under static vacuum were fracitionated by trap-to-trap distillation.
The material involiatile under static vacuum but voletile under dynamic

vacuum was removed from the reaction flask by pumping through a trap held

at ~196°. Any remaining involatile material waz removed as a diethyl

ether solution. The ultra~vioclet induced reactions of CFBSSCF3 with olefins
and the products from these reactions are summarised in Table 1.35. The
boiling points, vapour pressures ani molecular weights of the products are
summarised in Table 1.36.

The reaction betwegn CFBSSCF3 and CH2 = CHQ was glso carried out in a
metal bomb in the dark:- Ethylene (0.069 moles) and bistrifluoromethyldi--
sulphide (0.070 moles) were packed into a 75 ml., monel Hoke bomb and kept
at 100° for seven days. Fractionation of the contents of the bomb gave
wnreacted ethylene and bistrifluoromethyldisulphide (-196°) and CFBSCH,ZCHZSCFB
(=65° /0. 53 mmoles).

The results of elemental analyses performed on several of the products are:-

CFBSCH(CHB ) CH28C’F3 Found 24.8 2.5 46.6 26,2
Calc, 24,6 2.5 46.7 26.3

CF3SCF(CF3)CF2SCF3 Found 17.0 65.0 18.0
S Calc. 17.0 64.8 18,2
CF s[cp(cp3 )cpz] pSCF;  Found 19.2 68.3 12,7
Calc, 1901 68.2 1207

_§L;, Reactions of Iodine Pentafluoride and Chlorine Monofluoride with

Bis(trifluorcmethylthio)alkanes and —fluoroalkanes

Tables 1.34 and 1.37 list the i.r. and n.m.r. spectra feferences for
both starting materials and those products identified by these techniques.

IF5 (Matheson Co.) was purified of iodine over mercury while the ClF
(Ozark Mahoning) was used direct from the cylinder.

General Reaction Procedure

A weighted amount of the bis(trifluoromethylthio)alkane was condensed
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Table 1.37

Compound I,R,. NeliHe
I, (222)
CF,1 (223)
CF, (224)
SiF, (220)
CF301 (220)
HC1 (225)
CF33F5 . (159) (226)
OF ;5¥,C1 (158) (205)
CF, SCIP,C¥C1CE, (142)
CFBSCF(CF3)CF201 (142)
SF, | (227)
SOF, ' (228)

(-1960} into a 75 ml. monel Hoke bomb fitted with a monel Loke valve,
IF5 was added using the Pyrex vacuum line while a metal vacuum line,
illustrated in the General Experimental Sectiocn, was employed to add the
C1F, Both reagents were used in an approximate 4:1 excess. The bomb
was allowed to slowly warm from -196o to —780, kept at w78° for 24 hours
‘and allowed to slowly warm to room temperature. The products of the
reaction were examined by standard vacuum line techniques in the pyrex

vacuum line,

CF 1L d 3
__BSCHQLHZSCFQ/IFB Reaetion

CFBSCHZCHQSCF3 (1.86 mmoles) and excess IF5 were reacted as above.

Th i < .
e volatile products were CF3 4? CFZ’bCHQCstCF3 and IF5 with

unidentified solid products left in the bomb. 4 little SiF4 was also

obtained, presumably from a hydrolysis reaction in the Pyrex vacuum line.

I, CF

CF,S i
_f; CH2CH280F3/CIF Reaction

—

CF,SCH,CH

3 5 2SCF3 (4.70 mmoles) and C1lF (approx. 20 mmoles) were
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allowed to recact as described above, The material which distilled
4 and CFBCI. This

mixture aleo contained a greenish yellow compound,which did not appear

from the bomb at --78o consisted of LCl1l, CF

in the i.r. spectrum and was presumably chlorine,and SiF which was

4°
presumably due to a hydrolysis reaction in the Pyrex vacuum line.

The material remaining in the bomb distilled at -450 and consisted of

approximately 70% unreacted CF SCHZCHZSCFB’ CFBSCCIZCstcF3 ¥ found
SCHClCHz.S‘CF3 [M found (wass spec.),

19

3

(mass spec.), 298; M calc., 29§], CF3

2643 M calc., 264j and a compound which gave F n.m.r. signals at
§ = =101.5 p.p.m. {doublet) and & = +115.7 p.p.m. The latter two
compounds were present in trace quantities.

CFBSCF(CEQ)CF2SCF3/ C1F Reaction

‘CFBSCF(CFB)CFZSCFB (4.50 mmoles) and C1F (approx. 20 mmoles) were

allowed to react as described above. The contents of the bomb were
then fractionated to give CF_,-CF301, a greenish yellow compound
thch was presumably chlorine and SiF4, presumably from a hydrolysis
reaction with the Pyrex vacuum 1ine,(-196°); CF SCFQCFClCFa,

3

CF3SCF(CF3)CF201, (CF3)20F801 [M found (mass. spec.), 236; M calc.,

236/, CFBCFCICF2SCI, Ccml(CFB)LFSCI, (CFB)ZCFCI, and trans-(CFs)zuFSF4Cl
(-80°); and CF3SCF2CF01CF5, CFBSCF(CFB)CFZCI J:M found (mass spec.),

286; M calc. 286], (CF5) ,CFSC1, CF,CL(CF)C¥sCL, trans-(CF,) ,CFSF,CL,

4

trans-CFBCFCICF2SF4Cl, and CF3

EEESCcmF(CFB)CF(CEE)CF2SCF3/CIF Reaction

o .
CF01CF23F4CF3 (=457).

CFBSCF2CF(CF3)CF(CF3)CFZSCF3 (6.51 mmoles) and C1F (approx. 28 mmoles)

vere allowed to react as described above. The contents (trace) of
the bomb volatile under static vacuum consisted of CF4, CFBCI, SF4,
H Si

C1, 31F4 and SOF2

hydrolysis reaction in the Pyrex vacuum line. The material remaining

, the last three compounds presumably from a

in the bomb was removed under dynamic vacuum and was found to be a

nixture, almost wholly separable by atmospheric distillation, of
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_unreacted CFBJCE2CF(CF3)CF(CF3)0F280F3 (cz. 25%) and the bis=sulphui(IV)
w ST T 7 n (1 aRhl nl -~ 1Ul e R PR . Al T Fe

compound Cl56‘QCFZCF(LIE)CF(CPs)CEZb}2C15[;3. 75%; Found: C, 16.5;

F, 72.5; 5, 10.9%. Calc.: C, 16.65 F#, T2.3; S, 11.1%; Db.p.,

288-290° at 760 mm. Hg.; v.p. not detected .

C. Reactions of Chlorine with Bis(trifluorometnylthio)alkanes and

-fluoroalkanes

General Reaction Procedure

Commercial chlorine (Matheson Co.) was purified by slow
fractionation through traps held at —780, -126° and -1960, the pure
material being collected in the -126° trap. The bis(trifluoromethyl-
thio)alkanes or ~fluoroalkanes and excess chlorine were condensed
(-1960) into the reaction vessel, a ca. 20 ml, flask fitted with a
West Glass 0.4 mm. Teflon stop-cock. The mixture was allowed to warm
to room temperature and vigorously shaken f;r two days. The reaction
products were examined by conventional vacuum line techniques.,

CF bCHzCH

s 2SCF3/012 Reaction

CFBSCH2CHZSCF3 (1.27 mmoles) and- C1, (20.22 mmoles) were allowed to

react as described above, The contents of the flask were then
fractionated to give 012 and HCl, identified by its i.r. spectrum (225),

(-196°); unreacted CF ;SCH,CH,SCF 5 (ca. 80%) and CF sSCHC1CH,SCF (ca.

20%) (~-65°). Slow fractionation of the =65° trap contents through a

3SCHClCHZSCF3 for a mass

spectrum [M found (mass spec.), 2643 M calc., 264}.

trap held at -450 isolated sufficient pure CF

CF i
__5§CH(CH3)CH280F3/012 Reaction

'CF3SCH(CH3)CHZSCF§ (1.11 mmoles) and Cl, (18.67 mmoles) were
allowed to react as described.Cl2 was then removed from the reaction
flask by pumping on it at -78°. Lo trace of ECl was detected in the
Volatile material, The flask and remaining material were allowed to

varm to room temperature whereupon HCl, identified by its i.r. spectrum

(225) was evolved., - Slow fractionation of the remaining material gave a
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nixture of CFBSCH(CHB)CH2SCF 3

3SCC1(CH3)CH28CF3 [ﬁ found (mass spec.), 278; M calc.,
27§], (-22°).

CEESCF(CFj)CFzscFB/Clz Reaction

3 and CF38001(033)0H230r (=196°) and a

trace of CF

CFBSCF(CFB)CFzsCFB (0.60 mmoles) and C1, (39.92 mmoles) did not

react under the conditions described abovee.



CHAPTER II

REACTIONS OF

PRIFLUCROMETHYLSULYHUR(VI) CHLORIULE

TETRAFLUORIDE




INTRODYCTION

Trans-trifluoromethylsulphur(VI) chloride tetrafluoride, trans-

CF3SF4CI, was first prepared in 1969 by the combined action of 012

and CsF on CFasF3 (205, 212)., The trans structure about the

sulphur was established by the infrared. and 19F n.m.r. spectra (212).
The cis compound was not detected in this preparation; jgans—CFBSF4Cl

will therefore be referred to as CF,SF,Cl, with the understanding that

374

the trans isomexr is indicated,
The aim of the work described in this chapter was to determine to what

extent, if any, the chemistry of CF SF4Cl parallels that of SF_.C1,

3

< SF'Cl was first isolated and characterised as a minor

p)

constituent in the products of the reaction of fluorine with sulphur

p

dichloride (229). Preparatively, two reactions are of value,

380°

SF, + CIF ———> SFC1 (230)
110°
SF4 + CsF + C1, —> SFBCl + CsCl (231)

The chemistry of SF501 is well reviewed (3, 5, 11, 137). The ability

of SFSCI to give the SFé radical is gn important feature of its

chemistry., With olefins, either under the influenceof u.v,
irragiation or thermally, SFSCl adds across the unsaturated linkage
(127, 128, 136, 137, 159, 160),

SF.Cl+3C = ¢ —2¥r SF, -

I
- C - Cl
5 or A

—_—) -

or, in some cases, polymerisation can take place to give SF5(C - C)nCi,
h=1, 2, 3, etec. With acetylenes, a similar reaction takes place

(127, 232).

