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ARTICLE INFO ABSTRACT

Article history A photocatalyzed redox generation of radicals flOrethyl xanthates to generate electrop
Received radicals under photoredox catalysis, using Ir(ppy)d blue LEDs irradiation is describethe
Received in revised form protocol can be used in classical xanthate-basest-imnd intramolecular group transi
Accepted reactions and oxidative radical addition to sevaederoaromatic systemshe process does |
Available online require high temperature and cdans are cleaner compared with the traditionaloxide

initiation. In the oxidative addition to aromatigssems, the oxidation process is part of
catalytic cycle and does not require a stoichiometxidant such as DLP which is particule
difficult to separate from the product.
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1. Introduction alkene, a polymerization process may (RAFT/MADIX

. L ) . polymerization process) or may not occur.
Since its inception bgir Derek Bartoh and further extended

by Zard’ xanthate-based radical chemistry has become an
important tool in organic synthesis. Because ofeage by which ( R2> Path B
new carbon-carbon bonds are generatiedradical addition to \/ﬁ " o
both activated and simple alkefieas well as by oxidative RY

addition to aromatic systenishese protocols have been applied i /\Rz

elegantly in the total synthesis of natural progliand in the

development of new synthetic methodologies for threstruction

of molecules with a vast range of compleXitver the last three R1

decades, Zard and co-workers have provided manreift 'S a Rl )J\ 's-
funpnonahzed xanthatgs which, in turn, have ge@eka free ‘g% OEt‘— I a o R2
radicals, useful for various synthetic purposes frain features c Path A b ‘

of the reaction mechanism in the xanthate trarsfecess are: 1) —
once the radicdb is generated from xanthade (by the action of

an initiator I, Scheme 1), the fast and degenerate reversible
addition/fragmentation process between the radixand its S
xanthate precursor (path A), extends the lifetimeraafical b, <(

o RN
\/\RZ R?

allowing it to be captured even by unactivated atiscand homo
and heteroaromatic systend) (n an inter- and intra-molecular
processes, giving a new radia@lpath B). 2) The equilibrium
between the reactive radical species and the xasttgatindg)
maintains a low concentration of the reactive spe@eande),
allowing the reactions to progress in a quite cotreged
medium (even under solvent-free conditions). Irggngly,
depending on the conditions and combination of hatet and

Scheme 1. Mechanism for xanthate radical process.

Under standard conditions however, the rade& trapped by
the xanthate to finally afford the expected transfer-xanthgte
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3) Productg is itself a new xanthate, which may function as acatalyst loading to 2 mol% resulted in a slightigher yield;

substrate in other radical or ionic processes. [Ttseveral
complex transformations can occur that take adgentaf the
rich sulfur-based chemistry. In some specific cgdseg, in the
addition to an aromatic system), the presence axiant €. g,

peroxide itself) in the reaction media might indtice conversion
of the radicale into the corresponding catiom which might
undergo a proton elimination to regenerate therateystem.
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Scheme 2. Photoredox catalysis generation of radicals froimctrbamates
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however, the use of 5 mol% did not improve the yigdtry 3).
Thus, 2 mol% was selected as the optimum. When dks |
reducing Ru(bpywas tested as a photocatalyst, the reaction did
not proceed (entry 4). Substituting DMF for acetaleitresulted
in an improved vyield (entry 5) and this solvent vsatected for
subsequent reactions. Under the same conditions,uslee of
[Ir(dtbbpy)(ppy)]PFk gave a slightly lower yield (entry 6). The
use of triethylamine resulted only in decompositioh the
starting material (entry 7). Surprisingly, when tteaction was
performed without lutidine3 was isolated in higher yield (entry
8). This result suggested that the base does apiaptieterminant
role in the xanthate group transfer process. Apybrethe
efficient radical chain process, once initiated,rsigs long
enough to afford an improved product yield withdug need to
regenerate the organometallic initiator by theaaciof the base.
Another possible explanation for this observationthat the
electron rich radical speciesandf (Scheme 1) reduce Ir(IV) via
a SET process to regenerate the initfatmnsuming a portion of
the substrate. Increasing the stoichiometric ratietween
xanthatel and vinyl acetat@ resulted in a better yield (entry 9).
Using vinyl acetate as a solvent favored polymeinmabf the
alkene. Interestingly, when the reaction was caroietlwithout
Ir(ppy)s, product3 was obtained in 25% vyield (entry 10). This
result clearly indicates that the reaction startly evith the blue
LEDs irradiation, presumablyia homolytic C-S scissiof.
Nevertheless, under these conditions the chainiosaid only

The xanthate-based radical chain process is commoniyoderately efficient and therefore catalyst assistds required.

initiated using organic peroxides such as dilaurpgroxide
(DLP) and dicumyl peroxide (DCP). However, these pieles
require high temperatures to be fragmented andoblyats can
be difficult to eliminate from the product, espélgiavhen DLP
is used. As an alternative, triethylborane canatsgtithe radical
chain process at room temperature. Unfortunatelyersé
equivalents of this reagent are usually requiredth wpoor

Finally, the reaction did not proceed in the abseuftirradiation
(entry 11).

Table 1. Optimization of the xanthate transfer reactiondittons under
photoredox catalysis.

o - 0 Catalyst 0
reproducibility of results. Photoredox catalysasre-emerged 0 Base Xa
as a powerful strategy to construct C-C and/or C-Kdsounder /@% + /\Ok Sovent 0w 0
mild conditions by the activation of simple subt#s Several  Meo xa Bl EDs MO e
novel methodologies and applications in total sgsih have 1 2 14-24h 3
been reported in the last decade, showing the uéysaf this Xa = SC(S)OEt
Chemistr)"?. entry catalyst base solvent yield®

0,
Recently, several research groups have developetbneiolox 1 r(ppy)s (1 %) Lutidine  MeCN (2/;-))
catalytic systems to generate radical species fron 5 Ir(ppy): (2 %) Lutidine  MeCN 29
dithiocarbonates (xanthates) and thiocarbamatewiédland co- 3 Ir(ppy)s (5 %) Lutidine  MeCN 30
workers  reported a photocatalytic = Barton—McCombie 4 Ru(bpy)s (2 %) Lutidine  MeCN Or.
deoxygenation process of secondary and tertiaghals using 5 Ir(ppy)s (2 %) Lutidine DMF 55
Ir(ppy)s, in the presence of DIPEA as the sacrificial etmctr 6 [Ix(dtbbpy)(ppy)2]PFs Lutidine DMF 51
donor, under blue LED irradiation (Scheme 2*ajlolander and (2 %)
co-workers developed a reductive cross-couplingti@aaising 7 Ir(ppy)s (2 %) NEf; DMF 0
Ni/lr-based photoredox dual catalysis. In this cabke, radical 8 Ir(ppy)s (2 %) - DMF 57
species were generated from the corresponddwpenzyl 9 Ir(ppy)s (2 %) - DMF 70
xanthates, also under blue LEDs irradiation (Sch2ns 10° - . DMF 25
. L 114 Ir(ppy)s (2 %) - DMF I
Based on these reports’ we Wondered If the radldﬂitlnn Dase (U.LL 1HIUL, L1 €UIVIUIVENL (U.4 [1IL, U.ZD IV1).|U] ISUIdLEU YIEIU. |U] TTIESE

processvia reduction of O-ethyl xanthates under photoredox
catalysis would be useful for intra- and intermolacuradical
additions to alkenes and oxidative addition to toeteomatic
systems.

reactions were performed usirig (0.2 mmol, 2.0 equiv) an@ (0.1 mmol, 1.0
equiv.). [d] Reaction performed without blue LEDs irraidiat

