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Abstract—The racemization of an optically active sulfilimine and optically active aminosulfonium salts
was kinetically measured. The mechanism of the racemization of optically active sulfilimine (-)-1 has
been established. The activation parameters for the racemization of (-)-1 and (-)-7 were calculated. A
plausible pathway for the decomposition of (-)-6, (-)-7 and (-)-8 with tetra-n-butylammonium bromide
in the presence of methyl ethyl ketone to provide 3-p-tolylthio-2-butanone 22 is proposed.

We wish to report on the racemization of (-)- S -
methyl - S - p - tolyl - N - p - toluenesulfonylsulfi-
limine (-)-1', (-)- methyl - p - tolyl - N - methyl - p -
tolylsulfonylaminosulfonium trifluoromethanesul-
fonate (-)-7 and (-) - methyl - p - tolyl - N - methyl -
p - tolylsulfonylaminosulfonium 2,4,6 - trinitroben-
zenesulfonate (-)-8. The first-order polarimetric rate
constants for the racemization of (-)-1 in dry
ethanol and methyl ethyl ketone are summarized in
Table 1.

There are two mechanisms which could account
for the racemization of (-)-1. These are (i) heterolyt-
ic nitrogen—sulfur bond cleavage to yield a nitrene
2 and a sulfide 3 which could recombine to form
racemic sulfilimine and (ii) pyramidal inversion
about the central sulfur atom analogous to the in-
version of an ammonia molecule.

In order to determine the mechanism of the race-
mization of (-)-1, the rate constant was measured
in the presence of an equivalent amount of p-t-
butylphenyl methyl sulfide 4’ in methyl ethyl ketone
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as solvent at 90-0°. The addition of 4 to (-)-1 had no
effect on the rate constant for the racemization of
(-)-1. The compound (-)-1 showed no decomposition
under the conditions required for the racemization.
Isolation of the racemic sulfilimine in quantitative
yield and the complete recovery of 4 after 10 half-
lives for the racemization of (-)-1 offers strong argu-
ment against the formation of a nitrene 2 which
could have led to the formation of another new
sulfilimine §. The NMR of the reaction mixture in-
dicated the presence of only 1 and 4.

All this evidence supports the suggestion that the
racemization of (-)-1 must be independent of
heterolysis and is consistent with a pyramidal in-
version mechanism. The activation parameters for
the racemization of (-)-1 are

AEat =29-39 kcal/mole
AHt = 28-71 kcal/mole
ASt=—1:08ev.

The mechanisms for the racemization of the sul-
fonium salts, ylide and sulfoxides have been discus-
sed in the literature.>* The activation enthalpies for
racemization are 25-29 kcal for several sulfonium
salts,”* 35-43 kcal for sulfoxides® and 23-3 kcal for
ethylmethylsulfonium phenacylide.® Hence it is

Table !

Concn, M 10°K..,
of (-)-1 Solvent Temp. °C sec '
0-010 dry C.H.OH 90-0 1-80 +0-01
0-010 dry C;H,OH 70-0 0-167 £ 0-002
0-005 dry C;H;OH 90-0 1-78 +0-01
0-005 CH,COC,H;, 900 1-61 =0-03
0-005 CH,COC,H. 70-0 0155 +£0-002
0-010* CH,COC,H. 90-0 162 £0-01

*0-01 M (-)-1 and 0-01 M 4.
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(i) Heterolytic nitrogen-sulfur bond cleavage
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(ii) Pyramidal inversion
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Table 2
Concn. M of (-)-1 Solvent Temp °C 10°’k.., sec™
0-010° dry EtOH 70-0 1-05 +0-02
0-010° dry EtOH 70-0 1:85 +£0.048
°0-010 M (-)-1 and 12x0-:010 M CF,SO,H.
*0-010 M (-)-1 and 24 x 0-010 M CF,SO,H.
AEOM for (-)-1 was 227 nm (log € 4-34) and AES" for (-)-1 in the presence of 12

and 24 equivalents of CF,SO,H was 233 nm (log € 4-50).

quite clear by the kinetic studies that the barrier to
pyramidal inversion in sulfilimine is somewhat
higher than that for sulfonium salts in most cases,
much lower than barriers found in sulfoxides but
higher than the barrier to pyramidal inversion in the
sulfonium ylide. Thus sulfilimine would serve as a
bridge between the sulfonium salts and the sulfox-
ides. The rate constants for the decomposition of
(-)-1 in the presence of 12 and 24 equivalents of
triffuoromethanesulfonic acid were measured in dry
ethanol as solvent at 70-0°. The results are pre-
sented in Table 2.

