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Alkylation of sulfenates proved to be a good method for synthesis of alkoxysulfonium ion not obtainable by

alkylation of sulfoxides.
and sulfinamides.

melting crystals, which almost quantitatively alkylated amines at room temperature.

Dialkoxy- and alkoxyamino-sulfonium ions were prepared by alkylation of sulfinates
Ethoxy- and methoxymorpholinophenylsulfonium tetraphenylborates were obtained as high-

PMR spectra of RR’S@-

OCH,HgR" and RR’%—N(R”)CHAHBR' " were determined, and the relationship between d,—dg and (R,R’)

were examined.

Sulfonium ions containing hetero atom substituents
are interesting compounds, and some of them have been
investigated in our laboratoris.!~® The two hydrogens
of O-methylene and N-methylene groups in alkoxy- and
amino-sulfonium ions are expected to be magnetically
non-equivalent if the other two substituents on the
sulfonium sulfur atom are different. It seems to be of

. . e
interest to determine the PMR spectra of RR’S-—

OCH,HzR" and RR'g—N(R”)CHAHBR' " and to study
the relationship between d,—ds and (R,R’). Some
new alkoxy-, dialkoxy-, and alkoxyamino-sulfonium
ions were synthesized, and their PMR spectra were
examined.

Results and Discussion

Alkoxysulfonium ions were prepared by two different
methods. The first method used was alkylation of
sulfoxides.%® Ethoxysulfonium trifluoromethanesulfo-
nates (triflates) la—e were prepared by ethylation of
the corresponding sulfoxides with ethyl triflate in CD,-
NO,. Alkoxysulfonium salts have been studied by
various groups, but few papers described ethoxysulfo-
nium salts.®~8) In these papers, PMR data were not
shown.

R-S-R’ + CF;SO,Et — R—g)—R’ CF;50,°
! |
Pe) O-Et
{a R=Me, R’=p-Tol
1

b: R=PhCH,, R’=Ph
c¢: R=Et, R’=Bu

Since neopentylation of sulfoxides is not possible,
neopentyloxysulfonium ions cannot be prepared from
sulfoxides. Although alkylation of sulfenates has not
been described in the literature, it is expected to be a
possible method for producing alkoxysulfonium salts.
Hogg and Robertson? treated sodium arenesulfenate
with a 10-fold excess of FSOz;Me in 309, aq. dioxane,
but a methoxysulfonium ion was not formed. When an
equimolar mixture of neopentyl benzenesulfenate and
methyl triflate in nitromethane was allowed to stand
for 10 min at 34 °C, its PMR spectrum showed that the
sulfenate was quantitatively converted to methylphen-
ylneopentyloxysulfonium triflate 1d. Thus, alkylation
of a sulfinate appears to be a good method for produc-
ing an alkoxysulfonium ion.

Ph-S-O-CH,CMe, + CF,SO;Me —

Ph-8-OCH,CMe, CF,S0,°
Me
1d
Compared with la—e, the neopentyloxysulfonium
salt 1d is less stable. When a nitromethane solution of
1d was allowed to stand at 34 °C, about 109, decomposed
in 2 days. When a nitromethane solution of 1d was
evaporated and the residue was treated with an acetone
solution of NaBPh,, the corresponding anion-exchanged
salt was not obtained, and decomposition products were
found. When a CD3;NO, solution of 1d was heated at
75 °C for 18 h, it completely decomposed, and neopent-
yl alcohol was one of the main product. Apparently
a neopentyloxyarylalkylsulfonium ion is unstable. Among
dialkoxyarylsulfonium ions (3) (discussed later), meth-
oxyneopentyloxy-p-tolylsulfonium triflate (3a) and meth-
oxybenzyloxy-p-tolylsulfonium triflate (3b) are found to
decompose in solution whereas dimethoxy-p-tolylsulfo-
nium triflate (3c) is stable in solution.
Dialkoxysulfonium ions were synthesized by alkylation
of sulfinates.’) From alkyl ethanesulfinates and alkyl
triflate  dialkoxyethylsulfonium triflates 2a—c were
prepared.
CD;NO, )
Et-S-OR + CF,SO;R’ —— Et-S-OR CF,SO,°
S O-R/
a: R=CH,CMe,, R'=Et
2 {b: R=CH,CMe;, R’'=Me
c: R=Et, R’"=Me

PMR spectra showed that sulfinates were completely
converted to dialkoxysulfonium ions.

