Reaction of F0,SOCF,CF,I (If) with Fe(CO):.. A mixture of 0.652 g (2 mmoles) of com-
pound (If) and 0.392 g (2 mmoles) of Fe(CO), was heated for 15 min at 140°C. There was ob-
tained 0.5 g (89%) of IFe0SO,F as solid brown substance, infusible to 250°C and insoluble
in organic solvents. Found: Fe 19,27; S 10.98; F 6.517%7. FFelO,S. Calculated: Fe 19.82;

S 11.38; F 6.747Z.

CONCLUSIONS

1. Fluorocaliphatic iodides containing electron-accepting substituents in the a-posi-
tion homolytically add to double bonds with cleavage of the C—I-bond upon thermal, peroxide,
or metallocomplex initiation.

2. Di-tert-butylperoxide and the Fe(CO);~DMF system initiate effectively addition of
(CFs) 2CFCF=CFCF.I, ICF,CN, ICF,COOCH;, CF,CF,CF,I, CF,(CF,),CF,I, ICF,CF,0S0,F, and (CF3),-
CFOCF,CF,I to l-hexene.

3. Addition to methyl acrylate takes place only with the most reactive addends,
(CFa)zCFCHFCFzI and ICFZCN.
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POLAR CONTROL IN THE REMOTE OXIDATIVE FUNCTIONALIZATION
OF SULFONES

E. I. Troyanskii, M. I. Lazareva, UDC 542.943.7:547.279.53
D. V. Demchuk, and G. I. Nikishin

By rearrangement with 1,5- and 1,6-migration of the hydrogen of oxygen- and nitrogen-
centered radicals and cation-radicals, generated by one-electron oxidation, we have developed
a general method for the single-step remote oxidative functionalization of organic compounds
at the unreactive y- or &-carbon atoms [1]. Using this method in systems containing sodium
peroxydisulfate, remote functionalization of carboxylic acids and their amides [2], ketones
{3, 4], and various types of sulfonamides [1, 5, 6] has been achieved. The possibility of
effecting remote functionalization in these reactions is governed by the presence of unpaired
electrons in the groups C(0)0", C(O)NH, C=0%, and SO,NR!.

We have now examined the oxidation of dialkyl sulfones in systems containing Na,S,04,
with a view to the possible use of the sulfonyl group SO, as an activator of remote func-
tionalization. We have found that the dialkyl sulfones (I) on oxidation with an excess of
Na,S,05 [(I):Na,S,05 = 1:2-4] are selectively converted into the 3-oxosulfones (II). When
the amount of oxidant is reduced, in addition to (II) the 3-hydroxysulfones (IIIa, c) are
formed. The use of large amounts of Na,S,0; also clearly results in side reactions involv-
ing more extensive oxidation, which are in part responsible for the low yield of (IIb) from
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TABLE 1. Oxidation of Sulfones (I) by Treatment
with Na,S$,0.%

Substrate (I) : Na;5;0,  |Conversion, % Zggsleﬁ:iénygzl’?lz)is *
(Ia) 1:14 84 (11a), 13; (Illa), 20
(Ia) 1:2 100 (Ila), 37; (Illa), ~
(Ib) 1:4 88 (11, 23 (Illy, ~
(Ie) 1:2% 36 (11g), 28; (Iile), 56
(Ic) 1:4 58 (Ile), 48; (IIIc), ~

#*85-90°C, 5 h.
t+Reaction in the presence of 15 mole Z [from (Ic)]
FeSO,.

(Ib). Oxidation of (Ic) in the system Na,S,0,—FeSO,, which converts alkanones into y- and
B-diketones [3], gives a mixture of 3-oxo- and 3-hydroxysulfones (IIc) and (IIIc) (Table 1).

0 R? OH R

Na,S,O. I
/\/k )\)\SO R i )\*502}?5

2
Ia-—-C) (ITa—¢) (IlIa, c)
R = Me, R! = H(a), R = R! = Me(b), R = By, Rl = H(c).

According to PMR spectroscopy, the reaction mixtures obtained on oxidizing (Ia-c) did
not contain products of the functionalization of (I) at the a-, B-, or &-carbon atoms; i.e.,
oxidation of sulfones by treatment with Na,S,0; occurs selectively at the nonactivated atom
C3®, as in the regiospecific y-oxygenation of butanesulfonamide to 3-oxobutanesulfonamide in
the system Na,S,05—AgNOs—CuSO, [6].

