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Abstract—Reactions of [fluoro(sulfonyloxy)iodo]benzene with 1-hexene and 1-heptene smoothly yield the
corresponding ZP-disulfonates. Reaction of [fluoro(sulfonyloxy)iodolbenzenes with methyl methacrylate
results in formation of isomerie-fluoro-p-sulfonyloxy products. A possible reaction mechanism is discussed.

Sulfonates derived from multivalent iodine com-the reaction ofla and Ib with 1-hexene, 1-heptene,
pounds are widely used as reagents in fine organior methyl methacrylate was performed in the presence
synthesis [2]. Their accessibility, stability, and pro-of a salt (lithium sulfonate), we obtained addition
nounced electrophilic properties make them indispengroducts with the anion. However, we did not succeed
able for functionalization and transformation ofin isolating stable products in the reactionslafand
various organic molecules [3, 4], including unsaturatdb with trimethylethylene, styrene, and some other
ed ones [57]. Electrophilic addition to olefins was olefins even in the presence of a salt additive.
studied mainly with IOdIne(Hl) derivatives containing The reactions ofla and Ib with 1-hexene and
a tosyloxy group [8]. Chemical properties of trifluoro- 1-heptene in methylene chloride in the presence of
methylsulfonyloxy and methylsulfonyloxy derivatives |ithjum trifluoromethanesulfonate or methanesulfonate
of polyvalent iodine were studied in detail usingin 5 h gave 1,2-bis(sulfonyloxy) derivativel -V
[hydroxy(methylsulfonyloxy)iodo]benzene [7, 9] and (Scheme 1) which were isolated by column chromato-
Zefirov's reagent (PhIOTH0D as examples [3, 9, 10].  graphy on silica gel. The products are stable at room

In the present work we tried to extend the serietemperature. Their structure was proved by comparing
of sulfonyloxy derivatives of tervalent iodine com- with samples obtained previously [3, 10].
pounds. For this purpose we examined electrophilic

properties of [fluoro(sulfonyloxyjidolbenzeneda Scheme 1.

and Ib in reactions with acyclic olefins. Compounds .

la and Ib were synthesized by the procedure deve- R—CH=CH, + [Phl—F "0Z]
loped by us previously, by oxidation of iodobenzene Ia, Th
with xenon(ll) derivatives [11]. Preliminary experi-

ments showed that [fluoro(sulfonyloxy)iodo]benzenes Li0Z, CH,Cl,

la and Ib vigorously react with various acyclic I

olefins in a nonpolar solvent (C)&l,) even at-78°C.
As a result, complex mixtures were formed, from
which we failed to isolate individual products. When

0z 0z
II-v

la, I, IV, Z = CRSO,; Ib, Il , V, Z = CH;SO,;
* . .
For communication |, see [1]. I, N, R =GHg IV, V, R = GHj;.

1070-4280/01/3705-0683$25.@2001 MAIK “Nauka/Interperiodica



684 PIRKULIEV et al.

Scheme 2.

LiOZ, CH,Cl, CH, CH,
+ —30 to —40°C
CH,=C—COOMe + [PhI—F 0Z] ——— X CH,—C—COOMe + CH,—C—COOMe

CH, F 0z 0z F
Ia,Ib VI, VII VIIL, IX

VI, Z = CRSO, (21%); VI, Z = CH,SQ, (23%); VIl , Z = CRSO, (14%); IX, Z = CH,SO, (11%).

Methyl methacrylate in which the double bond isVI andVIl contain a signal aé- —203 to—204 ppm,
deactivated due to effect of the ester group reactedhich belongs to the CHF atom. The proposed struc-
with compoundsla and Ib in methylene chloride tures of VI-IX are also supported by the data of
in the presence of lithium sulfonate-880 to—-40°C at elemental analysis.

a considerably lower rate. The products were mixtures It should be noted that compountf$ and VIl are

of isomeric addition productsVI/VIIl (3:2) and unique examples of stable covalent tertiary sulfonates
VII/IX  (2:1) (Scheme 2). The isomers were(one of such compounds was described in [12]).
separated by chromatography on silica gel; comPresumably, their stability originates from the pres-
poundsVI and VIl readily crystallized on cooling. ence of two electron-acceptor groups, fFHand
These are colorless low-melting substances (mp 180,CH,, at the tertiary carbon atom. Steric shielding
and 13C, respectively) which are stable in an inertof the latter by bulky substituents is likely to favor
medium and at low temperature. They readily decomthe stability of sulfonatesvl and VIl .

pose on exposure to air or at room temperature. The The data obtained for reactions of [fluoro(sulfonyl-
structure of product¥l -IX was proved by the IR and oxy)iodo]benzenesia and Ib with various olefins