When benzyl and neopentyl p-toluenesulfinates were
treated with methyl triflate, the solution became viscous
suggesting the occurrence of polymerization, and the
corresponding dialkoxysulfonium ions 3a and 3b were
not obtained. In the case of methyl p-toluenesulfinate,
the corresponding dimethoxy-p-tolylsulfonium salt 3¢
was successfully prepared in solution.) It is worth

CD;NO;
p-Tol-S-OR + CF;8SO;Me ——— p-Tol- —OR CF;S0,°
l |
P O-Me
a: R=CH,Ph
3 {b: R=CH .Me,
c: R=M
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noting that alkoxyneopentyloxyethylsulfonium ions are
stable in solution, whereas methoxyneopentyloxy-p-
tolylsulfonium ion is unstable in solution.

Alkoxyaminosulfonium salts were prepared by alkyla-
tion of sulfinamides.?

CD;NO,
Ar-S-NRR’ + CF,SO,R” ——

!
o]

Ar-$-NRR’ CF,50,°
6 _RII

: Ar=p-Tol, R=Ph, R’=Me, R”"=Me
: Ar=p-Tol, R, R’=-(CH,),-, R"=Et

oge

4 |¢: Ar=Ph, R, R'=-CH,CH,0CH,CH,-,
R”=Et
d: Ar=Ph, R, R’=-CH,CH,0CH,CH,-,
R"”"=Me

When N-phenyl- N-methyl-p-tolylsulfinamide was treat-
ed with methyl triflate in CD;NO, at —20 °C, decom-
position took place and the corresponding sulfonium salt
4a was not found. This apparent instability of a
methoxy- N-phenylaminosulfonium ion may be related
with the low electron density on the nitrogen atom due
to the resonance with the phenyl ring. Methoxypyr-
rolidino-p-tolylsulfonium triflate (4b) was stable so long
as it was kept in solution but decomposed upon evapora-
tion of the solvent. This decomposition may be related
with the greater nucleophilicity of the dialkylamino
nitrogen atom which attack the alkoxy alkyl group of
4b itself (pyrrolidinium salts were found to be products
of decomposition). The pK, of morpholine (8.36)10
is between that of N-methylaniline (4.85)19 and that
of pyrrolidine (11.27),19 and it appeared that alkoxy-
morpholinosulfonium salts may be stable enough for
isolation as solids, since the electron-density on the
morpholine nitrogen is not too great nor too small.

When N-benzenesulfinylmorpholine was mixed with
an equimolar amount of CF;SO3zR” (R"=Et or Me) in
CD,NO, at room temperature, 4c or 4d was formed,
which was isolated as stable solids and converted into
high-melting crystals by exchanging its anion with
NaBPh,.

TasLE 1.
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The reaction of ethoxymorpholinophenylsulfonium
tetraphenylborate with pyridine or triethylamine gave
ethylated amine (91-—959%,) and the original sulfin-
amide (94—989,).

® /TN (€] /7N
Ph-SN° O + RN — R,N-Et BPh,® + Ph-S-N O
N\N——/ l N—/

O-Et BPh,® o

This is in quite a contrast with the reaction of methyl-p-
tolylmethoxysulfonium ion with nucleophiles which
yielded a mixture of various products.? If optically-
active 4 is prepared (either by resolution of diastereo-
mers with optically-active anions or by alkylation of
optically-active sulfinamides derivable from optically-
active sulfinates,!V) it can be used as asymmetric alkylat-
ing agents, and optically-active sulfinamides can be
recovered which can be used again by alkylating it
with alkyl triflate. Among various sulfonium salts, 4
is the best alkylating agent.

The PMR spectra of these sulfonium ions were
determined, and their O-methylene and N-methylene
chemical shifts are compared in Table 1. Magnetic
non-equivalence of methylene protons in sulfinates
(RSO,CH,R")1» and sulfinamides (RSONR’CH,-
R”)13:14) has been described in the literature, but that
in alkoxy-, dialkoxy-, and alkoxyamino-sulfonium ions
is described here for the first time.

