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Sulfonyl Chlorides Mediated Alkynylation of Non—activated Alkenes via Distal
Alkynyl Group Migration
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Abstract Radical-mediated difunctionalization of alkenes through the remote functional group migration (FGM) process
paves an ingenious avenue for simultaneous cleavage and reconstruction of C—C bonds. Recently, our group has systemati-
cally disclosed the strategy of remote FGM for radical-mediated difunctionalization of unactivated alkenes. A portfolio of
functional groups including cyano, heteroaryl, alkynyl, oximino, and carbonyl showcase the migratory aptitude, leading to
new C—C bonds under radical conditions. Meanwhile, a series of other chemical bonds such as C—C, C—N, C—P, C—Si,
and C—S are readily constructed in the reaction. Considering the synthetic utility and flexible transformation of alkynes, the
radical alkynylation of unactivated alkenes via remote alkynyl migration we firstly reported provides an efficient approach
for the incorporation of alkynes and has received considerable attention. On the other hand, fluorine- and sulfonyl-containing
molecules play vital roles in organic and medicinal chemistry owing to their important chemical and physical characters.
Therefore, the concomitant introduction of an alkynyl and a trifluoromethyl/sulfonyl group into one molecule is of great syn-
thetic value. Herein we report a useful method for carbo-trifluoroalkylation/sulfonylation of unactivated olefins. The addition
of extrinsic radical to alkene triggers the intramolecular FGM via a five-membered transition state along with a cascade of
bond fission and formation. The typical procedure is as follows: a mixture of propargyl alcohol 1, sulfonyl chloride,
fac-Tr(ppy)s, and base is loaded in a flame-dried reaction vial which is subjected to evacuation/flushing with nitrogen three
times. Solvent is added to the mixture via syringe and the mixture is then stirred at 25 ‘C until the starting material is con-
sumed monitored by TLC. The mixture is concentrated, and purified by flash column chromatography on silica gel (eluent:
petroleum ether/ethyl acetate) to give the product.

Keywords alkynylation; trifluoromethylation; carbosulfonylation; alkene difunctionalization; functional group migration

518
FEAHLE R, C—C B W R i 2 55 50 i 2

(. Bdl, FATVNH RGBT T B AR AT
i B R T SR S B AR I P 0 e R U RE AL S B,
Eﬁj’@,?ﬁ%%[z“’ze“zﬂm\ %%%[m,zyzu\ m%[zh,ﬂ\ E]Z
g2 A2 ECNZE Py K — R A B AR AR I B 3T
HRESI(E 1a). RITIZKISAERE C—C BRI [ IE fE
e oAb —HRAk ¥4, #Blln C—C. C—N. C—P. C—
Si B, C—S H#45.

BREE A ) R AT TR AE 1 T 2 i e AT A8 L AE Ak

—HHTIR Y. FGM EEA I, B e H B

KOTFHERHR 1,4 8 1,5-1LF.

FEM R R AR S C—C BRI ZLAH Y C—C BT

922

* E-mail: chzhu@suda.edu.cn; Tel.: 0512-65883179
1 These authors contributed equally.
Received May 1, 2019; published June 4, 2019.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (No. 21722205).
T H 52 B 2K 5 AR 223 42 (No. 21722205) % B).
© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn Acta Chim. Sinica 2019, 77, 922—926



1 F F ®R

AR EETZNA. AN E KRE T s
iy R 5 I % S L ) S I 4 ) = R R R R A e
RGN E R T —Ma s, BT
ZWICERL B S, s s ST AR A R 1 A IR
BBl . RGeS S RN ot e B S5 I B A A
HIRECE 1b). BT EBE G RN S ESM0hE, [
I A B B35 I AE I S, e WUk B 2
Vi kA L ROVE R, P DR P9t Jo AN R 14 ] pf
SINEA EEM SN, R ATE R LA B & A N
H I, REMEE T 05 B bo i m & L&
=g P R P S AV A e T R A s B s K
R, CASLRRIIMIEE T B ALRIE DL K 5 ke 5 AR R B IR
ek 1c).