The rate constant for the decomposition of (-)-1
in the presence of trifluoromethanesuifonic acid
could not be measured in methyl ethyl ketone as
solvent since the solvent decomposes in the pres-
ence of acid. After 10 half-lives for the decomposi-
tion of (-)-1, methyl p-tolyl sulfoxide 9 and p-
toluenesulfonamide 10 were isolated in almost
quantitative yield. This result is not surprising since
the aminosulfonium salts decompose in the pres-

ence of alcohol, followed by aqueous work-up to
form sulfoxides and sulfonamides.

In order to investigate the racemization of the op-
tically active aminosulfonium salts, N-alkylated
sulfilimines were prepared in our laboratory. Treat-
ment of (-)-1 with trimethyloxonium fluoborate,’
methy! trifluoromethanesulfonate’ and trimethyl-
oxonium 2.4,6-trinitrobenzenesulfonate’ in dry
methylene chloride gave the corresponding opti-
cally active aminosulfonium salts (-)-6, (-)-7 and
(-)-8 in good yields (Scheme 1).

(CH,0~BF,
> (-)-6
/ CF,SOCH,
-)1 — ()-7
(CH,),0*TNBS
> ()-8
SCHEME 1



Sulfimine and aminosulfonium salts

These salts (-)-6, (-)-7 and (-)-8 were readily at-
tacked by alcohol followed by aqueous work-up to
provide methyl p -tolyl sulfoxide 9 and N - methyl -
p - toluenesulfonamide 13. Johnson et al.” also ob-

rirad that tha aminacenlfani
served that the aminosulfonium salts were attacked

by aqueous base. As soon as the salts (-)-6, (-)-7 and
(-)-8 were dissolved in alcohol, they gave positive
rotation indicating the decomposition of the
aminosulfonium salts presumably due to the reac-
tion with alcohol to form alkoxysulfonium salts
which had been confirmed by comparison with an
authentic sample. Storage of the solution at room
temperature resulted in a zero rotation after a
week. The treatment of the alkoxysulfonium salts
with water gave the sulfoxide 9. Obviously, back-
side nucleophilic displacement on the sulfonium
sulfur proceeded to give the sulfoxide with inver-
sion of configuration. Conversion of the aminosul-
fonium salts into 9 and 13 can be readily explained
in Scheme 2.

When tetra - n - butylammonium bromide was
added to the aminosulfonium salts (-)-6, (-)-7 and
(-)-8 at room temperature in equimolecular amounts
in methyl ethyl ketone, the salts decomposed within

Ot
AT

X = BF.: (-}-6
X =CF:S0s: (-)-7
X =TNBS: (-)-8

’T
CH;

g )
CH, H<0—C.H,
1 ®
H.,C—@—SO;—NH—CHa + H@—Q%—CH,
13

H,C-@—§—CH,
'ﬁ

O—H + CH,—OH
9 «— 16
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a few minutes. The decomposition products were
isolated and proved tobe 13and 3 - p - tolylthio -2 -
butanone 22. A possible reaction path which is

comprehensible for the above results is shown in
Crhama 1

Since (-)-6 decomposed during the kinetic inves-
tigation on racemization, we concentrated our at-
tention on (-)-7. The first-order polarimetric rate
constants for the reacemization of (-)-7 were deter-
mined up to 3 half-lives after which the optical rota-
tion could not be measured due to the color of the
solution. Addition of the impurities tetra - n -
butylammonium bromide and 13 to (-)-7 in 0-10:1-0
ratio in methyl ethyl ketone as solvent increased
the rate of racemization though not in an appreci-
able amount. A summary of the first-order
polarimetric rate constants for the racemization of
(-)-7 is presented in Table 3.

