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Sulfenylating agents used in organic synthesis include sulfenyl
halides (RSX, X = halogen) and, to some extent, thiosulfonium
ions! (RSSR,*). Surprisingly, the corresponding thicammonium
ions (RSNR,*) are virtually unknown.?  We describe here results
of a study on the incidence of (alkylthio)ammonium ions and their
efficacy as azasulfenylating agents. We also describe mechanistic
details of an interesting displacement reaction that converts 1,2
adducts of thiosulfonium ions and alkenes to the corresponding
thicammonium adducts.

In principle, thioammonium ions are accessible by sulfenylation
of amines (eq la) and by alkylation of sulfenamides (eq 1b).

NR,
RSX —> RSNR,*X~ (1a)
2
RX
RSNR, — RSNR,*X- (1b)
2

Attempts to sulfenylate tertiary amines with dimethyl(methyl-
thio)sulfonium fluoroborate (1) in nitromethane led not to thio-
ammonium ions (2) but the hydrolytic products thereof (eq 2).

H0
4MeSSMe2 + 4R;N 4[MeSNR3+] + 4Me,S —2.
R, = Me,, Et,,
Me,(allyl),
(CH);
4R;NH* + MeSO,SMe + MeSSMe + 4Me,S (2)
3

In the absence of amine, hydrolysis of 1 was very slow.> In the
presence of amine, hydrolysis was instantaneous and quantitative,
even through water was not intentionally added as a reagent.
Suppression of hydrolysis by careful exclusion of air, moisture,
and even solvent gave only mixtures of trialkyl- and tetraalkyl-
ammonium salts and mono- and polysulfides.* If, then, thio-
ammonium ions are formed, they must rapidly dissociate to the
observed products.

Alkylation of N,N-dimethylmethanesulfenamide (4) with alkyl
iodides resulted in S—N cleavage and the products of eq 3. These

MeSNMe, + RI [MeSN*(R)Me,*I] ——
4 2

MezNR2+ + l/zMCSSMC + Iz (3)

are products anticipated from thicammonium ions and iodide, but
methylation with trimethyloxonium fluoroborate 5 (in MeNO,,
CHCI;, or CH,Cl,) similarly led to ammonium salts (Me;NH*
and Me,N*) and polysulfides.>S Again, these reactions suggest
that (alkylthio)ammonium ions, if formed, decompose almost at

(1) (a) Kline, M. L.; Beutow, N.; Kim, J. K.; Caserio, M. C. J. Org. Chem.
1979, 44,1904, (b) Kim, J. K.; Caserio, M. C. Tetrahedron Lett. 1981, 4159.
(¢c) Trost, B. M.; Murayama, E. J. Am. Chem. Soc. 1981, 103, 6529. (d)
Anderson, S. A.; Kim, J. K.; Caserio, M. C. J. Org. Chem. 1978, 43, 4822.

(2) For a report on an (arylthio)Jammonium salt see: Wevers,; J. H;
Kloosterziel; H. J. Chem. Soc., Chem. Commun. 1975, 413.

(3) In the absence of amine, 1 is stable in nitromethane for days at room
temperature or below.

(4) The related reaction of 1 with dimethylamine gave the sulfenamide 4.

(5) See also: Heimer, N. E,; Field, L. J. Org. Chem. 1970, 35, 3012.

(6) Alkylation of 4 and N,N-dimethylbenzenesulfenamide with allyl
chloride or bromide also gave ammonium salts 8, both (dimethylallyl)- and
(dimethyldiallyl)ammonium salts. Methylthiolation of 4 with 1 gave am-
monium salts and S-N cleavage.

