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48. SULFOTRIOXIDATION OF HEXAFLUORODIMETHYLKETENALS

A, F, Eleev, G. A, Sokol'skii, UDC 542.91:547.379.53'118
and I, L. Knunyants

It has previously been shown that 1,l-bis(methoxy)hexafluoroisobutylene {(I) reacts with
S0s already at —60°C to form methyl a-H-hexafluoroisobutyrate (94% yield). If hexafluoroiso-
butenylidene sulfate (II) serves as the sulfotrioxidizing agent, the reaction begins at 0°C,
is accompanied by the formation of hexafluorodimethylketene, and takes place along two path~-
ways (507% each) [1l]:

--80°
(CFy),C=C(OCH3)s + SO; — (CF3);CHCOOCH; -+ 1/n[—S0,0CHy—] ,
1))

0 ——— (CF3),CHCOOCH; + 1/n[—S050CH,— |,
7N .
(1) + (CFauC=C~ 505 COOCH;
/
(1) 0 —— (CF)sC
$0,0CH;

The observed exothermic nature of these reactions may be attributed to the strong elec-
tron-donor properties of the O atoms in ketenal I, owing to which the corresponding bipolar
ions of the oxidation type, which undergo further conversions, form in the first stages of the
processes:

R R .
N Ny
CFs 0—50;—0 CF, 0—350,—0 CF,
/s ~ s ~
/ AN / AN AN
CFy OR CFs OR e CFg

In order to experimentally confirm this hypothesis, in the present work we made a com-
parison of the ability of two ketenals, whose molecules contain groups that are sterically
similar, but differ with respect to their electronic effects on the O atoms to undergo sul-
fotrioxidation. The objects selected were 1,l-bis(pentafluorophenoxy)hexafluoroisobutylene
(III) and 1,1-bis(phenoxy)hexafluoroisobutylene (IV), which were synthesized by reacting
octaflucroisobutylene with the respective phenoxides:

CeFsOK

= (CF3)C=C(OCsF ;2 (L)
(CF3)C=CF>— | c,m,0Na
~ (CF3)C=C(0CgH;)p (1V)

As expected, the behavior of these ketenals under sulfotrioxidation conditions was dif-
ferent. Ketenal III is inert to SO; even at 100°C. This is due to the significant lowering
of the electron-donor capacity of the O atoms. Conversely, ketenal IV, whose molecules con-
tain electron-donor O atoms, react, with SOs at —60°C. This reaction results in the evolution
of S0, and the formation of phenyl a-H-hexafluoroisobutyrate (737% yield):

(IV) +80; — (CF3}CHCOOGH; -+ 30, -+ 1/n[—0CH,—],

The evolution of SO; is probably due to the fact that the bipolar ion formed in the first
step is stabilized by being converted into wunstable sulfate V, which undergoes decomposition
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in an oxidation— reduction reaction similar to the reaction of phenol with chromic acid

[2]:

050,0—¢ S

/S
(CFa)G=G -—»(CFs)gCH("OOCBHS+SOo—(!)—U/ \
V) OCH; 1
: SOz+1/n-[ 0— @ Tn
Ho—7 N B Ho—cr0,—0—7 N L &rop—0—¢" N

= \ e -

1
|
“

H.Cry05 + O =C=\/=
The nucleophilic properties of ketenal IV are so strong that when less active sulfate
II is used instead of SOs. the reaction takes place at —10°C. 1In this case, as in the case
of ketenal I, the ketene is produced, and the conversions take place in several directionms,
the reaction mixture containing many residues products, from which it has not been possible
to isolate the expected diester of a-sulfohexafluoroisobutyric acid:

——— (CF3)yCHCOOC,H; + SO, -+ 1/n[—OCeH,—1,,

-10°
(Iv) -+ (1) m S0,0CH;,
————1 (CF3)C
COOG;H,

Inasmuch as some common features are observed when ketenals I and IV are treated by
various sulfotrioxidizing agents, it seemed wise to study these questions in the case of the
sulfotrixoidation of other ketenals. It has previously been reported that 1,1-bis(B-chloro-
ethoxy)hexafluoroisobutylene (VI) reacts with SO; at —60°C and that thermolysis of the pri-
mary reaction product results in the formation of B'-chloroethyl 2-H-hexafluoropropane-2-sul-
fonate (94/ yield) [3):

