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Substituent effect
S-transalkylation

1. Introduction has previously been reported in the literature wvathsimilar
suggested mechanistit The reaction has also found practical
applications, e.g., in the synthesis of thia-crowimess? ** and
the homologation of primary halid&sTransalkylation between
sulfides and sulfonium salts has also been repasea pathway
for the synthesis of poly(thioether) vitrimérs.

Alkyl aryl sulfides are an important group of syribe
molecules that are used in different fields of aigachemistry
with various applications, including druyghotosensitizers and
materials sciencé.® Typically, their stability is sufficient for
further synthetic modification, including alkylatio (e.g.,
quaternization of nitrogens and formation of ethels our In this work, the S-transalkylation reaction was eixed
continuous  synthetic efforts to find new potential more closely by varying the reaction conditionsmjperature,
photosensitizers, we conducted a study to synthesizequivalents, and solvents), alkylating agents, &stdrting
phthalocyanines bearing both alkyl aryl sulfide apéaternary —materials to reveal the optimal reaction parameters
ammonium moieties. The last step of the syntheticgdure was s
alkylation using methyliodide (Mel), in which an wpected ©/ ~
transalkylation on the sulfur atom was observed a(dabt s7< Mel ‘s* o
shown). The transalkylation was confirmed in a madelktion ©/ —> ©/ >< —> 1Me
of 2,3,9,10,16,17,23,24-octakis(t- ) ox¢
butylsulfanyl)phthalocyaninato zinc(ll) with Mel. €hert-butyl 1 \\ jL
groups were partially replaced by methyl groups, Wwhicas T 2
revealed by the ladder of products visible upom@ration with ~ Scheme 1 Suggested mechanism of S-transalkylation
thin layer chromatography (TLC) and the analysist® mass . .
spectra (see Supplementary Data, Figure S1). A pleusi 2 Resultsand Discussion
explanation is the S-transalkylation reaction tiaty involve an
unstable dialkyl aryl sulfonium salt, as suggeste&cheme 1.
The S-transalkylation of various sulfides with altyhg agents

Simpletert-butylphenylsulfide I, Scheme 1) was selected as
the primary model compound to study the effect dfecent
reaction conditions. The mechanism suggested inerSehl1

OCorresponding author. Tel.: +420-49-5067257; e-raaicik@faf.cuni.cz
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involves the formation of a dialkylarylsulfonium lsas an
unstable intermediate. The salt then eliminates térebutyl
cation, immediately forming isobutene and a protdhe latter
then forms hydrogen iodide that is most likely dxé&di to iodine
by oxygen in air, as indicated by observation &f typical iodine
yellow-brown color of the reactions when performedhigher
temperatures and not protected from light. Elimoratof the
second alkyl group (“methyl”
dialkylarylsulfonium intermediate is also possibigt much less
probable due to the very low stability of the poi@ntmethyl
radical.
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Figure 1 Progress of the reaction bfnith 5 eq (full symbols, full lines)
or with 2 eq (open symbols, dashed lines) of Md@DMF-d; in NMR tube.
The amount of material was calculated from theasponding proton
integrals forl (blue dot), 1M e (red square) and isobutene (green triangle).
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Scheme 2 General reaction conditions applied in the stuidy o
the transalkylation reaction.

First, the reaction was studied in a closed NMR in@MF-
d; at room temperature (rt) with 5 or 2 equivalentsM#l to
confirm the presence of the suggested intermed@t@soducts.
The NMR spectra taken at different times revealdd t
unequivocal presence of the produddle and the eliminated
isobutene (Figure S2, S3). The amount of isobutemeluced
correlated well with amount ofLtMe detected (Figure 1);
however, it was not exactly the same as a resulhefvblatile
character of isobutene, which causes its releasetliet gaseous
phase. No other intermediates or side products vdemetified
(Figure S3), including the dialkylsulfonium saltathhas been
often suggested as an unstable intermediate ber detected™