The relationship between d,—ds and R,R’ in RR'g—

OCH,HgR” and RR’g—N(R") CH,HzR” are summariz-
ed in Table 2. The pairs of R and R’ always giving rise
to different d, and Jg are 1) aryl and alkyl, 2) aryl and
alkoxy, and 3) aryl and —O®, and those giving rise to
equal d, and 0 are 1) aryl and alkylamino, and 2)
aryl and benzyl.

The non-equivalence of the methylene protons shown
in Table 1 is due to the difference in the magnetic
environments caused by the chiral sulfur atom.!%

Although N—g and O—% bonds may have some partial

ComparisoN oF O-CH, anp N-CH, 'H-NMR ABSORPTIONS IN

RR”S-OCH,R" anp RR’S-N(R’")CH,R""’

S I

&
-S-0 Et-

Ph-S-CH.Ph Bu-§-Et p-Tol-S5- | Ph-S-N_ O Et-S $-OMe Et-§-0CH, CMe; Tol-S-Me Tol-S-0
Q 9 ? ¢ ¢ Q Q Q
CH\H, CH:Ha CHH,  CHM  CHHs CHH:  CHiH CHiy  CHiHy
Me Me Me Me Me Me Me Me Me
(G872 (ppm)  433()  436()  457(a)  455(q)  394(q) 466()  468(q) 416-448(m) 3.36-4.32(m)
v~ s (ppm) 0 (1] 0 0 = =0 =0 >0 >0
Jas (Hz) 0 0 0 0 =0 =0 =0 >0 >0
Solvent CD,NO, CD,NO, CD,NO. (CDy).CO CD;NO, CD,NO. CD,NO, CD,NO. neat
[UR] [l B . [Ole] fel 3 C (o} ® O [CEES]
Et-$-0 Et-S-OEt Et-S-OMe Ph-S-Me Tol-$-0 Ph-S-OEt Ph-5-0 Tol-S-OEt  Tol-5-0  Me-5-0
Q Q % 9 0 N N N N N-Et
CHiHy CHHy  CHiHy  CHiHa  CHiHe CHiH O Caty, 0 c@ c@ CHyHy
CMe; CMe; CMe; CMe; CMe; Me
390(a) 426(a)  429(a) 392()) 336(q) 320-350(m)  216-332(m) 310-390(m)  257-341(m) (m)°
0067 0067 0065 023 0.40 >0 >0 >0 >0 0.35°
94 838 9.0 0.1 9.1 >0 >0 >0 >0 10°
‘CCl,  CD:NO. CD:NO, CD,NO. CDNO, (CDy):CO (CD.),CO  CD,NO, CD,NO,  CDCl;

(a) The data by R. M. Moriarty, J. Org. Chem. 30,

600 (1965): Chemical shifts are not described.
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TaABLE 2. RELATIONsHIP BETWEEN §, —dg AND (R,R’) IN

RR’S-OCH,H,R” anp RR’S-N(R”)CH,H,R"”

R, R’

in RR"S-OCH,H,-Me

in RR'S-OCH,H,CMe,

in RR'S-N(R”)CH,H,R "’

8,—05=0 (Ph, CH,Ph)

(Bu, Et)
(p-MeGgH,, "I\f )
iy Ne—
(Ph,-N O)
AN
(Et, OMe)
(Et, OCH,CMe;)
(Et, -0O°)
(6-MeCgH,, Me)
(p-MeCgH,, —0°)

85— 050

6,—085>0

(Et, —O®)

(Et, OFEt)

(Et, OMe)

(Ph, Me) (Ph, -O°)
(p-MeCgH,, —O°) (Ph, OEt)

(p-MeC,H,, OEt)
(p-MeCgH,, ~0O°)
(Me, -0°)

®
double bond character, the rotations around the N-S

and O-$ bonds are not restricted, since 2p-3d z over-
laps in sulfur compounds are not much affected by S-N
rotation.’319) Even under conditions of rapid rotation
or in the absence of unequal populations of several
conformers, methylene hydrogens o« or # to a chiral
sulfur atom can be non-equivalent.12-15) Interpretation
of the data shown in Tables 1 and 2 is not easy; accumula-
tion of more data is necessary before one can reasonably
explain these phenomena.