With the optimal conditions in hand, we proceedeéxplore

2. Results and discussion

We first investigated the xanthate group transfesction
between xanthat& and vinyl acetat® (Table 1). The reaction
was performed using Ir(ppyX1 mol%) and 2,6-lutidine as a
sacrificial electron donor in acetonitrile, unddud LED light
(entry 1). Gratifyingly, under these conditions, tkanthate
transfer product was obtained in 25 % vyield. An iaseein the

the scope of the radical initiation protocol (Sclee®). The
addition of the xanthate derived from ethyl acetsecompared
to allyl acetate, vinyl acetate, or Boc-protectdlgl @mine was
evaluated. Then, the corresponding xanthate trapsfeluctsa-
¢ were obtained in moderate yields. When we testedah#hate
derived from acetonitrile, the produétl was obtained in good
yield with vinyl acetate as the radical acceptor tredproducte



was obtained in moderate yield when the simple allkeadyl-

1,2-dimethoxybenzene was utilized. Additionally, Xeaies
derived from ketones and amides were tested withowari
alkenes, giving rise the corresponding prod@ts in moderate

yield. Importantly, the synthetized compounds mayve as . . .
substrates for several ionic and radical transftiona. For Then, we explored intramolecular reactions usingssates

example, xanthatesh is a synthetic equivalent of a 1,4- 7a-i (Scheme 4). When n=74-g), the substrates underwent a 5-

ketoaldehyd® useful for the synthesis of several heteroaromati@X radical cyclization, giving rise to pyrrolidon@s-g. When
systems. On the other hand, substitenay be utilized for the N=2 (h), @ 6exo radical cyclization was observed, affording
synthesis of tetralones by ring-closure onto tiwmatic rind® as ~ PiPeridone 8h (Scheme 4). In addition, when n=3i) the
well as for the synthesis of thiazolidine 2-ofk¥/inyl acetate '€action provided aza-octanofie via an 8endocyclization. The
derivatives have been used in the synthesis,plunsaturated results obtained in this intramolecular radical iadd are
trifluoromethylketoned? It should be emphasized that some of Omparable to those reported for analogous substiaing the

the products were obtained in yields comparable Hose DLP initiation methodology® It is important to point out that
most of the reactions reach a stage in which thegs stops,

Scheme 4. Xanthate group transfer in intramolecular reaction.

S Ir(Ppy) 3 s thus precluding full consumption of starting madériThus, the
toJ\s/\Rl PN (2 mol %) EtOJ\S calculated yields of heterocycl@b-f (up to 94%) are based on
DMF(0.25 M)’ recovered starting material show the potential isf pinotocol.
4 5 24 C R? R
Blue LED's 6 Ir(opY) 3 Q

® (2 mol %)
; T s @
DMF (0.25 M
o
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13a. R = CN (64%) 13c. R = Me (30%) 13e. R = CN (0%)
6c. 58 % 6d. 82% 13h. R = CO,Et (23%) 13d. R = H (65%) 13f. R = CO,Et (0%)
e LIPS GO Q2
e R CO,Et
a OMe Xa H Cl H H CO,Et
6e. 50%
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a M~ o
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MeO OMe Xa O s N/ /
69. 54% OMe 6h. 56 % N
R CO,Et

EtO,C

i ? j\ 15a. R = CN (90%)
O N )K/\(O\H/ Q NWO 15b. R = CO,Et (56%) 15¢c. 68%

Xa O o} Xa =N =N
6i. 51 % 6i. 55 % S N- /<\ < > Me N N\/< < > R
Xa = SC(S)OEt Me Cl
R R

reported by Zard (67% for compoundd) and Renaud (74%

for compoundsa), using the classical peroxide initiation. 15d. R = CN (61%) 15f. R=CN; Ry = H (65%)
15e. R = CO,Et (66%) 15g. R = CO,Et; Ry = H (33%)

15h. R = CN; Ry = Cl (66%)

Scheme 3. Intermolecular additions of electrophilic radictdsalkenes. =N

N7
Ir(ppY) 3 EtO R
T\IAS)J\()Et (2 mol %) p\/ m o R

N
s “DMF(©O25M) | R S &3
7(a-) 24T o
Blue LED’s

exo product endo product 15i. 39% 15j. 53% OMe 15k. 56%
\/< o \f Scheme 5. Oxidative addition to heterocyclic systems.
N OFEt )§ N Et
R EtO R
n=1 n=2 n=3 To extend the scope of the photoredox initiatiootqeol, the
8h. R = Bn, 55% 9i. R = Bn, 65% i i i idati i
8a. R = Ph. 80% 0 0 more chaIIengmg direct intermolecular oxidativekyddtion Qf
8b. R = 4-(F)Ph, 62%, (80%)2 heteroaromgtlg systems, was further explorgd (S_ché)nﬁlls
8c. R = 4-(iPr)Ph, 59%, (94%) worth mentioning that such a process permits th@sefgctive
8d. R = 2,6(Me)Ph, 62%, (77%) installation of an alkyl group onto heteroaromasgstems

8e. R = 3,4(0OMe)Ph(CH.,),, 61%, (80%)
8f. R = (C4H40)CH,, 66%, (80%)
8g. R = Bn 69%
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through a direct C-H bond functionalization (Ministype

Tetrahedron

adds to the aromatic ring, resulting in a new rddwaich is

reaction):®° Furthermore, the protocol might be utilized for oxidized by Ir(IV) to regenerate the catalyst. Fiypalproton

construction of synthetically useful intermediatedor late stage
functionalization of pharmaceutically important malles'’
Indeed, the use of photocatalytic conditions fore th
intermolecular alkylation of heteroaromatics hagrbeecently
described?
bromoacetonitrile were employed for the radical &ddionto
selected heteroaromatic systeths.

Satisfactorily, when the radical addition of xarn#saderived
from acetonitrile, ethyl acetate and malonate wdfeceed on
indole and pyrrole, products3a-d and 14a-c were obtained in
moderate yields. However, when indole-3-carboxaldehyds
used as the radical acceptor, the expected pro@lL8gsf) were
not obtained under apparent inhibition of the pss¢ceand most
of the starting materials were recovered. Similathg product
13g was not observed when tha-chlorophenacyl xanthate
precursor was employed. Recently, we and others texpdine
radical addition to imidazol[1,2-a]pyridine under Biinitiation
conditions®® Likewise, Sun and co-workéf8 reported a
cyanomethylation of this heterocyclic system
bromoacetonitrile under photoredox catalysis in phesence of
NaHCG; as a base. Interestingly, when the radical addttahis
aromatic system using xanthates derived from adetenethyl
acetate, malonate, even xanthates derived fromn&stand
amides was carried out, moderate product yields oleta@ined in
the absence of a bas#5§-k). Most of the experiments were
conducted in 0.1 mmol scale. However, similar yieldsre
observed when the experiment for the obtantion efpgtoduct
15a was scaled up to 1 gram.

To gain insight into the reaction mechanism, théuotion
potential of xanthatd was determined by cyclic voltammetty
(see supporting information). The value obtained fthis
xanthate was -1.60 V (SCE), which is in principletathie to be
reduced to the radical anignby the action of the Ir(ppy){E

[Ir(ppy)al Ir(ppy)s ) = -1.73 V (SCE)Y>

It (ppy)s

’Q H

1M (ppy)s* I'V(ppy)s

SET

Scheme 6. Proposal mechanism for the oxidative addition.

Thus, based on our experimental observations aesliqus

using

abstraction regenerates the aromatic system torgenthe final
product.

In those studies, only bromomalonates and3 conclusions

In conclusion, we have developed a new radicaiation
system fromO-ethyl xanthates to generate electrophilic radicals
under photoredox catalysis, using Ir(pp@nd blue light. The
protocol can be used in classical xanthate-basdidalareactions
such as xanthate group transfer and oxidative ahdiddition to
aromatic rings. The process does not require héghperature
and reactions are cleaner compared with the traditiperoxide
initiation. In the oxidative addition to aromatigssems, the
oxidation process is part of the catalytic cycled atbes not
require a stoichiometric oxidant such as DLP which
particularly difficult to separate from the produ&urthermore,
the presence of a base is not necessary as inhtitegatalytic
processes previously report®dWe believe that this novel
photocatalytic initiation process offers the oppaity to expand
the applications of the xanthate-based radical dtem
especially those cases when the nature of the tmitend the
temperature might cause difficulties.

4, Experimental section
4.1.General

Solvents (DMF and MeCN) were purchased from Sigma-
Aldrich  and were wused without further purification.
Triethylamine and 2,6-lutidine were purchased frongn-
Aldrich and used without further purification. Castly (Ir(ppy},
Ru(bpy}x and [Ir(dtbbpy)(ppy)PFs) were purchased from
Sigma-Aldrich and used without further purificatiomelting
points were determined on a Fisher apparatus andnate
corrected. All reactions were performed under an rargo
atmosphere. Reaction progress was monitored by tazalyhin
layer chromatography using GF silicagel plates lpased from
Merck. Visualization was achieved by short-wave UV li(¢h4
nm) and/or staining with vanillin. 1H and 13C NMR spaavere
recorded on a Jeol Eclipse-300 MHz, Bruker Avancd0DMHz
and Bruker Fourier-300 MHz model spectrometers usibgCl
as solvent. Chemical shifts are reported as paets npillion
downfield from an internal tetramethylsilane stanid@r= 0.0 for
1H) or from solvent reference (CDC83=7.26 for 1H,56 =77.16
for 13C). NMR coupling constants are reported inthéHz).
Low- and high-resolution DART+ mass spectra were abthion
Jeol JMS-T100LC spectrometer. The reactions wengedaout
in a handmade reactor equipped with four 3 W LEDsafah.