Since oxidation of (I) with excess Na,S,0; gave high conversions of the substrate [in
the case of (Ia) and (Ib) nearly complete] to give a single product, the 3-oxosulfone (II),
its preparative isolation was simplified. In the case of (IIa), all that was required was
extraction of the reaction mixture with an organic solvent (ether or chloroform), the purity
of the product thus obtained being satisfactory (by GC and PMR). Compound (IIb) was further
purified by TLC, and (IIc) was separated from unreacted (Ic) by TLC. .

This reaction therefore provides a simple method for the synthesis of the 3-oxosulfones
(II), which is fully competitive with the method involving addition of alkyl sulfinates to

a,R-enones [7].

Methyl butyl sulfone (Ia) in the system Na,S,0,—CuCl, [(Ia):NazszOS:CUClz=l:l:l] is
chlorinated at C3 and C%, y-chlorination predominating (as in the chlorination of butane-
sulfonamides BuSO,NHR' by this system [5]). In addition to the chlorosulfones (IVa) and
(Va), the hydroxysulfone (IIIa) is formed, the yields of (IVa), (Va), and (IIIa) being 48,
33, and 6% on (Ia) reacting, conversion 88%. = Oxidative chlorination of dibutyl sulfone (Ic)
under similar conditions affords the y- and 8-chlorosulfones (IVe) and (Ve) in yields of 60
and 357% on (Ic) reacted respectively, conversion 90%,

Rt R Rt
oz TTL T e I T
{1a, ¢) (ZIVa, ) *(Va, ¢) S0t111a)

The course and regioselectivity of the remote oxidative functionalization of sulfones
(Iz-c) with a maximum chain length of four carbon atoms [butyl in (Ia) and (Ic) and l-methyl-
butyl in (Ib)] are thus similar to those found for the oxidation of butanesulfonamides under
similar conditions.

The remote functionalization of sulfonamides has previously been shown {1, 5, 6] to in-
volve the generation of sulfonylamidyl radicals, followed by rearrangement with 1,5(1,6)-
hydrogen migration to give 3(4)-aminosulfonylalkyl radicals, which are precursors of the func-
tionalization of alkanesulfonamides at C® and C*. Since the orientation and regioselectivity
of the oxidative functionalization (chlorination andoxygenation) - of butyl alkyl sulfones
and butanesulfonamides are similar for these substrates, it is reasonable to suppose that
the remote functionalization of sulfones involves one-electron oxidation to the oxygen-cen-
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TABLE 2. Oxidation of Methyl Hexyl Sulfone (IX)

by Na,5,0%
Conversion of Yields of products, as % of
(IX) : N2;S:0s (IX), % | (IX) reacting ’ 0
1:2 ) 85 l (X), 20; (XI), 30
1:4 100 (X), 28; (XI), 28

*85-90°C, 5 h.

tered cation-radicals (VI), which rearrange with 1,5- or 1,6-hydrogen migration to 3- and
4-sulfonylalkyl radicals (VII) and (VIII), which are then oxidized to (III), then to (II),
or to (IV), then (V). This theoretically possible mechanism was confirmed by the observa-

OH
1,5 —H I oxidation
o+ | /\/\/5 —————> (11), (I1])
SO:R _, I D A or (IV)
— /SR— (
Rz/A\/\T/ R{/\/A\ ! ok
Rt 0 ~1,6 ~H Il oxidation
(M (VD | /\/\/ SR ———> (V)
(VIID (g

Re=H

tion of the rearrangement (VI) + (VII) when the cation radicals (VI) were generated by elec-
tron impact {8].

However, the similarity to sulfonamides is completely lost when the sulfones have longer
hydrocarbon chains. Oxidation of methyl hexyl sulfone (IX) with Na,S5,0,e gives 4-oxohexyl and 5~
oxohexyl methyl ketones (X) and (XI) (Table 2).