Experimental

PMR spectra were determined with a Hitachi Perkin-Elmer
NMR Spectrometer R-20 (60 MHz) at 34 °C with CH,CI,
(6 5.30) as an internal standard.!® The concentrations were
about 10 wt 9.

Neopentyl benzenesulfenate'” was prepared by the reaction
among benzenesulfenyl chloride (10.4 mmol), neopentyl
alcohol (10.4 mmol), and pyridine (10.4 mmol) at —5 °C.
Yield, 1.6 g (80%), bp, 80 °C/2 mmHg.

Alkyl triflates were prepared according to the methods
described in the literature. CF;SOz;Me, bp 100 °C (lit,1®
99 °C). CF3;SO4Et, bp 119 °C (lit,!? 115 °C).

Sulfinates (or sulfinamides) were prepared either by the
reaction between sulfinyl chlorides and alcohols (or amines) or
by the condensation between sulfinic acids and alcohols (or
amines) with N,N’-dicyclohexylcarbodiimide.?) N-p-Tolu-
enesulfinylpyrrolidine was prepared from pyrrolidine and
p-toluenesulfinyl chloride in ether at 0°, and recrystallized from
hexane; yield, 31%; mp 52—53 °C; NMR (CD;NO,) =
1.55—1.86 (m, 4, N-CH,CH,-), 2.27 (s, 3, CH;-C¢H,),
2.57—3.41 (m, 4, N-CH,), 7.10—7.53 (q, 4, -C¢H,~) ; Found:
C, 62.77; H, 7.12; N, 6.36%. Caled for C,;H,;;ONS: C,
63.14; H, 7.23; N, 6.699%,.

Ethoxysulfonium Triflates la—c. They were prepared
by mixing equimolar amounts of the corresponding sulfoxides
and ethyl triflate in CD;NO,. Since they are oils which can-
not be distilled, their elemental analyses were not carried out.

@ <)
p-TolMeS-OEt BF, was described in the literature,®=® but

its PMR data were not shown. PMR: la, §=1.27 (t, 3,
CH,CH,-), 2.39 (s, 3, CH;C¢H,-), 3.60 (s, 3, CH;-S), 4.16—

4.48 (m, 2, CH,), 7.40—8.10 (q, 4, -CgH,-); 1b, 6=1.22 (t,
3, CH,;CH,), 4.33 (q, 2, CH,;CH,), 5.05 (q, 2, S-CH,Hyz-Ph,
Ad,5=0.23 ppm, J,5=12.8 Hz), 6.95—8.00 (m, 10, Ph); Ic,
6=1.31 (t, 3, CH,CH,-S), 1.39 (t, 3, CH,CH,-O), 0.60—
2.20 (m, 7, CH,CH,CH,-), 3.26—3.71 (m, 4, CH,-S-CH,),
4.36 (q, 3, CH;-S), 3.92 (q, O-CH,Hg-, J,p=9.1Hz),
7.64—8.20 (m, 5, CsH;-).

Neopentyloxymethylphenylsulfonium Triflate 1d. When an
equimolar mixture of neopentyl benzenesulfenate and methyl
triflate in nitromethane was allowed to stand for 10 min at
34 °C, its PMR spectrum showed that the sulfenate was
converted to 1d. After the solvent was evaporated, the resi-
due was dissolved in a small amount of acetone, and an
equimolar amount of NaBPh, was added. However, the
corresponding anion-exchanged salt was not obtained, and
only decomposition products were found.

When a CD;NO, solution of 1d was heated at 75 °C for
18 h, it completely decomposed. Its PMR spectrum showed
absorptions at =0.85 (s, 9.0H, (CH,;),C-), 2.35 (s, 0.54H,
PhSCH,), 2.44 (s, 0.64H, ?), 3.19 (s, 1.29H, ?), 3.63 (s,

1.94H, Me300H28H2), and 7.16—7.83 (m, Ar-H). When
an equimolar amount of pentadeuteriopyridine was added, the
absorptions of neopentyl alcohol was shifted to 6=0.75
((CHj)3C-) and 6=3.12 (CH,).

PMR of 1d (CD;NO,), 6=0.80 (s, 9, (CHj;);C-), 3.57 (s,
3, CH,-S), 4.92 (q, CH,Hz-CMe,), 7.64—8.20 (m, 5, Ph).