Subsequent studies were performed in flasks thableta
wider variation of the synthetic conditions (e.dhanges in the
temperature). For these studies, sulfidevas treated with the
alkylating agent, the reaction was stopped at ssdetimes, and

all lipophilic products were isolated by flash chatography
(Scheme 2). The mixture was then analyzed 'By NMR
spectroscopy, and the progress of the transalkylatias easily
observable in both the aliphatic and aromatic megjifFigure 2,
as an example). The integrated area under theagiiphkignals,
which were always well separated (including in reacti@rnth
other starting material2-14), was used to calculate the

in Scheme 1) from the conversion ratio and plot the reaction progressinagathe

reaction time (Figure 3). The isolated yields d«f teactions were
calculated only upon full conversion and were tyjhjcabove
70%. It must be noted that the calculated yieldghtnbe partially
influenced by the lower boiling point of some of thtarting
materials and products. The amount of the matenay have
thereby been reduced during evaporation of theestdy but care
was taken to limit this problem.
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Figure 2 *H NMR (CDCk, 500 MHz) spectra of the progress of the
transalkylation reaction df (red spectrum) téMe (blue spectrum) with 10
eq of Mel at 80 °C in DMF: a) aliphatic region,dpmatic region. Spectra
were taken before the reaction (1, red) and aflen® (2, yellow), 2 h (3,
green), and 24 h (4, blue) of reaction time.

The first set of experiments focused on the eféé@n excess
of the alkylating agent—in this case, Mel—and \éwias in the
reaction temperature (Figure 3a) using DMF as theeat DMF
was chosen as the solvent and the temperature wes&efC as
the starting point since these are the condititvas bave been
used for the alkylation of some nitrogen-containeéggnpounds
in literature. We used conditions close to thosmmonly used,
where some sulfur side reactions could be expectethe
compound contained both a sulfur atom and an afiqlip™®*® It
seems that 10 eq of Mpkr sulfide at 80 °C allowed the reaction
to run very efficiently. Almost a full conversion washieved
after 6 h, and 100% conversionlfo 1M e was obtained after 24
h. A further increase to 20 eq of Mel did not subS&dly
enhance the progress. It should be noted that § kigh



conversion rate was also obtained using only 2 elfiefat 80
°C. In addition to the concentration of the alkylgtagent, the
temperature seems to play important role in theti@a progress
since only a 12% conversion was obtained at rt witled. of Mel
after 24 h (Figure 3a). A similar level of conversivas obtained
with 5 eq at rt, and only 9% conversion was achiewvid 2 eq
of Mel at rt after 24 h (Figure 1).
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Figure 3 Progress of the transalkylation reaction. a) istgunaterial:1, alkylating agent: Mel, solvent: DMF. b) startinmaterial:1, alkylating agent: various
(10 eq), solvent: DMF, 80 °C. c) starting materia8, alkylating agent: 10 eq Mel, solvent: DMF, 80 t} starting materialt, alkylating agent: 10 eq Mel,
solvent: various, 80 °C. e) starting materiaf-12, alkylating agent: 10 eq Mel, solvent: DMF, 80 e reference reactiot,, DMF, Mel (10 eq), 80 °C) is

always indicated by a green color.
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Figure 4 Structures of compoundsl14.
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The solvent also plays an important role in thectiea
kinetics when highly polar intermediates are invdlv&his was
also shown to be valid in our experiments (Figudy. 3The

reaction ofl with 10 eq of Mel at 80 °C was the best in the

highly polar solvents DMF and NMP (the reaction kice were
almost the same), while much slower reaction kinetiese
observed for the reaction in the less polar solvioxane.
However, dioxane may partly stabilize the intermeziiirough
donation of its oxygen electron pairs. No conversioas
detected for the reaction in non-polar cyclohexaaed the

starting amount ofL was fully recovered even after 24 h o

heating. This clear dependence on the solventippiadirectly
supported the suggested presence of dialkyl atfdrium salts
as the intermediate.

Mel is one of the strongest alkylating agents. Dasirgy the
strength of the alkylating agent substantially slowlee reaction,

i.e,, at T ~ 90 °C, methoxycarbonylation occurs,ewdas at
higher reaction temperatures (T ~ 160 °C), metigfateactions
are observed with a variety of nucleophiléf our experiments,
no reaction occurred with 10 eq DMC in DMF at 90 °Cabr
reflux (156 °C). Even heating in pure DMC at 160 °C in a
closed vessel in a microwave for 24 h did not yieldy
transalkylation, and the starting material was alwdy8y
recovered.

