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Two methods are proposed for the preparation of aryl aminoalkyl sulfones substi- 
tuted in the aromatic ring: a method based on the oxidation of aryl aminoalkyl 
sulfides by hydrogen peroxide or of their bases in the presence of HCIO 4 and a 
method based on the oxidation of aryl ~-chloroalkyl sulfides to chlorosulfones 
by hydrogen peroxide followed by their condensation with amines. 

Continuing investigations of the chemistry of saturated sulfides [I], we developed a 
preparative method for obtaining aryl aminoalkyl sulfones by oxidation of appropriate amino 
sulfides in the presence of an equimolar amount of HCIO~ in the presence of excess 26-30% 
H202 in glacial AcOH. 
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(I), (II) : R = Me, R 1 = R 3 = H, R2 _-- OH, X.= CH2(a); R = Me, R x = R 3 = H; R~=OH,  
X = O ( b ) ;  R = B  3 = H ,  R t = M e ,  R 2~-OH~ X = C H ~ ( c ) ;  R----R 3 = H ,  R 1- -Me,  
R ~ = O H ,  X = O ( d ) ;  t {= :R  3 = O H ,  R l = R  -~--H, X = C H 2 ( e ) ;  R = R  z-=OH,  
R t = R  ~ = H ,  X = O ( f ) .  
( I ) : R = R  3 = A e O ,  R : t = R  ~ = H ,  X = C H  2(g); R = R  ~ = A e O ,  R I = R  a - - H ,  
X=CH2(~; R=R~----OH, RX=Ra=H, X=CH2(i) R=R~'=OH, RI-----R3=H' 
X = O ( j ) .  ( I I ) :R-- - -OH,  R~----- R~----H, R a = A e O ,  X = C H z ( g ) .  

Perchloric acid, protonating the nitrogen atom of the amino sulfide, protects it from 
the action of the oxidizing agent and simultaneously catalyzes the oxidation reaction. An- 
other variant of protection of the amino group from the action of the oxidizing agent consists 
in the use of amino sulfide hydrochlorides as the starting substances. The hydrochlorides 
of amino sulfides (I) were oxidized with excess H202 in glacial AcOH, and hydrochlorides of 
amino sulfides (llf), (lie), and (llg) were obtained (Table i). The hydrochlorides of (lie) 
and (llf) were converted into bases (lie) and (llf) by neutralization with KHCO 3 (Table i). 

In the present paper, we also propose a different method for functionalization of sat- 
urated sulfides, conversion of cyclic sulfonium salts to diacetoxy chloro sulfides, from 
which amino sulfides are obtained by reaction with amines 
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( I I I ) : R = M e ,  R z - - R  3 - - H ,  11 ~-=OH(a);  R = R  z = O H ,  R 1 - - R  3 - - H ( b ) ;  H=R*-- - -  
-----R'~=OH, Ra=H(c): R=Me, RI=R~=H, R~=OH(perchlorate)(d); R=Me, 
R ~ =  R z---H, R 2 - - A c O ( p e r c h l o r a t e ) ( e ) .  (IV): R--Me, R z = R  z-H, R z=AcO(a); 
R--R o'--AcO, R z--Ra- -H(b);R--Rf=R'--AcO, R a---H~). 
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For the first time, amino sulfides (Ih) and (Ij) were synthesized by the reaction of (IV) 
with amines and subsequent hydrolysis of acetoxy groups. Independent synthesis of amino sulf- 
one (IIa) was carried out by oxidation of (IV) to chloro sulfone (V) and its subsequent con- 
densation with amines. 

/\ 

I J ",-,-/ i 

A c O - - ~ - - S ( C H 4 , C t -  lqO--,/~,.--S(CHo)aCI tt (iIa) 

0 
(1V~,) (Va) 

The reaction of Ac20 with sulfonium salt (IIIa) gave acetoxychlorosulfide (IVa), which 
was oxidized with excess 28% H202 in glacial AcOH in the presence of catalytic amounts of 
HCIO 4 with hydrolysis of the acetoxy group to sulfone (Va). During condensation with piper- 
idine, the latter formed amino sulfone (IIa). 