S0,0CH,CH,Cl

o

. .
(CF3)C=C(OCH,CH,ClY, + SO, —— | (CF3hC

A1 "COOCH,CH,Cl
(CF3),CHS0:;0CH;CH;Cl - CO, -- CHy=CHCl

In the present work it was found that the reaction of ketenal VI with sulfate II takes
place in a different direction. For example, if dry nitrogen preliminarily saturated with
sulfate II (bp 50°C) is passed through ketenal VI, which has been cooled to 0°C, an exother-
mic reaction accompanied by the production of a mixture of gaseous and volatile liquid reac-
tion products takes place, and the subsequent heating of the residue of the reaction mixture
to 100°C is accompanied by more vigorous decomposition. The following compounds were found
by GLC among the decomposition products blown off by nitrogen (the last of these compounds
was found in the smallest quantlty) €Oz, CHa=CHCl, (CF3)2C=C=0, (CF3).CHCOF, and (CFs).-
CHSO,F

If the reactants indicated (VI and II) are taken in equimolar amounts and mixed at — 60°C
in a Freon-22 solution, and the solvent is then distilled off (bp —40°C), and the reaction
mixture is heated to 10-20°C, no visible signs of decomposition are observed. Nevertheless,

a mixture of the aforementioned volatile products, among which the main one is 2-H~hexafluoro-
propane-2-sulfonyl fluoride (VII), is separated upon evacuation (down to 10 torr), the yield
being 87%. B'-chloroethyl a-H-hexafluoroisobutyrate (VIII) (25%) is isolated from the resi-
due of the reaction mixture by fractionation. Interestingly enough, if twice the molar a-
mount of sulfate II is used inthe reaction with ketenal VI under the same conditions, the
yield of sulfonyl fluoride VII is 65%, as calculated for the original sulfonyl-containing
compound, and the yield of isobutyrate VIII is 30%, as calculated for the original ketenal.

In all cases, after the removal of the products just enumerated, significant amounts of
resinous residues remain. These residues are apparently formed by the polymerization and
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copolymerization of the unsaturated compounds accompanying those isolated., On the basis of

stoichiometric arguments regarding the balance of the fluoride atoms and with consideration

of the yields of VII and VIII, it may be postulated that the formation of the principal pro-
ducts isolated takes place in degradative processes taking place in parallel, e.g.,

, » CFy
———+ (CF3);CHSO,F - COy + CHy=CHCI + Necoor
(VII) cn/
CFy
———-+ (CF3),CHCOOCH;CH,Cl + CH,==CHCI 4 \ccoosogF
(V1L CFz/

(VD) + (11)—

In analogy to the foregoing arguments, it may be suggested that the first stages of the
reaction of VI with II include the formation of the corresponding bipolar ion, which is sta-
bilized as symmetric sulfate IX, the latter being inclined to undergo isomerization to sulfo-
nate X and then to sulfone XI:

I CICH,CH,

0—50,—0 050,0
AN / AN

(VI) -+ (I1) = | (CF)C=C C=C(CFs)g — (CF3)C=C C=C(CFs) —
/ AN /S

0 -0 /o o\
i mcngcnz/ CICH,CH, CHyCH,Cl
(IX)
S0,

/S N/

$0,—0
7 N
—(CFs)C /C=C(GFa)z —e (CFa)C
Neo 0 €O OC
AN
CICH,CH;0 7 CH;CH;Cl CICH,CH,0 OCH,CH,Cl
(X) (X1)

C(CFs)

N7\
/N S

The main direction in the process under consideration, which results in the formation of sul-
fonyl fluoride VII, is apparently associated with further conversions of sulfone XI, for
example, (R = CHzCH,Cl)
$O,F
/
mﬁ' (CF3).C — (VII) 4 CO; - CHy==CHC!
(XI)— (XII) COOR

(CF3)2CHS0,C(CF4)2COOR — (VII) + (XI1)

" —COs-CH,=CHCI

Sulfate IX, sulfonate X, and sulfone XI may participate in the formation of other reaction
products and the formation of the resinous still residue, The basis for such an explanation
is the existence of prototypes for most of the conversions represented in the form of analo-
gous reactions, which were previously investigated in [3-5]:

050,0 050, . 0,0
s N ~(CF3)1C=C0 7N VAN
(CF‘;)zC:C C=C(CF3)2—‘—"—" (CFa)ZC———:C 00— (LFs)zc DOz
N / N 7
0S0,0 0S80, COO0
/SOzF
CF;CF — CF,CHFSOQ,F - CHy;=CHCL 4 CO,
COOCH,CH,Cl
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CFg CF; CF3
-HF / -HF N\ /!
{CF 3),CHSO,CH(CF3)5 ~—- (CF3),CHSO,C _ /C—Sog——-C\
CFa CFa CFs
S0, CFs

N N
(CFs)aC/ 0- C—S0,0S0,F
N/ Vs
50, CFs

Comparing the results of the sulfotrioxidation of hexafluorodimethylketenals I, IV, and
VI, we may conclude that a common feature in all the cases is the initial attack of the O
atom, which produces labile oxonium compounds that are stabilized by isomerization to the
corresponding sulfates. The latter are capable of undergoing conversions, whose directions
depend on the nature of the carbon fragment, which thus determines the result of the reaction.
Of the sulfotrioxidation products obtained, the bis-esters of a-sulfohexafluoroisobutyric
acid and 2-B-hexafluoropropane-2-sulfonyl fluoride are of greatest interest.

EXPERIMENTAL

The 'H and *°F NMR spectra were recorded on an Hitachi—Perkin-—FElmer R-20 spectrometer
at 60 and 56.456 MHz, The values of the chemical shifts, §, which were measured relative
to HMDS and CF3COOH, and the values of the constants J are presented in Table 1.

1,1~-Bis(pentafluorophenoxy)hexafluoroisobutylene (III), Potassium pentafluorophenoxide
was obtained by treatment of pentafluorophenol with a calculated amount of KHCO, in CHaCN
followed by evaporation of the solvent, azeotrophic drying by benzene, and subjection to a
vacuum., Preliminarily liquefied octafluoroisobutylene (32.0 g, 0.16 mole) was added to a
suspension of 71.6 .g (0.32 mole) of sodium pentafluorophenoxide in 300 ml of ether at —30°C
with stirring. Then the temperature of the mixture was brought up to ™ 20°C. The unreacted
octafluoroisobutylene (12.0 g, 0.06 mole) was collected in a trap. The mixture was filtered,
and the precipitate was washed with ether (two 50-ml portions). The subsequent fractiona-
tion of the combined mother solution and extracts yielded 20.4 g (59%) of pentafluorophenyl
heptafluoroisobutenyl ether (IIIa), d,*° 1.8686, np*® 1.3752, and 14.7 g (28%) of III.

1,1~Bis (phenoxy)hexafluoroisobutylene (IV), Octafluoroisobutylene (100 g, 0.5 mole)
was added dropwise at —40°C with stirring to a suspension of sodium phenoxide in ether,
which was obtained by adding a 30% ethereal solution of 94 g (1 mole) of phenol to 25 g of
finely divided sodium in 500 ml of ether,.in such a manner that the temperature of the mix-
ture did not exceed —30°C. A technique similar to the isolation of III yielded 156.4 g
(90%) of IV. IR spectrum (KBr, vy, em~!): 1670 (C=C), 1500, 1600 (C=C, CeHs).

Sulfotrioxidation of IV. A. A 3.5-g portion (1.82 ml, 0.0435 mole) of S0; was added
dropwise over the course of 1 h at —60°C with stirring to a solution of 15,2 g (0.0435 mole)
of IV in 80 ml of Freon-22. At the conclusion of the addition process, the solvent (bp-39°C)
was distilled off. After the temperature was brought up to 20°C, the remaining mixture was
a colorless, snow-like crystalline mass, which darkened and deliquesced upon heating or pro-
longed standing (12-15 h). TFractionation of the mixture yielded 8.6 g (73%) of phenyl 2-H-
hexafluoroisobutyrate (IVa), d,%° 1.3586, np®°® 1.4123. The alkaline hydrolysis equivalent
was 8.2, and the thoriometry equivalent was 6.18.