MeSO; NN\ e, MeSO: "\ / Y\ + MeS0, /\/\)\

(Ix) (X) (XD

The expected y-oxidation product, 3-oxohexyl methyl sulfone, which is isomeric with (X)
and (XI), was totally absent, to judge from the absence in the PMR spectrum of signals for
the moiety SO,CH,CH,C(0) (two triplets at 2.95-3.00 and 3.25-3.35 ppm).

According to the mechanism discussed above, (X) and (XI) could be formed by rearrange-
ment of (VI) (R = Me, R* = H, R? = Et) with 1,6~ and 1,7-migration of hydrogen. However,
preference for 1,6- and especially 1,7-hydrogen migration over 1,5-hydrogen transfer in
cation radicals and radicals has been observed previously only in a few special cases, when
such shifts are favored energetically or conformationally [9, 10]. We therefore assume that
such a route to (X) and (XI) is unlikely. The results obtained discount the possibility in
the case of sulfones of single-step remote functionalization with the initial formation of
cation radicals (VI), followed by rearrangement with hydrogen migration.

In our view, the observed orientation in the functionalization of sulfones (Ia-c) at
the y-carbon, and of the sulfone (IX) in the &- and e-positions, results from polar control
[11]. The strongly electron-accepting SO; group inhibits cleavage by the electrophilic SO,
anion radicals (or of C1° and Cl,”" in the system Na,S,0g—CuCl,) of hydrogen atoms from the
a- and R-carbons in all of these sulfones. The y-carbons also experience deactivation by
the SO, group, as is shown by the absence of y-functionalization when (IX) is oxidized. In
the butyl sulfones (Ia-c), the y-carbon bears a CH; group, which facilitates to a certain
extent the fission of the y-hydrogen. The y-CH; group itself is a comparatively weak hydro-
gen donor (as compared with the neighboring CH, group) with respect to the SO, anion-
radical [12]. The combination of these factors determines the selectivity of oxidation of
(Ia-c) virtually at the y-position alone.

OH Rt O R

oxidation
/\/]\SOzR 20, )\)\sogn /\ /Ksoia

(XII) (III) (In
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TABLE 3.

ducts

Properties of Starting Materials and Reaction Pro-

Compound

C, or

Mp
> °C’(p,

Bp, °
mn, Hg)

PMR spectrum, §, ppm, J, Hz

Mass spectrum, m/z
(rel. intensity, %)

{Ia)

{1v

{1¢)
(113

amy <t

(lle)

(11a

(119

(1va)

(Ive)

(Va)

(ve)

(IX)

1922

30

131-134(17)

44—45

8788 *

58.5-59,5

55-56 *

90-94(0.1),
485

0,98t (3H, CH;,CH,), 1,20-2,00:m
(4H, CH,CH.CH.), 2,83 S (3H,
CH;50.), 2,98t (2H, CH.S0,)

1,07¢ (3H, CH,CH,), 1,32 d (3H,
CH:CH), = 1,40-200m  (4H,
CH,CH,CH,), 2,725 (3H, CHsS0,),
3,40 ™ (1H, CHSO,)

0,98 t (6H, 2-CHs),
(8H, 2-CH,CH.),
2-CH,S0,)

222 s (3H, CHsC(0)), 290s
(CH,S0,), 298 t (CH.C(0)),
3,27 t(2H, CH,S0,)

1,40 ¢ (3H, CH,CH, J= 69) 223
(3H, CH,C(0)), 2,62 -4d (1H,,
Jap=83, Jne=17,9) % , 2,87 s (3H,
CHsS0,), 323-dd (1H, J.c=35,
Jop=17.9), 3,60 m (1H, CHCH,)

091 t (3H, CHi,CH,), 1,35—1,83m
(4H, CH,CH.CH,), 218 s (3H,
CH,C(0)), 2,88 t(CHZC(O)) 3,15 ¢
(2H, CHzSO)

118 d (3H, cn,cH), 1,85~1.95m

(2H, CH,CH), 2,89 s (3H, CH;S0),
340 ¢(2H, CH,SO,), 389 m (1H,
CHOH)

1,20~-1,90m
290t (4H,

091 t (H, CHiCH,).

121 d (1H,
CH;:CH).