4.2.General procedure for the xanthate transfer grougct®n
and oxidative addition to aromatic systems.

In a 4.0 mL glass vial equipped with a stirring beere added
the corresponding xanthate (0.2 mmol, 2.0 equihg, radical
acceptor (0.1 mmol, 1.0 equiv.) (alkene 2 or Sheterocycle 10-
12), Ir(ppy} (0.002 mmol, 0.02 equiv.) and DMF (0.4 mL, [0.25
M]). Next, the resulting solution was degassed byedhr
consecutive freeze—pump-thaw cycles and placed uadgm
atmosphere. Finally, the reaction mixture was gtirrand
irradiated in a Blue LEDs reactor (12 W) at 24 °Cinly 12-14

reports®*® we propose that the mechanism of the oxidativeh. After that, the mixture was concentratedvacuo and the

addition starts with a single electron transfer (BEDmM the
Ir(1ll) excited-state to the xanthate, giving rigea radical-anion
A, which undergoes a cleavage to generate a new radidaa
xanthogenate anion (Scheme 6). The new carbon-eentadical

product was purified by flash column chromatographysilica
gel.



4.2.1.1-((ethoxycarbonothioyl)thio)-4-(4-
methoxyphenyl)-4-oxobutyl acetate 3:

Following the general procedur8, was obtained as a pale

yellow oil (24.9 mg, 70 % yield) after purificationia flash
column chromatography using silica gel (Hex:AcOEt;)9'H

5
118.2, 79.0, 70.6, 30.4, 20.8, 13.9, 1HIRM S (DART") (m/z)
[M + H]™: calc. for GH,,NO;S,: 248.04151, found: 248.04165.

4.2.6.S-(4-cyano-1-(3,4-dimethoxyphenyl)butan-2-

NMR (300 MHz, CDC}) 6 7.94 (m, 8.8 Hz, 2H), 6.94 (d, J = yl) O-ethyl carbonodithioate 6e:

8.8, 2H), 6.74 (t, J = 6.4 Hz, 1H), 4.55 — 4.74 (m, 28438 (s,
3H), 3.09 (td, J = 7.1 Hz, 2.3 Hz, 2H), 2.43 (m, 2H}42- 2.43
(m, 2H), 2.07 (s, 3H), 1.41 (t, J = 7.1 Hz, 3EiC NMR (75

Following the general procedurée was obtained as a brown
oil (16.9 mg, 50% yield) after purificatiomia flash column
chromatography using silica gel (Hex:AcOEt; 9:31)1 NMR

MHz, CDC}) & 210.0, 196.4, 169.4, 163.6, 130.3, 129.6, 113.8(300 MHz, CDC}) § 6.87 — 6.70 (m, 3H), 4.65 (g, J = 7.1 Hz,

80.3, 70.3, 55.533.8,28.7, 20.9, 13.7HRMS (DART") (m/z)
[M + H]": calc. for GgH»105S,: 357.08304, found: 357.08364.

4.2.2.ethyl 5-acetoxy-4-
((ethoxycarbonothioyl)thio)pentanoate 6a:

2H), 4.03 (m, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 3.12, (Hle 14.1,
6.2 Hz, 1H), 2.82 (dd, J = 14.1, 8.5 Hz, 1H), 2.6230Zm, 2H),
2.25 — 2.02 (m, 1H), 1.88 (m, 1H), 1.43 (t, J = 7.1 BH). °C
NMR (75 MHz, CDC}) & 212.9, 149.0, 148.1, 130.0, 121.3,
119.0, 112.2, 111.2, 70.4, 55.9, 51.1, 40.6, 2882, 13.8.
HRMS (DARTY) (m/z) [M + HJ: calc. for GgH,NO;S;:

Following the general procedurga was obtained as a yellow 340.10411, found: 340.10400.

pale oil (20.9 mg, 68% yield) after purificationavilash column
chromatography using silica gel (Hex:AcOEt; 9:31 NMR

(300 MHz, CDC}) 6 4.63 (q, J = 7.1 Hz, 2H), 4.26 (qd, J = 11.4,4.2.7 . tert-butyl (5-(3-chlorophenyl)-2-

5.5 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 4.07 — 3.921H), 2.04 —
2.23(m, 1H), 2.06 (s, 3H), 2.02 — 1.83 (m, 1H), ¥V = 7.1
Hz, 3H), 1.24 (t, J = 7.1 Hz, 3HFC NMR (75 MHz, CDC}) 5
212.9, 172.7, 170.8, 70.4, 65.65, 60.73, 48.9,,32660, 20.9,
14.3, 13.8. HRMS (DART") (m/z) [M + HJ: calc. for
C1H2105S,: 309.08304, found: 309.08326.

4.2.3.Ethyl 4-acetoxy-4-
((ethoxycarbonothioyl)thio)butanoate 6b:

((ethoxycarbonothioyl)thio)-5-oxopentyl)carbamate
6f:

Following the general proceduréf, was obtained as a yellow
pale oil (25.9 mg, 60% yield) after purificatioia flash column
chromatography using silica gel (Hex:AcOEt; 9:31 NMR
(400 MHz, CDC}) 8 7.93 (t, J = 1.9 Hz, 1H). 7.84 (dt, J = 7.8,
1.1 Hz, 1H), 7.55 (ddd, J = 8.0, 2.2, 1.1 Hz, 1H), 143 =7.8
Hz, 1H), 4.92 (s, 1H), 4.65 (g, J = 7.1 Hz, 2H), 3.88.62 (m,
1H), 3.55 (dt, J = 12.6, 6.0 Hz, 1H), 3.44 (dt, J 718.4 Hz,
1H), 3.23 — 3.11 (m, 2H), 2.26 (dq, J = 13.7, 7.0 H4), 2.09 —

Following the general proceduréh was obtained as a pale 1.94 (m, 1H), 1.45 (s, 9H), 1.45 (t, J = 7.1 Hz, 3¢ NMR

yellow oil (16.18 mg, 55% vyield) after purificationia flash
column chromatography using silica gel (Hex:AcOEt595

'H NMR (300 MHz, CDC}) § 6.67 (t, J = 6.4 Hz, 1H), 4.64
(dtt, J = 10.7, 7.0, 3.5 Hz, 2H), 4.15 (q, J =7.1 BH), 2.45 (d,
2H), 2.35 — 2.19 (m, 2H), 2.08 (s, 3H), 1.42 (t, J.& |8z, 3H),
1.27 (t, J = 6.0 Hz, 3H)>C NMR (75 MHz, CDC}) & 210.0,
172.1, 169.4, 80.0, 70.4, 60.9, 30.3, 29.5, 214€3,113.8.
HRMS (DARTY) (m/z) [M + HJ: calc. for G;H.s0sS:
295.06739, found: 295.06884.

4.2.4.ethyl 4-((tert-butoxycarbonyl)amino)-4-
((ethoxycarbonothioyl)thio)butanoate 6c:

(100 MHz, CDC}) & 213.2, 197.7, 155.9, 138.2, 135.0, 133.1,
129.9, 128.1, 126.2, 79.6, 70.3, 51.3, 43.8, 334, 25.5, 13.7.
HRMS (DART") (m/z) [M + HJ: calc. for GgH,,CINO,S;:
432.10700 , found: 432.10631.

