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ABSTRACT
O O
79 o-chloranil ph)I\/U\OEt o-chloranil 79
Ph)ﬁl/u\OEt (3.0 equiv) . (1.5 equiv) Ph)iju\OEt
Ph 100°C, 8 h Ph/\S/ 80°C,0.5h Ph S/
94% 87% (1:1)

A novel Pummerer-type reaction was developed via  o-chloranil-mediated C —H bond oxidation. The reaction provides a simple and efficient
method to construct sulfide derivatives. A Knoevenagel-type reaction was also achieved via multiple C —H bonds activation under neutral
reaction conditions.

Selective and efficient activation of-€H bonds to generate  their limitations. For example, usually one or two transition
functional molecules with minimal energy, cost, and envi- metal catalysts have to be used in these transformations. In
ronment impacts is one of the challenging research areas inaddition, the heteroatoms in the substrates are restricted to
synthetic chemistry? Among the C-H functionalizations, oxygen and nitrogen atoms. Therefore, developing metal-
activation of the G-H bond adjacent to a heteroatom (such free activation of a €H bond adjacent to a heteroatom
as N or O) has been widely investigated because the succesganging from oxygehand nitrogen to sulfur and other atoms
of such a method could lead to future efficient synthesis of would advance the state of the art of today’s € bond
natural products and pharmaceuticals with heteroatomsfunctionalization.
imbeddec® However, all reported methods in this line have ~ The Pummerer reaction is one elegant synthetic method
to functionalize a €-H bond adjacent to a sulfur atom and
(1) (a) Bergman, R. GNature2007, 446, 391. (b) Godula, K.; Sames, has been widely applied in the synthesis of natural products

D. Science2006 312 67. (c)Handbook of C-H Transformation®yker, i i i i i
D, Ed: Wiley-VCH: Weinheim. 2005, and biologically a_ctlve compquné&lovyever, in the classical
(2) For representative reviews, see: (a) Crabtree, Rl. rganomet. Pu.m_mgr.e.r reactions, sulfoxide starting materials and harsh
gggzmizoozml ggf, 4(10)833_. (b)CRIEeng, V. STlrllrllz, C; Pfeffgr, NCCILem- RRe- acidic initiators have to be used (Scheme 1). Therefore, to
. (c) Jia, C.; Kitamura, T.; Fujiwara, YAcc. em. Res. :
2001 34, 633. (d) Dyker, GAngew. Chem.. Int. EA999 38, 1698. () expand the scope of the Pummgre_r reaptlon, effqrts focused
Shilov, A. E.; Shul'pin, G. BChem. Re. 1997, 97, 2879. on novel ways to generate thionium intermediates from
(3) (@) Li, Z.; Bohle, D. S.; Li, C.-JProc. Natl. Acad. Sci. U.S.006 — gyfides have been undertak&hiThe most challenging part

103 8928. (b) Zhang, Y.; Li, C.-JAngew. Chem., Int. EQ006 45, 1949. . . . . .
(c) Wan, X.: Xing, D.; Fang, Z.; Li, B.; Zhao, F.: Zhang, K.; Yang, L.; in this regard resides in developing a novel way that can

Shi, Z.J. Am. Chem. So2006 128 12046. (d) Maruyama, T.; Suga, S.;;  generate thionium intermediates or their equivalents from
Yoshida, J.-1J. Am. Chem. So@005 127, 7324. (e) DeBoef, B.; Pastine,
S. J.; Sames, Dl. Am. Chem. So@004 126, 6556. (f) Murahashi, S.-I.;

Komiya, N.; Terai, H.; Nakae, Td. Am. Chem. So@003 125, 15312. (g) (4) DDQ-mediated €H bond activation was reported: Zhang, Y.; Li,
Chatani, N.; Asaumi, T.; Yorimitsu, S.; Ikeda, T.; Kakiuchi, F.; Murai, S.  C.-J.J. Am. Chem. So2006 128 4242.

