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The perfluoroalkylsulfonylation (CF3SO,, C;FsSO, and CHF,S0O,) in the enaminone C-H bonds has been
developed simply via the promotion of molecular iodine by using stable and cheap sodium perfluoroalkyl
sulfinates as coupling partners. The stereoselective synthesis of E-configurated o-perfluoroalkylsulfonyl
enaminones has been realized via unprecedented C-H bond elaboration and C=C double bond configura-
tion inversion by free radical process.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The sodium trifluoromethanesulfinate (CF3SO,Na), also known
as Langlois reagent, has been used as important source of tri-
fluoromethyl in the synthesis of numerous CFs;-functionalized
molecules [1-3]. Generally, this cheap and stable reagent has found
application in the trifluoromethylation reaction on a vast variety of
chemical bonds, such as aryl C-H bond [4-6], alkenyl/formyl C-H
bond [7-10], C-halogen bond [11], single C-C bond [12,13], mul-
tiple carbon-carbon bond [14-17], heteroatom-heteroatom bond
[18] and heteroatom-H bond [19,20]. Alongside the classical ap-
plication in trifluoromethylation reactions, discovering new syn-
thetic application in the synthesis of different fluoro-functionalized
molecules has emerged as new trend in the chemistry of this
reagent. For example, the CF3SO,Na has been found to be appli-
cable in the trifluoromethylthiolation reactions by donating “CF5S”
fragment via deoxygenation [21,22]. Several novel synthetic reac-
tions involving CF3SO,Na as thiocarbonyl (C=S) or carbonyl source
have also been recently reported [23,24]. Notably, the extensive in-
terest in the CF3SO,Na participated organic synthesis has also led
to the observation that CF3SO,Na could act as the trimethylsulfonyl
source in the synthesis of molecules functionalized with CF3S0,-
substructure. For example, Bi and Anderson et al. have reported the
synthesis of trifluoromethylsulfonyl functionalized B-enaminones
via an aryl migration wherein the methylsulfonyl free radical was
proposed to trigger the cascade transformations [25]. In addition,
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the synthesis of a few other different organic molecules function-
alized with trifluoromethylsulfonyl structure have also been re-
ported via the coupling of CF3SO,Na to multiple or reactive sin-
gle carbon-carbon bonds [26,27]. Furthermore, the synthesis of tri-
fluoromethyl sulfonylated aromatics have been accomplished via
the coupling of CF3SO,Na to the reactive arenediazonium tetraflu-
oroborates [28] or aryl iodonium salts [29]. Despite these reported
works, it can also be found that the trifluoromethylsulfonylation
reactions by using CF3SO,Na is yet underdeveloped [30]. Especially,
the trifluoromethylsulfonylation of stable C-H bond is hardly avail-
able, conveying the high urgency for developing practical C-H tri-
fluoromethylsulfonylation protocols with CF3SO,Na.

Over the past decades, we and others have identified the func-
tionalization of the vinyl C-H bond in enaminones as a power-
ful tool in the synthesis of poly-functionalized alkenes and di-
verse heterocyclic scaffolds via the construction of new C-C or
C-heteroatom bonds. Particularly, the intramolecular and inter-
molecular C-C bond forming reactions [31-34], the intermolec-
ular C-H acyloxylation [35,36], sulfenylation [37,38], amination
[39], thiocyanation [40-44], as well as the cascade C-H cou-
pling transformation and annulation providing various chromone
derivatives [45-50] etc. have brought new perspective to the
diversity-oriented synthesis based on enaminones. The coupling
of enaminones and CF3SO,Na has also been investigated, and
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Table 1
Optimization on reaction conditions.?
o SO,CF3
= - iti —
Phk/\w + CF4S0,Na conditions Me,N oh
1a 2a 3a
Entry Oxidant Solvent T (°C) Yield (%)P
1 I DMF 80 54
2 I DMSO 80 67
3 I MeCN 80 72
4 I toluene 80 Trace
5¢ I MeCN:DMSO 80 80
64 I, MeCN:DMSO 80 68
7¢ I MeCN:DMSO 80 74
8¢ - MeCN:DMSO 80 0
9¢ K,S,0g MeCN:DMSO 80 12
10¢ PhI(OAc), MeCN:DMSO 80 Trace
11¢ KIO; MeCN:DMSO 80 0
12¢ TBHP MeCN:DMSO 80 0
13¢f I, MeCN:DMSO 80 64
148 I MeCN:DMSO 80 79
15¢ I MeCN:DMSO 70 67
16¢ I, MeCN:DMSO 90 64

2 General conditions: 1a (0.2 mmol), 2a (0.4 mmol), oxidant (0.4 mmol) in solvent
(2mL), stirred for 12 h in sealed tube.

b solated yield based on 1a.

¢ MeCN (1.6 mL) and DMSO (0.4 mL).

4 MeCN (1.8 mL) and DMSO (0.2 mL).

¢ MeCN (1.4 mL) and DMSO (0.6 mL).

1, (0.3 mmol).