4.2.8.5-(1-(3,4-dimethoxyphenyl)-5-(4-
methoxyphenyl)-5-oxopentan-2-yl) O-ethyl
carbonodithioate 6g:

Following the general procedurgg was obtained as a brown
solid (24.19 mg, 54 % yield) after purificatioma flash column
chromatography using silica gel (Hex:AcOEt; 9:1). #(p42°C
'H NMR (300 MHz, CDC}) 5 7.89 (d, J = 9.0 Hz, 2H), 6.90 (d, J
= 9.0 Hz, 2H), 6.84 (s, 1H), 6.80 — 6.79 (m, 2H), 4%9] = 7.1

Following the general procedurég was obtained as a yellow Hz, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 3-1B97 (m,

pale oil (21.1 mg, 58% yield) after purificatioia flash column
chromatography using silica gel (Hex:AcOEt; 8: 31 NMR

4H), 2.86 (dd, J = 13.9, 8.3 Hz, 1H), 2.19 — 2.17 {ht), 1.99 —
1.86 (m, 1H), 1.39 (t, J = 7.1 Hz, 3HFC NMR (75 MHz,

(300 MHz, CDCY) 6 4.85 (br, 1H), 4.65 (q, J = 7.1 Hz, 2H), 4.13 cpcy,) § 214.2, 197.7, 163.5, 148.8, 147.8, 131.0, 13(29,4]

(@, J = 7.1 Hz, 2H), 3.87 (dg, J = 9.1, 5.8 Hz, 1H}83- 3.28
(m, 2H), 2.63 — 2.34 (m, 2H), 2.23 — 1.80 (m, 2H),11:5L.37
(m, 12H), 1.25 (t, 7.2 Hz, 3H°C NMR (75 MHz, CDC}) &
213.4, 172.9, 156.0, 79.7, 70.4, 60.7, 51.4, 43187, 28.5, 26.7,
14.3, 13.9. HRMS (DART) (m/z) [M + H[: calc. for
CisH2sNOsS,: 366.14089, found: 366.14042.

4.2.5.3-cyano-1-((ethoxycarbonothioyl)thio)propyl
acetate 6d:

Following the general procedui@] was obtained as a yellow
pale oil (19.95 mg, 82% yield) after purificatioia flash column
chromatography using silica gel (Hex:AcOEt; 95:5). NMR

121.4, 113.7, 112.4, 111.1, 69.9, 55.9, 55.5, 52132, 35.7,
29.7, 27.4, 13.8HRMS (DART") (m/z) [M + HJ: calc. for
CoiH260sS,: 449.14564, found: 449.14524.

4.2.9.5-chloro-1-((ethoxycarbonothioyl)thio)-4-
oxopentyl acetate 6h:

Following the general procedugh was obtained as a yellow
pale oil (16.6 mg, 56% yield) after purificatioia flash column
chromatography using silica gel (Hex:AcOEt; 8: 31 NMR
(300 MHz, CDC}) 6 6.63 (t, J = 6.4 Hz, 1H), 4.74 — 4.48 (m,
2H), 4.10 (s, 2H), 2.89 — 2.66 (m, 2H), 2.45 — 2.17 Zh), 2.08
(s, 3H), 1.42 (t, J = 7.1 Hz, 3HYC NMR (75 MHz, CDC}) &

(300 MHz, CDC}) 8 6.67 (t, J = 6.2 Hz, 1H), 4.66 (9, J = 7.2 Hz, 09 8, 201.0, 169.6, 80.0, 70.5, 48.2, 35.4, 2800, 13.8.

2H), 2.62 — 2.47 (m, 1H), 2.45 — 2.26 (m, 1H), 2.18H), 1.44
(t, J = 7.1 Hz, 3H)"C NMR (75 MHz, CDC})  208.9, 169.2,

HRMS (DART") (m/z) [M + H]: calc. for GgH.sClO,S;:
299.01785, found: 299.01866.
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4.2.10.1-((ethoxycarbonothioyl)thio)-4-
morpholino-4-oxobutyl acetate 6i:

Following the general procedur@, was obtained as a yellow
pale oil (17.0 mg, 51% yield) after purificatioia flash column
chromatography using silica gel (Hex:AcOEt; 7:3 NMR

(400 MHz, CDCY) 5 6.67 (t, J = 6.4 Hz, 1H), 4.70 — 4.59 (m

2H), 3.70 — 3.65 (m, 4H), 3.44 (t, J = 4.8 Hz, 2H),02-52.40
(m, 2H), 2.36 — 2.26 (m, 2H), 2.08 (s, 3H), 1.42 (t, 2.1, 3H).
3C NMR (100 MHz, CDC}) & 210.2, 169.8, 169.5, 80.5, 70.5
67.0, 66.7, 46.0, 42.2, 39.2, 28.9, 21.0, 1BI&RMS (DART")
(m/z) M + H]": calc. for GgH»N1¢0sS,: 336.09327 , found:
336.09394.

4.2.11.2-((ethoxycarbonothioyl)thio)-5-
morpholino-5-oxopentyl acetate 6j:

Following the general procedur@, was obtained as a yellow
pale oil (19.1 mg, 55% yield) after purificatioia flash column
chromatography using silica gel (Hex:AcOEt; 7:3 NMR

Tetrahedron

NMR (300 MHz, CDC}) 5 7.48 (d, J = 8.6 Hz, 2H), 7.22 (d, J =
8.6 Hz, 2H), 4.66 (q, J = 7.2 Hz, 2H), 3.99 (dd, J& 9.3 Hz,
1H), 3.63 (dd, J = 9.9, 5.2 Hz, 1H), 3.25 — 3.41 (M), 2.74 —
2.93 (m, 3H), 2.45 (dd, J = 16.5, 6.3 Hz, 1H), 1.43 & 7.1 Hz,
3H), 1.24 (s, 3H), 1.22 (s, 3HFC NMR (75 MHz, CDC}) §
213.8, 172.3, 145.5, 136.7, 126.8, 120.2, 70.54,539.6, 38.5,
33.6, 30.8, 24.0, 23.9, 13.BIRMS (DART") (m/z) [M + HJ":
' calc. for G/H,NO,S,: 338.12485, found: 338.12516.

"4.2.15.S-((1-(2,6-dimethylphenyl)-5-oxopyrrolidin-
3-yl)methyl) O-ethyl carbonodithioate 8d:

Following the general procedur8gd was obtained as a pale
yellow oil (18.1 mg, 62% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)9'H
NMR (300 MHz, CDCJ) & 7.10 (m, 3H), 4.67 (q, J = 7.1 Hz,
2H), 3.73 (dd, J = 10.3, 7.7 Hz, 1H), 3.30 — 3.52 Biv), 2.99
(hept, J = 7.2, 6.8 Hz, 1H), 2.80 (dd, J = 16.9,Hz7 1H), 2.44
(dd, J = 16.9, 6.9 Hz, 1H), 2.22 (s, 3H), 2.20 (s, 3HB4 (t, J =
7.1 Hz, 3H).®C NMR (75 MHz, CDC}) & 213.8, 172.6, 135.9,
135.3, 128.7, 128.4, 70.5, 53.4, 39.9, 36.8, 38, 17.8, 13.8.

(400 MHz, CDC'D 5 4.65 (q, J=7.1H, 2H), 4.37-4.23 (m, ZH), HRMS (DART+) (m/Z) [M + H]+: calc. for QGHZZNOZSZ:

4.07 — 3.97 (m, 1H), 3.69 — 3.64 (m, 4H), 3.64 — B9 1H),
3.45 (t, J = 4.9 Hz, 2H), 2.57 — 2.40 (m, 2H), 2.28d@ J =
14.5, 9.0, 6.6, 4.5 Hz, 1H), 2.07 (s, 3H), 1.92 (ddid; 14.4,
10.0, 8.7, 5.8 Hz, 1H), 1.43 (t, J = 7.1 Hz, 3KC NMR (100

MHz, CDCk) & 213.2, 170.8, 170.4, 70.5, 67.0, 66.7, 65.8, 49.

46.0, 42.2, 30.2, 26.2, 20.9, 138WRMS (DART") (m/z) [M +
H]™: calc. for GH,/NOsS,: 350.10959, found: 350.10949.

4.2.12.0-ethyl S-((5-oxo0-1-phenylpyrrolidin-3-
yl)methyl) carbonodithioate 8a:

324.10920, found: 324.10869.