1,35-1,70 m (4H,
CH,;CH,CH,), 1,80-205 m (1H,
CH,CH), 288t (2H, CH,S0,),
3,84 m(1H, CHOH)

1,50 4 (3H, CH,;CHCl), 2.00-2,33m
(2H, CH,CH.Cl), 2.95~3,05 m (2H,
CH,S80,), 4,11m (1H, CHCl)

0,94t (3H, CH,CH,), 1,45-1,77m
(4H, CH,CH.CH,), 155t (3H,
CH,CH),  205-230 m  (2H,
CH,CHCl), 285-300m  (2H,
CsH,CH,$0,), 3,00-3.20m  (2H,
CICHCH,CH.S0,), 414m (iH,
CHC)

170-1,90 m (4H, CICH,CH.CH,),
286s (3H, CH,S0,), 295-3,05m
(CH,80,), 3,52 t (2H, CICH.)

094t (3H, CH;CH,), 1,45-1,77 m|
(4H, CH3;CH,CH,). 1,80-2,05 m
(4H, CICH.CH.CH,), 2.85-3,00 m
(2H, GC3H;CH,S0,), 3,00-3,20 m
(2H,. CI(CH,)s;CH,), 355t (2H,
CH,Cl1)

0,90t (3H, CHsCH,), 1,10-2,40 ™
(8H. CH3(CH,).), 2,90 (3H,
CH,;80,), 3,04t (2H, CH,S0;)

As in {8]

154 (M++1, 16), 135(4),
121(70), 108(15),

107 (14), 81(75), 80(60),
72(82))71(100) 55(80).

As in [8]

122(40), 107(12),
85(20), 84(11), 81(64),
71(7). 69(39), 55(61),
43(100), 41(31)

164 (M+, 1), 149(12),
147 (7). 107(6), 94(12),
85(46), 84(13), 81(100),

80(21)



TABLE 3 (continued)

Mp, °C, or Mass spectrum, m/z
Compound {Bp, °C (p, PMR spectrum, &, ppm, J, Hz (rel.SIi)ntensit’:y, %)
mm He)
(X) - 105t (3H, CHsCH,), 1,70-1,90 m -

(2H, CH.CH,C(0)), 243 ¢ (2H,
CH,CH,), 2,67 t(2H, CH,CH,C(0)),
2,90s (3H, CHs50.), 305t (2H,
CH,80y)

(XI1) - 1,70-1,90 m (4H,
CH4C(0)CH.CH,CH,), 2,45 s (3H,
CH;C(0)), 2,50 ¢ (2H, CH,C(0)),
292s (3H, CHsS0.), 3,02 t (2H,
CH,S0,)

(XIIla) - | 118-120(760) |0,97 t(3H, CH;CH,), 1.20-1,90m -
(4H, CH,CH,CH,), 200 S (3H,
CH;S), 2,45 t (2H, CH,S)

(XIHbY) | 135-137(760) | 0,95t (3H, CHsCH,), 1,21 t (3H, -
CH,CH), 1,30-210 m

(CH;CH,CH,), 297 s (3H, CH.S),
2,10-2,60 @ (1H, CHS)

(XIV) 66.(20) 0,87t (3H, CH,CH,), 1,10-1.60 m -
(8H, CH,(CH,).), 200s (3H,
CH,S), 2,40t (2H, CH,S)

*cf. [7].

tFound: C 43.96; H 7.35; S 19,17%., C¢H120sS. Calculated:

C 43.90; H 7.31; S 19.517.

*Data for double resonance of MeSO,CH MeCHLH.C(O)Me: irradi-
ation at the frequency of the signal at 3.60 ppm resulted in
the signal at 2.62 ppm (d.d) reducing to a doublet with

J = 17.9 Hz, the signal at 3.23 ppm (d.d) to a doublet with
J = 17.9 Hz, and the doublet at 1.40 ppm to a singlet.

Oxidation of (Ia) by treatment with Na,5,0; in the presence of a spin trap (2-methyl-
2-nitrosopropane, MNP) gave, as shown by EPR spectroscopy, the adduct of radical (XIIa,
R = Me, R! = H) with MNP (triplet of doublets, ay = 15.8, agP = 1.8 oe).

