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www.rsc.org/ Radical initiation for the perfluoroalkylation reaction of sulfides has been performed using the complex [(TMEDA) I.15] and
visible light. This methodology bypasses the use of metal(organo)catalysts where the complex [(TMEDA) I.15] acts as a good
electron donor / reductant radical initiating agent. Biologically-relevant sulfides are easily substituted with Rr moieties
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employing a mild and environmentally benign radical strategy starting from readily-available Rel.

Introduction

Perfluoroalkyl sulfides have found wide applications, such as in
liquid crystal displaysm’m, for oleophobic surface coatingsm, as
well as in the synthesis and development of potential
hypotensive agents for clinical use containing SRy moieties

such as Losartan derivatives (Dup 753) in Figure 1.1

R= SCF3, SCst, SC3F7,
R= SCzF5, SC3F7, SC4F9

Figure 1. Losartan analogs containing S-R¢

In order to avoid the use of gaseous CF;l for the
trifluoromethylation of sulfides RS-H, several
trifluoromethylthiolating reagents have appeared in the
literature in order to effect late-stage SCF; substitutions;
however, fewer direct perfluoroalkylthiolating reagents are
known to date.”™ To that effect, the direct perfluoroalkylation
of sulfides still remains a simple and viable strategy towards
the synthesis of perfluoroalkylsulfides.
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Electrophilic perfluoroalkyl radicals Ry derived from Rg-I
have recently been informed to functionalize sulfide RSH
residues very efficientlyls], when the reactions are initiated by
visible light and a metal-photocatalyst in the presence of
N,N,N’,N -tetramethylethylene diamine, TMEDA, in MeCN as
solvent. In the past, the perfluoroalkylation of sulfides has
been accomplished by different methods under diverse
reaction conditions,[4]’[7]’[8]’[9]’[101’[11]’[12] such as those indicated

in Scheme 1.
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Scheme 1. Methods for radical perfluoroalkylation of thiols by
Rl

Inspired by the results of Noel and collaborators™® for the
perfluoroalkylation of cysteine derivatives employing TMEDA,
Re-I and a transition metal photoorganocatalyst, we replaced
our reported strategy for the radical perfluoroalkylation
reactions using C52C03[13] for TMEDA and used a commercial
fluorescent light CFL in the absence of an organophotocatalyst
(POC). In this work, we will show the serendipitous discovery
of a radical initiation event from visible light irradiation of a
complex between TMEDA and |, (i.e. :[(TMEDA) LI5]) which
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triggers an electron-catalyzed process towards the synthesis of
perfluoroalkyl sulfides in improved substitution yields.

View Article Online
DOI: 10.1039/C7CY00236J

Results and discussion

Table 1. Optimization of reaction conditions for the perfluoroalkylation of organic thiols R-SX (0.2 mmol), with a perfluoroalkyl
iodide R¢l (1.5 equiv.), an additive (1.5 equiv.), under diverse reaction conditions (2 h reaction, 25 °C, Ar-deoxygenated)

additive/conditions
R-SX + n-R{ > R-SRs
MeCN
Entry R X Additive Rel Conditions % RS-C,4Fq

1 Ph H Cs,CO3 n-CaFsl hv*® 80
2 Ph H Cs,C03 n-CyFel c 63
3 Ph H TMEDA n-CyFel hv? 80
4 Ph H TMEDA n-CyFol © h 11
5 Ph H TMEDA N-CyFgl c 30
6 Ph H Nn-CyFsl hv? -

7 Ph H TMEDA n-CyFol © c <5

nBusNI®

8 HOCH,CH,- H TMEDA n-CyFel h 75
9 HOCH,CH,- H TMEDA n-CyFql © hv? 2
10 HOCH,CH,- H TMEDA n-CyFel ¢ <5
11 HOCH,CH,- Na TMEDA n-CaFol hv? <5
12 HOCH,CH,- Na n-C4Fol h <5

a.- irradiation with a commercial fluorescent lamp CFL, 60 Watt; b.-Rose Bengal as photocatalyst, 0.1 equiv.; c.-dark reaction conditions; d.-dissolved iodine was excluded
from the neat reagent n-C4Fql by passing through a neutral alumina column; e.- [n-BusNI] = 0.2 equiv

The visible light-Rose Bengal (RB)-photocatalyzed reaction of
benzene thiol in the presence of Cs,CO; and n-C,Fql affords 80
% vyield of PhS-C4F9 1 (entry 1, Table 1). Under dark reaction
conditions, a 63 % yield of product 1 (entry 2, Table 1) is
obtained."™ These results are very encouraging in terms of
initiation efficiency and chain propagation by the Cs,CO;
salt.*4 Replacing Cs,CO; for the less expensive TMEDA affords
80% vyield of product 1 under visible light irradiation (entry 3,
Table 1) in the absence of POC.

We suspected that, in the absence of POC (i.e. Rose Bengal)
and presence of TMEDA, the residual absorption of benzene
thiolate™**
fluorescent lamp CFL, could start the reaction through the

at the irradiation wavelengths of the commercial

well-known photoinduced electron transfer initiation process
from thiolates to RFI.[lel'm

The UV-vis spectrum of a solution mixture of commercial n-
C4Fol to be irradiated at the working concentrations shows an
absorption band with A,.« = 458 nm, corresponding to the
absorption of iodine in MeCN (Figure S1, Supporting
Information), with enough optical density to initiate the radical
reaction through the production of iodine atoms. 7Vl
Concerned about this absorption, we excluded dissolved
iodine from the neat reagent n-C,Fql, passing the neat liquid
through a neutral alumina column, and subjected the mixture
of RSH, iodine-free n-C,Fql, and TMEDA to the photoreaction

2| J. Name., 2012, 00, 1-3

under visible-light (CFL) in MeCN as solvent. Under these latter
conditions, we obtained only 11 % yield of product 1 (entry 4,
Table 1), indicating that the residual absorption of benzene
thiolate at the irradiation wavelengths with a CFL is not
sufficient for maintaining the radical chain and that the
presence of |, is intervening in the initiation process.

At this point, the evidence showed that in the absence of POC
[3) (RB) and presence of TMEDA, product formation seemed to
improve substantially upon illumination (entries 3, 8, Table 1)
when traces of I, were present in commercial n-C,Fql.

The photoreaction of benzenethiol in the absence of TMEDA
(entry 6, Table 1), does not afford any product. The dark
reaction in the presence of n-Bu,NI, a known thermal radical
initiator,[m affords < 5% yield of product 1 (entry 7, Table 1).
The photoreaction of B—mercaptoethanolm in the presence of
n-C4Fol and TMEDA, affords 75% vyield of HOCH,CH,S-C,Fy 2%
(entry 8, Table 1). Excluding the presence of dissolved iodine,
reduces the yield of 2 to 42% (entry 9, Table 1). Under dark
conditions, a low yield of product 2 is obtained (< 5%, entry 10,
Table 1). The photoreactions of the sodium salt of f-
mercaptoethanol, either in the presence or absence of
TMEDA, do not afford appreciable quantities of product
(entries 11, 12, Table 1), emphasizing the role of the organic
covalent salt RSTMEDAH".