(7) The active reagent is presumably MeSN(Me),*BF;":
Woodrow, H. W. J. Am. Chem. Soc. 1954, 76, 219.
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once® Therefore we tried to intercept the ions by trapping
experiments with alkenes. In fact, a mixture of 4 with a 2-fold
excess of alkene in CHCI; gave, upon addition of §, moderate
yields of 1-trimethylamino-2-methylthio adduct 6 by anti addition
(see Table I and eq 4).1% The salt adduct 6 was demethylated

+NMe3 NMez
Me30 B8F4 H NMe3z 4
MeSNMez  + “ MeNO2, 0 °C @
4 SMe SMe
6 7
BF3: OMep ’

to neutral adduct 7 with excess trimethylamine. The sane adduct
7 was produced by BF;-catalyzed azasulfenylation of the alkene
with 4.7

No doubt then, (alkylthio)ammonium ions are produced
transiently on alkylation of sulfenamides, and they do effect
azasulfenylation of alkenes. However, evidence for the intervention
of thioammonium ions in eq 2 was less conclusive because trapping
experiments with alkenes, which indeed gave adducts 6 in low
yields, do not distinguish direct azasulfenylation by 2 from sul-
fenylation by 1 followed by capture of episulfonium intermediates
with amine (eq 5a). In fact, when the thiosulfenylation adducts

SMe
NMe3
[
'
Me NMe 3
b
MeSSMez MeNO L-l c'NMes (5)
1
SMe
vz lj
SMez
8

8 (eq 5b) were treated with excess amine in a separate step, good
yields of 1-ammonio-2-methylthio adducts 6 were obtained (eq
Sc and Table I).!? The reaction has generality. Thus, five- and
six-ring thiosulfonium ions 9!3 gave cyclic adducts with alkenes,
and these adducts cleaved to give acyclic ammonium salts on
treatment with excess trimethylamine (see Table I). Also, the
nucleophile can be varied. Thus, adducts 8 gave solvolysis products
in water and methanol.

The mechanism of reaction 5c is interesting. Nucleophilic
attack at carbon by either Sy1 or Sy2 mechanisms can be excluded
because displacement occurs with complete retention of config-
uration and, with adducts from 9, is selective for the & carbon
(not o) in the sequence C,'~S(Me)*-C,~C4=S regardless of the
degree of substitution. A possible mechanism is an elimination—
addition sequence initiated by nucleophilic attack at sulfur (eq
6). Thioammonium ions so formed could subsequently add to the
alkene. Another possibility requires that episulfonium ions, formed

(8) We also observed that the decomposition of sulfenamides RSNR, is
acid catalyzed. The plethora of products reported in the preparation of 4 (ref
9) is due to the presence of proton sources that give thicammonium ions which
subsequently dissociate.

(9) Armitage, D. A,; Clark, M. J. J. Chem. Soc. C 1971, 2840. Knu-
nyants, 1. L.; Rozhkov, 1. N.; Kuleshova, N. D. Izv. 4kak. Nauk. SSSR, Ser.
Khim. 1971, 11, 2499,

(10) Stereochemistry and regiochemistry was established spectroscopically
and by alternate reactions. Products of anti addition of CH,;SCI to cyclo-
pentene and tetrahydropyran (ref 11) were converted to 6 on treatment with
AgBF, followed by trimethylamine.

(11) Baldwin, M. J., Brown, R. K. Can. J. Chem. 1968, 46, 1093.

(12) For imaginative exploitation of the synthetic potential of this reaction
see: Trost, B. M.; Shibata, T. J. Am. Chem. Soc. 1982, 104, 000,000. Trost,
B. M,; Shibata, T.; Martin, S. Ibid. 1982, 104, 000.

(13) Thiosulfonium salts 9 were prepared (85%) by methylation of 1.2-
dithiane (ref 14) and 1,2-dithiolane.