J. Am. Chem. So@001, 123 10935. (h) Yoshida, J.-l.; Suga, S.; Suzuki, (5) (a) Feldman, K. STetrahedror2006 62, 5003. (b) Bur, S. K.; Padwa,
S.; Kinomura, N.; Yamamoto, A.; Fujiwara, K. Am. Chem. S0d.999 A. Chem. Re. 2004 104, 2401.
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Scheme 1. Classic Pummerer Reaction Table 1. o-Chloranil-Mediated Pummerer-Type Reactibns
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O\S C/H Ac0 ACO g Haco- AcO %) CC "Nu Nu o o R 9
— - - S=Cc=—=S= — S-C - i 1 2
/ - AcO" /S c / / / J\/U\ . Ph/\S’RB o-chloranil R ijkRa
R R? 80°C,05h  pp~>g-R
1 3
. . . . . entry 1 2 3
sulfides under mild and neutral reaction conditions, which
. X . " . 0 O
are also compatible with nucleophilic addition reaction at o o
. . . AN 3a 87%
the same time. Herein, we wish to report our endeavor to 1 Ph)J\/U\OEt Ph S Ph OBt “(1.4)
develop a metal-free activation of a-€1 bond adjacent to 1a 2a Ph s~
sulfur that can efficiently generate Pummerer-type products 0O O
whenq—chloranil (tetrachlora-benzoquinone) was used as 2 1a o ~g-PN Ph OEt 3I(o1§17;b
the oxidant (Scheme 2). Ph :
2b Ph” 8"
o o
| 3¢ 70%
3 1a “>s" >ph Ph OEt .
Scheme 2. o-Chloranil-Mediated Pummerer- or Ph= S PN (1)
Knoevenagel-Type Reactions 2c PhO So Ph
HC-H oxidation %) S % “Nu S C,NU or C=N O O
— —_— =C=—=8- —_— . =Nu 0,
/S c o-chloranil |/ / / 4 Ph)l\/U\Ph 2a Ph Ph 3d73%
1b Ph” 87
0O O
To begin our study, ethyl 3-oxo-3-phenylpropanohse 5 1b 2b Ph)ljfkph 3e 82%
and benzyl methyl sulfid@a were chosen as the standard ph g PN
substrates to search for suitable reaction conditions. After o o0
many failures, we found that the desired prodBatwas 6 1b 2 Ph Ph 3f73%
obtained in 87% isolated yield in 30 min by using 1.5 equiv PR
of o-chloranil as an oxidant at 80C (Table 1, entry 1§. Ph o So Ph
Subsequently, various substrates were tested under the 0O O 0
- " : 7° 2a Ph 3g 77%
optimized conditions, and some representative results are Ph)]\/”\ (1:1)
shown in Table 1. When benzyl phenyl sulfi@b and 1c Ph" > s”
dibenzyl sulfide2c were used3b and3c were obtained in 6 o
87% and 70%, respectively (Table 1, entries 2 and 3). It g 1c 2b ph)% 3'(‘2510;4
should be noted that monoalkylation prod8ctvas the only o g ’

isolated product. The desired products were also obtained
with good isolated yields when 1, 3-diketong&ls and 1c b, a|1(0a25_ rrdmol),Z (1.5 m(rjﬂol),d aﬂcb-ChloraPil (0-d3_8 mmol) were used. §
reacted with sulfides (Table 1, entries-8). Interestingly, ini?,g‘tgaé'ﬁthiséz_!l?v‘igi 5§2intec7 .rr?tllozstv/g o dastereomers are reporte
43, a Knoevenagel-type condensation product, was formed

in 12% yield together with the oxidative prodiRg obtained Pentadiond.g reacted with2b and2c to give Knoevenagel-

in 77% yield (Table 1, entry 7). type productf in 62% and 80% vyields, respectively (Table

Subsequently, we optimized the reaction conditions aiming , 'enries 12 and 13). However, the corresponding Pummerer
to obtain the Knoevenagel-type condensation products product3i was also obtained in 28% wheb was used
selectively. Studies showed that the yieldlafwas increased (Table 2, entry 12). In all entries in Table 2, produétsere

up to 81% together with 19% yield &g in the presence of  hained as single regioisomer when unsymmetrical dicar-
3.0 equiv ofo-chloranil, at 100°C (Table 2, entry 1). When bonyl compounds were used.