SF.Cl + =C= 0= —2Y*y SP. =~ C = CC1
5 or A 5 !
vith H,, SF501 gives S5,F o (146),
2SF.C1 + H, —Y4%§F + 2HC1

5 2 2°10

With 02, SF_Cl gives the oxide and peroxide (233, 234)

p)
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SP.Cl + 0, —2¥e s SP OSF. + SF_00SF,
5 2 R 57005

with N2F4, SFSCI gives SFSNF2 (235) and with (CF5)2NCl, SF

(CF3)2NSF5 (236).

5Cl gilves

In Section A of this chapter, the reacfions of CFBSF4CI with olefins
is investigated and it is found that the main products are iggggfbis(halo»
alkylsulphur(VI) tetrafluorides and so reference is made to the many
reviews on this class of compounds (3-5, 7, 9, 11=14).

The direction of radical addition to olefins has been discussed in
Chapter I and, therefore, when discussing the reactions of CF5SF4Cl
with olefins, reference is made to the discussion in Chapter I for the
olefin concerned.

The second part of this chapter describes the examination of a
series of miscellaneous reactions of C?BS§1C;, carried out to see what

interesting derivatives could be made for future investigation, again

using those of SF_Cl as a model.

5
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SUIMMARY OF REACTIONS

A. _Reaction with Unsaturated Hydrocarbons and Fluorocarbons(*)

y CF,SF,CL + CH, = CH, u.ve CF45F,, CHl,CH, 1
1(a) CF38F4CH20H2C1 + KOH/H2O/EtOHL-—?CF3H + CFBSF4CH = CH, + solid products
2 CF,SF,C1 + CH, = CHOHy SN CF,SF ,CH,CHCACH,
3 CFBSF401(1) + CF, = CF2(1) LLALINN CP‘3SF4CF20F201 + CF3SF4SF4CF5
+ CF,C1CF,C1
3(a) CF,SF,C1(1) + CF, = CF,(2) HeVe s CF,SF, (CF,CF,) 61, n =1,2,3 etc.
4 CFSF,CL + CF, = CFCPy SE.IALTN CF,SF,CP(CF,)CP,CL + CF,ST,SF,CF,
+ CF,CICFCICF,
5 CF,SF,CL + CH, = CF, LALNN OFSF,CH,CF,C1 + CF;SF,SF,CFy
+ CF,CLCH,CL
6 CF,SF,Cl + OFH = CF, __ELZL_;CF38F4CFHCF201 + CF,SF,SF,OF, (trace)
7 OF4SF,Cl + CF, = CFCl -Jgizl_ﬁ.C?38F4(CF20F01)nCI, n=1,2
+ CFBSF4SF4CF3 (trace)
8 CF;SF,C1 + HC=CH LLLATN CF,SF,CH = CHCL + CF,SF,SF,CF, (trace)

(*) A1l the S(VI) compounds have a trans structure about sulphur.

B, Miscellaneous Reactions

9 CF_SF,C1 + Hg —> CF,C1 + SF4 + Hg(Cl)x x=1,2

374 3

10 CF35F401 (a)

NeVe

pyrex

no reaction

(b) —2Ve, CF38F4CI + COFCl + SF,
quartz

1 CFBSF4CI + H,

(a) — Ue¥.  no reaction
pyrex

SF,C1,

NeVe .
(v) _.______,CF5c1, SiF,, SOF,, HC1, CF3 4

4
quartz
CFBSF 4SF 4CF3
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12 CF38F401 + 0, (a) ¥ S no reaction
' pyrex
(b) De¥e o CF_SF,C1 + (trace) COF,, CP,, SiF,,
quartz >4 ‘ 2 4 4
B S0F,, HC1
2
1 CF,SF,C1 + CP_SSCF 22T or.01, Si F,, CP_SCF,, CF,S
3 357, 3 3 (a) pyre? 3 1, SiF,, SOF,, 013 39 CP3 1,
CF_S3CF CF_SF C1
3 3" 7374
(b) eV CF,01, SiF,, SOF,, CF,SCF,, CF,501,
uartz CF, SSCr,, CF_S¥,CL
e 375005 Uy
14 SFgCl + CF,SSOF, (a) —2Y° 5 no reaction
pyrex
(b) ¥, SP.L1, SF, SUF,, CF,SSCF,, CF,SCF,,
guartz ? 5 5 5 5
CF3801
RESULTS
A1l the evidence points to CFBSF401 adding to unsaturated carbon~
carbon linkage by a free-radical mechanism identical to that observed in the
similar additions of SF5CI (127, 128, 136, 137, 159, 160, 232), The reactions
of CFBSF4CI with olefins/acetylene do not take place in the dark, but under the
influence of uw.v. irradiation, CF_SF,Cl adds to the carbon-carbon multiple bonds by
374

& mechanism which apparently involves hom

CF3SFA and Cl1° radicals.

by what appears to be dimerisation of CF3

In some cases,

(1° radicals being taken up by the olefin

In some of these cases, just a trace of CF3

1,2-dichloro compound is not detected.

techanism (127) for the reaction of SFeC1

olytic cleavage of the S-Cl bond to give
the addition reaction is accompanied

SF* dicals to CFP_SF,SF.C ith th
4 radicals to form 358 4SF F3 with e

to give the 1,2-dichloro compound.

SF i d
4SF4CF3 is found and the

Roberts has postulated the reaction

with olefins,e.g. with CH2 = CH2

hy
SF5CI —_— SF% + C1°
[ — )
SF5 + CH2 = CH2 — SF5CH20H2
SF50H20H2 + SFscl —_ SFSCH20H201 + SF5
c1° + ,CHZ = CH2 —y ClCH20H2
ClCH20H2 + SF5C1 -——»ClCHZCHzcl + SF5

2 this has been confirmed by kinetic work by Tedder et al. (128) who also
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1
N
(SN
H

gshowed that the addition step was reversidle and that the termination step

ave an® [l ]
for that system was ZQFS -———->u21‘10

This scheme would fit the observations here as the reaction of CF_SF, CL

374

with an olefin seems to reach the equilibrium

CF3SF4Cl + C(AB) = C(XY) —» CF3SF40(AB)0(XY)01

for ethylene and propylene where no CFBSF4SFACF5 is detected. CFBSF4SF50F7,

4 v -
vhose characterisation is discussed later, is detected by the observation of thz
chemical shifts at =33.3 p.pem. and +65.5 pep.m. in the 19? nem.r., spectrum of th~e

neat liquid products. By comparing the SF4 signals in varicus mixtures of

CF3SF4SF4CF3 and CFBSF4CF(CF3)CF201, the limit(for detection of CF3SF4SF4CF3 is
estimated as 5 parts per 1000, i.e. CFBSF4SF4CF3 can be present to the extent of

less than 0.5% of the neat liquid product and not be detected by this method.

The reaction is crudely monitored by observing the level of liquid at the bottom
of the reaction flask  This reaches a maximum after ca. 15 hours irradiation
and does not increase no matter for how much longer irradiation is continued.

If the products are removed, however, and the unreacted starting materials re-
irradiated, then more liquid is seen to form at the bottom of the reaction flask
and this again reaches a maximum level.

In the other reactions examined; CF3SF4SF4CF3 is formed and this type of
equilibrium is not observed although reaction was stopped before completion, by
removing the reagents from the u.v. source, except in the reaction with CF2 = CF2
vhere all the CFBSF4Cl and CF2 = CF2 is consumed.

If the reactions between CF3SF4CI and olefins/acetylene are performed using
quartz instead of Pyrex vessels, very little addition of CFBSF401 to olefin occurs

bt decomposition of CF,SF,Cl1 to CF,Cl and SF, is the main process.

374 3 4
] [] [] ]
The fact that products of the type CF5Q - GC1 or CF3 - g - ? - CF3 are not

found suggests two mechanisms:-

hv
CF.SF ¢ . *; O1° —>Cl-C c1*
35F,C1 ——> CF,SF, + 1% C1° + OF 5SF,C1 F; + SF,Cl
. c1° 1.
SF,C1° —> SF, +

Or an intramolecular process with elimination of CF301 from the same molecule,
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perhaps by u.v. catalysed rearrangement to the cis CF38F401 followed by CF3C1

elimination, 2.
Vhich of 1., and 2., operates is difficult to ssy, but for 1. one would

. - ! '.
expect perhaps C1° + X = ¢{— ClL = G~ ¢ + CFy = 5F,C)
!

] J"|
¢1¢ - cCF, + ©&F,C1
At

and this is not found.

With a 1:1 ratio of CF,SF,C1l to olefir/acetylene, tclomerisation is not

374

observed except in the case of CF, = CFCl, but when the ratio is increased %to

2
1:2 for tetrafluorcethylene telomerisation is very marked.
The reaction with ethylene and propylene give only CF33F4CH20H201 and

2

. o1
as expected from previcus resulis. In both cases, the H n.m.r. spectra are

: CFBSF4CHECHClCH5,.the latter - formed by radical attack at the CH, group

_very complex,

The n.m.r. of SF.CH,CH,Cl and SF.CH_CHCLCH, have been analysed as AB XX'YY'

57272 572 3 4
and AB4P3XYZ spin systems respectively (190).
The reaction with CF2 = CF2 to give the 1:1 adduct with CcmlcFQCl and

CP,SP, SF,CF. is unambiguous and requires no further comment.

37474773

The reaction with CF2 = CFCF SF,CF.CFC1CF

gives CF 3574 CF 3

SF4Cr(CF3)CF201 and CF

3 3

in the ratio of 97%: 3%

CF,ST,CF,_CFC1CF., is produced by the reaction of CF with C17F,

37472 "3 3 3

88 described in Chapter I. Comparison of the 19F n.m.r. spectra characterises

SCF(CFB)CFZSCF

and the 97% product is therefore

19

the 3% product as CFBSF4CF20FC].CF3

CF38F4CF(CF3)CF201, a structure which is supported by the

Previous free radical additioms to CF, = CFCF3 (see Chapter I) occur preferentially

P n.m.r. spectrum.

at the CF2 group. The major product from the CF3SF401 reaction is therefore the

unfavoured one. SF501 reacts with CF, = CFCF3 to give 50% of each of the two

Products (136) and, according to Haszeldine (144), this is due to the poor
mucleophilic character of the SF% radical since CF2 = CFCF3 is particularly
susceptible to nucleophilic attack. Nucleophilic character is dependent on the

tumber of eleétron—releasing substituents or on the power of the electron-
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releasing substituents, The CF,_SF% radical should therefore be less

374
mucleopriilic than the SF; radical, The chlorine atom is thougnt to be an
electrophilic species (101), hence CFBSF4Cl gives rise to two poor
nuclecphiles, Therefore one would expzct the reaction of CPF,SF,C1 with

374

Sk C F. = CFCF,
57F401/0%, 3

CF2 = CFCF3 to be very inefficient as far as producing a CF
adduct is concerned but the termination steps

CF_SF* CF_SF* CF_SF, SF,CF
374 T MR T R

CF2010FCF + CP,SP C1 — CF,CiCFC1CF, + CF_SF}

3. 374 2 3 374

to be relatively fast. This is borne out by experiment since large auwounts,

relative to the other olefin/acetylene reactions, of CF,SF,SF,.CF, and

37474773

CFZClCFClCF3 are found while the reaction to produce the 1:1 adduct is extremesly

slow.

