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REACTIONS OF DIMETHYLMETHYLTHIOSULFONIUM FLUOROBORATE WITH SOME NUCLEOPHILES

Hiroshi MINATO,* Takashi MIURA, and Michio KOBAYASHI
Department of Chemistry, Faculty of Science, Tokyo Metropolitan University,
Fukazawa, Setagaya, Tokyo 158

Reactions of dimethylmethylthiosulfonium fluoroborate with phenyl
phosphite, pyridine, 4-cyanopyridine, N,N-dimethylaniline, p-nitro-
N,N-dimethylaniline, thiophenol or sodium thiophenolate are almost
instantaneous at room temperature, while the reactions with phenols
and anisole proceed slowly at 60°C. Products are determined, and
the mechanisms are discussed.

The S-S bond of dimethylmethylthiosulfonium fluoroborate (I) is cleaved very
~
rapidly by methyl sulfide ( k; = 4.5 x 10° M1 1,2
The reactions of T with various other nucleophiles appear to be of interest. We

sec_1 in nitromethane at 40°C).

have carried out such investigations, and wish to report the _results.3
Equimolar amounts of#{/and phenyl phosphite were dissolved in nitromethaneglzg,
and the NMR spectrum of the mixture was determined, which showed that the follow-

ing reaction took place rapidly.

®
(PhO) P + MeS-ESBMeZ-—\(PhO)zP-SMe + SMe,— (Ph0) P=S + ®SMe3 a.
©&F, SBF, 4

I 111 v
As soon as the reac{;;ts were mixed, T disappeareg\gnd the NMR singlet absg;ﬁtions
of methyl sulfide(;l;) and trimethylsulfonium fluoroborate (;K) were observed; the
yields of III and IV were 22 and 78% after 5 min, and 14 and 86% after 360 min,
respectively. These data show that the first step is very fast and the second step
is fairly fast. A weak absorption was observed at &2.35 ppm, which is probably
ascribable to MeS protons of (PhO)SP-SMe. Upon addition of ether, £K precipitated,
and the filtrate was concentrated. A column-chromatographic purification of the
residue gave phenyl thionophosphate (yield, 86%).

When equimolar amounts of pyridine and l/were mixed in l},'llwas instantaneous-
ly and quantitatively converted to ;l;. A new methyl singlet was observed at §2.37
ppm, which is most reasonably ascribable to CSHS 1gMe. This methylthiopyridinium
ion is a much weaker methylating agent than (PhO)SP-SMe, since the former does not
methylate ;l} in the mixture. When dry ether was added to the mixture and the
precipitates were separated, they did not have the MeS- group, and were identified
as pyridinium fluoroborate. The filtrate contained MeSSMe( &2.33) and MeSOZSMe
(two singlets at §2.67 and 3.29). Apparently the N-methylthiopyridinium ion

reacted with trace amount of moisture.
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The formation of MeSOZSMe and MeSSMe can be explained by a mechanistic sequence
involving the formation of MeS-OH, its bimolecular condensation to MeS(=0)SMe,
and disproportionation of the thiolsulfinate to MeSO,SMe and MeSSMe.4
The above results show that the nucleophilic attack of pyridine towardrl‘was
much faster than that of methyl sulfide toward CcHe -SMe. Therefore, the reaction
of an equimolar mixture of 4-cyanopyridine and I was examined in ;3.

Me Me

ved N+ sesMe —K=1.8 e/ TWs . Ly
Y da S\ W
Me { Me \

N § 2,58 mrrm e e

In this case, the nucleophilicity of the pyridine was much smaller due to the
electron-withdrawing cyano group, and the equilibrium constant was calculated from
the chemical shifts of the MeZS- group of the mixture (§2.58),that of pure I (3.22),
and that of pure III (2.10); K = 1.8. When the isolation of 4-cyano-N-methylthio-
pyridinium fluoroborate was attempted, the gﬁlids obtained did not possess the S-Me
" absorption and were identified as 4—CN-C5H5NH6%F4. The filtrate contained MeSOZSMe
and MeSSMe.
When equimolar amounts of N,N-dimethylaniline and‘l/were mixed in ;5, again