In addition to the strength of the alkylating agehe electron
density on the sulfur atom may also significantiflience the
first step of the reaction mechanise,, formation of the dialkyl
aryl sulfonium salt. To investigate this effectarsing materials
with substituents with different electron-donatinghwitawing
abilities that can substantially influence the &lae density on
the sulfur were introduced to the study. Compoutdg (Figure
4) were reacted with 10 eq of Mel in DMF at 80 °C (F&3e).
Changing the aromatic ring from benzene to napbtteai) or
introducing electron-donating substitueris{) did not speed up
the conversion process, and the reactions of thesgounds
were comparable with those of the unsubstituted comgpba. It
seems, therefore, that the electron density wasadlreufficient
in the case of the unsubstituted phenyl ring iand was not the
rate-limiting step. On the other hand, lowering tHecton
density on the sulfur through electron-withdrawindpstituents

f (9, 10) led to a substantial slowing of the conversior.ratpon

the change of the aromate to an electron-defigigrazine ring
(11), the most susceptible part of the molecule for atigh was
the nitrogen in position 4 of the pyrazine ring. kiggof 11 with
10 eq Mel for 30 min gave 1-methylt8t-butylpyrazinium
iodide as the only product. The position of the hgkegroup on
the pyrazine nitrogen was unequivocally confirmeéhgs2D

as seen from the reaction bfvith 10 eq of ethyliodide (Etl) and NMR experiments (see Supplementary Data, FiguresS3P)-
butyliodide (Bul) in DMF at 80 °C (Figure 3b). Inebe cases, a Quaternization of the nitrogen made the pyrazing ewen more

full conversion was not obtained even after 72 hrezction.
Reaction with dimethylsulfate (DMS) under the sameditions
was also slower than that with Mel. Additionally, degasition
of the starting material and/or products seemeatctur with the
prolonged reaction times in DMS since the amounisofated
material from the reaction under
substantially less. No starting material or produas detectable
by NMR after 24 h of heating. Dimethylcarbonate (DM€)a

mild and eco-friendly alkylating agent. Its reaitivis tunable,

electron-deficient, and no transalkylation was deeven after
24 h of heating. Similarly, substitution of pyraiwith two
electron-withdrawing carbonitriles (compoutid) made it fully
resistant against Mel attack, and no transalkybatior N-
methylation were detected. Additionally, compouri@sand 14

these conditionss wabearing two tert-butylsulfanyl groups were also investigated
through reaction with 20 eq Mel€., 10 eq per sulfide) in DMF

at 80 °C. Similarly to the effect observed with thgrazine-
containing compound2, no reaction occurred for pyrazité. In
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the case of phthalonitril&3, two of the expected products were aluminum sheets coated with silica gel 60 F254. Merc
detected byH NMR in the reaction mixture after 24 h along with Kieselgel 60 (0.040-0.063 mm) was used for column

the unreacted starting material in a ratio of 3783 for
13:mono:ditransalkylated compound..

The cleavage of sulfonium salts (the second partthef
suggested mechanism) has been reported in thatliter to
proceed either electrochemicaffywith a catalyst or with a
reducing agent (e.g., potassium in graghitdt should also be
noted that cleavage of sulfonium salts is parthef haturalS-
adenosyl-I-methionine reduction procéssAn excellent review
summarizing the ways sulfonium salts can be redinzedbeen

published recentl§ The important factor in this cleavage seems

to be the stability of the eliminated radiéaHence, while the
electron density on the sulfur atom may influerteefirst step of
the reaction mechanism, the stability of the eleéd radical
influences the second part of the reaction. Fos thason, we
also focused on the type of substituent attachesulimr (1-5).

The selection of substituents was intended to alav@mparison
of the effects of the type of carbon attached eosthlfur (primary

chromatography. The melting points were measuredann
Electrothermal 1A9200-series digital melting-poinpparatus
(Electrothermal Engineering, Southend-on-Sea, Es$&reat
Britain). The infrared spectra were measured on @IBtic6700
spectrometer in ATR mode. THel and**C NMR spectra were
recorded on a VNMR S500 NMR spectrometer (Varian Palo
Alto, CA). The chemical shifts are reported &asalues in ppm
and are indirectly referenced to Si(gvia the signal from the
solvent. J values are given in Hz. Elemental aialyss carried
out using a Vario Micro Cube Elemental Analyzer (Edberar
Analysensysteme GmbH, Hanau, Germany). High-resolution
mass spectra (HR MS) were measured on a Synapt Ggisi hi
resolution mass spectrometer (Waters, Manchest€rbdsed on
Q-TOF.