The reaction with CH2 = CF2 and CFH = CF, both proceed to give the 1:1

2
adducts CF3SF4CHZCF201 and CF35F4CFHCF201 respectively, i.e. the adducts formed

by addition of the CF_SP% radical to the favouredend of the olefin in each case,

3>%4

No trace of CF,SF,CF.CFHC1 is found although previous studies on radical

37472

asddition to CF_, = CFH (Chapter I) have shown that addition to the unfavoured end

2

of this olefin usually occurs, albeit to a small extent. The CH2 = CF2 gives

CF38F4SF4CF3 and ClCH20F201 in reasonable amounts but the CF2 = CFH reaction

gives a trace of CF,SF,SF,CF, only.

3747473
The reaction with CF2 = CFCl gives botha 1:1 adduct, CF3SF4CF2CFCIZ, and a
1:2 adduet which consists of the two isomers CFBSF4CF20FCICF2CFC12 and

C
F38F4CFZCFCICFCICF2

addition of the CFBSF; radical to the favoured end of the CF2

end (see Chapter I)y thus

Cl; Dboth of these isomers would appear to be formed by
= CFC1 molecule,

l.e, at the CF2

NeVe

CFBSF4CI _—_ CF3SF; + C1°

CFBSF; +-OCF2 = CFCl — CFBSF4CF20FCI°

CFBSF4CF20FCI' + CF3SF4CI -—> CF3SF4CF2CFCI2 + CF3SFi
CFBSFZCcmFCI' + CF2 = CFCl -——*CF3$F4CFZCFCICF20FCI°
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PC1CF CFC1* ¥,SF,Cl~—> CP_SF CF CVC1CP CT F 5§
CF5SF, CF,CTC1CF,CRC1®  + OF;ST,Cl—> CF,S¥, CF,0r01C 20 01, + CF &i}

Cl* + CF2 CFCY —— ClCF C

CF3SF4CF20bCI + ClCrZCFCI -2 C 39P4CF261010PblCF201

SF501 adds to HC = CH thermally (232) to give the tran 0:5~5F 5 CH=CHCL,,

i.e. ///C = C the structure being established by the proton
H Cl n.n.r. spectrum. It has been established that

the basal fluorines in SF_ couple to protons in the trans position but not

5

- to protons in the cis position by examination of the 19F and 1H NeMsTe

" spectra of SF.CH = CH, (190). SF

H
5 : 5 2
\C=C/

/N
H, :

Coupling is observed between the basal fluorines and B, and H,, but not

1 3

Hé. Thus SFBCH CHCl wvas established as trans because of the lack of tran

P coupling. Similar systems have heen examined (232)e.8.,
SF - H SF . H

5\ / ’ /

C=2¢C \ C = C\
b ad Br Cl

CFBSF4CI reacts with HC = CH to give CI’BSF 4CH = CHC1l, the structure

| being identified as having Cl and CF SF 4 groups trans to each other by

the 'm n.m. T, spectrum which is analysed as an AB system (69) with coupling

between the B (i.e. geminal) proton and the SF, group and no coupling

4
‘ between the A (cis vicinal) proton and the SF'4 group. JA = 7.84 p.pem.

| and (B = 6.64 p.p.m. (w.r.t. external TMS) and Iy = 12.6 Hz.,

= 0.0 HZ.

SF, CH5 3.0 Hz., JSF4CCH5
Treatment of SFSCH CH Cl with ethanolic potassium hydroxide removes HC1l

50}1 = CH, (127). A similar treatment of CF,SF,CH,CH,Cl proves too

| drastic and the compound is almost completely decomposed. However, a small

to give SP

amount of CF38F4_CH = CH,, identified on the basis of the i.r. spectrum, is



~ 140 -

isolated,
Steric factors indicate that in di-substituted derivatives of SF,
O

ﬂ‘AQ, trang substitution of the A groups is preferred. However, most

4

SF,A, compounds have a cis octahedral environment (237-239) although the

472
2 ] 1 3 n 3
perfluoroalkyl derivatives, (Rf)25F4 (12), CF33F4NPZ (235)s and CF3SF401 all
favour trans substitution. The ultra~violet induced reactions of CFBSchl
vith olefins give only the trans isomers in all cases, suggesting the

reactions are stereospecific. If, as is thought, the reaction proceeds by

initial homolytic cleavage of the S -~ Cl bond to give the CF,SF’ and C1°

374
radicals, then the unpaired electron in CFBSFA must remain in the trans
position and rearrangements such as

CF CF

3 : 3
P—I|—F ‘ P—roI| —F
|5 s
F ¢ ———F

|
-F ] [ [

(a) o (b)

. mst be slow with respect to addition to olefin or do not occur at all,

since (b) would give rise to cis derivativ;s. There is a tendency for lone
pairs to occupy positions which minimise their interactions with other
electron pairs (240), e.g. in ICl4- and BrF4- (241), the lone pairs occupy

the axial position so that the molecules both have a square planar geometiry.
It is also thought that CP38F4- prefers the lomne pair in the trans position of
distorted octahedron (212). Although the odd electron in the CFBSF; radical
may not occupy the same amount of space as the lone pair in CP3SF4—, arguments
such as these which determine the position of a lone pair must apply to

CF3SFA in order to explain the stereospecific addition of CFBSF401 to olefins

unless the addition reaction is so fast that rearrangement of the CFBSFA radical

does not take blace.
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Infrarcd spectra of the trans-disubstituted SF6 derivatives

The common feature of all the molecular studies in this work is the

presence of the CF SF4—group and the observed infrared absorption bands

3
wvhich can be directly related to vibrational modes within this group will

be discussed first. Of the simple molecules for which a complete or nearly
complete vibrational assignment is possible, CF3SF5

model with which to compare the molecules studied.

provides the best

CF_SP_ can be considered to be a derivative of SF6. It has been

375

argued (241) that under conditions of a low or zero barrier to internal

rotation of the CF3 group against the SF5

of CF_SF. might reasonably be expected to obey selection rules for a molecule

375
of 04v symmetry, as opposed to Oh symmetry for SF6. If, on the other hand, the

framework, the vibrational spectrum

barrier height in CF SF5 vere high, the effective point group would be Cs or

3
possibly lower (241). Griffiths (213) has carried out a detailed study

of the i.r. and Raman spectra of CF_SF_. from which he concludes tﬁat the

375

barrier to internal rotation in CF_SP_ is very low and that the spectra are

3

best interpreted by the molecule possessing 04v rather than Cs symmetry.

F5 (213), two bands, at 902 and

In the infrared spectrum of CF3S

692 cm-1, are assigned to SF, square stretching vibrations, the former being

4
the asymmetric and the latter being the symmetric stretching vibration.

There are also two SF4 deformation vibrations in the infrared spectrum, at
612 and 425 em~'. The infrared spectrum also shows four bands at 1256, 1168,
755, and 558 cn? assigned to CF3 asymmetric stretch,CF3 symmetric stretch,
CF3 symmetric deformation and CF3 asymmetric deformation respectively. Of all
these bands, the most intense are at 1256, 1168, 902, 755, 692, and
612 cm"1 with the two bands at 558 and 425 cm-1 being not nearly so strong.
-Darragh (212) has examined the i.r. spectrum of CFBSF 401 and assigned the

1, \J(CFB)asym; 1155 —

‘ V(SF4 square)asym; 785 cm-1, o (CFB)sym; 678 cm-ﬂ, 1’(SF4 square)sym, An

following vibrations:— 1250 cm ’ 'v(CFB)sym; 860 cm-1,

eXamination of the i.r. spectrum of SFSCl (241) has identified ‘\)(SF4 square )asym
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VCFy vCP3 vil,  ViF, d 3F 4 < cr,
Compound asym sSym  asym sym out of plane sym
CF5STg (213) 1256 1168 502 691 612 755
CF38F401 (212) 1250 1155 860 678 643 785
0F35F4 H,CH,C1 1249 1150 812 657 603 743
0P5SF,CH = CHQ' . 1247 1156 820 655 581 740
CF3SF4CH2CH(CH3)CI 1247 1135 804 639 602 744
0F33F4CF20F201 1259 1156 855 664 570 780
CF38F4(CF20F2)201 1255 1153 851 6€6 (a) 778
CFBSF4CF(CF3)CF201 1257 1154 852 678 572 (a)
CFBSF4CH2CF201 1251 1151 889 655 610 746
CF38F4CFHCF201 1258 1155 891 658 573 761
CF38F4CF20F012 1256 1152 887 651 570 (a)
¢ 3SF4(CF20F01)201 1258 1156 850 657 (a) (a)
CF38F4CH = CHC1 1261 1156 890 654 602 782

Table 2.1: CF_, and SF, stretching and bending frequencies

3 4
(a) not identified

1

at 909 cm '3 v(SF4 square)sym at 707 em ! with SF4 square deformation at

602 cn™! and 441 em™l. A study has been made of the i.r. spectra of

some derivatives of sulphur hexafluoride (242) and the conclusion that the
post intense bands should occur in the region 850-920 cm'1, due to S - F
stretching modes, and in the region of 600 cm"1, due to S - F deformation
modes,. was reachéd. Bands in these two regions were found to dominate the‘

spectra of these SF_- compounds and were easily assigned. However,

>

difficulty was found in assigning the (SF 4 square)sym vibration at or near
100 cm-‘| since it lay in a region where other vibrations also gave rise to
ébSOrption.

Table 2.1 lists the frequency assignments for the CF3 and SF 4 stretching

and bending vibration of the trans-di-substituted SF6 derivatives. Those of
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3

[
|

(F SF5 and CP,5F,C)l are included for coumparisocil.

374
The bands assigned to \}(CFE)as:;m, around 1250 cm-1, and \)(SF4)aa,szﬂn,

5

around 800-900 cm-1, are the strongest bands in all the spectra studied.
This is also the case with CF3SF5 (213) and CF35F401 (212),  fhus,
assignments of these bands is relatively simple.