4.2.16.S-((1-(3,4-dimethoxyphenethyl)-5-
oxopyrrolidin-3-yl)methyl) O-ethyl
carbonodithioate 8e:

Following the general procedur8e was obtained as a pale
yellow oil (23.4 mg, 61% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)7'8i
NMR (300 MHz, CDC}) 4 6.70 — 6.83 (m, 3H), 4.65 (g, J=7.0
Hz, 2H), 3.86 (s, 3H), 3.88 (s, 3H), 3.31 - 3.62 (m,, 310 (dd,

4

Following the general procedura was obtained as a pale j-137 g2 Hz 1H), 2.95 — 3.12 (m, 2H), 2.80 & 2.3 Hz

yellow oil (23.6 mg, 80% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)9'H

2H), 2.48 — 2.77 (m, 2H), 2.17 (dd, J = 16.3, 5.6 H4), 1.42 (t,
J = 7.1, 3H)C NMR (75 MHz, CDC}) 5 213.9, 173.2, 149.0,

NMR (300 MHz, CDCJ) & 7.58 (d, J = 7.4 Hz, 2H), 7.31 — 7.43 147 7 130.9, 120.6, 111.8, 111.3, 70.4, 55.9, 5237, 39.8,

(m, 2H), 7.16 (t, J = 7.4 Hz, 1H), 4.66 (q, J = 7.1 BH), 4.01
(dd, J = 9.8, 7.6 Hz, 1H), 3.65 (dd, J = 10.0, 5.6 H4), 3.21 —
3.48 (m, 2H), 2.72 — 3.02 (m, 2H), 2.47 (dd, J = 16.3- Hz,
1H), 1.43 (t, J = 7.1 Hz, 3HY*C NMR (75 MHz, CDC}) &

213.7, 172.4, 139.0, 128.9, 124.7, 120.0, 70.52,539.5, 38.6,
30.8, 13.8. HRMS (DART') (m/z) [M + HJ: calc. for
C1H1eNO,S,: 296.07790, found: 296.07803.

4.2.13.0-ethyl S-((1-(4-fluorophenyl)-5-
oxopyrrolidin-3-yl)methyl) carbonodithioate 8b:

37.1, 33.2, 30.9, 13.81RMS (DART") (m/z) [M + HJ": calc. for
CigH26NO,S,: 384.13032, found: 384.12926.

4.2.17.0-ethyl S-((1-(furan-2-ylmethyl)-5-
oxopyrrolidin-3-yl)methyl) carbonodithioate 8f:
Following the general procedur8f was obtained as a pale
yellow oil (19.8 mg, 66% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)7'8i
NMR (400 MHz, CDCY}) 8 7.36 (dd, J = 1.9, 0.9 Hz, 1H), 6.32
(dd, J = 3.2, 1.9 Hz, 1H), 6.26 — 6.23 (m, 1H), 465) = 7.2,

Following the general procedur8h was obtained as a pale 2H), 4.45 (s, 2H), 3.51 (dd, J = 10.0, 7.7 Hz, 1H)23-3.14 (m

yellow oil (19.4 mg, 62% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)9'H
NMR (300 MHz, CDCJ) 6 7.45 — 7.69 (m, 2H), 6.97 — 7.16 (m
2H), 4.66 (q, J = 7.1 Hz, 1H), 3.97 (dd, J = 9.9,HZ5 1H), 3.62
(dd, J = 9.9, 5.7 Hz, 1H), 3.22 — 3.47 (m, 2H), 2.63.60 (m,
2H), 2.45 (dd, J = 16.5, 6.3 Hz, 1H), 1.43 (t, J =Hz. 2H)."C
NMR (75 MHz, CDC}) & 213.7, 172.4, 159.6 (d, J = 324 Hz)
135.1, 121.8 (d, J = 8.1 Hz), 115.6 (d, J = 22.5) H¥5, 53.4,
50.9, 39.5, 38.3, 30.8, 13.BIRMS (DART") (m/z) [M + HJ:
calc. for GH:,FNG,S,: 314.06847, found: 314.06874.

4.2.14.0-ethyl S-((1-(4-isopropylphenyl)-5-
oxopyrrolidin-3-yl)methyl) carbonodithioate 8c:

2H), 3.11 (dd, J = 10.0, 5.5 Hz, 1H), 2.75 — 2.70 {id), 2.63
(dd, J = 16.8, 8.7 Hz, 1H), 2.25 (dd, J = 16.8, 6.4 H4), 1.42

» (t, J = 7.1 Hz, 3H)*C NMR (100 MHz, CDC}) 5 213.9, 173.0,

149.8, 142.5, 110.4, 108.5, 70.4, 51.6, 39.8, 399, 30.8,
13.8. HRMS (DART") (m/z) [M + HJ": calc. for GgHgNO;S;:
300.07281, found: 300.07276.

4.2.18.S-((1-benzyl-5-oxopyrrolidin-3-yl)methyl)
O-ethyl carbonodithioate 8g:

Following the general procedur8g was obtained as a pale
yellow oil (21.4 mg, 69% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)8'®
NMR (300 MHz, CDC}) & 7.16 — 7.37 (m, 5H), 4.61 (q, J=7.1

Following the general procedur8¢ was obtained as a pale py, 2H), 4.30 — 4.52 (m, 2H), 3.39 (dd, J = 10.0, HB 1H)

yellow oil (19.9 mg, 59% yield) after purificatiomia flash
column chromatography using silica gel (Hex:AcOEt;)9'H

3.06 — 3.30 (m, 2H), 3.00 (dd, J = 10.0, 5.6 Hz, -4 — 2.82



(m, 2H), 2.26 (dd, J = 16.8, 6.4 Hz, 1H), 1.38 (t, 2. Hz, 3H)., ' 4.2.23.diethyl 2-(1H-indol-2-yl)-2-
¥C NMR (75 MHz, CDC}) § 213.9, 173.3, 136.3, 128.9, 128.3, methylmalonate 13c:

127.8, 70.5, 51.4, 46.7, 39.9, 37.1, 30.8, 1BIBMS (DART") Following the general procedurd3c was obtained as a
(m/z) [M + HJ": calc. for GsHoNO,S,: 310.09355, found: yellow pale solid (8.6 mg, 30% yield) after purifiian via flash
310.09332. column chromatography using silica gel (Hex:AcOEt;)9'H