From a comparison of both methods for functionalization of sulfides using sulfonium 
salts, it is evident that the C-S bond of the heterocycle in hydroxyphenylthiolanium per- 
chlorates (unlike in the case of chlorides) is cleaved only by the action of amines, and acy- 
iation of hydroxyl groups occurs in the presence of Ac~O: (IIId) is converted to (IIIe). 

Me Me 
I C  oo_ _ yl 

C104 | C104 | 
(hi.d) (me) 

The structure of the obtained compounds was confirmed by data of PMR and mass spectra. 

EXPERIMENTAL* 

The mass spectra were obtained with an LKB-2091 instrument, the temperature of the ioni- 
zation chamber was 50~ the emission current was 50 mA, the energy of the ionizing electrons 
was 12 and 70 eV, and the PMR spectra were obtained with a Varian T-60 instrument (60 MHz) 
with respect to TMS. See [3] and [4] for the synthesis of the sulfonium salts and amino 
sulfides. 

2-Methyl-4-hydroxyphenyl (4-Piperidinobutyl)Sulfone (IIa). To a solution of 0.84 g 
(3 mmoles) of (Ia) in i0 ml of glacial AcOH were added 0.27 ml (3 mmoles) of 67..5% HCIO~ and, 
after cooling, 3 ml of 28% H202, and the whole was kept at 32-37~ for 2 h, concentrated in 
vacuo at 35~ neutralized with a saturated KHCO 3 solution, and extracted with chloroform. 
The residue after evaporation of the extract was treated in vacuo with 2 ml of acetone. We 
obtained 0.73 g of (IIa). The product gave no depression during melting of a mixed sample 
with the sulfone (mp 155-156.5~ obtained by back-synthesis. 

2-Methyl-4-hydroxyphenyl 4-Morpholinobutyl Sulfone (IIb). a. As in the preceding syn- 
thesis (at 20~ for 3 h and then at 35-40~ for 1.5 h), 0.84 g (3 mmoles) of (Ib) was oxi- 
dized, the product was neutralized with KHCO3, the precipitate was washed with I00 ml of 
water, and the residue was separated and dried. We obtained (IIb). 

b. Under similar conditions (at 40-50~ for 3 h), 0.8 g (2~ mmoles) of (Ib) was oxi- 
dized with excess H202, the product was concentrated in vacuo, and the residue was dissolved 
in 3 ml of water and neutralized with solid KHCO 3. The separated oil was extracted with 
chloroform, and the precipitate that resulted from the aqueous solution was washed with cold 
water. We obtained the hydrate of (IIb). Mass spectrum (m/z): 313 M +, 281. 

3-Methyl-4-hydroxyphenyl 4-Piperidinobutyl Sulfone (IIc). We oxidized 0.71 g (2.54 
mmoles) of (Ic) as described for (IIa) (at 20~ for 20 h). We obtained 0.57 g of (IIc). 
Mass spectrum (m/z): 311M +, 279 (155, 140, 98). 

3-Methyl-4-hydroxyphenyl 4-Morpholinobutyl Sulfone (IId). We oxidized 1 g (3.5 mmoles) 
of (Id) similarly to (IIc). We obtained 0.87 g (79%) of (lid). Mass spectrum (m/z): 313 
M +, 281 (227, 243, 198, 171/173, 155, 142, 98). 

*The authors thank V. G. Zaikin and A. I. Mikai for obtaining the mass spectra. 
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2,5-Dihydroxyphenyl 4-Piperidinobutyl Sulfone (IIe) Hydrochloride Hydrate. We oxidized 
1.17 g (2.9 mmoles) of (Ie) hydrochloride in 15 ml of glacial AcOH with 26% H202 (at 20~ 
for 20 h and then at 40-50~ for 2 h) and concentrated the product in vacuo and washed it 
with ether and hexane. We obtained 0.92 g of (IIe) hydrochloride; it was soluble in water 
and alcohol and sparingly soluble in acetone. The precipitate was dissolved in an alcohol- 
benzene mixture (i:I) and reprecipitated with ether. The purified salt of (IIe) was dis- 
solved in water and neutralized with KHCO~, and base (IIe) was recovered. Mass spectrum 
(m/z): 313 M +, 138/140, 98. 