A complex between TMEDA and I, (i.e.: [[TMEDA) l.I3] has been
reported by Adam and colleagues[zol, with Amax = 360 nm in

This journal is © The Royal Society of Chemistry 20xx
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MecCN, (g = 4x10" M"lcm"l, a complex formation constant ca.
4.7x 10" M and Ecr = 4.35 eV). Due to the traces of |, present
in the neat starting n-C,4Fql, we consider convenient to inspect
whether complexation of these trace amounts of |, present in
n-C4Fol with TMEDA could be responsible for the radical

View Article Online
DOI: 10.1039/C7CY00236J

initiation process. Figures S2-S3, show the UV-vis spectra of
mixtures of TMEDA and |,, confirming the remarkable increase
in the absorptivity at 360 nm (¢ = 4x10* Mem™ in MeCN),
responsible for the absorption of light.

Table 2: % Yields of perfluoroalkylation of organic sulfides RS-H (0.2 mmol) with RFI (1.5 equiv.) in the presence of TMEDA (1.5
equiv.) in MeCN as solvent and visible light in de-oxygenated (Ar) atmosphere.

0.15 M TMEDA
R-SH + n-RX + R-SR;¢
Z MeCN
n-ReX = n-C4Fgl, n-CgF 47l
O  SC4Fg
OCHjg OAc
Ho SC4Fs  HiCO o AcQ
HN._O AcO= O sCiFy  AONTQ scuF,
E( \[< OAc OAc
2,75% 4,50%2, 25 %° 6, 75 %°de 8, 83 %°, 64%°9°
SC4F NH,
A0 g; é; o scifs
Q Q
AcO. Q SC4F /©:
oac OAc HsC SC4Fy
10, 50 %S9e 1.80% 11, 90 %af 13,50%
NH
2 N=N
[N \ N/>\SC4F9
PN N
N~ SC,Fg H
15, 48 %P9 17,50 %

S
@ )—SC4Fq
N

19,99 % 20,80 %

H
S N>7
7 —SC4Fg
@[N%SCBF17 N

C4Fo

22, 50%

a.-%NMR yield; b.- isolated yield; c.-24-h reaction; d.- in the presence of RB and Cs,COs; e.-with excess of n-C,Fsl; f.- 20 h reaction; g.- in DMSO:

DMF 1 :2-

UV-vis spectra of mixtures of iodine-free n-C,Fgl and TMEDA
do not show a distinct change in absorption or extinction
coefficients. The TMEDA®2-CF3;l complex has been reported
beforem], based on calculations, X-Ray crystallographic
analysis, and spectroscopic data (lH, 19F, B NMR). The same
trends for the formation of a complex TMEDA-2C4F9I[22] based
on NMR data (19F NMR) is presented in Table S1, showing
spectral changes going from free reagents to the complexed
mixtures.

The F NMR upfield shifts observed in the I-CF,-CsF; are
indicative of a debilitated I-C bond in n-C4Fgl when TMEDA is
present, being the largest shift when a stoichiometry of the
complex TMEDA: 2C4Fl is reached (Table S1). Also, from Table

This journal is © The Royal Society of Chemistry 20xx

S1, there seems to be the presence of complexes between
perfluoroalkyl iodides and thiols[23], the existence of which
result in chemical shift changes of the signal from I-CF,-R¢ in
the °F NMR spectra when n-C,Fql is in the presence of the RSH
as compared with the innate chemical shift value of ICF,-R¢
signal, interpreted as halogen bonding to the sulfur atom of
the substrate.® We have observed the same trends in the *°F
NMR  spectra of TMEDA / Re /
amino(hetero)aromatic compounds.m]

In a previous reportm] we have shown the efficient visible
light-initiated reaction of 2-mercaptoaniline with n-C,Fgl at the
sulfur atom (product 11, Table 2) in the absence of
organophotocatalyst and presence of TMEDA. Encouraged by

of  mixtures

J. Name., 2013, 00, 1-3 | 3
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this result, and that from Noel and collaborators on the
perfluorobutylation of cysteine derivatives in the presence of
TMEDA and a transition-metal photoorganocatalysts,[sl we
attempted the perfluoroalkylation of organic sulfides, as
shown in Table 2, in the presence of [(TMEDA)L.I3] complex, a
CFL and absence of photoorganocatalyst. The concentration of
the complex between I,-contaminated n-C,Fql and TMEDA was
ca. 0.25 mM.

The reaction of 2-mercaptoethanol under conditions of Table
2, affords 75% yield of product 2. Noncanonical aminoacids
have proven to be efficient tools to advantageously modulate
the biophysical and biochemical properties of peptides and
proteins. Moreover, owing to its nearly total absence in
biological media, fluorine is an outstanding bioorthogonal
atom useful as a probe for NMR spectroscopy to explore
conformational changes in peptides and proteins and their
interactions with other biological molecules.”™ We therefore
embarked on exploring the perfluoroalkylation of cysteine
derivative 3, which affords product 4 in 50 % yield (Table 2,
purified yield 25%).

Pefluoroalkylated thiosugar derivatives have been paid much
attention in the last decades due to their useful liquid—
crystalline propertiesm and relevance as surfactants and
emulsifiers for “water-in-fluorocarbon” emulsions.?*” On the
other hand, the sulfur atoms in thiosugars make the
interglycosidic bonding stable to glycosidases.[zsb'd] The
incorporation of a hydrophobic chain as aglycone, such as a
perfluorinated residue, could have a high impact in protein—
carbohydrate recognition events which take place between
sugars and glycosidases, glycosyltransferases and also lectins.
For these reasons, fluorinated thiosugars have a great
potential as tools in the field of Glycobiology. To that effect,
we proceeded to studying the S-perfluoroalkylation of
thiocarbohydrates. The reactions of the sugar thioaldoses?®
2,3,4-tri-O-acetyl-1-thio-B-D-glucuronic acid methyl ester®” 5
and 2,3,4,6-tetra-O-acetyI-1-thio-B-D-gaIactopyranoselzs] 7
under our standard reaction conditions, afford 75 and 83 %
yields of SC4Fy -substituted products 6 and 8 respectively
(Table 2). The disaccharide 2°,3°,4°,6°,2,3,6-hepta-O-acetyl-1-
thio-B-D-cellobiose 9 affords product 10 in 50 % yield as
indicated in Table 2. However, the reaction of galactoside-
disulfide (1,17-bis-(2,3,4,6-tetra-O-acetyl-1-thio-f-D-
galactopyranose)) did not afford any S-C,Fg substitution
product.

Benzene thiol affords 1 in 75-80% vyield, whereas 2-
mercaptoaniline gives product 11 in 90% yield. When the
dithiol 4-methylbenzene-1,2-dithiol 12 is treated under
reaction conditions from Table 2, 50 % yield of 13 is obtained.
When 2-mercapto-4-amino-pyrimidine 14 is subjected to the
same reaction conditions, a 48% vyield of product 15 is
observed.

When 5H-[1,2,4]triazino[5,6-b]indole-3-thiol 16, a
dihydrofolate reductase (DHFR) inhibitor,m] which has
successfully been used as a drug target in the area of parasitic
diseases is subjected to reaction conditions of Table 2, a 50%
yield of product 27 is found.

4| J. Name., 2012, 00, 1-3
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Z-Mercaptobenzothiazolml 18 gives product 19 in 99% yield.
When n-CgF5I is used instead of n-C4Fql, product 20 is isolated
in 80% yield.

1H-Benzo[d]imidazole-2-thiol 21, affords 50% vyield of di-
substituted compound 22 (Table 2), i.e.: 4-(perfluorobutyl)-2-
((perfluorobutyl)thio)-1H-benzo[d]imidazole.