NMR (300 MHz, CDC}) & 9.08 (s, 1H), 7.57 (dd, J = 7.8, 1.0,
1H), 7.37 (dd, J = 8.1, 1.0 Hz, 1H), 7.18 (ddd, J2 8.0, 1.3 z,
4.2.19.S-((1-benzyl-2-oxopiperidin-4-yl)methyl) O- 1H), 7.08 (ddd, J = 8.0, 7.1, 1.1 Hz, 1H), 6.47 (dd, 2.0, 0.9
ethyl carbonodithioate 8h: Hz, 1H), 4.25 (q, J = 7.1 Hz, 4H), 1.95 (s, 3H), 1.20(¢ 7.1
Following the general procedur8h was obtained as a pale Hz, 6H). *C NMR (75 MHz, CDC}) § 170.5, 136.4, 134.9,
yellow oil (17.8 mg, 55% vyield) after purificatiomia flash ~ 127.7, 122.4, 120.7, 119.9, 111.2, 101.5, 62.45,521.4, 14.1.
column chromatography using silica gel (Hex:AcOEt)8'®  HRMS (DART') (m/z) [M + HJ: calc. for : GgHyNO,:
NMR (300 MHz, CDC}) § 7.23 — 7.35 (m, 5H), 4.55 — 4.76 (m, 290.13923, found: 290.13982.
3H), 4.49 (d, J = 14.7 Hz, 1H), 3.13 — 3.31 (m, 3H)93dd, J =
13.8, 6.2 Hz, 1H), 2.67 — 2.81 (m, 1H), 2.07 — 2.323Ht), 1.97
—2.06 (M, 1H), 1.47 — 1.65 (m, 1H), 1.44 (t, J =HA) 3H).®C  4.2.24.diethyl 2-(1H-indol-2-yl)malonate 13d:
NMR (75 MHz, CDC}) & 214.3, 168.5, 137.0, 128.6, 128.1, Following the general procedurd3d was obtained as a
127.4, 70.3, 50.0, 46.0, 40.7, 38.0, 32.8, 28.38.1HRMS  prown oil (17.8 mg, 65% yield) after purificatiovia flash
(DARTY) (m/z) [M + HJ": CiHpNO,S,: 324.10919, found: column chromatography using silica gel (Hex:AcOEt595'H
324.10955. NMR (300 MHz, CDCJ) & 9.00 (s, 1H), 7.58 (d, J = 7.9 Hz,
1H), 7.38 (d, J = 8.3 Hz, 1H), 7.19 (t, J = 8.3 Hz, TH)9 (t, J =
7.5 Hz, 1H), 6.50 (s, 1H), 4.91 (s, 1H), 4.33 — 4.184Ht), 1.29
4.2.20.S-(1-benzyl-2-oxoazocan-5-yl) O-ethyl (t, J = 7.2 Hz, 6H)"*C NMR (75 MHz, CDC}) § 167.3, 136.7,
carbonodithioate 9i: 128.8, 127.8, 122.5, 120.7, 120.1, 111.3, 103.4,621.8, 14.1.
Following the general procedur@ was obtained as a pale HRMS (DART") (m/z) [M + HJ: calc. for GsH;gNO, :
yellow oil (21.9 mg, 65% vyield) after purificatiomia flash  276.12358, found: 276.12307.
column chromatography using silica gel (Hex:AcOER)8:'H
NMR (300 MHz, CDCY) & 7.14 — 7.45 (m, 5H), 4.46 — 4.78 (m,
4H), 3.62 — 3.85 (m, 1H), 3.33 — 3.58 (m, 2H), 2.73.82 (m, 4.2.25.2-(1H-pyrrol-2-yl)acetonitrile 14a:
1H), 2.58 — 2.67 (m, 1H), 2.26 — 2.47 (m, 1H), 1.99.30 (m, Following the general procedurd4a was obtained as a
2H), 1.70 — 1.89 (m, 3H), 1.42 (t, J = 7.1 Hz, 3L NMR (75 yellow pale oil (6.3 mg, 63% yield) after purificati via flash
MHz, CDCk) $ 213.7, 173.7, 137.5, 128.6, 128.3, 127.5, 69.8column chromatography using silica gel (Hex:AcOEt;)7 81
48.4, 48.2, 46.3, 33.8, 32.4, 31.8, 28.0, 1BI&MS (DART+) NMR (400 MHz, CDC}) & 8.26 (br, 1H), 6.78 (id, J = 2.7, 1.5
(m/z) [M + HJ": calc. for G/H.NO,S,: 338.12484, found: Hz, 1H), 6.19 — 6.16 (m, 1H), 6.14 (tdt, J = 2.6, D.6, Hz, 1H),
338.12386. 3.77 (d, J = 0.8 Hz, 2H}*C NMR (100 MHz, CDC}J) & 118.8,
118.6, 116.9, 109.3, 108.3, 16[ARMS (DART") (m/z) [M +
H]": calc. for GH-N, : 107.06092 , found: 107.06091.
4.2.21.2-(1H-indol-2-yl)acetonitrile 13a:
Following the general procedura was obtained as a brown
solid (9.9 mg, 64% vyield) after purificatiovia flash column 4.2.26.ethyl 2-(1H-pyrrol-2-yl)acetate 14b:
chromatography using silica gel (Hex:ACOEL; 9:1). mBp-98 Following the general procedurd4b was obtained as a
°C. "H NMR (400 MHz, CDCJ) $ 7.57 (dd, J = 7.9, 1.0, 1H), yellow pale oil (8.0 mg, 52% vyield) after purificati via flash
8.17 (s, 1H), 7.35 (dd, J = 8.2, 1.0 Hz, 1H), 7.21d(dH= 8.2,  column chromatography using silica gel (Hex:AcOEt;595H
7.1,1.3 Hz, 1H), 7.13 (ddd, J = 8.0, 7.1, 1.1 Hz, B#8 (dg, J NMR (400 MHz, CDC}) & 8.73 (s, 1H), 6.76 (td, J = 2.7, 1.5 Hz,
= 2.1, 1.0 Hz, 1H), 3.92 (d, J = 1.0, 2H)C NMR (100 MHz,  1H), 6.14 (q, J = 2.9 Hz, 1H), 6.02 (dddt, J = 3.3, 2.6, 0.8 Hz,
CDCly) & 136.7, 128.3, 125.9, 122.9, 120.7, 120.7, 11614,1,  1H), 4.18 (q, J = 7.2 Hz, 2H), 3.67 (d, J = 0.8, 2HP81(t, J =
103.0, 17.8.HRMS (DART") (m/z) [M + H[": calc. for : 7.1 Hz, 3H).*C NMR (100 MHz, CDC}) & 171.4, 123.5, 117.8,
CioHoN2: 157.07657, found: 157.07688. 108.4, 107.4, 61.2, 33.4, 1483RMS (DART") (m/z) [M + HJ":
calc. for GHy,NO,: 154.08680, found: 154.08699.

4.2.22.ethyl 2-(1H-indol-2-yl)acetate 13b:

Following the general procedurd3b was obtained as a 4.2.27.diethyl 2-(1H-pyrrol-2-yl)malonate 14c:
brown solid (4.7 mg, 23% yield) after purificationa flash Following the general procedurd4c was obtained as a
column chromatography using silica gel (Hex:ACOEt)9m.p  yellow pale oil (14.1 mg, 63% vyield) after purifigat via flash
28-31 °C. 'H NMR (400 MHz, CDCJ) 5 8.61 (s, 1H), 7.47 (dd, column chromatography using silica gel (Hex:AcOEt595H
J =79, 1.0 Hz, 1H), 7.08 (ddd, J = 8.2, 7.1, 1.3H4), 7.01 NMR (300 MHz, CDC})  9.05 (br, 1H), 6.92 — 6.71 (m, 1H),
(ddd, J = 8.1, 7.1, 1.1 Hz, 1H), 6.28 (dd, J = 2.0,Hz, 1H), .25 — 5.99 (m, 2H), 4.75 (s, 1H), 4.22 (qd, J = Z.1,Hz, 4H),
4.14 (q,J =7.2 Hz, 2H), 3.76 (d, J = 0.9 Hz, 2H)3X2J =7.1 128 (t, J = 7.1 Hz, 6H)*C NMR (75 MHz, CDC}) § 167.8,

Hz, 3H). ®C NMR (100 MHz, CDC}) 5 170.8, 136.6, 130.7, 121.7, 118.9, 108.7, 108.4, 62.2, 51.2, 1HRMS (DART")
128.5,121.9, 120.3, 120.0, 110.9, 102.0, 61.3,,31.3HRMS  (m/z) [M + HJ: calc. for G;H;NO, 226.10793, found:

(DART") (m/z) [M + HJ" calc. for : GHuNO,: 204.10245, 226.10757.
found: 204.10221.

4.2.28.2-(2-phenylimidazo[1,2-a]pyridin-3-
yl)acetonitrile 15a:
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Following the general proceduréba was obtained as a
brown oil (20.9 mg, 90% yield) after purificatiovia flash
column chromatography using silica gel (Hex:AcOEt;)7'8i
NMR (300 MHz, CDC}) 3 8.07 (d,J=6.9, 1H), 7.74 — 7.66 (m,
3H), 7.57 — 7.48 (m, 2H), 7.48 — 7.40 (m, 1H), 7.3ddd = 9.1,
6.8, 1.2 Hz, 1H), 4.17 (s, 2H}’C NMR (75 MHz, CDC}) &
145.5, 145.2, 133.2, 129.1, 128.7, 125.5, 123.@.111115.1,
113.5, 107.9, 14.0d4RMS (DART") (m/z) [M + HJ: calc. for
CisH1oN3: 234.10312, found: 234.10395.

4.2.29.ethyl 2-(2-phenylimidazo[1,2-a]pyridin-3-
yl)acetate 15b:

Following the general procedurd5b was obtained as a
yellow pale oil (15.6 mg, 56% vyield) after puriftean via flash
column chromatography using silica gel (Hex:AcOEt;)7'8i
NMR: (300 MHz, CDC}) 4 8.06 (d, J = 6.8 Hz, 1H), 7.77 (d, J =
7.7,2H), 7.62 (d, J =9.1 Hz, 1H), 7.41 (t, J = 7.4 M3), 7.37 —
7.28 (m, 1H), 7.22 — 7.12 (m, 1H), 6.81 (t, J = 6.9 HZ), 4.16
(9, J = 7.1 Hz, 2H), 3.98 (s, 1H), 1.21 (t, J = 7.1BH). °C
NMR (75 MHz, CDC}) & 169.5. 145.1, 144.7, 134.1, 128.8,
128.1,124.7,123.9,117.8, 113.1, 112.6, 61.8),34.3.HRMS
(DART"Y) (m/z) [M + HJ: calc. for G;H;/N,O,: 281.12900,
found: 281.12914.