The starting materials were prepared by three differ
published methods: reaction of the correspondingpttenol
with tert-butanol (,6-9),>> % alkylation of thiophenol Z-4) or

(2), secondaryJ), tertiary (), secondary attached to quaternarynucleophilic substitution of arylchlorides by traté (@0-12).
(4) and aromaticy)). As seen from the results of the reactions ofCompound was obtained commercially, and compouh8snd

these materials with 10 eq of Mel in DMF at 80 °Cg(Fe 3c),
the conversion rate of the starting compounds @seet in the

following order1 > 2 > 3 > 4. No reaction was detected for

diphenylsulfide5. The highest reactivity was observed fert-

14 were previously prepared in our laboratdty.

4.1.General procedure for the synthesis of compouraisd 6-9
Acetic acid (5 mL), perchloric acid (65%, 2 mL) aadetic

butylphenylsulfidel, which is understandable because it formedanhydride (3 mL) were mixed in a round-bottom flaskoled in

the most stable elimination product. The second tnstable
elimination product was expected to be formed framgound3
with the pent-3-yl substituent (pent-2-ene). Howeirethe case

an ice bath, and the mixture was stirred for 20 rhrt-butyl
alcohol (2.48 g, 3.2 mL, 33.5 mmol) and the coroegfing
thiophenol (28 mmol) were then added to the mixtared the

of compound2, the elimination product was expected to beyglume was adjusted with acetic acid to 25 mL. Thetune was

almost the same (the expected product was but-2vemieh is

more stable than but-1-ene); therefore, their gbib eliminate

should be comparable. The bulkiness of the alkyugrin3 may

make the sulfur less accessible for Mel attackhinfirst part of

the reaction mechanism, explaining the observeghttji lower

reactivity. The neopentyl substituent #fcannot form a stable
elimination product due to its quaternary centrabon, which

explains its observed low rate of the transalkylatias seen in
Figure 3c, and the associated elimination is p@ytpossible

only if some rearrangement occurs. Diphenylsulfidelid not

react at all due to the hardly decreased electemsity on sulfur,

and the electrons were delocalized on both aromatys. The

observed order of reactivity in this work was in g@mtordance
with the published leaving group propensity for ittleemical

reduction of dialkyl phenyl sulfonium safts.

3. Conclusion

In conclusion, we studied the S-transalkylation tieac of
alkyl aryl sulfides with alkylating agents. The rgao
mechanism seems to involve sulfonium salts asrttemediate
with a subsequent elimination of the alkyl radidattmay form
alkenes. Isobutene was unequivocally confirmed by NA$Rhe
elimination product frontert-butyl sulfide. The first part of the
reaction can be influenced by the electron derdfitthe sulfur
atom, the polarity of the solvent and the strergjtthe alkylating
agent. The second part of the reaction can be taffeby the
stability of the eliminated radical. The optimizegnditions may
be useful in providing an alternative pathway far fynthesis of
some alkyl aryl sulfides.

4, Experimental section

All organic solvents used in the synthesis were aflydical
grade. All other chemicals for the syntheses werehased from
certified suppliersife., Sigma-Aldrich, TCI Europe, Acros, and
Merck) and used as received. TLC was performed omcke

stirred at room temperature for 2 h and then dilwtéh brine (ca
15 mL). The mixture was transferred to a separatonpel and
washed 3 times with diethyl ether. The combined efiterses
were then washed with,RO; solution (3 times 25 mL) until the
pH of the water phase was basic and then with watet(Q(cal).
Care was taken in this process due to the strongegalsition
during neutralization. Alternatively, a 10% water wmin of
NaOH could be used for neutralization. The ether pheas
dried with NaSQ,, and the solvent was evaporated.

4.2.General procedure for the synthesis of compowadls

Thiophenol (1.76 g, 16 mmol) was added to a susperi
sodium hydride (60% suspension in mineral oil, .28 mmol)
in anhydrous DMF (15 mL) under an argon atmospleard,the
mixture was stirred at rt for 30 min. A solution bktparticular
alkylbromide (16 mmol) dissolved in DMF (11 mL) wdsen
added. The resulting mixture was heated at 80 °Clfar and
then, water (45 mL) was added after cooling. The umixtwas
transferred to a separatory funnel and washed wéthyli ether
(3 x 25 mL). The organic phase was dried overnS{
evaporated and purified by column chromatographysiica
with hexane as the mobile phase.