2,5-Dihydroxyphenyl 4-Morpholinobutyl Sulfone (IIf) Hydrochloride Hydrate. We oxidized 
2 g (6.25 mmoles) of (If) hydrochloride with 28% HzO 2 in 20 ml of glacial AcOH (at 70-80~ 
for 8 h), concentrated the product in vacuo, and washed the residue with ether and dried it 
in vacuo. We obtained 2 g of (IIf) hydrochloride hydrate. The salt of (IIf) was dissolved 
in water and neutralized with KHCO 3, and 1.33 g of base (IIf) hydrate was extracted with 
chloroform. 

2-Hydroxy-5-acetoxyphenyl 4-Piperidinobutyl Sulfone (II~) Hydrochloride. We oxidized 
2 g (5 mmoles) of (Ig) hydrochloride with H202 in AcOH (at 40-50~ for 1 h and then at 20~ 
for 20 h), evaporated the mixture in vacuo, washed the residue with ether, and dried it in 
vacuo. We obtained 1.86 g of (IIg) hydrochloride. Mass spectrum (m/z): 335 M +, 313 (M +, 
C2H20), 140, 98. 

2,4-Diacetoxyphenyl 4-Chlorobutyl Sulfide (IVb). A mixture of 3 g (12.9 mmoles) of 
(IIIb) (obtained according to [3]) and ii ml of Ac20 was boiled for 1 h, concentrated in vac- 
uo, dissolved in ether, and precipitated with hexane. The (IVb) was a yellow oil, and the 
yield was 89%. Found: C 53.5; H 5.4; C1 ii.i; S 10.4%. CI~HITCIO~S. Calculated: C 53.1; 
H 5.4; C1 11.2; S 10.2%. Mass spectrum (m/z): 316/318 M +, 274/276, 232/234. 

2-Methyl-4-acetoxyphenyl 4DChlorobutyl Sulfide (IVa). A mixture of 6.06 g (26.2 mmoles) 
of (IIIa) and 25 ml of Ac20 was heated at 100~ for 6 h, the excess anhydride was driven off 
at low vacuum, the residue was treated with ether and filtered, and the filtrate was dis- 
tilled. We obtained 5.71 g (79~ of (IVa), a colorless oil with bp 172-174~ (i mm), nD 2~ 
1.5520. Found: C 57.3; H 6.3; C1 13.0; S 12.1%. C$3HI~CIO2S. Calculated: C 57.3; H 6.3; 
C1 13.0; S 11.8%. Mass spectrum: (m/z): 272/274 M ~. PMR spectrum (CDCI 3, 6, ppm): 1.8 
multiplet (4H, CHzCH2), 22.2 singlet (3H, CH3CO), 2.83 triplet (2H, CH2S), 2.35 singlet 
(3H, ~-CH~), 3.48 triplet (2H, CH2CI), 6.92 singlet (IH, aromatic H), 7.05 quartet (2H, Ha, ~ 
aromatic, Jay = 9 Hz). 

2,3,4-Triacetoxyphenyl 4-Chlorobutyl Sulfide (IVc). From 0.5 g (2 mmoles) of (IIIc) 
and 15 ml of Ac20 (at 100~ for 2 h), we obtained 0.75 g (100%) of (IVc), light-yellow 
crystals with mp 52.5-55~ Soluble in ether, acetone, methanol, and alcohol. Found: C 51.8; 
H 5.1; C1 9.5; S 8.7%. C16HlsCI06S. Calculated: C 51.3; H 5.1; C1 9.5; S 8.6%. PMR spec- 
trum (CCI~, 6, ppm): 1.73 multiplet (4H, CH2CH2), 2~ singlet (9H, CH3CO), 2.77 triplet 
(2H, S-CH2), 3.42 triplet (2H, CH2CI), 7.04-7.4 doublet (2H, H~, B aromatic). 

2-Methyl-3-acetoxyphenylthiolanium Perchlorate (IIIe). We heated 0.5 g (1.7 mmoles) of 
perchlorate (IIId) (obtained by the procedure of [i]) and i0 ml of Ac20 at 100~ for 3 h, 
drove off the Ac20 at low vacuum, treated the obtained oil with ether, separated the precip- 
itate, and added water and benzene and drove them off. The mass of the residue was 0.51 g 
(74.2%), mp 146-148.5~ (from ethanol), colorless crystals soluble in acetone. Found: 
C 46.5; H 5.2%. Cz3HITCIO6S.2H20. Calculated: C 46.4; H 5.2%. 