For the reaction of sulfides, an ET mechanism between visible
light-excited sulfides and Ril has been accepted as initiation
process, where the radical anion of the substitution product is
the chain carrier. The reaction, depending on the substrate,
has a thermal spontaneous component (see entries 5, 9, Table
1) that contributes to some product formation.
Notwithstanding, the reaction is always accelerated after
irradiation under the conditions illustrated in Table 2. When
the reactions of sulfides were carried out in the absence of
[(TMEDA) L.13] complex (i.e.: I, excluded or absence of TMEDA),
under visible light irradiation, low vyields of substitution
products were obtained (entries 4, 6, Table 1). The dark
reactions in the presence of the complex [(TMEDA) I.I3] afford
lower vyields of substitution products (entries 5, 10, Table 1).
Taking into account the presence of dissolved iodine in
commercial R¢l, the use of TMEDA can aid in the initiation
process through the [(TMEDA) I.I3] complex formation. This is
likely the case in many studies®"BOB] \yhere a combination
of R¢l, TMEDA, and visible light is employed. In fact, a very
recent report on the trifluoromethylation of alkynes in the
presence of TMEDA and that of heteroaromatics and alkenes
in the presence of DBU with CF;l shows that the reactions
proceed in good-to-excellent yields when irradiated with white
light and absence of photocatalyst. However, no explanation is
supplied.mb]

The reactions in the presence of TEMPO ((2,2,6,6-Tetramethyl-
piperidin-1-yl)oxyl, a well-known radical scavenger) as well as
in the presence of 1,4-dinitrobenzene afford little or no
substitution products, indicating the presence of radicals.

For the visible light irradiation of amino-(hetero)aromatic
compounds in the presence of R{l and TMEDA we have
previously proposedm] a reaction mechanism, where the
visible light-excited complex [(TMEDA) l.I5] produces iodine
atoms[32]'[33],[34] capable of abstracting | from n-C4F4l producing
n-C,4Fq radicals that commence the radical reaction. However,
the visible light irradiation of the complex [(TMEDA) L.I3] in the
presence of oleic acid methyl ester (see Supporting
Information) does not produce the corresponding trans-fatty
acid methyl ester, indicating that iodine atoms, if produced, do
not induce the isomerization process with
efficiency.[17]'[18]'[35]‘[33]‘[32]'[34]‘[36] We have? also found that
TMEDA is not acting as a sacrificial donor in the
perfluoroalkylation of amino(hetero)aromatic compounds
under visible light-irradiation, as very little decomposition of
TMEDA into a carbonyl compound was detected, as in eq. 1
(see Supporting Information). Therefore, the complex
[(TMEDA) I.I3] does not undergo significant ET to n-C,Fql to
produce the radical cation of TMEDA according to eq. 1. 571

This journal is © The Royal Society of Chemistry 20xx
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TMEDA 7~ "=N \ ~ NN
Rel Rf Rel R¢

Another possibility should be considered: that of the complex
[(TMEDA) 1.15] acting as a radical initiator. Organic iodides such
as n-BuyNI, and inorganic iodide salts XIn (where X = Na, K, Li,
Cu (with n=1), Fe (n = 2), Ni (n = 2)) are known to act as radical
initiators under thermal conditions.*® In the proposed
(Scheme 2), electrons from excited (under
illumination conditions) or ground state (under dark thermal
conditions) complex [(TMEDA) I.I3] reduce R¢l, forming the
radical of Rge and iodide anion. This process is facilitated in
view of the debilitated RF-I bond in the TMEDA®2C,Fql
complex (Table S1); reaction with RS- (or the TMEDA salt)
would ensue, leading to the formation of the radical anion of
the substitution product RSC,F4 e-, which by further ET to R¢l
(or the complex TMEDA®2C,F,l) yields thermoneutral RSC4Fq
and further electrons to maintain the chain. This possibility
does not entail the formation of the radical cation of TMEDA.
In this respect, TMEDA is acting as a complexing agent to
iodine, and a Brgnsted base to deprotonate RS-H.

mechanism

hv
(TMEDA) g* (TMEDA) 113
n-C4Fql
TMEDAH + RS-C/Fq \¥
electron-
catalyzed E

/ R-S" TMEDAH*
R-S-C4Fs TMEDAH

Scheme 2. Alternative proposed mechanism where the excited
complex [(TMEDA) I.13] undergoes outer-sphere ET with n-C4Fl

Experimental
A. GENERAL CONSIDERATIONS

All reactions were carried out in an argon atmosphere under
anhydrous conditions or otherwise noted.

This journal is © The Royal Society of Chemistry 20xx

4\/N —» carbonyl
compound

\ + N/
/N/\/ \

(M
Reaction solvents such as acetonitrile, were chromatography
quality and were not further purified. Chromatography and
extraction solvents dichloromethane, chloroform, iso-octane,
n-hexane, n-heptane, ethyl acetate, acetone, and, ethanol
were purchased from commercial suppliers.
N,N,N’,N -tetramethylethylene diamine TMEDA was 99% pure
and used as received from the supplier. Fluorinated reagents
1,1,1,2,2,3,3,4,4-nonafluoro-4-iodobutane (perfluorobutyl
iodide), 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8-heptadecafluoro-8-
iodooctane were used as received from the supplier without
further purification, except when traces of iodine had to be
removed, in which case, the neat liquid was passed through a
neutral alumina column. Sulfides were commercially available
and purified by column chromatography or vacuum-distilled;
the synthesis of sugar thioaldoses 2,3,4-tri-O-acetyl-1-thio-f3-
D-glucuronic acid methyl ester 5 and 2,3,4,6-tetra-O-acetyl-1-
thio-pB-D-galactopyranose 7 and disaccharide 2°,3°,4°,6",2,3,6-
hepta-0-acetyl-1-thio-B-D-cellobiose 9 have been
accomplished by standard techniques and are given in section
D. 2,2,6,6-Tetramethyl-1-piperidinyloxy (TEMPO) and 1,4-
dinitrobenzene were Ultra-pure grade. Dye Rose Bengal
(4,5,6,7-Tetrachloro-3',6'-dihydroxy-2',4',5',7'-tetraiodo-3H-
spiro[isobenzofuran-1,9'-xanthen]-3-one), was 99.9% pure and
used as received from the supplier. Yields were referred to as
isolated yields of analytically pure material unless otherwise
noted, as the case of yields calculated from 9F NMR and *H
NMR spectral integration.
Reactions were magnetically stirred and monitored by thin-
layer chromatography (TLC) using Silica gel 60 F254 pre-coated
plates (0.25 mm, Merk), and revealed by UV-light or CAN
solution. Purification of the reaction products was carried out
by flash column chromatography using Ultra Pure Silica Gel
(230400 mesh) or standard silica-gel for column
chromatography (60 mesh).
The light source was a commercially available household 60-
watt fluorescent light bulb or a 50 Watt black light (A, = 370
nm).
'H NMR spectra were recorded on a Bruker Avance 600 (600
MHz) spectrometers, and are reported in ppm using the
solvent residual peak resonance as the internal standard
(dimethylsulfoxide-d6 at 2.54 ppm, CDCl; at 7.26 ppm). 'H
NMR data are reported as follows: chemical shift; multiplicity;
number of hydrogens, coupling constants (Hz); H assignment
when necessary.

J. Name., 2013, 00, 1-3 | §
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Multiplicity is abbreviated as follows: s = singlet, d = doublet, t
= triplet, dd = double doublet, m = multiplet, br = broad.
Proton-decoupled B¢ NMR spectra were recorded on a Bruker
Avance 500 (at 125.758 MHz), or on a Bruker Avance 600 (at
150.903 MHz) spectrometers and are reported in ppm using
the C resonance signal from the solvent as the internal
standard (acetone-d6 at 29.8 ppm, CDCl; at 77.00 ppm). s
NMR spectra were recorded on a Bruker Avance 500 (at
470.592 MHz), or a Bruker Avance 600 (at 564.686 MHz)
spectrometers and are reported in ppm using the internal
standard signal from the spectrometer. High-resolution mass
spectra (HRMS) were obtained using JEOL-DX 700 mass
spectrometer.