4.3. Tert-butylphenylsulfidelj

Compoundl1 was prepared according to above mentioned
general procedure. The data obtained in the asalysithe
compound corresponded well to that previously phblg®
Yield: 87%,; colorless liquididy (CDCl;, 500 MHz) 7.58-7.52
(m, 2H, ArH), 7.43-7.29 (m, 3H, ArH), 1.31 (s, 9tBu); &
(CDCl, 126 MHz) 137.5, 132.7, 128.6, 128.4, 45.8, 31.0.

4.4.ButylphenylsulfideZ)

Compound2 was prepared according to above mentioned
general procedure. The data obtained in the asalysithe
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compound corresponded well to that previously ptklig®
Yield: 71%, colorless liquidgy; (CDCls, 500 MHz) 7.38-7.23 (m,
3H, ArH), 7.27-7.14 (m, 2H, ArH), 2.95 & = 7.4 Hz, 2H,
SCHy), 1.66 (p,J = 7.5 Hz, 2H, Ch), 1.48 (sex,] = 7.5 Hz, 2H,
CH,), 0.95 (1) = 7.4 Hz, 3H, Ch); & (CDCh, 126 MHz) 137.0,
129.4,129.0, 128.8, 128.7, 125.6, 33.2, 31.2,,213%.

4.5.Pent-3-ylphenylsulfide3]

4-Nitrophthalonitrile (2.0 g, 11.5 mmol) and 2-
methylpropane-2-thiol (1.9 g, 20.7 mmol) were digsedl in
anhydrous DMF (35 mL) under an argon atmosphere. The
mixture was stirred and sonicated for 10 min atng KCO;
(4.3 g, 31 mmol) was added in several small portioFise
reaction mixture was then stirred at 45 °C for 24rider an
argon atmosphere. The reaction mixture was poureadios, and
the resulting precipitate was filtered and washed withixture

Compound3 was prepared according to above mentionedf methanol and water (1:1). The solid was then =tatlyzed

general procedure. The data obtained in the asalybithe
compound corresponded well to that previously ptbfg®
Yield: 63%, colorless liquidg; (CDCls, 500 MHz) 7.48-7.39 (m,

from methanol/water. The data obtained in the arslg the
compound corresponded well to that previously phbis®
Yield: 2.15 g (86%); white-greenish solid; m.p. 63-82; &,

2H, ArH), 7.32-7.26 (m, 2H, ArH), 7.24-7.19 (m, 1H, ArH), (CDCl, 500 MHz) 7.91 (dJ = 1.7 Hz, 1H, H-3), 7.85 (dd, =

3.01 (p,J = 6.5 Hz, 1H, CH), 1.71-1.53 (m, 4H, @H1.03 (t,J

= 7.4 Hz, 6H, CH); & (CDCl, 126 MHz) 135.9, 131.7, 128.7,

126.4,52.2,26.7,11.2.
4.6.Neopentylphenylsulfide)

8.1, 1.7 Hz, 1H, H-5), 7.75 (dd,= 8.1, 0.5 Hz, 1H, H-6), 1.37
(s, 9H,tBu); & (CDCl;, 126 MHz) 141.9, 140.2, 140.0, 133.1,
116.0, 115.1, 114.9, 114.8, 48.5, 31.0.

4.12.2-tert-butylsulfanylpyrazinel()

Compound4 was prepared according to above mentioned Sodium hydride (60% suspension in mineral oil, 1g025.3

general procedure. The data obtained in the asalyéithe
compound corresponded well to that previously phbkg®
Yield: 87%, colorless liquidg;, (CDCls, 500 MHz) 7.40-7.34 (m,

2H, ArH), 7.32-7.21 (m, 2H, ArH), 7.20-7.11 (m, 1H, ArH),

2.92 (s, 2H), 1.07 (s, 9H)}:. (CDCh, 126 MHz) 138.4, 129.4,
129.0, 128.8, 128.7, 125.4, 48.6, 32.44, 29.02.