(14) Hester, N. E.; Helmkamp, G. K.; Alford, G. L. Int. J. Sulfur Chem.
A 1971, 1, 65. Hester, N. E.; Helmkamp, G. K. J. Org. Chem. 1973, 38, 461.
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Table 1. Methanesulfenyl Adducts of Alkenes
E
RSX + C=C —— > RS$-C-C-X ——“) RS-C-C-NMe, *
MeNO,, 0 °C rt
RSX alkene D RS-C-C-X (yieldy RS-C—C-NMe, * (yield)
She
{ b c
MeSNMe, cyclopentene Me ot 22 g (60~ (50
2 3 " NMe
d 2
BF,,OMe, 75)8
30 sMe | :
tetrahydropyran Me3O O’ (60)— (27)E
d . NMe
£ O 2 e
BF3' OMe2 (61—
. + +
cis-2-butene Me3O )\(NMe?’ 6c
MeS -
+ +
trans-2-butene Me3O )\/NMe3 &4
MeS I
e 2 + i +
MeSSMeZ'— 2-methylpropene /k/SMeZ 8c 100- 64— /k/NMe ba 42 g
MeS™ * (90) MeS” = (80)
+ i h +
. SMe2 8d 0= 36— < NMe3 6b 8
MeS/Y MeS/Y ~
+ +
cis-2-butene SMe2 8a (95) NMe3 6c (80)E
MeS ~ MeS -
+ +
trans-2-butene /k/SMeZ 8b (95) )\/NMe3 6a (188
MeS Y - MeS Y -
» 2-methylpropene +; +
i 4 20 /k/NM% 80
(CH,) (CHZ)n MeS(CHZ)nS H
zzn NsAA" =
s ! (90-95) . (80)
ns= 3,4 ) H NMe3 20
n= 3 (CH,)_ 80 MeS(CH )ns/Y
2 s -
+
cis-2-butene /¢ /krNMe?’
(CH,)_ j‘ (94-98) MeS(CH,), S (90)
~
+
S)\/NM% (90)
trans-2-butene (96-98) MeS(CHZ)E H

<

@ Counterion was BF, " b [solated as the trimethylammonium salt.

temperature. < In CHCI

€ Isolated yield after distillation.  Solvent was MeNO, or 1:1 mixture of CHCI /MeNO

Yield after demethylation of salt with Me,N in MeNO, at room
g Demethylatlon of

the sulfomum adducts 8 was competitive with formation of ammonium adducts in the case of ¢is- and trans-2-butene and 3-methylpropene in

MeNO,. h Thermodynamic product ratio.  Kinetic product ratio. J St

ructure assigned on basis of ' H and '*C NMR spectrometry.

Relative configuration at chiral carbons was thereby assigned but configuration at chiral sulfur is unspecified.

reversibly from the adducts 8, are trapped by external nucleophiles
(eq 5and 7).13

SMe

Nue +

—= MeSNuc' + C=C + SMep (6)
+SMe2 \
SMe e SMe

+

= S\ + SMe, = + SMex  (7)

“SMe; *Nue

(15) For reviews on episulfonium ions see: (a) Schmid, G. H. Top. Sulfur
Chem. 1977, 3, 101. (b) Smit, W. A,; Zefirov, N. S.; Bodrikov, 1. V.; Krimer,
M. Z. Acc. Chem. Res. 1979, 12, 282,

Experimental facts pertinent to the mechanisms in question
follow. Solutions of sulfonium adducts 8a—-d (see Table I) in
CD;NO, underwent rapid sulfide exchange with dimethyl-dg
sulfide (90% equilibrated in 3 min at room temperature). In the
case of 8¢, which is the kinetic product of addition of 1 to 2-
methylpropene, rearrangement occurred to give a 2:1 mixture of
regioisomers 8c/8d within 4-6 h at room temperature in CD;NO,.
Not only was the rate of sulfide exchange in 8¢/8d faszer than
the rate of rearrangement 8c = 8d but the latter was independent
of added sulfide. This result excludes eq 6 as a possible route for
rearrangement and exchange because both should show the same
dependence on sulfide.

Moreover, attempts to trap sulfenyl intermediates MeSNuc*
were negative. Thus, 8a with (CD;),S and excess trans-2-butene
resulted in rapid sulfide exchange but no 8b. Similarly, 8b and
(CD3),S with excess cis-2-butene gave sulfide exchange but no
8a. Also, if thioammonium ions were intermediates in amine