In the sulfone (IX), there is no hindrance whatsocever to the detachment of hydrogen atoms
from the &- and e-CH, groups by the sulfate anion radicals, whereas the ¥y-CH, group is some-
what deactivated by the SO, substituent, and in this case cleavage of the y-hydrogen is less
favored, which also determines the oxidative functionalization of (IX) at the - and e~carbons,

In accordance with this explanation, (Ia) and (Ic) are inert towards the system Na,$,0,—
AgNO3;—CuSO,, in which the oxidant is strictly speaking Ag2?t (or Cu®*y, which are unlikely
to detach hydrogen from an alkyl chain.

Hence, the sulfonyl (SO,) group cannot give rise on oxidation to the —S(0%' )0~ cation
radical followed by intramolecular hydrogen migration as an activator of remote functionaliza-
tion, and consequently the general method of single-step remote functionalization is not
applicable to sulfones [1-6]. The orientation in the remote functionalization of sulfones
is under polar control.

This dependence of the orientation of remote oxidation functionalization of sulfones
on chain length provides further confirmation of the mechanism of the remote functionaliza-
tion of sulfonamides involving rearrangement of sulfonylamidyl radicals with hydrogen migra-
tion, which occurs at the y- or y- and §-positions of the sulfonyl fragment irrespective
of its length [5, 6].

EXPERIMENTAL

GLC analyses were carried out on an LKhM-8MD chromatograph with a flame ionization de-
tector, in nitrogen. Columns (stainless steel) 1000 x 3 mm, 5% XE-60 on Chromatone N-AW
(0.125-0.160 mm) and 1000 x 3 mm, 5% SE-30 on Chromatone N-AW DMCS (0.160~0.200 mm). PMR
spectra of solutions in CDCl,; were obtained on a Bruker M-250 (250 MHz). Chemical shifts
are given on the $§ scale, with TMS as internal standard. The EPR spectrum was obtained on
an RE-1307 spectrometer, and mass spectra on a Varian MAT-CH-6 with direct introduction of

1923



the sample into the ion source, source temperature 100°C, pressure of the gas reagent (iso-
butane) 0.2 mm Hg.

Na,S,0g, CuCl,, CuSO,*5H,0, AgNO;, and dibutyl sulfone (Ic) (chemically pure) were used
without further purification. Water was once distilled.

Synthesis of Methvl Alkvl Sulfones (Ia, b) and (IX). The syntheses were carried out
in two stages. The properties of the products are given in Table 3.

a) Synthesis of Methyl Alkyl Sulfides [13] (General Method). In a flask containing a

solution of 3 g of sodium hydroxide in 50 ml of water were placed 4.1 g (0.046 mole) of RSH,
40 ml of benzene, 6.53 g (0.046 mole) of MeI, and 100 mg of tetraoctylammonium chloride.

The mixture was stirred vigorously for 15 min at ~20°C, then the organic layer was separated,
washed with water, dried over Na,S0,, and the benzene distilled off. Redistillation gave
the sulfides: methyl butyl sulfide (XIIIa), l-methylbutyl methyl sulfide (XIIIb), and methyl
hexyl sulfide (XIV), yields 47, 58, and 807 respectively.

b) Oxidation of Methyl Alkyl Sulfides to Methyl Alkyl Sulfones [14] (General Method).
To a solution of 0.1 mole of the sulfide (XIIIa), (XIIIb), or (XIV) in 30 ml of acetic acid
was added with cooling 22.8 g (0.2 mole) of 307 hydrogen peroxide. The mixture was heated
at 80-90°C for 3 h, cooled, neutralized with a solution of 20 g of sodium hydroxide in 30
ml of water, and extracted with ether (2 x 25 ml) and chloroform (2 x 25 ml). The extracts
were combined, dried over Na,SO,, and evaporated. The sulfones (Ia, b) and (IX) were puri-
fied by vacuum distillation. (Ia) and (IX) crystallized on standing.