4.7.Tert-butyl(4-methoxyphenyl)sulfide)

Compound6 was prepared according to above mentionecﬁ

general procedure. The data obtained in the asalyéithe
compound corresponded well to that previously ptbig®
Yield: 95%, colorless liquidg; (CDCls, 500 MHZz) 7.45 (d,) =
8.8 Hz, 2H, ArH), 6.87 (dJ = 8.8 Hz, 1H, ArH), 3.82 (s, 3H,
OCHg), 1.27 (s, 9HBu); & (CDCk, 126 MHz) 160.2, 138.9,
123.6, 114.0, 55.3, 45.5, 30.8.

4.8. Tert-butyl(4-methylphenyl)sulfid&)(

Compound? was prepared according to above mentioned

general procedure. The data obtained in the asalysithe
compound corresponded well to that previously ptblg®

Yield: 98%, colorless liquidgy; (CDCls, 500 MHZz) 7.46-7.40 (m,
2H, ArH), 7.18-7.12 (m, 2H, ArH), 2.37 (s, 3H, §H1.29 (s,

9H, tBu); & (CDCh, 126 MHz) 138.7, 137.4, 129.2, 129.1, 45.5,

30.9, 21.2.
4.9. Tert-butylnapht-2-ylsulfideg]

mmol) was dissolved in anhydrous THF (40 mL) undeagon
atmosphere, and 2-methylpropane-2-thiol (2.83 mR62y, 25
mmol) was added. 2-Chlorpyrazine (2.31 g, 20 mmo8sw
dissolved in anhydrous THF (5 mL) and added dropwitethe
reaction. The mixture was refluxed for 4.5 h, ditliteith water
(20 mL) and extracted twice with ethylacetate (50 mLhe
combined organic phases were washed with brine (20 dnled
with NaSQ,, filtered and evaporated. The crude product was
urified by column chromatography on silica with
exane:ethylacetate (9:1) as the mobile phase. Yi2ld g
(71%); colorless 0ily,ax (ATR) 3065, 2963, 2921, 1505, 1453,
1378, 1363, 1280 cih d; (CDCls, 500 MHz) 8.46 (dJ = 1.6 Hz,
1H, H-3), 8.40 (dd) = 2.6, 1.6 Hz, 1H, H-5), 8.24 (d= 2.6 Hz,
1H, H-6), 1.51 (s, 9HtBuU); & (CDChk, 126 MHz) 156.8, 146.7,
143.7, 140.4, 48.3, 30.7; HRMS (ESI): MHound 169.0798.
CgH1N,S + H requires 169.0794.

4.13.5-(tert-butylsulfanyl)pyrazine-2,3-dicarbonitril&Z)

2-Methylpropane-2-thiol (0.86 g, 1.05 mL, 9.6 mmaas
added to a 1 M ag. NaOH solution (10 mL, 10 mmol) stivded
at rt for 15 min. Subsequently, a solution of Secbpyrazine-
2,3-dicarbonitrilé® (1.28 g, 7.8 mmol) in THF (10 mL) was
added, and the reaction was stirred at rt for 1’Bhlen, water (30
mL) was added, and the product was extracted witjlagtbtate
(3 x 50 mL). The combined organic phases were dhegdSOy),
filtered and purified by column chromatography dlica with
hexane:ethylacetate (8:1) as the mobile phase talupe a

Compound8 was prepared according to above mentioned;jightly brown solid. Yield: 1.1 g (64%): slightly dwn solid;

general procedure. The data obtained in the asalysithe
compound corresponded well to that previously phbfg®
Yield: 68%, white solid;d, (CDCl;, 500 MHz) 8.09 (tJ = 1.2
Hz, 1H), 7.87 (dtJ = 9.6, 3.8 Hz, 2H), 7.81 (d,= 8.4 Hz, 1H),

m.p. 65.6-66.6 °C, (CDCl, 500 MHz) 8.50 (s, 1H, ArH), 1.66
(s, 9H,tBu); & (CDCl, 126 MHz) 164.8, 146.9, 132.2, 126.9,
113.4, 113.0, 51.6, 29.6m (ATR) 2972 (CH), 2240 (CN),
1539, 1490, 1473, 1419, 1366, 132, 1232'cffound: C, 54.97;

7.62 (dd,J = 84, 1.7 Hz, 1H), 7.57-7.48 (m, 2H), 1.36 (s, 9H, 1y 4 52; N, 25.59. GHoN,S requires: C, 55.03; H, 4.62; N,
tBU); & (CDCl, 126 MHz) 137.0, 134.3, 133.4, 133.0, 130.2, 25 g794].