B. EXPERIMENTAL PROCEDURES AND CHARACTERIZATION DATA
B.1.-PREPARATION OF PRECURSORS AND SUSBTRATES

Sugar thioaldoses 2,3,4-tri-O-acetyl-1-thio-3-D-glucuronic acid
methyl ester 5 and 2,3,4,6-tetra-O-acetyl-1-thio-f-D-
galactopyranose were prepared by standard techniques. The
disaccharide 2°,3°,4°,6',2,3,6-hepta-0O-acetyl-1-thio-f-D-
cellobiose was also prepared by conventional techniques (see
characterization, for preparation procedures).

B2.-GENERAL PROCEDURE FOR THE (TMEDA.I).I3)-INITIATED
REACTIONS

In a 4 mL screw-cap vial provided with a micro stir bar,
(TMEDA) LI; complex, ca. 0.25 mM, substrate (0.2 mmol
thiol), photocatalyst Rose Bengal where needed (0.05 equiv)
and 3 mL of acetonitrile were introduced. The mixture was de-
oxygenated with a stream of Ar for 15 min. C4Fol or other R¢l (3
equiv) was introduced by microliter syringe, and the vial
sealed. The closed reaction vessel was placed in front of a 60
Watt household fluorescent light bulb (or 20 Watt fluorescent
black light, Amax = 370 nm) and illuminated, under constant
vigorous stirring, for 24 hrs or otherwise noted. After the
reaction time was completed, the mixture was extracted thrice
with CH,CI, / water / brine. The organic layers were gathered
and dried over anhydrous Na,SO,, filtered and evaporated
under vacuo. The crude reaction mixture was purified by silica-
gel (60 mesh) column chromatography, with the eluants
indicated in the TLC conditions (vide infra, spectral data). The
polarity of the dye did not introduce any particular difficulty in
the separation and purification protocol, as the several CH,Cl,
extractions eliminated the PC. The eluants employed are
referred to in the TLC conditions of each compound.

C.-TRIAL EXPERIMENT FOR THE CIS/TRANS ISOMERIZATION OF
OLEIC ACID METHYL ESTER

Experiment 1:

Methyl oleate (0.5 mmol) was added to degassed MeCN (3 mL)
along with TMEDA (1 equiv) and I, (2 equiv) in a 3 mL glass vial
capped with a screw-cap provided with septum and a stirring
bar. The set-up was placed on a stir plate, and vigorously
stirred throughout the irradiation with a 60 Watt CFL bulb
(commercial fluorescent light bulb). Aliquots were taken at 30
min. intervals, added an internal standard (palmitic acid

6| J. Name., 2012, 00, 1-3

View Article Online
DOI: 10.1039/C7CY00236J

methyl ester), and analyzed through capillary GC/MS with an
appropriate capillary column (DB-5, 30 m). There was no
conversion of oleic acid methyl ester into elaidic acid methyl
ester. This experiment rules out the production of | atoms
through irradiation of the complex [(TMEDA) I.I5], or else are
produced in sufficiently low quantities to enable the cis/trans
isomerization. Conducting the irradiation with a black
fluorescent light bulb (20 Watt), A,.x = 370 nm from a black
fluorescent light bulb), the same results were obtained.
Experiment 2:

Methyl oleate (0.5 mmol) was added to degassed MeCN (3 mL)
along with TMEDA (1 equiv) and l,-unfiltered C,;Fql (3 equiv) in
a 3 mL glass vial equipped with a screw-cap provided with a
septum containing a stirring bar. The set-up was placed on a
stir plate, sealed, and vigorously stirred throughout the
irradiation with a 60 Watt CFL bulb. Aliquots were taken at 30
min. intervals, added a standard, and analyzed through
capillary GC/MS with a DB-5 capillary column and an internal
standard (palmitic acid methyl ester). There was no conversion
of oleic acid methyl ester into elaidic acid methyl ester noticed
through irradiation time. This experiment rules out that I,
present in neat C,Fql, or else |, produced through photolytic
cleavage of C4Fgl complexes efficiently with TMEDA but do not
produce | atoms on irradiation capable of the cis/trans
isomerization of oleic acid methyl ester.

D. CHARACTERIZATION OF COMPOUNDS

All compounds are unknown chemicals, unless otherwise
noted, and are reported as % yields obtained by weight or
NMR integration (from '4 and ®F NMR integration) of the
crude reaction mixtures. Isolated purified masses of
compounds are expressed in Gram units. Characterizations
employ lH, 13C, F 1D-NMR techniques, and 2D NMR
spectroscopic techniques (HSQC, HMBC, COSY experiments)
2,3,4,6-tetra-O-acetyl-1-thio-B-D-galactopyranose 7

AcO OAc

o
AcO SH

OAc

2,3,4,6-tetra-O-acetyl-1-thio-B-D-galactopyranose was
obtained as previously described®™® and showed the same
properties as reported. Briefly, the thioaldose was obtained by
hydrolysis of the corresponding isothiouronium salt promoted
by sodium carbonate. The isothiouronium salt was in turn
obtained by reaction of acetobromogalactose with thiourea in
boiling acetone.

*H NMR (200 MHz, ClsCD) 6 = 5.45 (dd, 1H, J; 4 = 3.4, H-4), 5.20
(t, 1H, Jo 3 = J; , = 10.0 Hz, H-2), 5.00 (dd, J3 4 = 3.4, J, ; = 10.0Hz,
H-3), 4.55 (t, 1H, J1, = Jysy = 10.0 Hz, H-1), 4.20 (m, 2H, H-6a,
H-6b), 3.95 (t, 1H, Js 6, = Js,66, H-5), 2,40 (bs, 1H, SH), 2.09, 2.02,
1.97, 1.91 (4s, 12H, 4 CH5CO). *C NMR (50.3 MHz, Cl;CD) & =
170.3, 170.1, 169.9, 169.7 (4 COCH,), 79.2 (C-1), 74.9, 71.6,
70.8, 67.2 (C-5, C-3, C-2, C-4), 61.5 (C-6), 20.8, 20.7 (2x), 20.6
(4 COCH3).

This journal is © The Royal Society of Chemistry 20xx
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Bis(2,3,4,6-tetra-O-acetyl-1-deoxy-1-thio-B-D-
galactopyranosyl) 1,1’-disulfide 7S

The disulfide was obtained by oxidation of the corresponding
1-thio-B-D-gaIactopyranose.m]

'H NMR (200 MHz, Cl3CD) & = 5.43 (d, 1H, J34 = 2.8 Hz, H-4),
5.35 (t, 1H, Jo 3 = J1» = 9.9 Hz, H-2), 5.07 (dd, J,5 = 9.9, J5, = 3.4
Hz, H-3), 4.56 (d, 1H, J;, = 9.9 Hz, H-1), 4.27-3.96 (m, 3H, H-5,
H-6a, H-6b), 2.17, 2.09, 2.04, 1.98 (4s, 12H, 4 CH5CO). *C NMR
(50.3 MHz, Cl;CD) & = 170.7, 170.3, 70.2, 170.0 (4 COCHs), 88.7
(C-1), 74.9, 72.0, 67.8, 67.2 (C-5, C-3, C-2, C-4), 61.0 (C-6), 20.8,
20.7, 20.6, 20.5 (4 COCHs).