The next most intense bands are those assigned to U(CFB)sym, V(SF4)sym
and S(SF4) out-of-plane vibrations. The last one varies from medium to
strong in intensity in different derivatives and where there are several
bands in the region, as . is the case with the fluorocarbon residues,
agsignment 1s difficult and at best must be regarded as tentative, The
same applies to the bands assigned to J(_CFB)sym where in some cases, this
band could not be identified unequivocably due to other bands in the region,
However, even in the compounds where CF.j,SF 4 is attached to a fluorocarbon residue,
the bands assigned to v(CFB)asym and xJ(SF4)asym dominate the i.r. spectra,
though not nearly to the same extent as they do in the compounds with CFBSF A

bound to a hydrocarbon residue.

Other Characteristic Bands

@

1,  ~C=C- stretching: the olefinic -C=C- stretching frequency occurs at

1596 cm"1 in CF_SFP,CH = CH, and at 1572 cm_1 in CF38F4CH = CHCl. These
1

374 2

values compare very well with 1640 cm_1 for SF5CH = CH, and 1615 cm = for

SFSCH = CHC1 (242) and are in the normal range of such frequencies (208).
2, (C-H vibrations: C-H stretching vibrations are observed at 2979 cm-‘I for

CF,SF,CH,CH,Cl, 3100, 3054 and 3021 en”! for CF ,SF,CH = CH,, 2962, 2940 and

374702

-1 -1
%84 om”! for CFSF,CH,CHCICH,, 3008 and 2970 cm ' for CF;SF,CH,CF,Cl,

3019 cm'"1 for CFBSF4CFHCF201 and 3082 cm-1 for CFBSF4CH = CHC1 while C - H

deformation vibrations are observed at 1442 cm_1 for CFBSF 4CH20H201, 1429 and

1 1

1389 em~' for CF,SF,CH = CH,, 1459 and 1381 ecm = for CF_SF,CH CHClCH3, 1418 and

374 3742
1

-1 -
FHCF,C
for CF,SF,CH,CF,C1, 1421 cn” ' for CF,SF,CFHCF,C1 and 1401, 1385 cn

for CFSSF4CH = CHCl. The C - H stretching vibrations are all weak absorptioné

vhile the C - H deformations vary between weak and medium in intensity. This

1384 cm-1
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is partly due to the very strong CF3 and 38F, stretching vibrations

4

Other DBands

It is difficult to obtain other reliable diagnostic bands for tuese
molecules as C-C, C=3, C-Cl, and C-P stretching modes all appear over a
wide range of frequencies (124,189) and therefore cannot be assigned
with any certainty., The detailed spectra, therefore, although useful for
characterisation of the compounds,.cannot be used to obtain further

structural information.

Masg spectra of the trang-di-substituted SF6 derivatives,

The mass spectra are listed in Table 2.2 whilst the mass measured
peaks in the mass spectrum of CFBSF4CH2CH201 are given in Table 2,3, No
molecular ions are found in the mass spectra of any of the compounds, even
Wheﬁ the ionising beam is reduced from 70eV to 12eV. Below 12eV there is

no ionisation. Neither of the similar compounds, CFBSF €1 (212) and

4
|CF38F4NFé (183), show molecular ions in their mass spectra. The positive
ion mass spectrum of SFSCl (244) shoys a very weak molecular ion. The
most probable ionisation process is postulated as loss of a Cl atom from
the molecular ilon since few ionsbcontaining sulphur, fluorine and chlorine
are formed and these are generally of low abundance. The mass spectra of
seven RSF_ derivatives, where R is a halocarbon residue, have been

5

recorded (245) and in only two of these, viz. SFSCHBrCHZCHBrCHzF and

SFSCHFCF2C2H5, are rolecular ions observed. It is worth noting, however,
that both the above investigations were made using a Bendix time-of-fiight
mass spectrometer whereas the present work was carried out on a single-
focussing mass spectrometer (A.E.I.MS12). Since one of the main advantages
of a time-of-flight mass spectrometer is its ability to record very short-
lived ions (139), its use in the above two studies is perhaps the reason
that molecular ions were observed for some of the compounds. The implication
is that molecular ions for such compounds are very short-lived and, in some

cases, too short-lived for detection by a time-of-flight mass spectrometer,

(continued on page 149).



Tuble 2,2

| IS TSR od ~ 35+ - 3 z = T 2T
164 , 2, c(FB)ucL20H2@1)5 , 139, 3, CFior;, 135, 2, dﬂzCh205201)74, 15%
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36, 1.5, HC1T, 33, 1, CHF', 32, 5, s* or cru*, 31, 1, crt, 28, 22,
+
C,Hy, 27, 100, 02H+ 26, 11, czn;, 25, 1, c2n+.

3’

(2) CF,5F,Cl,CH(CH,)C1:
STa + " AT Ly ~N T oy
153, 0.5, 5330H20H0137 , 151, 1.5, bF50H2vhu135+, 147, 3, L5h5F4o+, 144,

ot 2 ) N it R o lo %4
3, C3F46 , 143, 15, C(hB)bCHzCHbHB, 139, 3, CF;8K,, 129, 8, briCBMB, 123,
- + + R
1, C(Fz)bCBHS, 115, 2, C2H2FBS » 111, 1, SF,C.He, 89, 7, SF;, 84, 1,
+ + - 3T+ - 3
SF,CHp, 83, 1, SF,CH', 79, 11, C3H6Cl)7-, 78, 8, c3n501)7+, 77, 30,

03160155+, 76, 18, 03H50135+, 75, 2, C,Fs™ or 03H40135+, 70, 4, SF5, 69,

44.5, CFY, 65, 5, SFCH;, 64, 1, SFCH' and 02H30137+, 63, 4, CPs* ana
; + + v + Tl 5 o -
02H20137 , 62, 2, 02H30135 , 61, 13, 02h20135 , 59, 1, Suzhg, 57, 2, Dczh+,

56, 4, 302,151, 3.5, CH20137+ and SF', 50, 2, CF;, 49, 6, cc12™* ang
CH20135+, 47, 5, c013°*, 46, 6, scHy, 42, 7, Ciig BH;’ 40,
5, CyHy, 39, 27, Cyiiy, 38, 3, CzHy, 32, 1.5, 87, 31, 4, CF', 29, 4,

CH3CHZ, 28, 6, C2HZ, 27, 11, czng,

CHCH;, 41, 100, C

+
26, 2, C,H,.
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Tavle 2.2 (cont.)

3 CF ol CE.CR_Cls
( 7 ) ,____3_..49}_12--2L]_

v oot 0 ot AR AR ) =~ N
151, 2, Czrso s 139, 14.5, CEBSEQ, 137, 1, CﬂQLF Cl y 1355, 2.5,

2
[ z

CF20F2013)+, 100, 13, CF,CF,, 89, 17, SF;, a7, 5, c¥.c1o0t

CF20135+;7O,8,5F;, 69, 100, CF;, 63, 3, crs*, 51, 4, 5F, 50, 4, CF
..I_

31, 7, CF,

N
~
+

ol
v

2’

Ck_SF CI(CIF_)C >l
(4) ~_33_4*_£__31«E2£l

239, 4, CFBSF2CFCF;, 163, 1, C.P.ST and C_F.C177%, 150, 2,

.

3

- + o et e ewt an . 5T+
CF,SFy, 131, 4, C,Fp, 100, 3, CP,CF", 89, 25, s¥y, o7, 2, LF201)7+, 85,
6, CF20195+, 82, 4, CF28+, 81, 20, CF20F+, 70, 9, SFZ, 69, 100, CF;, 66, 4,

cre1’?t, 63, 5, orst, 51, 11, s¥Y, 50, 5, o¥f, 49, 5, ccr®Tt, 47, 15,

+

cc12”t, a4, 3, cst, 32, 4, s*, 31, 8.5, CF'.

(6) CF,SF,CH,CF.Cl:

=532 pno=to
+

Z
184, 17, C(FB)SFCH crt, 183, 22, C,H,F 56127 ana C(FB)SFCHCFZ, 181, 2,

2727 37274

03H2F430135+, 165, 40.5, C(FB)SCHZCF;, 145, 2, C(FB)SCH=CF+, 139, 1,
-

e ﬂ+ : ‘+ P oA LAl ¥zl +
CFBby2, 134, 11, C2H2F4b , 133, 2, b(FB)oﬁu , 115, 58, C(“3)°CH2’

13, C(FB)SCH+, 101, 4, cn20F20137+ and CF58+, 100, 2, creF,C1°T*, 99, 17,

CCF20137+ and CH.CF.c12°%, 98, 7, CHCF201’5+, 97, 5, CCF20135+, 96, 4,

z z
c1°T*, ss, es, CF,C1777,

114,

us*, 89, 6, SF;, )

cre1’ T, 81, 8, chcrc1’Tt, so, s,

2V 2
SCH,CFF, 95, 18, C,F 87, 27, C¥

272! 272

83, 9, SF,CH', 82, 8, CF,S* and CH,

eu,cre1’>*, 79, 34, cucrc1’”t, 77, 7, SCHCF, 70, 7, SF

2’
, 63, 23, cFs*, 51, 21,

69, 100, CIT,
68, 2, crc11*, 66, 5.5, cFc12?t, 64, 2, s¥CH'
ci,c13T* ana s¥*, 50, 18, cHC’TH and CF}, 49, 50, CH 0177 amicc1®TH, s,
17, cuc135*, 47, 7, cc1’’*, 46, 9, scHj, 45, 26, SCH', 44, 20, cs*, 33, 3,

1>, 32, 7, s%, 31, 21, CF.
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Table 2,2 (cont.)

(1 CF, 52, CVTCF C1:

220, 1, C(r3)bCFHCF20137+ and CT,S7,CFCKS, 218, 4, C(¥, )‘“v'ﬂﬂzcw)DT,

5
189, 2, SF20F50F20197+, 187, 6, Squ?HCF c12°%, 171, 24, CF

139, 11, Ci BSF;, 133, 10, C(FB)SCFH , 120, 1, CF38F+, 119, 12, CIECF c137+,
+ T

117, 33, CFICT 0155+, 102, 4, SF.CFET, 101, 11, c(¥;)s", 100, 1, C,F ac1? ™

I
SF2CFL£ ’

E31

2

98, 2, C2F2H0135+, 95, 2, C,Fus", 91, 1, s '“0135+, 89, 3, S¥%, 87, 4,

cr,c1°™, 85, 12, cF,01°TF, 83, 2, s¥cut, v2, 12, c¥st, 70, 15, SFL, 69,

z
100, CFEC12T™ and CFB, 68, 3.5, CFC1° 1%, 67, 25, CcFHC122F, 65, 12, cwol2 T,
+

) .
* 63, 5, crst, 51, 15, s¥t, 50, 4, cEC1?TT and CFZ, 48, 6,

64, 4, SFCH

cuc1””*, 47, 1, cc12?t, a5, 7, sct, 32, 3, CFE' ana s¥, 31, 10, c¥'.