127.9, 127.7, 127.6, 126.6, 126.2, 46.3, 31.0.
4.10.Tert-butyl(4-trifluoromethylphenyl)sulfid®X

4.14.1-Methyl-3-(tert-butylsulfanyl)pyrazinium iodide
Compoundll (212 mg, 1.26 mmol) was dissolved in DMF (2

Compound9 was prepared according to above mentionedml_), and Mel (785uL, 1.79 g, 12.6 mmol) was added. The

general procedure. The data obtained in the asalybithe
compound corresponded well to that previously phbiig®
Yield: 88%, colorless liquidgy; (CDCls, 500 MHz) 7.69-7.63 (m,
2H, ArH), 7.62—7.56 (m, 2H, ArH), 1.32 (s, 9tBu); & (CDCl,
126 MHz) 137.6, 137.3, 130.6 (§~= 32.6 Hz), 125.2 (9] = 3.8
Hz), 124.0 (qJ) = 272.0 Hz), 46.7, 31.0.

4.11.4-(tert-butylsulfanyl)phthalonitrile10)

reaction was heated at 80 °C for 2 h. Water (5 mL3 added,
and the mixture was washed with diethyl ether (3 >m2). The
water phase was collected and evaporated to dryhleedrown-
red oil that remained after evaporation turned mftark yellow
solid after the addition of diethyl ether. The dolias collected
and crystallized from methanol/diethyl ether. Therkdyellow
crystals were collected and washed slightly with awetdield:
300 mg (77%); dark yellow solid. Yield: 300 mg (77%ark



yellow solid; m.p. 156.8-158.1 °C (decv);a (ATR) 3091, 3021,
2982, 2986, 2919, 1462, 1407, 1389, 1227 cdy ((CD,),SO,

500 MHz) 9.26-9.20 (m, 1H, H-5), 9.12 (s, 1H, H-2),18(d,J =

3.6 Hz, 1H, H-6), 4.23 (s, 3H, 8Hy), 1.57 (s, 9H,tBu); &

((CD»),SO0, 126 MHz) 163.0 (C-3), 149.4 (C-5), 138.8](t 9.4
Hz, C-2), 132.6 (t) = 8.9 Hz, C-6), 51.1 (GBu), 48.8 (tJ=4.8
Hz, N'CH,), 30.2; [Found: C, 35.30; H, 4.89; N, 9.15H%IN,S

requires: C, 34.85; H, 4.87; N, 9.03%)].

4.15.General procedure for monitoring the transalkylation
reaction.

The starting material (typically 200 mg, 1 eq) wasdlved in
DMF (or an alternative solvent) (2 mL), and the &king agent
(typically 10 eq, but in some experiments 2 eq Oreg) was
added. The reaction was then typically heated t&C3(or stirred
at rt or heated to reflux in some experiments) urrdeondenser.
After the selected time (typically 30 min, 2 h, ®h24 h), the
solution was cooled, quantitatively transferred tobeaker
containing water (5-10 mL) and then extracted witktluil ether
(3 x 20 mL) in a separatory funnel. The organic sgsawere
collected, dried with N8O, and evaporated. Subsequently, the
products were subjected to flash column chromatdgrapn
silica with dichloromethane as the mobile phase. fAdttions
containing the product and starting material wesmlgined (no
attempt was made to separate the starting materiapeoduct),
evaporated and analyzed By NMR spectroscopy. Evaporation
at any stage of the work was performed at 75 mbadantC to
avoid/limit the loss of volatile material (e,gthe b.p. of
methylphenylsulfide {Me) is 188 °C). In the transalkylation of
11, the water phase was also collected during extraciod
analyzed by'H NMR. No product was observed in the organic
phase in this latter experimerH NMR data of the products of
transalkylation are given in the supplementary data
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Highlights:

e Alkyl aryl sulfides are transalkylated using various alkylating agents
e Reaction depends on polarity of the solvent and electron density on the sulfur
e Suggested mechanism involves formation of sulfonium salts as intermediate