Alkoxyneopentyloxyethylsulfonium  Triflates 2a,b. They
were prepared by the reaction of an equimolar mixture of
neopentyl ethanesulfinate and ethyl or methyl triflate in CD,-
NO, at 34 °C for 1 h. They were stable only in solution, and
decomposed when the solvent was evaporated. PMR: 2a,
0=0.92 (s, 9, (CHj;),C-), 1.41 (t, 3, CH;CH,S-), 1.43 (t, 3,
CH;CH,0-), 3.66 (q, 2, CH;CH,S-), 4.26 (q, 2, ~-OCH,Hj}-
CMe,, J.5=8.8 Hz), 4.68 (q, 2, OCH,CHjy); 2b, 6=0.90 (s,
9, (CH;),C-), 1.37 (t, 3, CH;CH,S-), 3.68 (q, 2, CH;CH,S-),
4.29 (s, 3, CH;0-), 4.29 (q, 2, OCHHg, /=9.0 Hz); 2c,
0=1.35 (t, 3, CH,CH,S-), 1.42 (t, 3, CH,CH,O-), 3.63 (q, 2,
CH,CH,S-), 4.25 (s, 3, CH;0-), 4.66 (q, 2, CH;CH,O-).

Alkoxyaminosulfonium Triflates 4b—d. They were pre-
pared by the reaction of an equimolar mixture of an arene-
sulfinamide and alkyl triflate in CD;NO, at 34 °C for 1 h.
Upon evaporation of the solvent, 4b decomposed, whereas 4c
and 4d could be isolated as oils. PMR(CD;NO,) of 4b; 6=
1.49 (t, 3, CH,CH,0-), 1.85—2.14 (m, 4, -CH,CH,N), 2.39
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(s, 3, CH;CgH,-), 3.10—3.90 (m, 4,
-OCH,-), 7.32—7.80 (q, 4, -CgH,-).

Ethoxymorpholinophenylsulfonium  Tetraphenylborate. After
a mixture of N-benzenesulfinylmorpholine (7.6 mmol), ethyl
triflate (7.6 mmol) and nitromethane (20 ml) was allowed to
stand overnight at room temperature, the solvent was evapo-
rated. The residue was dissolved in a small amount of ace-
tone, and sodium tetraphenylborate (7.6 mmol) was added.
Ether was added till the solution became turbid, and in 1 h
white crystals were formed; yield, 4.2 g (99%), mp 143 °C.
Found: C, 77.57; H, 6.96; N, 2.539%. Calcd for CygH,,0,-
NB: C, 77.27; H, 6.84; N, 2.50%. PMR (CD,COCD,),
6=1.49 (t, 3, CH;), 3.20—3.50 (m, 4, —-CH,N-), 3.50—3.80
(m, 4, -CH,CH,0O-), 4.55 (q, 2, CH,CH,0-), 6.60—8.00
(m, 5, Ph-).

Methoxymorpholinophenylsulfonium tetraphenylborate was
prepared in a similar manner. Yield, 94%2; mp 139 °C.
Found: C, 78.68; H, 7.06; N, 2.719%. Caled for Cy;H;50,-
NB: C, 77.06; H, 6.65; N, 2.57%. PMR(CD,;COCD,),
6=3.38—3.71 (m, 4, -CH,N), 3.71—4.05 (m, 4, —-CH,0),
4.37 (s, 3, CH;0-), 6.75—8.12 (m, 5, Ph).

Reaction between Ethoxymorpholinophenylsulfonium Tetraphenyl-
borate and Amines. An equimolar mixture of the reactants
in CD3COCD; was allowed to stand for 2.5 h at 34 °C, and
its PMR spectrum showed the completion of the reaction.
Ether was added, and the precipitates formed were filtered.
The filtrate was concentrated, and the sulfinamide obtained
was dissolved in CCl, and its amount was determined by PMR
with tetrachloroethane as the internal standard. From tri-

@
cthylamine, Et‘,NBPﬁ)4 (94.8%) and N-benzenesulfinylmor-
C,H,N-Et

BP!?4 (91.0%) and N-benzenesulfinylmorpholine (98.2%,)
were obtained.

"Cﬂ2N)’ 4.57 (q’ 2’

pholine (94.39%,) were obtained. From pyridine,
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