the MeS- group of i/disappeared instantaneously and completely, and methyl singlets
were observed at §2.10 (MeSMe), 2.47 and 2.53 (S-Me) (the absorption at 2.47 ppm
was slightly stronger than that at 2.53) and 3.31 ( -ﬁﬁez). Absorptions of aromatic
protons were observed as multiplets at 7.40-7.45 ppm. These absorptions did not
change when the mixture was allowed to stand for 5 hr. After the methyl sulfide
was collected by vacuum distillation (85% yield), the mixture was washed with an
aqueous NaHCO3 solution and extracted with ether. From the ethereal extracts,
p-methylthio-N,N-dimethylaniline was obtained (60% yield: NMR; SMe, §2.34; NMe, ,
2.88; aromatic H, 6.57(doublet) and 7.67(doublet)). As for the intermediates
showing the NMR absorptions at 2.47 and 2.53 ppm, the following two structures are

possible.
ve ve rapid %% » ¥§
@I\’I + ?-%—Me__LI;I-S\ and/or /S——I:I-H +  SMe,
Me Me ™ Me Me Me Me
| e
iaq. NaHCO, MeS-<::>-N
i ﬁe

As a less nucleophilic aniline which has a para substituent for prevention of
the attack of SMe on the para position, p-nitro-N,N-dimethylaniline was allowed to
react with¢£/in II. The methyl absorption of methyl sulfide appeared at 5?.10~ppm.

1 Fard v
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This shows that the nucleophilicity of p-nitro-N,N-dimethylaniline is very large
in spite of the presence of the electron-withdrawing p-nitro group.

we Me Me ye
| 3 \G

oZN-©-N +  S5-S-Me —TXapid . OZN—QI}I@SMe + S-Me K»1
| : ~
Me I:/Ie® Me : ;

§2.16 £2.10

When the isolation of the methylthioanilinium salt was attempted by precipitation-

filtration, the solids obtained were p-nitro-N,N-dimethylanilinium fluoroborate.
When sodium thiophenolate and A/Were mixed in 1T, the mixture reacted instant-

aneously, and its NMR spectrum showed the presence of methyl sulfide and methyl

phenyl disulfide. When the methyl sulfide was removed by vacuum distillation

and the mixture was allowed to stand, the disulfide disproportionated to phenyl

disulfide and methyl disulfide. Their amounts were determined by NMR absorptions,

and two disulfides were separated by column chromatography and identified.

Me 1\".e
@sm + ?-%—Me%@&? + S-Me + NaBF,
MeenE, Me 933 |
L>1>h-s-s.-1>h +  Me-S-S-Me
37 mold 32 mol1/100 mol T
—~

The reaction between thiophenol and I in II was equally fast, and the products
~ AN
were essentially the same.

ve ye
< :}SH + S-S-Me————e><: :}S-S + S-Me + HBF
l‘il i \1 94 4
'e({-\BF Me 89%
4 Lé
Ph-S-S-Ph + Me-S-S-Me
37 mol% 42 mol1/100 mol T

The intermediacy of methyl phenyl disulfide was ascertained by converting it
to dimethylphenylthiosulfonium ion by the reaction with trimethyloxonium fluoro-
borate.

D ®
Ph-S-S-Me + MeSO ———————e»Ph-S—%—Me
Me

The reaction described so far are fast reactions, which appear to take place
instantaneously at room temperature by the nucleophilic attack of a hetero atom
(P, N, S) on the sulfur atom adjacent to the sulfonium atom ofrl: However,
such nucleophiles as phenol, anisole and 2,6-di-t-butylphenol did not react at all
with I at room temperature. Therefore, the reactions with these nucleophiles were
carried out at 60°C.

An equimolar mixture of phenol and I in ;E/was heated in a sealed ampoule at
60°C for 8 hr. Its NMR spectrum showed the following results.
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Me MeS$
Ho© + %@Me —60°%¢ o HO@-SMe + HO-@ + MeSS®
8 hr
(MeS & 2.37) (MeS §2.33) 47 mol
82 mol% 18 mol% per 100 mol T

After their amounts were determined by their NMR absorptions, ;X was precipi-
tated by the addition of ether. The filtrate was concentrated, and the two
methylthiophenols were separated by column chromatography.