H, ~C, and F NMR spectra. The IR spectra of suggest a commonly accepted mechanism for electro-
VI-IX contained absorption bands in the regiomphilic addition of organic polyvalent iodine com-
1430-940 cm, which are typical of a sulfonate pounds at multiple bonds. In the first stage, electro-
group. In the’H NMR spectra ofVI and VIl we  philic attack by the iodonium group on the double
observed only three signals: a two-proton singlet fronhond of the substrate yields cyclic cationoid inter-
the CHF group atd 3.91-3.96 ppm, a three-proton mediate A. Opening of the latter by the action of
singlet from the methoxy group @t 3.69-3.88 ppm, counterion OZ or F (which is a part of the initial
and a three-proton singlet from the methyl group ateagent or external nucleophile) from the rear side
8 1.77-1.90 ppm. The considerable downfield shiftieads to unstable tervalent iodine derivatiBewith

of the latter can be explained by the effect of therans configuration of the substituents. In the final
neighboring tertiary carbon atom which is attached tatage, the iodonium fragment is replaced by the

strongly electron-acceptor sulfonate group. The effecdecond nucleophile with inversion of configuration
of the sulfonate group is also reflected in the chemicalscheme 3).

shift of the tertiary carbon atom in th&C NMR

spectra ofVl andVIl, which is equal to 9294 ppm. EXPERIMENTAL

The signal from the Cfcarbon atom is a quadruplet

at 8- 118.2 ppm - = 319 Hz). The covalent The IR spectra were recorded from solutions in
character of the bond with the trifluorosulfonyloxy methylene chloride on a UR-10 spectrometer. fiHe
group in compound¥!-I1X follows from the position 3C, and'®F NMR spectra were obtained on Varian-
of the fluorine signal in the!>F NMR spectrum: S60T (60 MHz) and Varian-400 spectrometers at 400,
8- —74.57 ppm. In addition, thé’F NMR spectra of 100, and 187 MHz, respectively. Thi4 and 1°C

Scheme 3.
Ph F

N Ph /F

D P
N,/ + _ \+ N/ Nu \ / Nu N\ /
/C—C\ + [PhI—F ~0Z] /% C\ /C C|\ pnL - /C| C|\
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chemical shifts were measured relative to the solverdf lithium sulfonate. The reactions were performed
signal or tetramethylsilane as internal reference; trias described above using 2.36 mmol of compound
chlorofluoromethane was used as standard ft. 10 mmol of lithium sulfonate, and 2.5 mmol of
Methylene chloride was dried and purified by themethyl methacrylate. The solvent was distilled off
procedure described in [13]. from the reaction mixture, and the residue was ex-
Reactions of 1-hexene and 1-heptene with tracted with several portions of chloroform. The sol-
[fluoro(sulfonyloxy)iodo]benzenes | in the presence vent was removed from the extract, and the residue
of lithium sulfonate. To a suspension of 2.36 mmol was subjected to chromatography on silica gel using

of compound! in 15 ml of methylene chloride at

—78°C under argon we added 8 mmol of lithium sulfo-

ethyl acetatehexane (1:8) as eluent.
Methyl 2-methyl-3-fluoro-2-trifluoromethylsul-

nate and a solution of 3.5 mmol of olefin in 5 ml of fony|oxypr0pi0nate (V|) Rf 0.8. IR Spectrum (CQ],

methylene chloride. The mixture was stirred for 1 h

at —78°C and for 1 h at-30°C. It was then allowed

to warm up to room temperature over a period o
2.5 h and was stirred for 0.5 h at that temperatur
The mixture was filtered through a thin layer of silica
gel and washed with a 10% solution of sodium thio-

€

v, cmt 1770 (G=0), 1425, 1210, 1140, 940

{OSOCFy). 'H NMR spectrum (400 MHz, CDG),

8, ppm: 1.9 s (3H, Ck), 3.88 s (3H, OCH), 3.91 s
(2H, CH,F). *F NMR spectrum (187 MHz, CDG),

8¢, ppm: —74.56 s (3F, CP, -204.1 s (1F, CHF).
13,

sulfate, the aqueous layer was extracted with chloro-C NMR spectrum (100 MHz, CDG), &c, ppm:
form, and the combined organic phases were dried1.17 (CH), 47.76 (OCH), 54.02 (CH), 92.6
over magnesium sulfate and evaporated. The producf€—0), 118.2 q (CE, Jc = 319 Hz), 167.52 (€0).
were isolated by chromatography on silica gel using-ound, %: C 26.74; H 2.83. £igF,O:S. Calculated,

ethyl acetatehexane as eluent.
1,2-Bis(trifluoromethylsulfonyloxy)hexane (II).