The activation parameters for the racemization
of (-)-7 are

AEat = 2655 kcal/mole

AH*t = 25-82 kcal/mole
ASt=-1-08ev.

H—0—C,H,

L

S—CH,

12

C:H;
14

— HSC_Q‘S—CHQ + Cgﬂg—o’

15

SCHEME 2
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Table 3
Concn.,, M 10°k,,

of (-»-7 Solvent Temp. °C sec”’
0-0155 CH,COC,H; 90-0 6:46 +0-30
0-0228° CH.COC.H, 70-0 0-785 £0-020
0-0227° CH,COC,H; 70-0 0:770 £ 0-025
0'03 l 0 CH;COC:H: %'0 6'44 * 0'27

“0-0228 M (-)-7 and 0-00228 M 13.

*0:0227 M (-)-7 and 0-00227 M tetra-n-butylammonium bromide.

Our work was then extended to study the racem-
ization of (-)-8. The racemization of (-)-8 with
0-0160 M of concentration at 70-0° in methyl ethyl
ketone as solvent proceeded with the rate constant
of (4-12+0-10)x 10 sec™’. It was thus observed
that an electron releasing group, such as a Me
group, attached to the nitrogen in sulfilimine in-
creased the rate of racemization of the compound.
Structural studies'’® on the aminosulfonium salt sug-
gest the sp’ hybridized nitrogen and significant

p~d= bonding in the aminosulfonium salt. The di-
hedral angle between the sp’ lone pair on sulfur and
p lone pair on nitrogen in the aminosulfonium salt
was found' to be in the vicinity of 90° at which
point there should be a minimum lone-pair lone-pair
repulsion. Substantial (2p-3d)n bonding was also
postulated’ in sulfilimine as it is in the case of sul-
foxides. The difference in inversion rate between
the sulfilimine and aminosulfonium salts could be
accounted for by assuming that the much greater



Sulfimine and aminosulfonium salts

electron density on the nitrogen in the sulfilimine
relative to that in aminosulfonium salts slows down
the inversion process. At the present time it is diffi-
cult to provide conclusive evidence regarding the
pronounced effect of the electronegativity on the
pyramidal stability of the sulfilimine and aminosul-
fonium salts. However, the combined effects of
p—d=# bonding, lone pair-lone pair interactions and
the electronegativity of the nitrogen substituent are
expected to play a crucial role in the inversion rate
of the sulfilimine and aminosulfonium salts. At the
transition state for inversion the electronic repul-
sion between the unshared electron pairs on the sul-
fur and nitrogen of the sulfilimine will be greater
than in the ground state. In the aminosulfonium
salts such repulsion will be lower in comparison to
sulfilimine.

EXPERIMENTAL

The NMR spectra were recorded in a A-60A Varian
spectrometer with TMS as internal standard, and are re-
ported on the 3-scale. UV spectra were recorded with a
Cary 14M spectrophotometer and the IR spectra were re-
corded with a Perkin-Elmer 421 spectrophotometer. Opti-
cal rotations were measured at 25° with a Perkin-Elmer
141 polarimeter at 546 nm and jacketed cells. M.ps were
taken on a Hershberg Melting point apparatus using a set
of Anschutz thermometers.

Product run for the racemization of (-)-1 in the presence
of 4. 50 ml of the soln containing 154 mg (0-010 M) of (-)-1
and 90 mg (0-010 M) of 4 in methyl ethyl ketone was
placed in a pressure bottle and immersed in a 90-0° oil bath
(the initial rotation the soln was —0-918°). After 10 half-
lives (72 h) for the racemization of (-)-1, the pressure bot-
tle was cooled in a dry ice-acetone bath. The solvent was
removed on a rotary evaporator to give 240 mg of a pale
yellow solid, which was washed several times with ether
to give 145 mg of racemic sulfilimine, m.p. 120-124°, iden-
tified by comparison of the NMR and IR spectra with
those of an authentic sample. Removal of the solvent
from the washings gave 95 mg of oil which contained 4
and a trace of racemic sulfilimine (confirmed by compari-
son with authentic samples). Repeated crystallization
from pentane gave 85mg of 4, m.p. 31-33° (lit.> m.p.
30-33°). The mother liquor gave 8 mg of an oil which was
identified as a mixture of racemic sulfilimine and 4. The
recovery of racemic sulfilimine and 4 was quantitative.