(8) CF35F4CB2Lr012>

151, 3, C,F 53 , 139, 15, CFBSFQ, 101, 1, CF0125+ and CF33+, 89, 17.5,

87, 5, CP,0L°1*, 85, 15, CF 0177, 82, 1, cE,s* ana cc13’t, 61, 2,

2
69, 100, CF,, 51, .4, SF', 50, 3, CP2, 31, 7, CF',

SF;,

CF, CFt s 70,8, SFY

2 2?
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Tzble 2.2 (cont.)
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05F2012)01)7*, 179, 1, CBF401US+ andCLFzClgS+, 167, 1, C,F,C120T and

3
. L
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94, 1, C,R,5", 93, 3.5, C,F%, 89, 22, s¥}, 87, 17, cxr,e1’", w5, s2,
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2

+ ot .
LFC13, 4, 1, C,Fy, T0, 11, S¥3, 69,

100, cFY, 68, 4, crcl’t, 66, 12.5, crc12?t, 63, 10.5, crst, 62, 1, C ¥}

2" 27
56, 2, C,S*, 51, 7, s&¥, 50, 5, CFY, 49, 2, cc1’™, 47, 6, cc1Pt, 44, 4,

cs*, 43, 3, C,F, 35, 2, c>7F, 32, 9, 5%, 31, 17, cF.

(11) CF,SF,CH=CECL:

ot .
Ser’ 127,
ci=cet, 101,

137+’

164, 9, C(FB)SCH=CH0137+, 162, 26, C(F3)30H=CH0135+, 139, 12, CF
4, C(F5)SCH=CH+, 125, 1, C3F38+, 120, 3, CFBSF+, 115, 4, SF3

2, cF.s*, 95, 10, scE=cuC1>T*, 93, 26, ScB=CEC1°”% and sczce 92, 2.5,

s*, 17, 4, SFCH=CHT,

3

: +
scu=cc1°°*, 91, 1, sczcc1>’t, 89, 18, SFL, 82, 4, CF,)

+ .
76, 2, CFscut, 70, 19, SF;, 69, 100, CFY, 64, 1, SFCH

T +
and crs’, 61, 4, C2Cl37+ and C2H20135+, 60, 2, Canl35 » 99, 1, C,
-+ . +
58, 22, SCzHZ, 57, 13, sc2H+, 56, T, SC;, 51, 5, SF', 50, 4, ctc1®T ana

CF;, 48, 3, cac1’?*, 47, 1, cc1’>*, 45, 9, scH, 32, 4, s

*, 63, 6, C.1.C1LTF

aQ o~

QN

129%

*, 31, 6, crt,
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In the present work, therefore, it is hardly surprising that no molecular
ions are observed, even at low lonisation. energies.
The fprmation of negative ions plays a major part in the fragmentation
of SFSCI and SF6 in the mass spectronmeter (244) and it is probable that

such processes occur with the CF_SF X derivatives examined here.
2

4
Ho metastable peaks are observed in any of the mass spectra. Analysis
of the spectra, therefore, is based solely on the ions observed and on

analogous systems,

All the spectra show considerable abundances of the ions SF;, m/e 89;

SF;, m/e 70; and SF', m/e 51; but none show a peak at m/e 108, SFZ. All
the spectra show a peak at m/e 139 which has been formulated as CFBSFZ in
the mass spectra of CFBSF4NF2 (183) and 0F35F401 (212).
R-S bond cleavage of R-SF4CF3 may occur in two ways,
+ R + "SF,CF, (1)
(R-SF4CF3)'<:::: R ,
R* + (SF4CF3) (ii)

By pathway (ii), an ion at m/e 177, CFBSFZ’ should be produced, but no such

ion is observed in any of the mass spectra examined here or in the nass

spectra of CF,.SF,Cl (212) and CF,SF NF_, (183). It is possible that CF,SF*
3774 3774772 3774
may decompose to CFBSFZ with loss of F,. Pathway (i) is suggested by the

reasonably high abundances of the ions R" in all the mass spectra except

those of CF SF4CF(CF3)CF201 and CF,SF,CF,CFCl, :- m/e 63,ClCH20H;; n/e 77,

> 3774
CHBCHCICH;; n/e 155,CICFZCF;; n/e 99,CICFQCHZ; m/e 119,C10F20FH+; n/e 267,
C4F6CI;; and m/e 61,ClC2H;. For CF,SF,CF,CFCl,, R" should occur at m/e 151

and a small peak at m/e 153 suggests 0137C1350FCFZ. That scheme (ii) occurs
as well as scheme (i) is suggested by analogy with SFs-X compounds where
large abundances of m/e 127, SF;, ions are found due to 5=-X cleavage for

X = NP, (183), NH, (246), N=SF ,=NSF (247), wC1, (248), Cl and F (244),

CHC1CH F, CHBrCH

2F, CHBrCHzCHBrCH2 2F, CHZCHFCH=CH2

Loss of HC1l from the &Y ion perhaps gives rise to the base peaks for

and CHFCF,C,H, (245).

3 CHC1CH, :-
CF38F4CH20H2CI and CFBbF4CH2 3
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Taonle 2.3 ¢ Liz.s Measured Penlis in lfass Spectrun of CF55F4CH262201
m/e  Caled. Exnct lass Found Hynct linss ;92*
164 163%.96743%1 163.967156 CF5sch20H201+
133 132.969029 132.,969203 SFZCH20H901+
95 94.972225 94.972777 SCH2CH201+
63 1) 63.000152 6%.000460 cn905201+
2) 62.970475 62.970388 crst
3) 62.996804 62.981712 015012F2
* refers to 0135 isotope.
+ . ot
C1CH,CH) CH,y=CH' + HC1
CH,CcHCc1cHY C,Hf  + HC1
3 2 375

In all the other mass spectra, the base peak is m/e 69, CF;.
That schemes (i) and (ii) are not the only fragmentation pathways is
evidenced by the observation of the ions RSF;, at m/e 133 for

ClCH2CHQSr4CF3 and at m/e 187 for ClQrchnSr4CF3; SF,CXY, with X = Y = I,
at m/e 84 for CF3SF4CH20HCICH3, with X =F and Y = H, at m/e 102 for

CF3SF4CFHCF201, with X = Y = F, at m/e 120 for CF3

with X = Y = H, at m/e 65 for CF38F4CH2C5201 and CFBSF4CH20HCle3, with

3SF4CFHCF201, with X = Y = F, at m/e 101

for CF3SF4(CF2CFCl)nCI, n=1,2, with X = H and Y = =CH, at m/e 77 for

CF,SF CH=CHC1.
374

There are several unique species which bear mention. The ion at m/e

SF4(CF2CFC1)201; SFCXY,

X=Hand Y="F, at m/e 83 for CF

164 in the mass spectrum of CF_SF,CH CHZCl can have several formulatiouns,

374 2

(Fcz= SF.CH CH201)+, (F20=SFCHQCH201)+ and (F30-30520H201)+ with no clue as

2772
to which is correct. In the mass spectrum of CFBSF4CF(CF5)CF201, the ion

at m/e 239 can have several formulations but that given, (CFBSF20F0F3)+,
is compatible with the main structure deduced from the 19F n.m.r spectrum,
The ion at m/e 85 in the mass spectrum of CFBSF4CF20F012 is probably

19

CF2C1+ and must arise from some rearrangement process since the F n.m.r.



CF,CrCL

spectrum establishes the structure as,CF53f4 > 0*

N.m.r gpectra of the trans—-di-substituted SI'. derivatives.
K o]

194

 n.m.r. spectra.

19

All the derivatives give comnplicated P n.m.r. spectra, but most

of these are readily interpreted by a first order analysis. 'ihe '9F

chemical shifts are listed in Table 2.4 together with those of CF,SF Cl
’ 4

4
(205) and the coupling constants are listed ir Table 2.5.

" That the two substituenits are trans to one another is proved, not only

by the quintet fine structure of the CF3 group, but by the fact that only
one signal for the SF4 group is observed whereas a cig di-substituted

derivative would give rise to two signals for the SF, group, probably of

4

an A232 nature. The compound §F4CF2CFZOCF26F2 affords an excellent example

of the latter case since the cyclic nature of the perfluoroalkyl group

forces a cis configuration about the sulphur atom :-

. F
.CF—CF l ,AF
Norpon? 1N
CF —~CF F
2 2 F
The 19F n.m.r, spectrum (68) of this compound shows two sets of triplets
for the two non-equivalent pairs of fluorines in the SF4 group
(= -44.4p.p.n. and d = =16.2p.p.m. relative‘to_CClsF). In contrast, the
trans di-substituted derivatives (02F5)23F4 and (03F7)28F4 each show only
-one resonance, at =25.4p.p.m. and -27.5p.p.m. (relative to CClBF)
: *
respectively, for the SF4 group (68). Single resonances for the SF4 groups !
*.
SF ,CF,CF
3774772773

are also found; at =-21.1, =21.1 and

in the 2P n.m.r. spectra (249) of the trans derivatives CF
* . *
C i CF,SF , CF,SF
FBSF4CF20020h5 and 35F 4 CF 5F g
-25.3p.p.m. respectively.
An examination of the chemical shifts of the CF3 groupe shows that
there is very little variation as the substituents in the irans position

are varied. The chemical shifts all lie within the range +64.6 to +68.8

p.p.m. (with respect to external CClsF).'This compares very well with
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Compound dcr.s  dur 4 & e ger, dep
OF SF ,C1 +67.3 -101.9
CF 5 SF , CH,Cl1,C1 +64.6 - 41.0
H C C ‘o - .
CF38F4C ,CHC1 s +65.1 41.9
n 1 C - l + 94‘4
CP38F4C£22§2 1 +66.1 22.4 i1 4 70.0
h) v 1T i + 94»00
[a C -
CPBQF4CF20F2uBZCFQCl +§6.o 23.2 i1 +121.0
i, iii iii +119.9
1t v iv + 69.5
CF38F4CF(CF5)CF201_ +67.5 - 35.3 +71.2 + 7841 +142.3
CFBSF4CFHCF201 +65.0 - 30.1" + 66.0 +161.5
CF33F4CF20F012 +64.9 - 25,0 + 87.6 + 74.0

i+ 88.0 ii + 93.5

CF~SF4CF CFCICF20F012 +68.5 - 26.9

iii 1ii° iv iii +126.7 iv + 70.9
i+ 89.9 ii + 91.3
CF,SF ,CF,CFCLCFCICF,Cl  +68.8 - 25.0
37475251 iii iv iv + 70.1 iii +111.8
 CF;SF, CH=CHC1 +65.7 - 42.9

Table 2.4 : 19]3‘ n.m.,r. chemical shiffs (in p.p.m. relative to external

cc13F) of the CF38F4X derivatives.

other QE3SF4 chemical shifts found, e.g. QE3SF4CF20F3, +67.2p.pem,}

CE4SF,CF ,C0,CH,, +65.9p.pom.; and CE,SF CF,SFy, +66.7p.p.m. (249).