In contrast with the results of the fast reactions described above, no ;E}
was found, but EX was found. Since all the MeS- group in }Jare accounted for by
the o- and p-methylthiophenols, all the three methyl groups of‘LX must come from
the MeZS group of I This means that Me S or Me2 - must be disproportionated to
Me gaand MeSH or HZS A plausible path is the following.

_ Me H e HO H
HO< ) + 5-$-Me —> HO +  S-Me|™>|
@ SMe Me-=Sr
Me 1o
Me i
R_

HO H @
HO@- SMe  +  MeSH «——— >®( + MeyS
Me-S SMe

2 MeSH HBE , > MeSMe  +  H,S

Formation of methyl sulfide from methanethiol and hydrogen fluoroborate was

checked by a separate experiment.5

In a similar manner, anisole and.l/were allowed to react in‘Ll,in a sealed
tube at 60°C for 23 hr. Its NMR spectrum showed that ITT (& 2.10 ppm) was absent
and'lx/was present in a 67% yield. The NMR spectrum showed the presence of
p-methylthioanisole (71% yield) and p-methylthiophenol (28 % yield). Ether was
added to the mixture, and IV precipitated. The filtrate was concentrated, and
the residue was subjected to column chromatography. p-Methylthioanisole and

p-methylthiophenol were separated and identified. These results are explained

by the following sequence.
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60°C _ H
. ———>|Me0- +  MeSMe|—AaMe0-{ )-SMe + [MeSMe] + HBF
23 hr SMe 4

e (32%)
%-g;Me \\E\S
Me CXS)
enF, HO-@—SMe +  Me,S BF,
28% (28%)
v

MeO H ®
%>®< c ;Me0-©-SMe + Me,S + MeSH
Me-iq SMe MeéMe

EBBF4

M-éu (39%) (399%)

2 MeSH HBE, sMeSMe  +  H,S

The yield of p-methylthiophenol (28%) suggests that 28% of IV is formed by path B
(demethylation by the attack of III). Then 39% (67 - 28%) of IV may be assigned

to path C, and 39% of p-methylthioanisole is accounted for by path C. Thus, 32%

(71 - 39%) of p-methylthioanisole is probably assignable to path A.

Then, the reaction between({/and 2,6-di-t-butylphenol in }E/was examined., If
the reaction between I and phenol involves initial attack of the oxygen lone pair
on the MeS- group offL, the presence of the 2,6-di-t-butyl groups should prevent
the reaction. Since this phenol has a high boiling point, the mixture can be
heated in an open tube so that III (bp 40°C) can be removed as formed. When an
equimolar mixture of I and 2,6-di-t-butylphenol in ;E/was heated in an open tube
at 60°C for 6 hr, its NMR spectrum showed that‘l/completely disappeared. Addition
of dry ether yielded solid precipitates, which were identified as t-butyldimethyl-
sulfonium fluoroborate (63% yield). The filtrate was evaporated and the residue
was chromatographed; 2,6-di-t-butyl}4-methylthiophenol (24%) and 2-t-butyl-4-
methylthiophenol (29%) were isolated.

These results suggest that the reactions between }/and phenols (and probably
anisole too)do not involve the initial attack of the oxygen lone pair on the MeS-
group of }; The attack of P, N and S on the MeS- group ofll’is extremely fast,
whereas the reactivity of phenols and anisole with'l/is quite different.

It is of interest that t-butyl cation was fairly efficiently trapped by ;l}
even though the reaction was carried out in an open tube at 60°C. The low-boiling
;il must have been removed as it was liberated. Since no free ;{5 was observable
in the reaction mixtures between the phenols and.l) the intermediate formed from
the reaction between the phenols and.l/must capture ;l} and prevent it from
evaporation. The reaction path is perhaps expressed by the following scheme

involving a 1,2- or 1,4-addition of I to phenols.
a4
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A similar 1,4-addition of a thiosulfonium ion to a diene was reported in the

literature.7

I:@e Me
‘S@ ~ 18@ -
S * > S
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