R 0.7 (ethyl acetatéhexane, 1:6). Decomposition

point 131+132°C

%: C 26.87; H 2.99.

Methyl 2-fluoro-2-methyl-3-trifluoromethylsul-
fonyloxypropionate (VIIl). R 0.25. IR spectrum

(130-133C [10]). IR spectrum (CCl,), v, cni: 1772 (G=0), 1422, 1219, 1135, 940

(CCly), v, cn™: 1430, 1260, 1230, 1160, 990, 930 (OSO,CFy). 'H NMR spectrum (400 MHz, CDG),

(OSO,CF,). 'H NMR spectrum (60 MHz, CG), 3,
ppm: 0.9-1.9 m (9H, GHy), 4.6 m (2H, CHOSO,),
5.1 m (1H, CHOSQ.
1,2-Bis(methylsulfonyloxy)hexane (lll). R 0.25
(ethyl acetatehexane, 1:2). mp 386°C (34-36°C
[10]). IR spectrum (CG)), v, cn™: 1350, 1180, 920
(S=0). 'H NMR spectrum (60 MHz, CDG), &, ppm:
0.9-1.9 m (9H, GHy), 3.0 s (6H, 2CH), 4.3 m (2H,
CH,OSO.CHy), 4.8 m (1H, GHOSO,CH,).
1,2-Bis(trifluoromethylsulfonyloxy)heptane (1V).
R 0.61 (ethyl acetatdexane, 1:6). Decomposition

point 125-12%C. IR spectrum (CG), v, et 1427,
1271, 1232, 1160, 990, 927 (OSCF,). *H NMR
spectrum (60 MHz, CG), 6, ppm: 1.0-2.0 m
(11H, GH4y), 4.5 m (2H, CHOSOCF;), 51 m
(1H, CHOSQCF;). Found, %: C 27.39; H 3.61.
CyH4Fc06S,. Calculated, %: C 27.27; H 3.54.

1,2-Bis(methylsulfonyloxy)heptane (V).R; 0.4
(ethyl acetatehexane, 1:2). mp 444°C. IR spec-
trum (CCl), v, cm’: 1358, 1183, 921 (SO).
'H NMR spectrum (60 MHz, CDG), o, ppm: 1.6-
2.0 m (11H, GH;,), 3.1 s (6H, 2CH), 4.4 m (2H,
CH,0SO,CH3), 4.9 m (1H, GHOSO,CHy). Found,
%: C 37.65; H 6.87. ¢H,,OgS,. Calculated, %:
C 37.50; H 6.94.

Reactions of [fluoro(sulfonyloxy)iodo]benzenes
la and Ib with methyl methacrylate in the presence

8, ppm: 1.86 s (3H, CH), 3.82 s (3H, OCH), 4.55

and 4.80 d.d (2HAB system, CHO, J = 10 Hz).

F NMR spectrum (187 MHz, CDG), &, ppm:

—74.64 s (3F, CB), —204.23 s (1F, CkF). Found, %:

C 26.95; H 2.76. ¢HgF,O:S. Calculated, %: C 26.87;
H 2.99.

Methyl 3-fluoro-2-methyl-2-methylsulfonyloxy-
propionate (VIl). R 0.69. IR spectrum (CGJ, v,
cm 1768 (G=0), 1320, 1138, 952 (OS{ H
NMR spectrum (400 MHz, CDG), 5, ppm: 1.77 s
(3H, CH;y), 3.69 s (3H, OMe), 3.76 s (3H, OSOH,),
3.96 s (2H, CHF). %F NMR spectrum (187 MHz,
CDCL,), 6¢, ppm: —203.8 s (1F, CkF). 1°C NMR
spectrum (100 MHz, CDG]J, &, ppm: 20.87 (CH),
39.65 (OSQCHjy), 46.55 (OCH), 53.76 (CH), 93.2
(C-0), 167.52 (&GO0). Found, %: C 33.71; H 5.44.
CegH 1 FOsS. Calculated, %: C 33.64; H 5.14.

Methyl 2-fluoro-2-methyl-3-methylsulfonyloxy-
propionate (IX). R 0.28. IR spectrum (CG), v,
cml 1765 (G=0), 1325, 1143, 948 (OS{ H
NMR spectrum (400 MHz, CDG), &, ppm: 1.82 s
(3H, CHy), 3.73 s (3H, OCH), 3.88 s (3H,
OSO,CH,), 4.01 s (2H, CHF). %F NMR spectrum
(187 MHz, CDC}), &g, ppm:-202.6 s (1F, CHF).
Found, %: C 33.71; H 5.44. &,,FO;S. Calculated,
%: C 33.64; H 5.14.
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