The SOz in the Freon distilled off was determined by GLC in a combined sample with a
known specimen (2.5 g). The solid still residue (4.5 g), which was insoluble in water and
organic solvents, was dissolved in a saturated solution of KOH. A yellow crystalline sub-
stance, which was soluble in organic solvents and corresponded to the composition C¢H,Oz,
was isolated upon acidification (v 4.1 g).

B. A 7.3-g portion (0.0283 mole) of hexafluoroisobutenylidene sulfate (II) was added-
dropwise with stirring at 0°C to a solution of 9.85 g (0.0283 mole) of IV in 60 ml of CCl,.
The mixture was heated for 1 h at 60-70°C. Hexafluorodimethylketene (4.2 g, 83%) and SO,

(<1 g), which were identified by GLC, were condensed in a trap connected to the outlet re-
flux condenser. Then the solvent was distilled off, and the residue was fractionated in a
vacuum, This yielded 2.3 g (30%) of phenyl 2~H-hexafluoroisobutyrate (IVa), which was ident~
ical to that already described. The residue was a nondistilling resin,

Sulfotrixidation of VI, A. Dry N, saturated with the vapor of 25,8 g (0.1 mole) of II
was bubbled through 32.1 g (0.1 mole) of VI cooled to 0°C. An exothermic reaction accom-
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TABLE 1

bp. °C Found 9% NMR
Com= (1‘5' mm . Calculated solvent H BRE
pound Eié)rnp, (concen~
°C c H | FC ga)tion, 8, ppm |JHz | & ppm |JHz
0
: 34,22 61,34 —17,0s
(111a) 0018) |37561 - |Goes | (100 - - |-174s
’ ! 78,5d (o)
| 80,0t {p) } 245
85.5t (m)
I 148(18), 136,03 57,09 —17,5s
(D) §3 ) wu - |5 ccL (50)| - — |so_psm ] 2
: 56 5517 | 2.87 | 32,76 ’
(IVa) | 50(4) :25(3) ggz fjgg (100) |420sept | 70 -139d 70
, 1563 | 051 | 5645 ’ - d.d
v X 100 6,7 |-14,04d. 11,3
Vi | 80 15,30 | 043 | 56,84 U0 465 m {5 |-1428m 87
15
27,25 | 1,80 |_(13,05) _ -
VIID) | 145 ) : (100) [3.87t 80 |-12,8d 7.0
(Vi 2785 | 1,93 | (13,73) 411t
1435 sept | 7,0

panied by the evolution of low-boiling products, which were condensed in a trap (—78°C),
was observed. At the conclusion of the mixing of the reactants, the reflux condenser was
replaced by a condenser set for distillation, and the reaction mixture was slowly heated to
160-170°C in a current of Nz, At 110-115°C vigorous decomposition of the reaction mixture
accompanied by the evolution of gaseous and liquid products was observed in the still., After
the exhaustive distillation of all the components of the mixture (180°C in the still), the
products obtained were fractionated. The hexafluorodimethylketene (3.5 g, 0.02 mole) and
2-H-hexafluoroisobutyryl fluoride (4.1 g, 0.021 mole) isolated were identified by GLC and
1%F NMR. Sulfonyl fluoride VII (14.7 g, 0.063 mole) was identified by comparing its proper-
ties with those of a known specimen [6] and with the aid of the NMR spectrum. Isobutyrate
VIII (7.8 g, 0.03 mole) is a colorless liquid, das*° 1.4849, np*°® 1.3598. Found: MR, 38.40;
Calculated: MR, 38,39,

B. A 25.8-g portion (0.1 mole) of II was added dropwise with stirring at ~60°C to a
solution of 32.1 g (0.1 mole) of VI in 80 ml of Freon-22. An exothermic reaction and the
evolution of CO; (GLC) were observed. After the mixing of the reactants, the solvent was
distilled off along with the vinyl chloride formed (GLC), and after a temperature of 0°C was
reached, the reaction mass was evacuated to a residual pressure of 10 torr. The departing
volatile components were condensed in a trap (—78°C), and their fractionation yielded 2-H-
hexafluoroisobutyryl fluoride (5.5 g, 0.028 mole) and sulfonyl fluoride (VII) (20.4 g, 0.087
mole). Fractionation of the residue at atmospheric pressure resulted in the isolation of
isobutyrate VIII (6.5 g, 0.025 mole), which was identical to that already described (see A).