On the other hand, however, the SF4 chemical shift is a very
sensitive indicator of the nature of the substituent species, For trans

CF3 and CF2 substituents, the chemical shift lies in the range -(24+3)p.p.m.

according to the compounds examined in the present work. Similar

compounds containing the CFBSF4CF2 group (249) have their SF4 chemical

shifts within this range. Also in this range is the chemical shift of the

SF, group of CF_SF,CF_CFCI1CF,; i.e. the isomer formed to the lesser extent

4 31472 3}

in the CF.SF .C1/CF =CFCF_ reaction.
' 5SF C1/CF =CFCF ¢

It is more difficult to generalise about the other compounds since

there is a lack of examples with which to do so. However, the compounds
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Compound Jor.sr Isp oy Y
CF,SF,C1 .
3574 24.0
SF 7. .
CF 55F 4 CH,CH,C1 27.1 9.4 ; (a) s
cgzcg CH,CH
CF,SF,CH,CHCL1CH 24.8 . . '
35F,CH, 3 4 9.6 ; 6.0 ; (a)
w 1=
SE,CCE, CH,CF,
:F‘ I L] L] L3 .
C 3SF4CH20r201 24.5 ; 7.3 12.7 ; 4.1
| SE,CE, CECE,
CFBbF4CF20FQCl 22,6 16.9 13.2 .0
CFBSF4(CF20r2)201(b) 22.8 ; ;
: SF,COL" CE,CF
CF_SF, CF,_CFC1 23.4 17.2 1.9 7.9
574720 2 J J J J
SF,CCF SF,CF CF.CF'CF,CCF
=4""=3 =4 = =37= T=3TU=2
CF,SF,CF(CF,)CF,CL 23.1  10.2  15.3 ~0,0 (a) 6.6 (a)
3774 37772 7 J
sg4cg_ CFH
CF,SF,CFHCF,C1 23,7 4.8 12.3  ~0.0  14.7 43.7
3774 2 J J
sg4ccg CHCH
OF ;SF , Cli=CHC1 22.7 3.0  ~0.0 12.6
o e 22.4
CF38F4(Cb20PCl)ZCl 24.0

(b)

a) not measured due to complexity of spectrunm
b) these spectra were too complex for any other coupling constants to
be calculated.

Table 2.5 : Coupling constants (Hz.).

with CFBSF4CH2 and CF35F4CH= show the SF4 chemical shifts in the =40 to

-50 p.p.m., region while the CF SF4CFX, X = CF, and H, compounds have the

3 3

SF4 chemical shift in the =30 to -40 p.p.m. region.

This trend is also observed in SF5— derivatives (190,206). That
these two trends are the same is shown by Table 2.6, A lack of data
precludes making the table more comprehensive. Table 2.6 is constructed

by subtracting the SF4 chemical shift of SFBCl (250) from the SF4 chemical

shifts of SF5X compounds (190,206) and comparing the results with the

difference in SF, chemical shifts between CFSSF401 (212) and the

4

CF3SE4X compounds (this work). The results show several things. Firstly,

the shielding of the SF4 group by the substituent X is independent of



KC‘ n S ¢ - (\L" (3‘1 U BERCEREN'E o Qi O O
X o8, (SF-X) = O 5F, (58,01) 8P, (CL,67 1) ~ &6F (Cr,sF C1)
CHZCH?Cl 60.9 60.9
CHQCHCICH3 60.3 60.0
CF20F012 5.7 76.9
CFHCT 01 71.5 71.8

Pable 2.6

the nature of the group in the trans position, i.,e. F and CF3' (This

bears out the observation that the CF_, chemical shift is almost

3

constant in all the compounds examined).kIt follows, therefore, that the
shielding effects of X and the group trans to it are additive in

influencing the SF4 chemical shift. Thus the difference in the SF4

chemical shifts between CF_SF X and SF_X represents the difference in

374 5
the shielding effects of CF3

constant. That this is the case is shown by Table 2.7.

and F for these compounds and should be a

bl - ' {"
X (gzasp4x SFSY) SF
c1 ' 23.3 ‘

- CH,CH,C1 2%.3
CH,CHC1CH, 23.0
CFHCF,C1 23.6
CF,CFC1, 24.5

Table 2.7

Secondly, the shielding of the SF, by X in Table 2.6 follows the sequence

4

CH2>CFH>CF2, which is the reverse order of the electronegativities for

these groups (206), i.e. increasing the electronegativity of X decreases

the shielding of SF, by X. sSuch a trend is well documented (69, 184, 251).

4
The chemical shifts of the other fluorine containing groups in the
compounds, viz., CF3 CF2 and CF are assigned by comparison with

analogous systems (38,124,140,142,186,206,249) and from a consideration
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of the spin - spin coupling constants.

In all the 19F n.m,r, spectra of these compounds, the CF5 (of the
CF38P4 group) resonance appears as a 1 s 4 2 6 3 4 3 1 quintet due to
coupling with the SF4 group and with no further coupling detectable.

It has been found for the compounds SF.X (206) that increasing the

5

electronegativity of the part of the group X which is directly bonded

to sulphur increases the magnitude of the axialSF -~ equatorizlSF

(4)

coupling,., This trend was observed for the series CH,><CHF<CF2 but there

was no obvious trend for the series CHF, CBrF, CC1lF, CF2. In contrast,
Dyer and Lee found (251) that for compounds of the type CFZQCHFCI,

increasing the electronegativity of Q (where Q is substituents SiMe
SiClB,
It is this latter trehd which appears to be followed for the CF_SF

3774
derivatives with the CH2, CFH and CF2 groups bonded to sulphur. As the

3’
PMQQ, PH2, Oile, SMe and Cl) decreasces the geminal ¥ - F coupling.

electronegativity increases CHz(CFH<CF2, the coupling J SF decreases,

CF,5E,

3

although the differences are not very marked,

Since the octahedral arrangement of groups about sulphur should
reduce "through~space"™ coupling for groups trans to one another, it is
hardly surprising that no further coupling of the CF3 group, other
than with tne SF4 group, is observed. Further coupling would haie to
be of a "through-bond" nature and would have to take place through
four bonus."Through-bond" coupling through three bcnds is fouhd to be
only 5Hz. for SF(axial) - CF, coupling in SFsc%!compounds {206,249). It
is known that "through-bond" coupling phen the fluorine nuclei are
separated by more than three bonds is small or zero (189).

The fine structure of the SF4 signals was useful 'in structure
elucidation in almost all the compounds.

Fig. 2.1 shows the SF4 resonance found in the:19F n.m.r. spectra of
both CF,SF CH CH,.Cl and CF_s¥ CH,CHCICH,. The signal is described by

3074722 37472 3

a quartet ( from CFBjcoupling),of triplets (from CH, coupling). Jsp cH
is of the same order as that already found for SF50H2 compounds (152,190).



(b) JSF CH

_‘1 ....2

10 Hz.

FPig, 2.1 : SF4 resonance of CF3$F4CH2CH201 and CF35F4CH20ﬁClCH5

The SF4 resonance of CFBSF4CF20F2C1 is more complex being a quartet

(from CF, coupling) of triplets (froma& CF, coupling) of triplets (from

3 2
B CF2 coupling). The CEZS and ngcl signals are both quintets from
‘coupling with SF, but. J is less than 1.0Hz. This latter almost
4 7 Jozyon,
zero coupling is a phenomenon which is not uncommon (184,188) in fluoro-~
carbon compounds and is explained by there being a2 lack of "through-
spacé' coupling so that the coupling has to occur through three bonds.

There is very little or no observed coupling between the CF and

SF4 fluorines of CFBSF4CF(CF3)CF201, a situation which exists in other

SCFX compounds where X # F, e.g. CF38F4CFHCF201 (this work), SF5CFHCF2Br,
SF5CFHCF201, SFSCFHCFQOMe (206) and (CF3)28F3 (38). The SF4 signal in,

CFBSF4CF2CFCICF3 is much more complicated and could not be analysed,

Also very complicated are the CF, CF2, and CF3 signals in the 19F n.m.r.

CF,SF,CF(CF,)CF,Cl
spectrum of 35F4 ( 3) 5

The SF4 resonance of CFESF4CH2CF201 is best described as a quartet
(from CF3 coupling) of triplets (fromvCH2 coupling) of triplets (from
CF, coupling).

Fig. 2.2 shows the observed SF4 resonance of CFBSF4CFHCF201 with
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Fig, 2.2 : oF regonance of CF5 ‘4CFHCF201
the analysis of the coupling which is first order. ‘here is again no
coupling between the fluorines of the‘SEA and CF groups. The expected
spectrum should have 4 x 3 x 2 (from ij, CF? and CH coupling respectively)
= 24 lines but only 18 are observed, This is because ch ST is

E,SE,

approximately twice the value of JSF COF and there is sub equent
A =4~ "=2
"doubling up" of six of the lines. The fine structure of the CF signal

supports this analysis since it occurs as a well-defined doublet ( from
geminal CH coupling) of triplets (from CEZ coupling).

Fig.q2.3 shows the observed SF4 resonance of CFst4Cr20F012
tOgeéher with the analysis which is first ordexr. There is no overlap of
lines such as is found in the SF4 resonance of CF39F4CFHCr Cl and the

predicted 4 x 3 x 2 (from CFB’ CF2 and CF coupling respectively) =

lines are all observed.

1H n.m,r. Spectra.

The 1H n.m.r. chemical shifts are listed in Table 2.8 while the

coupling constants; as far as they could be determined, are listed in



=

A JWUY

Pig, 2.% SF4 resonance of CFBSF4CF20F012

Compound ' d;g§3_ éggz_ Scn
. +4.02
CF33F4CH20H201 +4.10
CF58F4CH2QHCICH5 +1.94 (a) (a)
CFBSF4CH2CF2CI +4.38
CFBSF4CFHCF201 +5.13
CF SF CH=CHC1 (i) +7.84
(i)(ii) (ii) +6.64

(a) spectrum too complex for analysis

table 2.8 ¢ 'H n.m,r. chemical shifts w.r.t. ext. (cHy), 5.