2b and2c were usedda was exclusively obtained in 97% A tentative mechanism of thechloranil-mediated Pum-
and 93% yields and no Pummerer-type_ oxidative coupling merer-type and Knoevenagel-type reactions is shown in
products3 were observed_ (Tat_)le 2, entries 2 and 3). When gcheme 3. €H oxidation of 2 by o-chloranil gives a
lawas useddb was obtained in excellent yields (Table 2, ,i5hiym intermediate5a,° which could also exist as a
entries 4-6). The desired productswere also obtained with neutral speciessb, in which a possible weak-€0 bond is

good fo excellent yields when cyclic substrald and ¢, :meq etween the two charged moietie§inNucleophilic
f-ketoimide 1e were used (Table 2, entries=10). 2.4-  4qgition ofSato 1 then generates the coupling prod@c®
(7) An alternative method for generation of the thionium precursor, If excesso-chloranil is used, compour@hs transformed to

hemithioacetal, is based on the addition of thiols to glyoxamide; see: Product4 via the C-S bond cleavagé.
McAllister, L. A.; McCormick, R. A.; Brand, S.; Procter, D. Angew.
Chem., Int. EJ2005 44, 452. (9) One of possibilities of €H bond oxidation is initiated by single

(8) No desired product was obtained whefluoranil, p-chloranil, and electron transfer from sulfur to quinone; see: Gorner, Rthotochem.
p-bromanil were used as oxidants under the same reaction conditions. ~ Photobiol.2006 82, 71.
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Table 2. o-Chloranil-Mediated Knoevenagel-Type Reactns

0O O
O (e} v i 1 2
R3 o-chloranil R R
+ ph g .
R1J\/U\R2 100°C, 8 h Ph |
1 2 4
entry 1 4b
1¢ o o o O 81% (R® = Me)
2d Ph)J\/U\ PR 97% (R® = Ph)
3 1c Ph"4a 93% (R® = Bn)
4 o o Q@ 0 94% (R3 = Me)
Ph)J\/U\OEt Ph)ﬁﬁkOEt 97% (R® = Ph)
6 1a Ph 99% (R® = Bn)
4b
7° Q o 90% (R® = Me)
8° ©Ji:§:\ 73% (R® = Ph)
Ph
9 o} o 84% (R® = Bn)
1d 4c

¢

o o
o o
10 Ph NHPh
Ph NHPh |

1e

o o o o

11 OMe Mom
cl 1f cl Ph
de

12f 0} o

;

13
19

Ph™ 44

o O
)ﬁﬁk
Ph 4f

63% (R® = Me)

91% (R® = Ph)

62% (R® = Ph)
80% (R® = Bn)

aCompoundsl (0.25 mmol) and2 (1.5 mmol) ando-chloranil (0.75
mmol) were used unless otherwise notetsolated yields are reporté@
equiv of o-chloranil was used3 g was obtained in 19%.2 equiv of
o-chloranil was used; 12%C. © 2 equiv of o-chloranil was useCompound

3i was obtained in 28%.

In summary, a novel Pummerer-type reaction and a

Scheme 3. Tentative Mechanism for the-Chloranil-Mediated
C—H Bond Oxidation Initiated €C Bond and &C Formation
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The metal-free, neutral, and mild reaction conditions make
these attractive reactions for potential applications. The
scope, mechanism, and synthetic application of these reac-
tions are under investigation.
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(10) This step is reversible. Compourd@ was obtained as a major
product by the reaction dd and 2b. Oxidative cleavage benzylic-€C
bonds assisted by heteroatoms: Wang, L.; Seiders, J. R., II; Floreancig, P.
E.J. Am. Chem. So@004 126, 12596.

(11) Compound3a was transformed intdb in 93% isolated yield at

Knoevenagel-type reaction have been developed via a metal-100°C for 8 h in thepresence of 2 equiv a-chloranil. For related examples

free C-H bond oxidation strategy. The high selectivity of

of C—S bond cleavage, see: (a) Baciocchi, E.; Del, Giacco, T.; Giombolini,
P.; Lanzalunga, OTetrahedron2006 62, 6566. (b) Mukaiyama, T.;

the reactions is achieved by controlled reaction conditions. Narasaka, K.; Hokonok, Hl. Am. Chem. Sod.969 91, 4315.
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