Methyl 2,3,4-tri-O-acetyl-1-thio-B-D-glucopyranosyluronate, 5

HsCOOC
AcO O
AcO SH
OAc
Methyl 2,3,4-tri-O-acetyl-1-thio-B-D-glucopyranosyluronate

was obtained as previously described®" and showed the same
properties as reported. Briefly, methyl (2,3,4-tri-O-acetyl-D-
glucopyranosyl) uronate bromide was first reacted with
potassium thioacetate in acetone to yield the 1-thioacetyl
derivative which upon treatment with sodium methoxide, at
—-45 °C, provided the corresponding glucuronyl 1-thiol.

"H-NMR (200 MHz, CIsCD) 6 = 5.28-5.16 (m, 2H, H-3, H-4), 4.98
(t, 1H, Jy3 = J15 = 9.6 Hz, H-2), 4.57 (t, 1H, J1 5 = Jy g4 = 9.9 Hz, H-
1), 4.04 (d, 1H, Js5 = 9.8 Hz, H-5), 3.75 (s, 3H, OCH,), 2.38 (d,
1H, Jisy = 9.9 Hz, SH), 2.07, 2.01 (2x) (3s, 9H, 3 CH5CO). **C
NMR (50.3 MHz, CIsCD) 6 = 169.7, 169.5, 169.3 (3 COCHs),
166.7 (COOCHj3), 79.0 (C-1), 76.6, 73.3, 72.7, 69.3 (C-5, C-3, C-2,
C-4), 53.0 (OCH3), 20.7, 20.6, 20.5 (3 COCHj3).

2,2’,3,3',4,6,6'-hepta-O-acetyl-1-thio-B-D-cellobiose 9

OAc

o)
o

AcO e}
AcO

OAc OAc

*H-NMR (500 MHz, Cl3CD) & = 5.15 (t, 1H, Jo3 = J34 = 9.3 Hz, H-
3), 5.13 (t, 1H, J» 3 = J3 4 = 9.4 Hz, H-3’), 5.05 (dd, 1H, J3 4 = 9.4,
Jy 5 =9.9 Hz, H-4"), 4.91 (dd, 1H, J;. » = 8.1, J» » = 9.4 Hz, H-2),
4.88 (dd, 1H, Jo5 = 9.3, J1, = 9.9 Hz, H-2), 4.51 (d, 1H, J; , = 9.9
Hz, H-1), 4.49 (d, 1H, Jy» = 8.1 Hz, H-1’), 4.47 (dd, 1H, Jse, =
2.0, Jes 60 = 12.1 Hz, H-6a), 4.36 (dd, 1H, Js 6y = 4.4, J 6 = 12.5
Hz, H-6a’), 4.08 (dd, 1H, Jsep = 5.3, Jeagp = 12.1 Hz, H-6b), 4.03
(dd, 1H, Js e = 2.2, Je g = 12.5 Hz, H-6b"), 3.77 (dd, 1H, J34 =

This journal is © The Royal Society of Chemistry 20xx

9.3, J45 = 9.9 Hz, H-4), 3.66-3.60 (m, 2H, H-5, H-5'), 2.13, 2.08,
2. 06, 2.02, 2.01, 2.00, 1.97 (7s, 21H, 7 CH5CO). **C NMR (125
MHz, CI;CD) 6 = 170.6, 170.4, 170.3, 170.0, 169.8, 169.4, 169.2
(7 COCH3), 100.9 (C-1’), 78.6 (C-1), 77.3 (C-5), 76.4 (C-4), 73.9
(C-2), 73.3 (C-3), 73.0 (C-3’), 72.1 (C-5’), 71.7 (C-2’), 67.9 (C-4’),
62.2 (C-6), 61.7 (C-6’), 21.0, 20.9, 20.8, 20.7 (4x) (7 COCHs).
5H-[1,2,4]triazino[5,6-b]indole-3-thiol 16 was prepared
according to literature procedures[42] and the spectroscopic
data match well with the reported values.

SC4F9

Perfluorobutyl)(phenyl)sulfane 14 vield: 80 %.
Isolated and purified mass obtained: 10 mg. TLC (Hexane): R =
0.75.

"H-NMR (600 MHz, Cl;CD) & : 7.66 (d, 2H, J = 7.4 Hz), 7.51 (t,
1H, J = 7.5 Hz), 7.43 (t, 2H, J = 7.5 Hz). *C NMR (150 MHz,
Cl,CD) & : 137.6, 131.2, 129.6, 122.9. °F NMR (564.603 MHz,
ClsCD) & : -81.0 (t, 3F), -87.1 (m, 2F), -120.1 (m, 2F), -125.5 (m,
2F)

SC4F
HO™ ovare 2-((perfluorobutyl)thio)etanol 2 vield: 75 %.
Isolated and purified mass obtained: 12 mg. TLC (AcOEt:
Hexane 1:1v/v): R;=0.7.

"H-NMR (600 MHz, Cl;CD) & : 3.89 (t, 2H, J = 6.1 Hz), 3.14 (t,
2H, J = 6.1 Hz), 1.97 (bs, 1H). *C NMR (150 MHz, CIsCD) & :
61.6, 31.7. *°F NMR (564.603 MHz, ClsCD) & : -81.0 (t, 3F), -87.0
(m, 2F), -120.7 (m, 2F), -125.5 (m, 2F).

O SC4Fe

HN._O
hig
o \’<Methyl 2-((tert-butoxycarbonyl)amino)-3-
((perfluorobutyl)thio)propanoate,[s]4: Yield: 25 %. Isolated and
purified mass obtained: 10 mg. TLC (AcOEt: Hexane 4:6 v/v): Ry
=0.8.

HsCO

"H-NMR (500 MHz, Cl;CD) & : 5.37 (d, 1H, J =6.2 Hz), 4.63 (d,
1H, J = 5.5 Hz), 3.79 (bs, 3H), 3.53 (dd, 1H, J = 13.6 Hz, 4 Hz),
3.36 (dd, 1H, J = 13.7 Hz, 4.5 Hz), 1.44 (bs, 9H). **C NMR (150
MHz, Cl,CD) & : 170.2, 164.4, 155.0, 131.4, 80.8, 53.2, 53.1,
31.1, 28.3. *°F NMR (564.603 MHz, ClsCD) & : -81.0 (t, 3F), -86.7
(m, 2F), -120.5 (m, 2F), -125.5 (m, 2F).

Perfluorobutyl
methylglucopyranosyluronate, 6

2,3,4-tri-O-acetyl-1-thio-B-D-

H3C00C

F2

AcO s
C AcO d \C/C?\
OAc F, 2

.
' _CF.
é/ 3
Fa
Yield: 75 %. Isolated and purified mass obtained: 21 mg. TLC
(AcOEt: Hexane 4:6 v/v): R;=0.7.
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'H-NMR (600 MHz, ClsCD) & = 5.33, 5.22 (2dd, 2H, J = 9.9, J =
8.9 Hz, H-3, H-4), 5.08 (dd, 1H, J,5 = 9.9, J;, = 10.2 Hz, H-2),
5.04 (d, 1H, J;, = 10.2 Hz, H-1), 4.09 (d, 1H, J, 5 = 9.9 Hz, H-5),
3.77 (s, 3H, OCHs), 2.06, 2.03 (2x) (3s, 9H, 3 CH5CO). **C NMR
(150.9 MHz, CI;CD) 6 = 170.0, 169.4, 169.3 (3 COCH;), 166.4
(COOCH;), 80.8 (C-1), 76.4, 72.7, 69.1, 69.0 (C-5, C-3, C-2, C-4),
53.2 (OCHs), 20.7, 20.6, 20.5 (3 COCHs). *>F NMR & = 470.592
Cl,CD) & = -80.9 (t, J = 9.4 Hz, 3H, CF;), -85.6, -88.2 (2 brd, 2F, J
= 240.0 Hz, C*'F,), -120.4, -121.0 (2 dt, 2F, J = 8.1, J = 294.4 Hz,
C%F,), -125.5 (t, 2F, J = 12.8 Hz, C*F,). HRMS (ESI): m/z [M+H]"
calcd for C;;H17FgNaOgS: 591.03418, found: 591.03342.