J. Am. Chem. Soc. 1982, 104, 3233-3235 3233

Table I, Sy Reactions of Methanesulfenyl Adducts of 2-Methylpropene

reactants? products
SCH3 X SCH3 Nuc
X SCHz Nue SCH3
X (%) (%) (%) (%) yield, %
Cl 10a (4) 10b (96)P Me,N¢ 6a (85) 6b (15) 90
Cl 10a (4) 10b (96) AgBF,; Me,N¢ 6a (78) 6b (22) 34
SMe, * 8c (64) 8d (36)® Me,N 6a (82) 6b (18) 60°
Cl 10a (4) 10b (96) Me,NH¢ tia (81) 1ib (19) 88
Cl 10a (4) 10b (96) AgBF,; Me,NHY I1a (80) 11b (20) 37
SMe, * 8c (64) 8d (36) Me,NH Tta (81) 1ib (19) 80"
Cl 10a (4) 10b (96) H,0¢ 12a (3) 12b (97) >90
SMe, * 8c (64) 8d (36) H,0¢ 12b (100) >90

@25 °C in MeNO,. b Equilibrium composition. € Four days at room temperature. ¢ AgBF, was added to chloride in MeNO, at 0 °C; the
nucleophile was added to the supernatant at 25 °C, ¢ Competitive demethylation gave Me,N* (37%).  Demethylation gave Me ,NH* (14%).

& With or without NaHCO,, or K,CO,, or with MeNO, as cosolvent,

displacements, considerable fragmentation to Me;NH* and
Me,N* may be expected—but none was found.

The overall results strongly suggest that, in solution, the sul-
fonium adducts 8 dissociate reversibly to episulfonium ions (eq
7), which accounts for the observed rearrangements, sulfide ex-
change, and the displacement reactions.!® This being so, epi-
sulfonium ions generated by authenticated routes should react with
external nucleophiles to give product mixtures similar to those
obtained in the present experiments. Accordingly, methanesulfenyl
chloride adducts of 2-methylpropene, 10a and 10b, were prepared
and converted to the corresponding azasulfenyl adducts 6 by way
of episulfonium ions.!” As can be seen from Table II, the same
adducts in essentially the same distribution were obtained from
both the chlorides 10 and the sulfonium salts 8 despite the disparity
in the initial composition of regioisomers, whether or not silver
fluoroborate was employed to preform the episulfonium ions. The
same result was obtained with other nucleophiles (Me,NH and
H,0).

Although the reality of episulfonium ions has been questioned
under some reaction conditions,!*® we conclude that, in the re-
actions described herein, episulfonium ions are formed rapidly
and reversibly from sulfenyl adducts of the type RS-C-C-X,
where X = Cland SR,*. We further suggest that the synthetically
useful sulfenylation reactions of alkenes described by Trost and
Shibata!? proceed by a similar route—that is, by the initial rapid
addition of 1 to the alkene followed by a slower nucleophilic
displacement by way of episulfonium ions.
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Interest in natural and semisynthetic 8-lactam structures has
recently surged with the discovery of thienamycin (1), an unusually

HO
\\\\H g >=—(
CH 7 o
3 SCHaCHaNH; RHN A
d \\SO3H
COoH
2,X = OCH,

R = y-D-plutamyli-D-alanyl

potent carbapenem antibiotic,! and the monobactams (e.g., sul-
fazecin (2), a family of monocyclic 2-azetidinone- N-sulfonic acids
found in bacteria.>? These substances possess reactive 3-lactam
linkages and exhibit promising antibiotic activity against both
Gram-positive and Gram-negative organisms.>* In this com-
munication we disclose the oxidative cyclization of 8,y-unsaturated
amidosulfamoyl esters and related structures to N-sulfonylated
halo B-lactams which can be dehalogenated to afford structural

(1) For leading references, see: Salzmann, T. N.; Ratcliffe, R. N,;
Christensen, B. G.; Bouffard, F. A. J. Am. Chem. Soc. 1980, 102, 6161.

(2) Imada, A.; Kitano, K.; Kintaka, K.; Muroi, M.; Asai, M. Nature
(London) 1981, 289, 590.

(3) Sykes, R. B.; Cimarusti, C. M.; Bonner, D. P.; Bush, K.; Floyd, D. M.;
Georgopapadakou, N. H.; Koster, W. H.; Liu, W. C.; Parker, W. L,; Principe,
P. A;; Rathnum, M. L ; Stusarchyk, W. A ; Trejo, W. H.; Wells, J. S. Nature
(London) 1981, 291 489.

(4) Abraham, E. P. Sci. Am. 1981, 244, 76.
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