C. A 19.6-g (0.0605 mole) portion of VI was slowly added dropwise at —60°C with stir-
ring to a solution of 31.2 g (0.121 mole) of II in 80 ml of Freon-22. After the mixing of
the reactants, the solvent was distilled off, and the residue was evacuated to 10 torr {resi-
dual pressure). The condensate obtained in the trap was washed with 50 ml of water, dried
with MgSO,, and distilled. This yielded 18.4 g (0.079 mole) of sulfonyl fluoride (VII).

CONCLUSIONS

1. The sulfotrioxidation of hexafluorodimethylketenals by sulfuric anhydride begins with
the attack of an ethereal oxygen, the direction of the reaction being determined by the na-
ture of the alkoxyl group.

2. 2-H-Hexafluoropropane-2-sulfonyl fluoride has been synthesized by reacting hexafluoro-
isobutenylidene sulfate with 1,1-bis(B-chloroethoxy)hexafluoroisobutylene.
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BROMINE- AND IODINE-CONTAINING (HALOALKYL)TRICHLOROSILANES AND
METHYL (HALOALKYL) CHLOROSILANES AND THEIR CONVERSIONS

V. M. D'yakov, Yu. A, Lukina, UDC 542.91:547.1'128
M. G, Voronkov, L. I. Gubanova,
G. A, Samsonova, and S. N. Tandura

Organosilicon compounds with the general formula ICH2(CHj)s-pSiCl, (n = 1-3) are not
known. The analogous bromine derivatives are compounds that are difficult to synthesize
[1, 2]. Among them BrCH;SiCls [1] and BrCH; (CHs)S1Cla [2] could be obtained only with a very
low yield. At the same time, the compounds named are reagents for the synthesis of many
types of carbofunctional and silicofunctional organic compounds of silicon.

We have developed a simple and convenient method for obtaining such compounds by react-
ing the corresponding chloro derivatives with AlBrs [3] or AlIs [4] in a low-boiling inert
solvent (CzHsBr or CeHg):

ClCHz(CH,,)a.nSlCl + 1/3AIX3—+ XCH,(CH,);_.SiCl, + Y/3AICI,
) —‘I Bl‘ n e 2 3

When the number of chlorine atoms on the silicon is reduced, a decrease in the yields
of the substitution products is observed, and when AlI, is reacted with dimethyl(chloromethyl)-
chlorosilane, disproportionation of the latter to form dimethyldichlorosilane and trimethyl-
chlorosilane in a 3 : 1 ratio takes place instead of the substitution reaction. In the case
of the reactions with AlIs in benzene, the silicoalkylation of benzene is not observed.* At
the same time, when AlI; is reacted with (3-chloropropyl)trichlorosilane in benzene, two al-
kylation products of benzene, viz., (3-phenylpropyl)trichlorosilane and m-bis(3-trichloro-
silylpropyl)benzene, form with 42.6 and 33,.37% yields, respectively. This is due to the sig-
nificantly higher reactivity of the (a-chloroalkyl)- and (B-chloroalkyl)chlorosilanes in Frie-~
del~—Crafts reactions in comparison to the corresponding (chloromethyl)chlorosilanes [6].

The reaction of (dichloromethyl)trichlorosilane with AlBrs in CaHsBr results in the for-
mation of the heretofore unknown compound (dibromomethyl)trichlorosilane, which is then con-
verted into (dibromomethyl)trimethoxysilane and, finally, into 1-(dibromomethyl)silatrane.

It was not possible to obtain I,CHSiCls; from Cl;CHSiCls and AlI; in an analogous manner.

Substitution of the chlorine atoms on the silicon by bromine or iodine atoms is not
observed in the reaction under stidy. This is consistent with the "Eaborn series" [7], which
forbids the replacement of the chlorine atoms attached to silicon. The difficulty in such
exchange is due to the fact that the energy of the Si—Cl bond (85.8 kcal/mole) is signifi-
cantly greater than the energy of Si—Br and Si—1I bonds (69.3 and 51.1 kcal/mole, respective-

ly).

*The silicoalkylation of benzene by ClCH;35iCls has been successfully carried out in the pre-
sence of AlCl; [5].
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