Perfluorobutyl
galactopyranoside, 8

2,3,4,6-tetra-O-acetyl-1-thio-B-D-

OAc  OAc

0 F
s Co _CF
AcO \ ~c— N 3

OAc Fp Fs

Yield: 83 %. Isolated and purified mass obtained: 30 mg. TLC
(AcOEt: Hexane 1:1 v/v): R;= 0.6

'H NMR (600 MHz, Cl;CD) & = 5.44 (d, 1H, J;, = 2.8Hz, H-4),
5.25 (t, 1H, J,5 = J1, = 10.0 Hz, H-2), 5.10 (dd, J54 = 3.3, Jo 3 =
10.0 Hz, H-3), 4.99 (d, 1H, J; , = 10.0 Hz, H-1), 4.16 (dd, 1H, Js .
=7.2, Jeap = 11.4 Hz, H-6a), 4.10 (dd, 1H, Js ¢ = 5.9, Jeagp = 11.4
Hz, H-6b), 4.00 (dd, 1H, Jse, = 7.2, Jsg, = 5.9 Hz, H-5), 2.16,
2.07, 2.03, 1.99 (4s, 12H, 4 CH5CO). 3¢ NMR (150.9 MHz,
Cl;CD) 6 = 170.5, 170.2, 169.9, 169.6 (4 COCHs), 81.3 (C-1),
75.2, 71.7, 67.0, 66.5 (C-5, C-3, C-2, C-4), 61.4 (C-6), 20.7, 20.6
(3%) (4 COCH;). °F NMR (470.592 MHz, CI;CD) 6 = -81.0 (t, J =
9.5 Hz, 3H, CF;), -85.8, -88.9 (2 brd, 2F, J = 241.0 Hz, C*F,), -
120.3,-121.2 (2 dt, 2F, J = 8.4, J = 294.3 Hz, CZVFZ), -125.5 (t, 2F,
J = 13.2 Hz, C3'F2). HRMS (ESI): m/z [M+H]" calcd for
CagH19FoNa0,S: 605.04983, found: 605.04978.

Perfluorobutyl
cellobioside, 10

2,2’,3,3',4’,6,6’'-hepta-O-acetyl-1-thio-B-D-

OAc

OAc
AcO Q 2 F2
cl
» O S
AcO 7 Aco Y \C/C\C/CF3
OAc OAc F2 Fo

Yield: 50 %. Isolated and purified mass obtained: 20 mg. TLC
(AcOEt: Hexane 1:1 v/v): R;= 0.6

'H NMR (600 MHz, CI;CD) 6 = 5.23 (t, 1H, J;3=J3,4= 9.0 Hz, H-
3), 5.14 (t, 1H, J 3= J3. 4= 9.4 Hz, H-3’), 5.05 (dd, 1H, J5-. .= 9.4
Hz, J; 5= 10.0 Hz, H-4’), 4.98 (dd, 1H, J,3=9.0, J; ;= 10.0 Hz, H-
2), 4.95 (d, 1H, J;, = 10.0 Hz, H-1), 4.92 (dd, 1H, J5 3. = 9.4 Hz,
J1:»=8.0 Hz, H-2’), 4.49 (d, 1H,J;- » = 8.0 Hz, H-1’), 4.46 (dd, 1H,
Js,6a = 2.0 Hz, Jez 60 = 12.0 Hz, H-6a), 4.35 (dd, 1H, Js ¢» = 4.5 Hz,
Jow oty = 12.4 Hz, H-62), 4.12 (dd, 1H, Jsg, = 6.1 Hz, Jg, 60 = 12.0
Hz, H-6b), 4.03 (dd, 1H,Js 6y = 2.0 Hz, Jow 6 = 12.4 Hz, H-6b’),
3.76 (dd, 1H, J5 4= 9.0 Hz, J, 5 = 10.0 Hz H-4), 3.70-3.65 (m, 2H,
H-5, H-5’), 2.10, 2.08, 2. 06, 2.03, 2.02, 2.01, 1.98 (7s, 21H, 7
CH5CO). *c NMR (150.9 MHz, ClsCD) & = 170.5, 170.3, 170.2,
169.7, 169.6, 169.4, 169.2 (7 COCH;), 100.9 (C-1’), 80.7 (C-1),
77.3 (C-5), 76.2 (C-4), 73.2 (C-3), 73.0 (C-3'), 72.2 (C-5), 71.7
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(C-2’), 69.6 (C-2), 67.9 (C-4’), 62.0 (C-6), 61.7 (C-6"), 20.8, 20.7,
20.6 (7 COCHs). *>F NMR 470.592 Cl;CD) 6 = -80.9 (t, J = 9.7 Hz,
3H, CF;), -85.8, -88.8 (2 brd, 2F, J = 242.0 Hz, C'F,), -120.0, -
121.2 (2 dt, 2F, J= 8.5, J = 294.6 Hz, C*F,), -125.5 (t, 2F, J = 13.0
Hz, C'F,). HRMS (ESI) : m/z [M+H]" calcd for CsoHagFoO1S:
871.1451, found: 871.1456.

NH,

©/SC4F9
2-((perfluorobutyl)thio)aniline 112, vield: 90 %.

Isolated and purified mass obtained: 15 mg. TLC (CH,Cl,: iso-
octane 1:1v/v): Ry= 0.6

'H-NMR (600 MHz, ClsCD) 6 : 7.47 (d, 1H, J = 8.6 Hz), 7.28 (t,
1H, J = 8.2 Hz), 6.78 (d, 1H, J =8.1 Hz), 6.74 (t, 1H, J = 7.8 Hz),
4.45 (s, 2H). **C NMR (150 MHz, Cl;CD) 6 : 151.1, 140.0, 133.4,
118.8, 115.8, 104.5. *>F NMR (564.603 MHz, Cl;CD) &6 : -81.1 (t,
3F), -87.1 (t, 2F), -120.4 (m, 2F), -125.5 (m, 2F).

HsC

SCqFq (4-methyl-1,2-
phenylene)bis((perfluorobutyl)sulfane) 13: Yield: 50 %. Isolated
and purified mass obtained: 8 mg. TLC (Hexane): R;= 0.6

'H-NMR (500 MHz, CIsCD) 6 : 7.78 (d, 1H, J = 8.0 Hz), 7.72 (bs,
1H), 7.37 (cplx d, 1H, J, = 8 Hz, J,, = 2Hz, Jy s = 0.7 Hz), 2.44 (s,
3H). 3¢ NMR (125.721 MHz, CI;CD) 6 : 143.2, 140.3, 139.6,
133.0, 130.8, 127.3, 21.3. %F NMR (470.585 MHz, CI;CD) 6 : -
81.0 (c, 6F), -86.3 (dt, 4F), -120.4 (m, 4F), -125.6 (m, 4F). HRMS
(ESI): m/z [M+H]" caled for CisH;F1sS,: 592.9623, found:
592.9641.