4.2.30.diethyl 2-(2-phenylimidazo[1,2-a]pyridin-3-
yl)malonate 15c:

Following the general procedurEsc was obtained as a brown
solid (23.9 mg, 68 % yield) after purificationa flash column
chromatography using silica gel (Hex:AcOEt; 8:2). ml65-
168. °C."H NMR (300 MHz, CDC}) § 8.37 (d,J = 7.2 Hz, 1H),
7.78 (d, J = 6.8 Hz, 2H), 7.69 @~ 9.0 Hz, 1H), 7.52 (t, J = 7.2
Hz, 2H), 7.45 (d, J = 7.1 Hz, 1H), 7.31 — 7.23 (m, 885 (td, J
= 6.9, 1.2 Hz, 1H), 5.42 (s, 1H), 4.26 (qd, J = 7.2, Hz, 4H),
1.28 (td, J = 7.2, 1.2 Hz, 6H)C NMR (75 MHz, CDC}) &
166.8, 146.5, 145.9, 133.9, 129.2, 128.8, 128.4.4,2125.3,
117.7, 112.1, 112.0, 62.6, 49.3, 14RMS (DART") (m/z) [M
+ H]": calc. for GgH2:1N,0,: 353.15013, found: 353.14971.

4.2.31.2-(6-methyl-2-(p-tolyl)imidazo[1,2-
a]pyridin-3-yl)acetonitrile 15d:

Following the general procedurd5d was obtained as a
brown solid (15.9 mg, 61% yield) after purificatioia flash
column chromatography using silica gel (Hex:AcOERB).7m.p.
160-163 °C'H NMR (400 MHz, CDC}) § 7.81 (s, 1H), 7.63 (d,
J=9.2, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.31 (d, 2.8; 2H), 7.17
(dd, J = 9.3, 1.6 Hz, 1H), 4.12 (s, 2H), 2.42 (s, 6f0.NMR

(100 MHz, CDC}) 6 144.9, 144.5, 138.5, 130.3, 129.8, 128.7,

123.4,120.7, 117.3, 117.3, 115.2, 107.3, 21.46,18.1.HRMS
(DART+) (m/z) [M + H]+: calc. for GHieNy: 262.13442
found: 262.13377.

4.2.32.ethyl 2-(6-methyl-2-(p-tolyl)imidazo[1,2-
alpyridin-3-yl)acetate 15e:

Following the general procedurkse was obtained as a brown
solid (19.9 mg, 66 % yield) after purification vilash column
chromatography using silica gel (Hex:AcOEt; 7:3). n@2p-100
°C.'"H NMR (400 MHz, CDC})  7.89 (dt, J = 2.0, 1.1 Hz, 1H),
7.72 (d,J=8.1Hz, 2H), 7.60 (d, J = 9.1 Hz, 1H)84®, J = 7.8
Hz, 2H), 7.09 (dd, J = 9.2, 1.7 Hz, 1H), 4.23 (q, JEHz, 2H),
4.01 (s, 2H), 2.41 (s, 3H), 2.37 (s, 3H), 1.29 (t, 2.EHz, 3H).
3C NMR (100 MHz, CDC)) § 169.7, 144.4, 144.1, 137.8, 129.5,
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128.6, 127.8, 126.1, 122.2, 121.5, 116.9, 112.6/,631.0, 21.4,
18.6, 14.3. HRMS (DART) (m/z) [M + HJ: calc. for
C1gH21N,0O,: 309.16030, found: 309.15950.

4.2.33.2-(6-chloro-2-phenylimidazo[1,2-a]pyridin-
3-yl)acetonitrile 15f:

Following the general procedursf was obtained as a brown
solid (17.3 mg, 65% vyield) after purificatioria flash column
chromatography using silica gel (Hex:AcOEt; 9:1). ni$0-144
°C."H NMR (400 MHz, CDC}) 6 8.10 (dd, J = 2.0, 0.9 Hz, 1H),
7.71 — 7.65 (m, 3H), 7.55 — 7.49 (m, 2H), 7.47 — {3 1H),
7.30 (dd, J = 9.5, 1.9 Hz, 1H), 4.14 (s, 2HKC NMR (100 MHz,
CDCly) 6 146.3, 144.0, 132.8, 129.2, 129.0, 128.7, 12720,9,
121.0, 118.6, 114.7, 108.6, 144RMS (DART') (m/z) [M +
H]™: calc. for: GsH1;CIN; 268.06415, found: 268.06472.

4.2.34.ethyl 2-(6-chloro-2-phenylimidazo[1,2-
alpyridin-3-yl)acetate 15g:

Following the general procedursg was obtained as a brown
solid (10.3 mg, 33% vyield) after purificatioria flash column
chromatography using silica gel (Hex:AcOEt; 9:1). n1p5-108
°C."™H NMR (400 MHz, CDC}) 5 8.20 (dd, J = 1.9, 0.9 Hz, 1H),
7.84 — 7.78 (m, 2H), 7.62 (dd, J = 9.5, 0.9 Hz, 1HH27 7.45
(m, 2H), 7.43 — 7.38 (m, 1H), 7.21 (dd, J = 9.5,R7) 1H), 4.25
(0, J = 7.1 Hz, 2H), 4.03 (s, 2H), 1.31 (t, J = 7.1 BH). °C
NMR (100 MHz, CDC)) & 169.2, 145.8, 143.6, 133.7, 128.9,
128.7, 128.4, 126.1, 121.9, 120.9, 118.1, 113.89),62..0, 14.3.
HRMS (DART) (m/z) [M + H]: calc. for: G7H;sCINZO,
315.09003, found: 315.09028.

4.2.35.2-(6-chloro-2-(4-chlorophenyl)imidazo[1,2-
alpyridin-3-yl)acetonitrile 15h:

Following the general procedurd5h was obtained as a
brown solid (19.9 mg, 66 % yield) after purificatisma flash
column chromatography using silica gel (Hex:AcOEB)7m.p.
165-168. °C'H NMR (400 MHz, CDC}) & 8.10 (dd, J = 1.9, 0.9
Hz, 1H), 7.66 (dd, J = 9.6, 0.9 Hz, 1H), 7.63 (d, %18z, 2H),
7.50 (d, J = 8.6 Hz, 2H), 7.31 (dd, J = 9.6, 1.9 H), 4.12 (s,
2H). ®C NMR (100 MHz, CDCJ) & 145.1, 144.0, 135.1, 131.2,
129.7, 129.3, 127.1, 122.1, 120.8, 118.5, 114.8.5,013.9.
HRMS (DARTY) (m/z) [M + HJ: calc. for GgH;oCLN3:
302.02518, found: 302.02525.

4.2.36.1-morpholino-2-(2-phenylimidazo[1,2-
alpyridin-3-yl)ethan-1-one 15i:

Following the general procedurksi was obtained as a brown
oil (12.5 mg, 39% yield) after purificatiomia flash column
chromatography using silica gel (Hex:AcOEt; 5:5) NMR
(400 MHz, CDC}) 6 8.27 (dt, J = 6.9, 1.2 Hz, 1H), 7.56 — 7.62
(m, 3H), 7.39 — 7.44 (m, 2H), 7.31 — 7.36 (m, 1H)47-17.18
(m, 1H), 6.80 (td, J = 6.8, 1.2 Hz, 1H), 4.08 (s, 2849 (s, 4H),
3.21 — 3.27 (m, 2H), 3.15 (dd, J = 5.6, 3.7 Hz, 2f).NMR
(100 MHz, CDC}) 6 166.73, 145.2, 143.3, 134.3, 128.8, 128.6,
128.1, 124.8, 117.4, 113.8, 112.5, 66.8, 66.4, 46244, 29.9.
HRMS (ESI) (m/z) [M + HT: calc. for GgHaNzO,: 322.1555,
found: 322.1553.

4.2.37.1-(4-methoxyphenyl)-2-(2-
phenylimidazo[1l,2-a]pyridin-3-yl)ethanone 15j:



Following the general procedurgsj was obtained as brown
oil (18.2 mg, 53% yield) after purificatiomia flash column
chromatography using silica gel (Hex:AcOEt; 6:41 NMR
(400 MHz, CDC}) 8 7.99 — 7.91 (m, 3H), 7.68 — 7.64 (m, 3H),
7.45 (t, J = 7.4 Hz, 2H), 7.42 — 7.33 (m, 1H), 7.18d(d) = 9.1,
6.7, 1.3 Hz, 1H), 6.89 (d, J = 8.9 Hz, 2H), 6.80 (td;, 6.8, 1.0
Hz, 1H), 3.86 (s, 3H), 4.68 (s, 2HJC NMR (100 MHz, CDC})

6 193.4 164.2, 145.3, 144.8, 134.7, 131.0, 128.8, 1288.Q,

1245, 124.1, 117.7, 114.1, 112.4, 55.7, 3HBMS (DART+)

(m/z) [M + H]": calc. for G,HoN,O,: 343.14465, found:
343.14429.