Product run for the decomposition of (-)-1 in the pres-
ence of trifluoromethanesulfonic acid (12 equivts) in dry
ethanol. A pressure bottle containing 100 ml of a soln of
307 mg (0-010 M) of (-)-1and 1-8 g (12 x 0-010 M) trifluoro-
methanesulfonic acid in dry EtOH was immersed in a
70-0° oil bath (the initial rotation of the soln was — 0-910°).
After 9 days for the decomposition of (-)-1 under these
conditions the pressure bottle was cooled in a dry ice-
acetone bath. The soln at this stage had a rotation of
+0-090°. The acid from the mixture was carefully neutral-
ized with Na,CO,; and the resulting soln was concentrated
under reduced pressure (rotary evaporator) below 45°.
This mixture was poured into ice-water and extracted sev-
eral times with ether. Evaporation of the combined ether
extracts left 150 mg of a yellow solid, m.p. 65-72°. The IR
and NMR spectra of this material were identical with
those of an authentic sample of methyl p-tolyl solfoxide.
This solid was recrystallized several times from n-
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pentane-ether to afford 40 mg of light yellow crystals, m.p.
70-74°, [a}iis + 100° (¢ 0-20, acetone). Evaporation of the
solvent from the mother liquor gave 125 mg of a yellow
solid, the rotation of which could not be measured since
the soln was opaque in the polarimeter cell in acetone sol-
vent. The aqueous soln was evaporated to dryness on a
water-bath and the residue was extracted 3 times with
ether. The ether extracts gave 165 mg of a white solid,
m.p. 132-134°, identified as 10 by mixed m.p. and compari-
son of IR and NMR spectra with those of an authentic
sample.

(-)- Methyl - p - tolyl - N - methyl - p - tolylsulfonyl -
aminosulfonium fluoborate (-)-6. To a soln of 3 g of (-)-1in
25 ml dry methylene chloride was added 3 g trimethylox-
onium fluoborate’ (Meerwein's reagent). After stirring at
room temp for 12 h, the unreacted Meerwein’s reagent was
filtered off. Removal of the solvent afforded syrupy oil.
Crystallization of the oil from methylene chloride-ether
gave 4g of the salt, m.p. 84-85°, yield 100%:; (a3 — 5° (¢
1-0, methyl ethyl ketone); UV: A 552 245 nm (log € 4-31);
NMR (CD,Cl,): 7-45-7-95 (8 aromatic protons, m), 3-55 (S-
Me, s), 3-05 (N-Me, s) and 25 (two C-aromatic Me protons,
s); (Found: C, 46:79; H, 4-99; N, 3:42; S, 15-80. Calc for
CiHxN,S,0,BF.: C, 46-96; H, 4-88; N, 3-42; S, 15-67%).

(-)- Methyl - p - tolyl - N - methyl - p - tolylsulfonyl -
aminosulfonium trifluoromethanesulfonate (-)-7. To 1g
of (-)-1 in 50 ml dry methylene chloride was added 0-8 g
methyl trifluoromethanesulfonate’ and stirred at room
temp for 24 h. Removal of the solvent and excess methyl
trifluoromethanesulfonate provided 1-532g (99%) of
glassy solid; [aJii.— 17° (¢ 16, methyl ethyl ketone). All
attempts to recrystallize this material proved futile. UV:
ASH: 245nm (log € 4-22); NMR (CDCL): 7-3-7-9 (8
aromatic protons, m), 3-53 (S8-Me, s), 3-02 (N-Me, s) and
2-4-2-46 (two C-aromatic Me protons, broad singlet);
(Found: C, 43-43; H, 4-31; N, 3-06; S, 20-55. Calc for
C:HxN,S;0,F;; C, 43-31; H, 4-24; N, 2-97; S, 20-38%).