Table 2,5, Tentative chemical shifts are postulated for the CH2 groups
in CF SF CH CH C1l, but a complete analysis is necessary for accurate

parameters to be determined, The case of CFBSF4CH2CHCICH5 is similar
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although the CH% chenical shift and J are acecuracely aetlermined

CH,CH
._5—-_

since they are first order and simple.

The characterisation of CF SF4CH=CHC1, trans about the double bond,

3

has already been discugsed.

The 11 neMm,re spectrum of CFBSF4CH20F201 is & well-defined

quintet of triplets and the coupling constants devived from it agree

s

with the same parameters derived from the 19F n.m.r. specirum,

The 1H nem.r, spectrum of CFBSF4CFHCF201 is quite complicated

although still first order., It consists of two separate resonances, due
to geminal CF coupling, each of which is composed of 15 lines as is

expected from a quintet (from SF, coupling) of triplets (from CF
4 2

coupling)}. Again, the coupling constants derived from the 1H n.ma,r.

19,

spectrum agree with the same coupling constants derived from the X

n.,u.r., spectrum,

‘Characterisation of CF3§E4§24§E3'

In three of the CFBSF401/olefin reactions, the 1,2-~dichloroalkane
is detected; CF2010F201 from the CF2=CF2 reaction is identified by its
9% num.r. spectrum (201); CF,CLCFCICF,, from the CF =CFCF reaction,

2 3? 2

9% n.o.r. spectrum,(SCF5 = +78.5 p.p.m.,J—CF2 =

is identified by its
82.1 p.pelme, CF = +134 p.p.m., assignments being made by comparison
with the 19F n.m.r. spectra of similar compounds (186); CFZClCHQCl,

from the CF,.=CH, rcaction, is identified by its 19F n.m.,r, spectrum,

27772
(CF2 = +59.8p.p.m, and by its '8 n.m.r. spectrum,(§CH2 = +3.64 p.p.m.

with JCF CH. = 6.1 Hz., assignments being made by comparison with similar
=22
systems (130,201).
These three reactions also produced reasonable quantities of a

"common" compound, ca. X, which gives rise to two signals in the 19F

n.m,r, spectrum (but none in the 1H n.m.r. spectrum), viz. a quintet,
J = 22,6 Hz., at +65.5 p.p.m. and a signal, whose fine structure is

illustrated in Fig. 2.4, at =33.3 p.p.m.. The fine structure of this
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Fig., 2.4 : =33.3 p.p.m. signal in the 9y n.m,r, spectrum of compound X.
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signal is quite unique and serves to indicate whether X is present as
a reaction product. B8y employing the presence of the signal at ~33.3% p.p.mo.
in the 19F n.m.xr, spectrum as a means of identification, X is also
found to bé present, in trace amounts, in the products from the reactions
of CFBSF4CI with CFH:CF2,0F2=CFCI and HC=CH, although no CFHClCFZCI,
CF2CICFC}12 or CEC1=CHC1 (or CHClchClg) is found in these reactions.
(Since X is only present in trace awmounts, the 1,2-dichloro-~ compounds
may be present but in such small quantities as to miss detection).

Attempts to characterise X were hindered by the fact that it could

not be produced in reasonable quantities except in the CF Cl/CF2=CFCF

354

reaction, This was the one reaction, however, from which pure material

3

could not be isolated.
As already mentioned, X gives two signals in the 19F n.m.r spectrum.

The chemical shift at +65.5 p.p.m. is typical of CF, bonded to a 5(VI)

3
fluoride. The quintet structure implies coupting to four magnetically
equivalent nuclei. Thus, the suggestion is of CF3 bonded to SF4 and the
chemical shift of the other signal in the 19F n.M.r. spectrum could
certainly be due to a S(VI) SF4 group.(see Table 2.4). Also, it has
been shown earlier that there is no coupling of the CF5 group with any
group in the itrans position of a S(VI) fluoride such as those examined

in this work. Hence the lack of fine structure, other than the quintet

signal suggests that X contains a trans-CF_SF, -

374

structure, of the CF3

group.
Support for this deduction comes from the infrared spectrum of X -
vhere bands assigned to CF3 and SF4 vibrations are dominant. These are
listed in Table 2.9, together with those of 82F10 (254) and CF38F5 (213).
The signal at -33.3 p.p.m. in the 19F n.m.r, spectrum is very
complex and suggests that some sort of second order coupling is taking
place, However, there are no other signals, apart from that due to the

CF3 group, in the 19F n.m.r spectrum. A structure for X which would be

compatible with these seemingly irreconcilable facts is suggested,



SoEi0- A LF, 81, Assignnent

1256 1256 V(CF3) o

1153 1168 VICTF;)oin

826 688 902 “’(SFA,)asym

684 653 692 V(5F4) om
571 572 612 é(SFA,)out of plane

(all bands are very strong and in

cm_1)

Table 2.9

therefore to be CFBSF4SF4CF3. This is supported by the observation that

the fine structure of the =3%3.3 p.p.m, signal is somewhat similar to the
9% n.m.r. spectrum of 5,7, (255), bearing in mind that there is the
axial=SF signal mixed up with the SF4 signal. It was suggested earlier

that if the chlorine in CFBSF4Cl is substituted by some group A, there

is a change in the chemical shift of the SF4 group which is dependent
only on the electronegativity difference between Cl and A, To illustrate

this, a parallel was drawn with SF_Cl and it was shown that the "amount

5

chemical shift induced by a given A for both SF501

~R,

of shift" in the SF4

and CFBSF401 substitutions was the same, Suppose then that A is -SF4

and the nature of R is immaterial since there is no interaction across
the SF4 plane, and a similar computation is made. For 82F10, i.e. R = F,

the chemical shift of the SF, group lies in the range =51.5 to =56.5 p.p.m.

4

(204), a more accurate determination not being possible, therefore

JSF4(SEF1O) -63F4(SF501) lies in the range 67.7 to 73,7 (since the SF,

signal of SF5Cl is at -125.2 p.p.m. Reference 199). For CFBSF4SF4CF3
= - CFzSF,Cl) = 68.6.
i.e. R = CF3, JSF4(CFBSF4SF4CF3) dSF4( 3 5% ) =6
This analogy with 82F1O is reinforced when it is recalled that

52F10 is a product of the free radical reaction of SFscl with olefins (127

128,136,137,159,160).

The final piece of evidence for’CF3SF4SF4CF3 comes from the reaction
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between H2 and Ci",SF Cl under the influence of u.v, light (describted in

374
Section B) where HCl and what is thought to be CFBSF4SF4CF3 are produced.
1
This compound has the same 9F n.m,r, spectrum as the CF38F4SF4CF3

described here,
Electrochemical fluorination of S-methylthioglycollic acid is

reported (205) to give CF38F4SF4CF3 but the 'F n.m.r. spectrum is open

to question and seems more representative of a cis di~substituted SF6
derivative, This compound is reported to have a b.p. of 88° whilst the

compound suggested here to be~CFBSF4SF4CF3 has a b.p. of 116—1180..

CF38F4SF4CF3 produced in this work is a clear liquid and appears to be

indefinitely stable in air,



B. Migscellaneous Reactions of CF_SF Cl
R

Reaction with Mercury.

Darragh has shown that when CF,SF Cl is left in contact with mercury

374

in bright sunlight (212) there is decomposition to give CF3 X SF,i

and SiF4, These same products are observed here when the reaction is

Cl, SOF

performed in the dark. The SOF2 and SiF4 probably arise from hydrolysis

of the SF, on contact with the glass vacuum line. Thus, mercury catalyses

4
the deconposition of CF38F4CI to CF301 and SF4, in thes presence or absence

of near u.v./visible light. Whether this is a mercury or mercury chloride
surface reaction is in some doubit., The apparent mode of decomposition of

CF_S¥ ,Cl is analogous to that observed in the thermal decomposition of

374

perfluorcalkyl derivatives of SF6 (65). The reactions are postulated as
proceeding via a free radical mechanism,

o 3 &)
RfSF5 —_ gggo— —_ RfF + Rf'Rf + bF4

(Rf)2SF4 ——————> Rp-Rp o+ bF4
The reactions studied in Section A have shown that the S-Cl bond in

CF38F401 is susceptilble to ready cleavage. It may be therefore that a free

radical mechanism similar to that found in the pyrolysis of (Rf) SF, and

274

R_.SF_ compounds may be operating in this breakdown of CF3SF4Cl, with the

£75
initiation step being the homolytic cleavage of the S-Cl bond induced by
mercury, This would give the CF3SF£ radical. Loss of SF4 would give the

CF%

radical which could propagate the reaction thus :=-

CF; + CFBSF401 o CFBCl + CFBSFA etc.
A mechanism such as this would account for the specificity of the products
observed. Indiscriminate cleavage of CF3-S and S-Cl bonds would produce
e.g. CFBCF3 which is not found. Another, though perhaps more unlikely,
mode of decomposition would be insertion of Hg (or Hg/Cl) into the S-C1
bond to give CFBSF4-Hg-Cl followed by elimination of SF4, leaving CFBEgCI.
Lecomposition of CFBHéCI to CF3C1 and Hg would again account for the

specificity of products. The only substantiation of this unlikely scheme

is found in the reaction of trans-stilbenebis(triplienylphosphine)platinum(0
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with SF501 (257). The product, PtCl(SFS)(PPhB) arises from insertion of

29

Pt(0) intc the S~Cl bond of 5P, C1.

However, support for the free radical mechanism comes from the uv.v.

induced decomposition of CF3SF Cl. When CF_SF,Cl ig irradiated with u.v,

4 374

light in quartz (but not in Pyrex), decomposition to CF,Cl and SF4 occurs.

3

Again, there are only two products observed. Ne¢ Cl, or CF_CF, is found,

2 373
arguing a specific mode of decomposition., The free radical mechanism
outlined above would fulfill these conditicns.,

Reaction with H2.

There is no reaction in a Pyrex reaction vessel. In gquartz, u.v.

irradiation of a CF_S¥ Cl/H2 mixture procduces some HCl and some

54

CF38F4SF4CF3 (with a trans configuration about both sulphur atoms). There

is also some decomposition of CF5SF4Cl to CF3Cl and SF4,

Cl by itself, The yield, ca. 10% (based

but no more than

is found with irradiation of CF_SF

374

on CF_SF,C1l consumed) is disappointingly low, but, perhaps instead of a

374
static system, a flow system similar to that used to prepare 82F10 (146)

‘by u.v., irradiation of an SFSCl/H2 mixture and removal of the HCl product

by "scrubbing" would improve the yield of CF38F4SF4CF3.
Reaction with 02.
There is no reaction between CF38F4C1 and 02 under the conditions

used, It is felt that if a flow system similar to that used for

SFSOOSF5 production (234) is empldyed, the peroxide CFBSF4OOSF4CF3 should

be produced.