4.2.38.(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl
2-(2-phenylimidazo[l,2-a]pyridin-3-yl)acetate 15k:

Following the general procedurd5k was obtained as a
yellow pale oil (21.8 mg, 56% yield) after purificat via flash
column chromatography using silica gel (Hex:AcOEt;)7'8i
NMR (400 MHz, CDC}) 6 8.12 (dt, J = 7.2, 1.2 Hz, 1H), 7.86 —
7.81 (m, 2H), 7.68 (dt, J = 9.0, 1.1 Hz, 1H), 7.51457m, 2H),
7.40 (d, J = 7.4 Hz, 1H), 7.25 — 7.21 (m, 1H), 6.8 Jt= 6.8,
1.2 Hz, 1H), 4.74 (td, J = 10.9, 4.5 Hz, 1H), 4.11983m, 2H),
2.00 (dtd, J = 12.0, 3.6, 1.8 Hz, 1H), 1.73 — 1.592ZH), 1.52 —
1.42 (m, 1H), 1.38 — 1.28 (m, 1H), 1.09 — 0.91 (m,,3:39 (d, J
= 6.5 Hz, 3H), 0.87 — 0.81 (m, 1H), 0.79 (d, J = 7.0 3H), 0.66
(d, J=7.0 Hz, 3H).

C NMR (100 MHz, CDC)) & 169.3, 145.1, 144.7, 134.2,
128.8, 128.0, 126.3, 124.6, 123.8, 117.7, 113.2,5.76.0, 47.2,
40.9, 34.2, 31.5, 31.3, 26.4, 23.4, 22.1, 20.83.16IRMS
(DART") (m/z) [M + H]: calc. for GgHaN,O,: 391.23855,
found: 391.23825.

Acknowledgments

Financial support from PAPIIT-DGAPA (project IN210516)
is grate-fully acknowledged. P. L.-M. thanks CONACY?dr f
PhD scholarship (No. 308233). J.E.D thanks to COLCIERECI
for the financial support through the project 120843351. We
also thank R. Patifio, H. Garcia-Rios, A. Pefia, E. Hyudrt
Chavez, R. Gavifio, Ma. C. Garcia-Gonzélez, L. Velastb Xk
Pérez for technical support.

References and notes

1. Barton, D. H. R.; McCombie, S. W. Chem. Soc., Perkin Trans.
11975, 1574-1585.

2.  Delduc, P.; Tailhan, C.; Zard, S. Zhem. Communl1988, 4,
308-310.

3. For recent reviews on xanthate-based radical cligmisee: a)
Quiclet-Sire, B.; Zard, S. 4sr. J. Chem2017, 57, 202-217; b)
Quiclet-Sire, B.; Zard, S. Bynlett2016, 27, 680—701; c) Quiclet-
Sire, B.; Zard, S. ZBeilstein J. Org. Chen2013, 9, 557-576; d)
Zard, S. Z. “Xanthates and Related Derivatives asli¢al
Precursors” inEncyclopedia of Radicals in Chemistry, Biology
and Materials Wiley, Chichester2012; e) Quiclet-Sire, B.; Zard,
S. Z. ZardChem. Eur. J2006, 12, 6002—6016.

4. Selected examples: (a) Osornio, Y. M.; Cruz-Almang;
Jiménez-Montafo, V; Miranda, L. D.Chem. Commun.2003,
2316-2317. (b) Reyes-Gutierrez, P. E.; Torres-Ochea O.;
Martinez, R; Miranda, L. D. Mirand&®rg. Biomol. Chem 2009,

7, 1388-1396. (c) Guerrero, M. A.; Miranda, L. Detrahedron
Lett, 2006, 47, 2517-2520. (e) Miranda, L. D.; lcelo-Avila, E.;
Renterfa-Gémez, A.; Pila, M. ; Marrero, J.Eur. J. Org. Chem.
2015, 4098-4101. Selected examples: (a) Saicic, N. Zrd, S.
Z. Chem. Commun1996, 14, 1631-1632. (b) Boiteau, L.; Boivin,
J.; Liard, A.; Quiclet-Sire, B.; Zard, S. Angew. Chem. Int. Ed.

9

1998, 37, 1128-1131. (c) Miranda L. D.; Zard, S.@rg. Lett,
2002, 4, 1135-1138

5. (a) Narayanam, J. M. R.; Stephenson, C. Ehkm. Soc. Rev.
2011, 40, 102-113. (b) Shaw, M. H.; Twilton, J.; MacMillaB,
W. C. J. Org. Chem.2016, 81, 6898-6926.

6. (a) Chenneberg, L.; Baralle, A.; Daniel, M.; Fensamk, L:
Goddard, J.-P.; Ollivier, CAdv. Syn. Cat2014, 356, 2756-2762.
(b) Vara, B. A; Patel, N. R.; Molander, G. ACS Catalysis2017,
7, 3955-3959. (c) Chang, Q.; Liu, Z.; Liu, P.; Yu, Sun, P.J.
Org. Chem. 2017, 82, 5391-5397. (d) Furst, L.; Matsuura, B.S.;
Narayanam, J. M. R.; Tucker, J. W.; StephensonRkR CJ. Org.
Lett, 2010, 12, 3104-3107.

7. Debien, L.; Quiclet-Sire, B.; Zard, S. Zcc. Chem. Reg015, 48,
1237-1253.

8. Tazhe Veetil, A.; Solomek, T.; Ngoy, B. P.; Paulia, N.; Heger,
D.; Klan, P.J. Org. Chem.2011, 76, 8232-8242.

9. Quiclet-Sire, B.; Quintero, L.; Sanchez-Jimenez, Z4ard, S. Z.

Synlett 2003, 75-78.

Quiclet-Sire, B.; Sortais, B.; Zard, S. Synletf 2002, 903-906.

Huang, Z.; Xu, JTetrahedron2013, 69, 10272-10278.

. Anthore, L.; Zard, S. Z0rg. Lett, 2015, 17, 3058-3061.

Debien, L.; Quiclet-Sire, B.; Zard, S. Drg. Lett, 2011, 13,

5676-5679.

Ollivier, C; Renaud, Pl. Am. Chem. Sq&000, 122, 6496-6497.

El Kaim, L.; Grimaud, L; Miranda, L. D.; Vieu, ETetrahedron

Lett, 2006, 47, 8259-8261.

For a review see: Rueping, M.; Nachtsheim, Bellstein J. Org.

Chem 2010, 6, 1, and references cited therein.

(@) O'Brien, A. G.; Maruyama, A.; Inokuma, Y.; Faj M.;

Baran, P. S.; Blackmond, D. @ngew. Chem. Int. Ed. En@014,

53(44), 11868. (b) Gui, J.; Zhou, Q.; Pan, C.-M.b¥aY.; Burns,

A. C.; Collins, M. R.; Ornelas, M. A,; Ishihara,;¥Baran, P. SJ.

Am. Chem. So@014, 136 (13), 4853.

(a) Chang, Q.; Liu, Z.; Liu, P.; Yu, L.; Sun, Rl. Org. Chem.

2017, 82, 5391-5397. (b) Furst, L.; Matsuura, B.S.; NaraanJ.

M. R.; Tucker, J. W.; Stephenson, C. RQig. Lett, 2010, 12,

3104-3107. See also: (c) Jin, J.; MacMillan, D. @/. Angew.

Chem. Int. Ed.2015, 54, 1565 -1569. (d) Xu, J.; Fu, C,

Shanmugam, S.; Hawker, C. J.; Moad, G.; Boyer,AGgew.

Chem. Int. Ed. EngR017, 56, 8376-8383.

18.

19. (a) Pérez, V. M.; Fregoso-L6pez, D.; Miranda L. T&trahedron
Lett, 2017, 58, 1326-1329. (b) Wang, S.; Huang, X.; Ge, Z.;

Wang, X.; Li, R. RSC Adv.2016, 6, 63532-63535.

20. The redox potentials were determined by cyclic aminetry

using a glassy-carbon electrode in a 10mM solutdn[(n-
Bu)4N]PF6, as supporting electrolyte, in degass&LE grade
acetonitrile; using Fc+/Fc as internal standard eunditrogen
atmosphere. Scan rate: 100 mVs-1, saturated caleteefrode
used as reference electrode and platinum as coeietgrode.

Supplementary Material

Supplementary material that may be helpful in teeiaw
process should be prepared and provided as a segdeatronic
file. That file can then be transformed into PDRKnfat and
submitted along with the manuscript and graphicsfite the
appropriate editorial office.



10 Tetrahedron

ACCEPTED MANUSCRIPT