Oxidation of Sulfones (Ia—-c) and (IX) with Na,S,0,, and Oxidation of Sulfones (Ia, c)
with Na,S,0,—CuCl,. To 0.01 mole of the sulfone in 20 ml of water was added dropwise at 85-
90°C a solution of Na,S$,0; in water (the substrate:Na,S,0, ratios are given in Tables 1 and
2), or to a mixture of 0.0l mole of the sulfone and 1.71 g (0.0l mole) of CuCl,-2H,0 in 30
ml of water was added dropwise at 85-90°C a solution 0£2.38 g (0.01 mole) of Na;S,0s in 20
ml of water. The mixture was then stirred for 5 h at 80-90°C, cooled, and extracted with
ether (3 x 30 ml) [in chlorinations, also with chloroform (2 x 30 ml)], The extracts were
dried over Na,S0, and evaporated. The organic residues were examined by GLC and PMR. Data
on the conversion of sulfones (I) and (IX), and the compositions and yields of the products
are given in Tables 1 and 2, and in the text. The oxosulfone (IIa) crystallized on stand-
ing without further purification. (IIb) and (IIc) were isolated from their mixtures with
unreacted (Ib) and (Ic) by preparative TLC on silica gel L (eluent, dichloromethane—2% MeOH).

Behavior of Sulfones (Ia) and (Ic) in the System Na,S$,0,—AgNO,—CuSO,. To 0.01 mole of
(Ia) or (Ic) in 20 wl of water was added 0.5 g (0.002 mole) of CuSO, ¢5H,0 and 0,255 g {0.0015 mole) of
AgNO;, the mixture heated to 85°C, and a solution of 2.38 g (0.0l mole) of Na,S,0, in 20 ml
of water added dropwise. The mixture was stirred at this temperature for 5 h, cooled, and
extracted with ether (3 x 30 ml) and chloroform (3 x 30 ml). The extracts were combined,
dried over Na,S0,, and evaporated. According to GLC and NMR, the organic residue contained
the starting materials (Ia) or (Ic) only, conversion <5%.

The authors thank V. E. Zubarev for obtaining and interpreting the EPR spectra.

CONCLUSIONS

1. Oxidation of dialkyl sulfones with systems containing sodium peroxydisulfate re-
sults in remote functionalization, the site of which is dependent on the length of the alkyl
chain, in agreement with polar control of this reaction by the electron-acceptor sulfonyl
group. :

2. Butyl alkyl sulfones are selectively oxidized by Na,S,0; to 3-oxobutyl alkyl sul-
fones, and oxidative chlorination in the system Na,S,0s—CuCl; gives 3- and 4-chlorobutyl
alkyl sulfones, the y-chlorination products predominating.
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STUDY OF THE MECHANISM OF ISOMERIZATION OF 2-BROMOPROPYL
BENZOATE USING AN *°0 ISOTOPIC LABEL

E. D. Gopius, M. L. Karpyuk, | | UDC 541.124:542.952,1:
T. A. Smolina, and 0. A. Reutov ' 547.,581,2'263'141

We report here an examination of the isomerization of 1(2)-bromoprop-2(1)-yl esters,
discovered previously by us [1, 2], by the labeled atom method, using the 280 oxygen isotope
and the model compound 2-bromopropyl benzoate bearing 20 in the acyl group. It has previ-
ously been suggested that two routes are possible for this reaction:

A RCOO®
————> CHyCHmeCH; ——————-
\gj/
T
CH4CHCH,0COR CH,CHCH,Br
! I ’ o TI
Br Br® OCOR
——B——— CH3ClH—CH2 ] |
0 e O
N/
C
!
R

In the case of the bromonium mechanism (A), a statistical distribution of the 80 label
in the RCOO group of the isomerization product would be expected, whereas in the acyloxonium
route (B) the isomerization product should contain 20 exclusively bonded to the secondary
carbon (CH4CH(*®0COC.H, )CH,Br).

The starting material (I) was obtained using commercial H,*%0O:
H.%0 socl, CH,CHBICH,0H (1)
C¢H;CCl; —> CgH;C180180H —> C,H;C180(C] ~———s > CH;CHBrCH,0CCgH; ,

1
180

The mass spectrum of (I) showed a strong peak for an ion with m/z 107 (C,H4C*®0t"), which
in the case of the '°0 analog was shifted to m/z 105 (CH,COT).

Isomerization of the ester (I) was effected in nitrobenzene, CCl,, or CD,Cl,, as des-
cribed in [3]. When equilibrium was attained, the mixture was examined by GC-MS. In the
mass spectrum of l-bromoprop-2-yl benzoate, the isomerization product of (I), a peak was
seen for an ion with m/z 105, no peak with m/z 107 being present. This result unambiguously
confirms that the isomerization takes place by route (B), via the acyloxonium ion:
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