& [ (0.5 mmol).

trifluoromethylated products resulting from the enaminones’ C-H
trifluoromethylation are provided in the known reports [51,52].
Interestingly, the C-H trifluoromethylsulfonylation of enaminones
has not yet been realized. Herein, based on our longstanding ef-
forts in exploring novel synthetic application of enaminones [53-

o R? CF3SO;Na (2a)
1 I> (2 equiv.)
A _
FI& ' CH3CN/DMSO, 80 °C

R = Ph, 3a, 80%
R = 4-MeCgHg, 3b, 72%

R = 4-MeOCgH,, 3¢, 76%
SO2CFs R = 4-FCgHy, 3d, 69% —
— L 36 669
MeN R R = 4-CICgH,, 3e, 66%

R = 4-BrCgHy, 3f, 74%
R = 4-NCCgHg, 39, 54%
R = 4-CF3CgH,, 3h, 43%
R = 3-MeCgHg, 3i, 79%
R = 3-MeOCgH,, 3j, 79%
R = 3-CICgH,, 3k, 73%

R = 3,4-(MeO),CgH3, 31, 68% =

R = 3,4-(OCH,0)CgH3, 3m, 70% N R
R = naphth-2-yl, 3n, 83% < ) O

R = thiophen-2-yl, 30, 78%

R = thiophen-3-yl, 3p, 77%

3a CCDC: 2046334 3c CCDC: 2046335
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57] and the inherent advantages of stable chemical bond sul-
fur functionalization in the synthesis of diverse sulfur-containing
molecules [58-70], we report the first method on the synthe-
sis of trifluoromethylsulfonyl enaminones via the vinyl C-H triflu-
oromethylsulfonylation reactions of enaminones under transition
metal-free conditions by simply using molecular iodine as the oxi-
dant.

Initially, the reaction of enaminone 1a and CF;SO,Na (2a) was
run in DMF in the presence of molecular iodine. Gratifyingly,
the «-trifluoromethylsulfonyl functionalized enaminone 3a was af-
forded with fine yield by heating at 80 °C (entry 1). Other solvents
such as DMSO, MeCN could also be used as medium for the prac-
tical formation of 3a (entries 2 and 3, Table 1). On the other hand,
nonpolar medium such as toluene was found inapplicable (entry 4,
Table 1). Delightfully, excellent yield was obtained when the mixed
MeCN and DMSO with the volume ration of 8:2 was employed as
reaction medium (entries 5-7, Table 1). The comparison of differ-
ent oxidant additives and a blank entry proved that molecular io-
dine was the most proper oxidant for this reaction (entries 8-12,
Table 1). Afterwards, the loading of molecular iodine and the re-
action temperature was screened, respectively. But no further im-
proved result on the yield of 3a was provided (entries 13-16, Table
1).

In the section of scope investigation, the reactions employing
different enaminones were first conducted. According to the re-
sults (Scheme 1), outstanding application scope of the enaminone
substrate was identified by fixing CF3SO,Na as the reaction part-
ner. When the N,N-dimethyl functionalized, phenyl-based enam-
inones were employed, a broad variety of functional substituents
in the phenyl ring, including methyl, methoxyl, halogen, cyano,
trifluoromethyl and oxane etc., reacted with CF3SO,Na to provide
correspondingly diverse products with fair to excellent yields un-
der the optimized conditions (3b-3p). Substrates containing strong
electron withdrawing group (EWG) in the phenyl ring of enam-

R = Ph, 3aa, 81%
R = 4-MeCgHy, 3ab, 82% —
R =4-MeOCgHy, 3ac, 77% Et,N

R = 4-CICgH,, 3ad, 71% 0 R
R = 4-BrCgHy, 3ae, 69% _

R = naphth-2-yl, 3af, 81% Rz ?_';a;"a‘nm;é’o/
R = 3,4-(OCH,0)CgH3, 3ag, 76% o O D70

R = 3,4-Cl,CgH3, 3ah, 54% SO,CF3
R = thiophen-2-yl, 3ai, 74% —
SO,CF, N
R = Ph, 3aj, 75% 0
R = 4-MeCgH,, 3ak, 78% .
R = 4-CIC4Hy, 3al, 64% 3ao, 52%
SO,CF,

SIas

3ap, 47% (reaction at 40 °C)

3aj CCDC: 2046336 3aq, 38%

Scheme 1. Scope on the enaminones for the C-H trifluoromethylsulfonylation. General conditions: 1 (0.2 mmol), 2a (0.4 mmol), I, (0.4mmol) in mixed CH;CN/DMSO

(1.6 mL/0.4 mL). Stirred at 80 °C for 12h in sealed tube. Isolated yield based on 1.
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o SO,Rs
I, (2 equiv.), 50 °C —
Ar)J\/AN/ * RSO,Ng —— > —N Ar
| CH;CN/DMSO \ d
3
________ S S : SR
SO,CF,H SO,CF,H
- ~Q
% T ass
4a, 36% 4b, 34%
SO,CF,H SO,CF,CF,4
— S —
— \ ‘ —N
\ o N o
4c, 34% 4d, 1%

Scheme 2. Reactions using different perfluoroalkyl sulfinites.