2,4-Diacetoxyphenyl 4-Piperidinobutyl Sulfide (Ih) Hydrochloride. We boiled 1.95 g 
(6.1 mmoles) of (IVb) and 5 ml of piperidine for 0.5 h, treated the mixture with 5 ml of Ac20 
(at 100~ for 45 min) and then with ether and hexane, dissolved the unextractable residue 
in acetone and treated it with active carbon, and kept the filtrate in vacuo. We obtained 
2.42 g (100%) of (Ih) hydrochloride, a dark oil. Found: C 56.3; H 7.2; C1 8.8; N 3.6; 
S 7.4; N + 3.5%. CIgH28CIN04S. Calculated: C 56.8; H 7.0; C1 8.8; N 3.5; S 8.0%. 

2~4-Dihydroxyphenyl 4-Piperidinobutyl Sulfide (Ii) Hydrochloride. We hydrolyzed 0.9 g 
(2.24 mmoles) of (Ih) hydrochloride with HCI in acetone at 20-23~ for 48 h, drove off the 
acetone in vacuo, and obtained 0.56 g (79%) of (Ii) hydrochloride, a yellow crystalline subD 
stance with mp 132-136~ Found: C1 10.7; N 4.3; N + 4.1%. CIsH24CINO2S. Calculated: C1 
ii.i; N 4.4%. Mass spectrum (m/z): 281 (M +, HCI). A sample from mixing of the obtained sub- 
stance did not give depression with a known sample [4]. 
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2,4-Dihydroxyphenyl 4-Morpholinobutyl Sulfide (lj) Hydrochloride. A mixture of 1.14 Z 
(3~ mmoles) of (IVb) and 3 ml (38 mmoles) of morpholine was heated at 100~ for 0.5 h, cooled, 
and poured into ether, and the separated oil was extracted with ether and kept in vacuo. We 
obtained 1.07 g (93%) of (Ij) hydrochloride with mp 127-129~ Found: C 52.7; H 6.7; C1 
ii.0; N 4.7; S 9.7; N + 4.4%. C14H22CINO3S. Calculated: C 52.6; H 6.9; C1 ii.I; N 4.4; 
S 10.0%. Mass spectrum (m/z): 283 (M +, HCI), 142, i00. 

2-Methyl-4-hydroxyphenyl 4-Chlorobutyl Sulfone (Va). To 3 g (ii mmoles) of (IVa) in 
i0 ml of glacial AcOH were added 2 drops (0.05 g) of 67.5% HCIO~ and a solution of 2.5 ml of 
30% H202 in 5 ml of glacial AcOH. The mixture was heated at 100~ for 6 h, 0.5 ml of H202 
was added, and the whole was kept at 100~ for 4 h. The degree of oxidation was monitored by 
thin-layer chromatography (Silufol plates, acetone-chloroform eluent (i:i), and detection 
with 12 vapor). The mixture was concentrated in vacuo, 20 ml of water was added to the resi- 
due, and the precipitate was separated, dried, dissolved in acetone, and treated with active 
carbon. From the filtrate was recovered (Va) in 78% yield with mp I09-II0.5~ (from benzene). 
Found: C 50~ H 5.4; CI 13o6; S 12.6%. C11HIsCIO3S. Calculated: C 50.3; H 5.8; C1 13.5; 
S !2.2%o 

Reaction of Sulfone (Va) with Piperidine. A mixture of 1.5 g (5.7 moles) of (Va) and 
6 ml of piperidine was boiled for 0.5 h, cooled, and treated with ether, and the precipitate 

of piperidine hydrochloride (0.62 g, 89%) was separated. The filtrate was concentrated in 
vacuo and treated with hexane. We obtained io36 g (76%) of (IIa) with mp 155-156.5~ (from 
acetone). Found: C 61.6; H 7.9; N 4.3; S 10.5%. CI6H2sNO3S. Calculated: C 61.7; H 8.1; 
N 4.5; S 10.3%. 
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