NH,
>N

I
/
N™ "SC4Fe 2-((perfluorobutyl)thio)pyrimidin-4-amine, 15:
Yield: 48 %. Isolated and purified mass obtained: 38 mg. TLC
(AcOEt: MeOH + | Acetic Acid 9:1 v/v): Rf= 0.8

"H-NMR (600 MHz, Cl;CD) & : 8.00 (d, 1H, J = 5.9 Hz), 7.34 (bs,
2H), 6.37 (d, 1H, J = 5.9 Hz). **C NMR (150 MHz, ClsCD) & :
163.7, 161.8, 155.6, 104.4. *>F NMR (564.603 MHz, Cl5CD) & : -
80.7 (t, 3F), -87.6 (t, 2F), -120.1 (m, 2F), -125.3 (m, 2F). HRMS
(ESI): m/z [M+H]" caled for CgHsFgN3S: 345.9982, found:
345.9896.

N=N
Q_E\\N/)\sch

N
H 3-((perfluorobutyl)thio)-5H-

[1,2,4]triazino[5,6-b]indole 17: Yield: 50 %. Isolated and
purified mass obtained: 10 mg. TLC (AcOEt: Hexane 1:1 v/v): Ry
=0.8

'H-NMR (600 MHz, ClsCD) 6 : 8.42 (d, 1H, J = 7.8 Hz), 7.80 (t,
1H, J = 8.3 Hz), 7.66 (d, 1H, J = 8.2 Hz), 7.52 (t, 1H, J = 7.9 Hz).
*C NMR (150 MHz, Cl;CD) 6 : 158.2, 146.5, 143.1, 141.4,

This journal is © The Royal Society of Chemistry 20xx
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132.3, 123.1, 122.4, 116.9, 113.1. F NMR (564.603 MHz,
Cl,CD) & : -80.4 (t, 3F), -86.3 (m, 2F), -119.8 (m, 2F), -125.1 (m,
2F). HRMS (ESI): m/z [M+H]" calcd for Ci3HgFgN,S: 421.0091,
found: 421.0045.

S
@[ />_SC4F9
N 2-((perfluorobutyl)thio)benzo[d]thiazole

19%°): Yield: 99 %. Isolated and purified mass obtained: 23 mg.
TLC (CHCls: iso-octane: MeOH 0.8:1: 0.2 v/v): Ry= 0.85

'H-NMR (500 MHz, CI;CD) & : 8.17 (cplx d, 1H, J = 8.2 Hz, 0.7
Hz), 7.92 (cplx d, 1H, J = 8.1 Hz, 0.7 Hz), 7.58 (m, 1H, J = 8.3 Hz,
1.2 Hz), 7.52 (m, 1H, J = 7.2 Hz, 1.3 Hz). >*C NMR (125.721
MHz, Cl,CD) & : 153.4, 150.0, 138.7, 127.2, 127.1, 124.6, 121.5.
%F NMR (470.585 MHz, CIsCD) & : -80.9 (t, 3F), -85.2 (t, 2F), -
119.8 (m, 2F), -125.5 (m, 2F). HRMS (ESI):m/z [M+H]" calcd for
C11HsFgNS,: 385.9641, found: 385.9625.

S,
E:E />_SCSF17
N 2-((perfluorooctyl)thio)benzo[d]thiazole 20:

Yield: 50 %. Isolated and purified mass obtained: 10 mg. TLC
(CHCl;: iso-octane: MeOH 0.8:1: 0.2 v/v): R;= 0.75

'H-NMR (600 MHz, CI;CD) & : 8.18 (d, 1H, J = 8.2 Hz), 7.92 (d,
1H, J = 8.0 Hz), 7.58 (t, 1H, J = 7.2 Hz), 7.52 (t, 1H, J = 8.01 Hz).
3¢ NMR (150 MHz, CIsCD) & : 157.7, 153.4, 138.7, 127.2,
127.1, 124.6, 121.5. *>F NMR (564.603 MHz, ClsCD) & :-80.7 (t,
3F), -84.9 (t, 2F), -118.8 (m, 2F), -121.1 (m, 2F), -121.7 (m, 2F),
-121.9 (m, 2F), -122.7 (m, 2F), -126.1 (m, 2F). HRMS (ESI):m/z
[M+H]"calcd for Cy5HsF17NS,: 585.9514, found: 585.9515.

H
N

)—SC4Fg
N

C4Fo 4-(perfluorobutyl)-2-((perfluorobutyl)thio)-1H-
benzo[d]imidazole 22: Yield: 50 %. Isolated and purified mass
obtained: 15 mg. TLC (CHCI3: hexane 7:3 v/v): R;= 0.5

"H-NMR (600 MHz, CI5CD) & : 9.87 (bs, 1H), 8.08 (d, 1H, J = 8.1
Hz, 7.61 (d, 1H, J = 7.7 Hz), 7.49 (t, 1H, J = 8.0 Hz). >C NMR
(150 MHz, CIsCD) & : 145.3, 137.3, 132.6, 125.5, 125.1, 123.6,
122.9. *F NMR (564.603 MHz, ClsCD) & : -81.0 (m, 6F), -84.7 (t,
2F), -109.9 (t, 2F), -120.0 (m, 2F), -123.1 (m, 2F), -125.6 (m, 4F).
HRMS (ESI):m/z [M+H]"calcd for C;5H,F1gN,S: 586.9808, found:
586.9815.

Conclusions

A simple and metal-/ photoorganocatalyst-free strategy has
been presented for the perfluoroalkylation of sulfides
employing a complex [(TMEDA) l.I5] that upon visible light
illumination acts as a good initiator for the electron-catalyzed
reduction of R, to generate R;e radicals from Rl sources.
These Rge radicals are capable of substituting biologically-
relevant targets such as cysteine derivatives, thioaldoses,

This journal is © The Royal Society of Chemistry 20xx

heteroaromatic sulfides, etc. This convenient, high-yielding
and metal-photoorganocatalyst-free strategy outperforms
traditional near-UV photocatalytic methods while operating
under visible light and in the presence of only an additive
(TMEDA).

We must remark that caution has to be exercised when
employing Rl and TMEDA, since traces of iodine in the
reagents (i.e.: Rfl) can form a stable complex with TMEDA
which could be responsible for the radical initiation process
upon visible light irradiation.

In summary, we came up, serendipitously, with a convenient
radical initiator made up of TMEDA / and in-situ iodine present
in Rel, which is capable of triggering the perfluoroalkylation of
organic thiols.

Acknowledgements

Thanks are given to financial agencies: Universidad de Buenos
Aires and CONICET. SBV, MLU and AP are research members of
CONICET. DEY, AEC, MEC are Conicet doctoral Scholarship
holders. We also thank Dr Lucas Fabian for acquiring NMR
data.

Notes and references

[1] R. Miethchen, M. Hein, Carbohydr. Res. 2000, 327, 169-183.
[2] D. S. and Hein, Ralf Miethchen, J. Fluorine Chem. 1999, 98,
55-60.

[3] J. Li, L. Shi, Y. Chen, Y. Zhang, Z. Guo, B. Su, W. Liu, J. Mater.
Chem. 2012, 22,9774.

[4] V. N. Boiko, Beilstein J. Org. Chem. 2010, 6, 880-921.

[5] S. Barata-Vallejo, S. Bonesi, A. Postigo, Org. Biomol. Chem.
2016, 7150-7182.