NHNH,

F3CO,S Ph
0=S=0
DMSO, 80°C /N
_— N
H
5 6, 40%
H,N__Ph FsCOS A\
\[f K,CO3, 2 equiv. J\
* —_— x~
Hct NH  pwmso, 80°c Ph” N7 Ph
7 8, 56%

Scheme 3. Synthetic application of product 3a.

O standard
diti
— N~ . CF4SO,Na condi |onsl
| FRS, 3 equiv.
1a 2a

FRS = TEMPO, trace
FRS = BHT, 15% vyield

Scheme 4. Control experiments with free radical scavenger.

Rfsoz a+l, |
s.och3

Rfso2
o SN
©/U\/\ fast R lor
B
Os¢ COAr 3

e Y=

so2

Scheme 5. The plausible reaction mechanism.

inones gave products with evidently lower yields (3d-3h). What's
more, the enaminones featured with various amino structures such
as pyrrolidine (3aa-3ai), piperidine (3aj-3al), diethylamino (3am-
3an) were also used for the practical synthesis of corresponding
products. Besides the phenyl groups, the successful synthesis using
enaminones functionalized with other (hetero)aryl structures, such
as naphthyl (3n and 3af) and thiophenyl (30-3p and 3ai) indi-
cated the broad tolerance of this method for enaminone substrates.
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More notably, the present C-H trifluoromethylsulfonylation proto-
col was also expanded to the reactions of S-substituted enaminone
(3a0), enaminoester (3ap) as well as the enaminone derived from
the natural product 16-dehydroprogesterone (3aq), confirming the
high application potential of the present synthetic protocol. Inter-
estingly, the configuration of the enaminone C=C double bond in
the products was reversed as confirmed by the single crystal struc-
tures of 3a (CCDC: 2046334), 3c (CCDC: 2046335) and 3aj (CCDC:
2046336). The target transformation was not observed when an
alkyl ketone derived enaminone (R=R! =Me) was employed.

Encouraged by the satisfactory results from the reactions of dif-
ferent enamines, the reactions employing different perfluoroalkyl
sulfinites were then executed. Delightfully, the primary efforts
proved that HCF,SO,Na and C,F5SO,Na could also be used for
the C-H functionalization to give difluoromethylsulfonyl (4a-4c,
Scheme 2) and pentafluoroethylsulfonyl (4d, Scheme 2) elaborated
enaminones. The yields of these products obtained under the stan-
dard reaction conditions were lower than those trifluoromethylsul-
fonylated products. Further, the CF3CH,S0O,Na was also used to re-
act with 1a, but the C-H sulfonylation did take place, proving the
full fluorinated alkyl sulfinites were uniquely suitable for this novel
C-H transformation.

To disclose the synthetic application of the synthesized prod-
ucts, compound 3a was employed to react with different reaction
patterners. Delightfully, the synthesis of nitrogen heteroaryls, in-
cluding trifluoromethylsulfonyl functionalized pyrazole 6 and tri-
fluoromethylsulfonyl functionalized pyrimidine 8 were successfully
synthesized by reacting with sulfonyl hydrazine 5 (Scheme 3A) and
amidine 7 (Scheme 3B) via facile operation, respectively.

For the sake of probing possible reaction mechanism, the model
reaction was then conducted in the presence of free radical scav-
enger (FRS). As shown in Scheme 4, the formation of product 3a
was evidently suppressed in presence of either TEMPO or BHT, sug-
gesting that the titled reactions proceeded via free radical process.

On the basis of the results from both the product synthesis and
the control experiments, the plausible mechanism for the reactions
is proposed. As shown in Scheme 5, the incorporation of R{SO,Na
and molecular iodine provides perfluoroalkyl sulfonyl free radical A
via thermo-induced iodine homo-cleavage. The free radical A adds
quickly to the enaminone C=C double bond and give free radi-
cal intermediate B or its tautomeric species B’. The radical-radical
coupling of B and iodine free radical takes places successively and
led to the formation of intermediate C. As shown in the Neuman
structure of C, the stronger hydrogen bond effect between the sul-
fonyl group and the B-H determines that the antiperiplanar elim-
ination of HI from C affords the E-configurated perfluoroalkyl sul-
fonyl enaminones via formal reversion of the double bond config-
uration.

In summary, by means of functionalizing the vinyl C-H bond
in tertiary enaminones in the presence of perfluoroalkyl sulfonyl
sulfinites, we have realized the synthesis of «-E-perfluoroalkyl sul-
fonyl enaminones by a novel C-H perfluoroalkyl sulfonylation and
the conversion of the double bond configuration in the presence of
only I,. This featured new protocol brings new perspective on the
synthesis of polyfunctionalized alkenes possessing perfluoroalkyl
structure without employing any metal catalyst or additive. In ad-
dition, the broad substrate tolerance as well as the relatively mild
conditions are also favorable for its further application in organic
synthesis.
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