Reactions with CF,SSCF, .
The reaction of SF501 with CFBSSCFB’ as well as that of CF3SF4Cl with

CF,SSCF,, under the influence of u.v. light was investigated since there

3 3
is no published record of it in the literature. Tattershall and Cady (91)

have examined the reaction between CF3SSCF3 and 82F10 under the action of
u.v, light. They argued that since both compounds are known to give free
radicals - CFBS' from CFBSSCFB (26) and SFé from S,F, . (9) - under the

action of u.v, light, radical combination should occur to give SFSSCF

3’
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the first direct S(VI) - S(II) linkage. However, the only products they

recovered were SF6 and SF, frem 3, F decomposition and CF_ECY, {ron

4 2710 37773
CF_S5CF, decomposition., The present study was made to see whether the

3 3

compounds SFBSCF3 and CFBSF4SCF3 could be isolated, As in the case of the

82F10/CFBSSCF3 A

and CF_SCF_ from the CF_SP,Cl/CF_SSCF raction and SF, and SF, from the
37773 3574 CL/CF585CFy reaction g B1¢ S¥g T

SFBCl/CFBSSCF reaction, One hopeful sign is the obsexrvation of CF

reaction, decorposition products are observed; CFBCl, SF

3 5Cl

in both reactions. This must come from

3

(i) radical combination of CF3S’ and C1°

or (ii) Cl1° radical attack at CFBSSCFs

3S' radical attack at RCl, R = CFBSF4 and SFS'

If reaction (i) occurs, then radical combination of CF,S° with either

3

SF® or CP,SF' is a possibility and by repeating the reactions on a much

p) 374

larger scale, the desired products may be detected. If (ii) or (iii) is

or (iii) CF

the reaction giving rise to CFBSCl, then it is highly unlikely that the

desired products will be formed by this method.
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EXPuATMENTAL,

A. Reactlions of C¥ 5F Cl with Olefins and Acetylene,
7

4

Tables 1.%4 and 2,16 list the i.r, and n.m.r. refecrences for both

the starting moterials and those products ideantified by these techniques.

Table 2.170

Compound Source I.R., N.H.R.
CF,SF,C1 CF,SF,/Cl,/CsP(212 )

35, 3 3/ o/ sr(212) (212) (212)
EC:CH Matheson Co. (219)
C1CF,CF,C1 (186)
CFBH ' (220)

The acetylene was purified of the polymerisation inhibitor, acetone,
by passage through a trap held at ~-126° and ccllected at -1960.

Table 2.11 ¢ Products from CFBSF Cl/olefins and acetylene reactious.

— 4
Acetylene mmoles. Reaction . Boiling  Vapour
/Olefin of Time (mmP§0duV:S. 1a) Point  Pressure
(mmoles.) CF4SF,C1 (hrs.) 0les, ryie °c mm. Hg.,
CH,=CH, 20 CF 5 SF , Cl,CH,C1 109-110 17.9
(4.02) 3.85 (2.02, 52) ]
CH30H=CH2 20 CF 5SF ,CH,CHC1CH, 122-123 9.7
(3.98) 3.74 (2.20, 59) .

Z x _
CF,=CF, 20 CF5SF ,CF ,CF,C1 124126 12.9
(3.62) 3.78 (3.06, 85)
CF,=CF, 20 CF3SF4(CF20F2)nCI - -
(14.05) 6.60 n=1,2,>2. (-, 75)
CF30F=CF2 82 CF38F4CF(CF3)CF201** 116-117 9.8
(5.71) 5.84 (2.51, 44) (a) . )
—_ * -
CF,=CH, 98 CF;SF , CH,CF,C1 86~ 88 20.3
(5.31) 5.57 (3.04, 57) ,
CF,=CFH 120 CFBSF4CFHCF201* 85- 86 43.2
- (5.36) 5.40 (2.52, 47)
CF,=CFC1 120 CFBSF4CF20F012* 99-100 27.0
(5.67) 5.72 ‘ (1.28, 23)
CF,.SF,(CF,CFC1) ,C1 164-166 3.2
3774772 2
(0.87, 15)
HC=CH 34 CF5SF,CH=CHC1* 98- 99 31.2
(3.69)  3.76 (2.30, 62)

*% CF3SF4SF4CF3 and the 1,2-dichloroalkane also formed

CF_SF,SF.CF_, also formed
3°94°047%5 @

(a) CF3SFhCF§CFClCFB is also formed, but only to a very small extent, ca 3%
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Table 2.12 : Molecular weights (a) and analytical data for the C¥_5F X

derivatives, 54

Compound (b) ”@ig;ﬁigr %$C %H %F %8 %Cl
CF5SF4CH20ﬁ201 Cator 220 1550 107 ??I% 1?:; yit
oo, S B 1 g sl fs
Crr3SF,CF,CF,01 §Z?§? 233 :1:; - 22:3 lg:; 11:;
g onene T e qmeoo6 g o i
gromong  Imi o ge 120 03 e i 1
CFSF,CF,0FCLy Cates ?33 He - ??ZE 13:% g?:?
SRR N RS B R SR o
g Imm HE It 03 g 139 i

(ag Molecular weights were determined by the vapour density method.
(b) A pure sample of CFBSF4CF(CF3)CF201 was not obtained for analysis
purposes,

The reaction method employed, viz. irradiation of a mixture of CF35F4CI ané .
olefin/ acetylene, generally in a 1:1 ratio, was as described in
Experimental Section A of Chapter I.

TheAreactions of CF3SF4CI with olefins and acetylene are summarised in
Table 2.11 while Table 2,12 1lists the molecular weights and analytical data

for the adducts.

CF,SF,CH.CH.Cl/ Ethanolic KOH Reaction.

—=3==4——2—2
A sample of 3 ml. CFBSF4CH2CH201 was introduced into a solution of
9.5 g. KOH, 10 nl. H20 s, 30 ml. CHBCH2OH. A white solid was immediately

deposited., The volatile material was removed and fractionated through traps
held at -80°, -=100°, and -196°. The =196° trap contained CF,H while the

-100° trap contained a trace of what was thought to be trans -CFBSF4CB=CH2.

B, Miscellaneous Reactions of CF3§E4Ql°

Tables 1.44, 1.46, 2.10 and 2.13 list the i.r. and n.m.r. spectra
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references for toth the starting materials and products identified by these

techniques.,

Teble 2,1

Compound Source I.7, NeHoR.

H2 B,0.C.

0 ,

2 B.O'C.

COF,, (220)

CF,_SCF 186
CF,SC1 € 97)
501 Peninsular Chemresearch (213)

Inc,
5P, (258)

Reaction with Mercury

Cl (6 35 mmoles. ), contaminated with a little Cl 1oy Was condensed

OF5S

( ~196 ) into a Hoke bomb containing mercury and the mixture allowed to
stand at room temperature for 4 days. Fractionation of the volatile

€1 (-196°) and CF F,C1 (trace) and sF, (-126° ),

contents of the bomb gave CF |

3 3
SOF2 was also found (-1260) but no doubt arose from hydrolysis of the SF4
in the glass vacuum line,

U.V. Irradiation Reactions

All the following reactions were carried out twice, once using a Pyrex
reaction vessel and once using a quartz reaction vessel, In every case, the
reactants were condensed or pressurised (-1960) into the reaction flask
(Pyrex or quartz), allowed to warm to room temperature and irradiated‘with
u.v. light for 24 hours whereupon the products were fractionated through
low temperature traps.

u.v. Irradiation of CF_SF,Cl

34—
(a) Pyrex CFBSF4CI (5.21 mmoles.) remained unchanged.

(b) Quartz CFBSF4Cl (5.21 mmoles.) gave CFBCl (-196°), CF38F401 (4,50 mmoles

-126°) and SF, (-80°; static distillation). This represents 13.5%

decomposition of CFBSF4CI.
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u.Ve Irradiation of FF30F4C with H2.

H2 was dried by passing clowly over 4A molecular sieves and threough

four -196°.traps.

(a) Pyrex CFESF Cl (4.48 mnoles) and H, in excess did not react.

4 2

(b) Quartz CF 3 4Cl (4.48 nmmoles) and H, gave CF301 SiF4, HC1 (=196°) ana
S0F, and CF,SF,Cl (ca 90% unchanged) (=126°)
{ 10 1 it
u,v, Irradiatiocn of CF38F4C with 02.
02 was dried by passage over 4A molecular sieves and slow distillation

through four =126° traps.

(a) Pyrex CFBbF Cc1 (4.71 mmoies) and. 0,(in excess) gave no reaction.

(b) Quartaz CF3 Cl (4.71 mmoles) and 0 (in excess) gave COFz, CF4, HC1,

§iF,, SOF, and Cl, (~196°) and CF4SF,,C1 (ca 86% unchanged;

-1260)0
UeVe Irradiation of CV35F401 with CFBbSCF3

CF_SSCF, was purified as described in Experimental Section A, Chapter I

3 3

(a) Pyrex C‘r3 401 (4.05 mmoles) and CF3bbCF (4.23 mmoles) gave CF301 and

SiF, (-196°), CF45F,Cl, CFySSCFy, SOF, and CFy3CT, (-126°),

CF,SF,C1 and CF,SSOF, (-100°) ana OF SSCF, (-80°).

(b) Quartz _ cm35F401 (4.3%3 mmoles) and CFBSSCF (4.52 mmoles) gave CF301

and SiF, (-196°), cF.S SC1 and SOF, (- 126°),

C1, CF;SSCF;, CF,SCF, CF

3
sSCF5 (-80°).

357y 3 3

CFBSSCFB, CF3 401 and CF3501 (=100°) and CF

u,ve, Irradiation of SF_Cl with CF,SSCF3.
) y, '

3

‘(a) Pyrex SFBCl (5452 mmoles) and CF3SSCF3 (5.34 mmoles) gave no reaction.
(b) Quartz SFSCl (5.52 mmoles) and CFBSSCF (5.34 mmoles) gave SFSCl,
Si¥,, SOF,, SFy, and CF

CF3801 (=100°),

SSCF5 (- 196 ) and CF SSCF5, CF;SCF, and

3 3 3773
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