[6] (a) C. Bottecchia, X. Wei, K. P. L. Kuijpers, V. Hessel, T. Noel,
J. Org. Chem. 2016, acs.joc.6b01031. (b) N.J.W. Straathof, B.J.P.
Tegelbeckers, V. Hessel, X. Wang and T. Noél, Chem. Sci. 2014, 5,
4768-4773.

[7] C. Ni, M. Hu, J. Hu, Chem. Rev. 2015, 115, 765—-825.

[8] V. N. Boiko, G. M. Shchupak, J. Fluorine Chem. 1994, 69, 207—
212.

[9] E. Magnier, M. Tordeux, R. Goumont,
Wakselman, J. Fluorine Chem. 2003, 124, 55-59.
[10] A. M. Sipyagin, V. S. Enshov, S. A. Kashtanov, V. A.
Potemkin, J. S. Thrasher, A. Waterfeld, Russ. Chem. Bull. Int. Ed.
2004, 53, 420-434.

[11] and C. W. Thoai Nguyen, Michel Rubinstein, J. Org.
Chem. 1981, 46, 1938-1940.

[12]  C.-P.Zhang, D. a Vicic, Chem. Asian J. 2012, 7, 1756-8.
[13] S. Barata-Vallejo, D. E. Yerien, A. Postigo, Eur. J. Org.
Chem. 2015, 7869-7875.

[14]  A.E. Feiring, J. Fluorine Chem. 1984, 24, 191-203.

[15] G. Filippini, M. Nappi, P. Melchiorre, Tetrahedron 2015,
71,4535-4542.

K. Magder, C.

[16] V. Balzani, Electron Transfer in Chemistry, 2008.

[17]  P. Finkbeiner, B. J. Nachtsheim, Synth. 2013, 45, 979—
999.

[18] A. Studer, D. P. Curran, Nat. Chem. 2014, 6, 765-773.

[19] J. Xuan, C. G. Daniliuc, A. Studer, Org. Lett. 2016, 18,
6372-6375.

[20] A. M. A. Adam, M. S. Refat, T. Sharshar, Z. K. Heiba,

Spectrochim. Acta - Part A Mol. Biomol. Spectrosc. 2012, 95,
458-477.

J. Name., 2013, 00, 1-3 | 9


http://dx.doi.org/10.1039/c7cy00236j

Published on 25 April 2017. Downloaded by Hacettepe Universitesi on 25/04/2017 13:19:15.

"atalysis Science':& Technolod

DOI: 10.1039/C7CY00236J
ARTICLE Journal Name

[21]  F. Sladojevich, E. McNeill, J. Borgel, S. L. Zheng, T. Ritter,
Angew. Chemie - Int. Ed. 2015, 54, 3712-3716.

[22] D. E. Yerien, R. Conde, S. Barata-Vallejo, B. Camps, B.
Lantafio, A. Postigo, RSC Adv. 2017, 7, 266-274.

[23] W. C. Barrett, J. P. Degnore, Y. Keng, Z. Zhang, J. Biol.
Chem. 1999, 274, 34543-34546.

[24] Q. Y. Chen, Z. T. Li, J. Chem. Soc. Perkin Trans. 1 1992,
1443-1445.

[25] C. Gadais, N. Saraiva-Rosa, E. Chelain, J. Pytkowicz, T.
Brigaud, Eur. J. Org. Chem. 2016, 246-251.

[26] (a) D. S. Martin Hein, Ralf Miethchen, J. Fluorine Chem.
1999, 98, 55-60. (b) H. Driguez, Chembiochem., 2001, 2, 311—
318; (c) A. J. Cagnoni, M. L. Uhrig, O. Varela, Bioorg. & Med.
Chem. 2009, 17, 6203—6212; (d) A. J. Cagnoni, O. Varela, S. G.
Gouin, J. Kovensky, M. L. Uhrig, J. Org. Chem. 2011, 76, 3064—
3077.

[27]  G. R. Robert A. Falk, Kirtland P. Clark, Coughlin, United
States Patent [ 191 Patent Number : Date of Patent: Primary
Examiner-Joseph Ruggiero, 1990.

[28] L. Gupta, N. Sunduru, A. Verma, S. Srivastava, S. Gupta,
N. Goyal, P. M. S. Chauhan, Eur. J. Med. Chem. 2010, 45, 2359—
2365.

[29] Q.-Y. Chen and M.-J. Chen, J. Fluorine Chem. 1991, 51,
21-32.

[30] N. Straathof, D. Osch, A. Schouten, X. Wang, J. Schouten,
V. Hessel, T. Noél, J. Flow Chem. 2015, 4, 12-17.

[31] (a) B. Zhang, A. Studer, Org. Lett. 2014, 16, 3990-3993.
(b) E.J. Cho, G.-R. Park, Y. Choi, M.G. Choi, S.-K. Chang, Asian J.
Org. Chem 10.1002/ajoc.201600541.

[32] A. B. Callear, J. F. Wilson, Trans. Faraday Soc. 1967, 63,

1983-1991.

[33] A. B. Callear, J. F. Wilson, Trans. Faraday Soc. 1967, 63,
1358-1368.

[34] D. M. Golden, S. W. Benson, Chem. Rev. 1969, 69, 125-
134.

[35] J. M. Gardner, M. Abrahamsson, B. H. Farnum, G. J.
Meyer, J. Am. Chem. Soc. 2009, 16206—-16214.

[36] C. Chatgilialoglu, C. Ferreri, M. Melchiorre, A. Sansone, A.
Torreggiani, Chem. Rev. 2014, 114, 255-284.

[37] S. P. Pitre, C. D. Mctiernan, H. Ismaili, J. C. Scaiano, ACS
Catal. 2014, 4, 2530-2535.

[38] J. Xuan, C. G. Daniliuc, A. Studer, Org. Lett. 2016, 18,
6372-6375.

[39] a) D. Horton, Methods Carbohydr. Chem. 1963, 2, 433—
437; b) D. Horton, M. L. Wolfrom, J. Org. Chem. 1962, 27, 1794—
1800.

[40] M. Adinolfi, D. Capasso, S. Di Gaetano, A. ladonisi, L.
Leonea., A. Pastorea, Org. Biomol. Chem. 2011, 9, 6278.

[41] a) P. Florio, R.J. Thomson, M. von Itzstein, Carb. Res.
2000, 328, 445-448; b) C. Stanetty, A. Wolkerstorfer, H. Amer, A.
Hofinger, U. Jordis, D. ClaBen-Houben, P. Kosma, Beilstein J.
Org. Chem. 2012, 8, 705-711.

[42] M. Gianella-Borradori, I. Christou, C. Bataille JR, R.L. Cross,
G.M. Wynne, D.R. Greaves, A. Russell, J. Bioor. Med. Chem., 2015,
23,1,241 - 263.

10 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c7cy00236j

Page 11 of 11

Published on 25 April 2017. Downloaded by Hacettepe Universitesi on 25/04/2017 13:19:15.

Catalysis Science & Technology

View Article Online
DOI: 10.1039/C7CY00236J

ho
(TMEDA) I.I3*<__ (TMEDA) LI3

|

n-C4F9I
) =)
+ |-
TMEDAH
electron- -
catalyzed
*
B
Q
&
N
o— + ,
R-S-C4F¢ TMEDAH %
Q
RS-C,4Fg =
Acoé: &i . ’
o) o) =N
AcO 0 SC4Fo Q—S\
V7
oA ACO o ) \ N)\sc4F9
H

(TMEDA) L.I3 complex as new radical initiator for the perflurooalkylation of RSH

100x90mm (600 x 600 DPI)


http://dx.doi.org/10.1039/c7cy00236j