(-)}-Methy!l - p - tolyl - N - methyl - p - tolylsulfonyl -
aminosulfonium  2,4,6- trinitrobenzenesulfonate  (-)-8.
To 1g of (-)-1 in 60 ml dry methylene chloride was added
8 g trimethyloxonium 2,4,6-trinitrobenzenesulfonate® and
stirred at room temp for 24 h. The soln was filtered to
remove the unreacted reagent. Removal of solvent gave
3-1g of yellow white residue. The solid product was
treated with 15 ml dry methylene chloride and kept in the
refrigerator for 24 h to precipitate the unreacted reagent.
The mixture was filtered and the solvent removed to give
1-95g of white solid, m.p. 124-128°. Recrystallization
from methylene chloride-ether afforded white crystals,
m.p. 127-128° [aJ3i. —8-3° (¢ 0-6, methyl ethyl ketone);
IR(KBr): 3420, 1540, 1350, 1250 and 1240cm '; NMR

H
(CDCL,): 8-40 (2,4,6(NO), -Ar<
H

8H, m), 3-52 (S-Me, s), 2:98 (N-Me, s) and 2-4 (Two C-
aromatic Me protons, s); (Found C, 43-20: H, 3-73: N,
9-23; S, 15-54. Calc for C;H:.N.S;0,,: C, 42-99: H, 3-58:
N, 9-12; S, 15-63%).

Product run for the racemization of (-)-7 and (-)-8. A
50 ml portion of 0-015 M solution of (-)-7 or (-)-8 in methy]
ethyl ketone was transferred to a pressure bottle and
placed in the 70-0° constant temp bath for 30 h. The pres-
sure bottle was cooled and usual work-up afforded
88-92% yield of the racemic form of (-)-7 or (-)-8, which
showed to be identical with an authentic sample (IR and
NMR spectra superimposable).

,2H, s), 7-2-7-8 (Ar-H,
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Decomposition of (-)-6, (-)-7 and (-)-8 in the presence
of tetra-n-butylammonium bromide in methyl ethyl
ketone. A soln of one of the salts ((-)-6-(-)-8) (0-015 mole)
in SOml methyl ethyl ketone was reacted with tetra-n-
butylammonium bromide (0-015 mole) at room temp for a
few min. After removal of the solvent by rotary
evaporator (water-bath at 40°), the residue was poured
into water. The oil was taken up in ether and dried
(MgSO0.). The solvent was removed to give an oil contain-
ing a mixture of 13 and 22 in almost equal amount. The IR
and NMR of this material were identical with those of a
mixture of an equimolecular amount of the authentic sam-
ples of N - methyl - p - toluenesulfonamide and 3 - p -
tolylthio - 2 - butanone." The oil was dissolved in
pentane-benzene mixture and allowed to crystallize to
yield theoretical amount of N - methyl - p - toluenesul-
fonamide, m.p. 78°. Removal of the solvent from the
mother liquor gave an oil which was identical with an
authentic sample of 3 - p - tolylthio - 2 - butanone'' as
shown by comparison of IR and NMR spectra. The yield
of 22 was quantitative.

The ketone 22 afforded a 2, 4-dinitrophenylhydrazone,
as yellow needles, m.p. 110° from chloroform. (Found:
54.69; H, 4-74; N, 14.99; S, 8-45. Calc for C,;H:N.O.S:
C, 54-54; H, 4-81; N, 14.97; S, 8:55%).

Kinetic measurements. The optically active sulfilimine
and freshly prepared optically active aminosulfonium
salts were accurately weighed in a tared volumetric flask.
The soln was made up to the mark by addition of solvent.
Aliquots of a standard stock soln of one of the impurities
4, 13 and tetra - n - butylammonium bromide, were added
to the accurately weighed sulfilimine or the aminosul-
fonium salts in a tared volumetric flask and the level of the
solution was raised to the mark by addition of the same
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solvent used in making the standard stock soln. The seal-
ed ampoule technique was used. Each ampoule contained
approximately 5:3 ml of soln. The ampoules were placed
in a constant temp bath at 70-00+0-02° or 90-00 = 0-02°.
For reactions studied at those temps, the ampoules were
quenched in an ice-water bath and then equilibrated to
25° The integrated first-order rate constants were calcu-
lated using the experimental infinity values, usually 100 £
3% of the theoretical value. The rates were followed to ca
85% completion.
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