(a) radical difunctionalization of alkenes via remote FGM
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Figure 1 Radical-mediated difunctionalization of unactivated alkenes
via remote FGM
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Table 1 Reaction condition optimization®
Ph

photocatalyst, pase o Ph
// TsCl (1.5 equiv.) 4
HO __ 15Whblue LEDs, rt, N, PN
solvent CH,Ts
Ph
2a

1a

Entry Photocatalyst (3 mol%) Base (x equiv.) Solvent Yield/%
1 Ir{[dF(CFs)ppyl.-(dtbbpy)} PFs Na,CO;(1.0) CH;CN <5
Ir(ppy).(dtbbpy)PFs Na,CO; (1.0) CH;CN <5
Ru(bpy);Cl,*6H,0 Na,CO; (1.0) CH;CN <5
Jac-TIr(ppy)s Na,CO; (1.0) CH;CN 75
Jac-Ir(ppy)s Na,CO; (0.8) CH;CN 57
Jac-Ir(ppy)s Na,CO; (1.2) CH;CN 68
fac-Ir(ppy)s Na,CO; (1.0) acetone 68
Jac-Ir(ppy)s Na,CO; (1.0) DCM 58
Jac-TIr(ppy)s Na,CO; (1.0) DMSO <10
10 fac-Ir(ppy)s Na,CO; (1.0) DMF <10

O 0 9 N L AW N
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“ Reaction conditions: 1a (0.2 mmol), solvent (2 mL), at r.t. and under N,
atmosphere. Yields of isolated products are given.
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Figure 2 Substrate scope

Reaction Conditions: propargyl alcohol 1 (0.2 mmol), Na,COs (0.2 mmol, 1.0
equiv.), fac-Ir(ppy)s (0.006 mmol, 3 mol%), and sulfonyl chloride (0.3 mmol,
1.5 equiv.), irradiated with 15 W blue LEDs at room temperature under N,
atmosphere. Yields of isolated products are given.
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Figure 3 Substrate scope
Reaction Conditions: propargyl alcohol 1 (0.2 mmol), K,HPO4 (0.16 mmol, 0.8 equiv.), fac-Ir(ppy)s (0.008 mmol, 4 mol%), and CF3SO,Cl (0.44 mmol, 2.2 equiv. in

two portions), irradiated with 15 W blue LEDs at r.t. under N, atmosphere. Yields of isolated products.
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Table 2 Reaction condition optimization®
Ph photocatalyst, base Ph
// CF3S0,Cl (x equiv.) =
HO _— 15 W blue LEDs, r.t., N, Ph
pH solvent CH,CF3
1a 3a
Entry CF;S0,Cl (x equiv.)  Photocatalyst (y mol%) Base (z equiv.) Solvent Yield/%
1 1.5 Sfac-Ir(ppy)s (3%) K,HPO,4(0.8) CH,CN 29
2 1.5 fac-Ir(ppy)s (3%) K,HPO,(0.8) acetone 50
3 1.5 Sac-Ir(ppy)s (3%) K,HPO,4(0.8) MeOH 45
4 1.5 Sac-Ir(ppy)s (3%) K,HPO,4(0.8) DMA 33
5 1.5 Sac-Ir(ppy)s (3%) K,HPO,(0.8) DMSO ND
6 1.5 fac-Ir(ppy)s (3%) Na,HPO,(0.8) acetone 40
7 1.5 fac-Ir(ppy)s (3%) Na,CO;(0.8) acetone 36
8 1.5 fac-Ir(ppy)s (3%) K,CO5(0.8) acetone 42
9 1.5 Jac-Ir(ppy)s (3%) NaHCO; (0.8) acetone 48
10 1.5 Jac-Ir(ppy); (3%) DABCO (0.8) acetone 27
11 1.5 Sfac-Ir(ppy)s (3%) KoHPO4(0.7) acetone 43
12 1.5 fac-Ir(ppy)s (3%) K,HPO4(0.9) acetone 47
13 1.5 fac-Ir(ppy)s (4%) K>HPO4(0.8) acetone 52
14 22 fac-Ir(ppy)s (4%) K,HPO4(0.8) acetone 54
15° 2.2 Jac-Ir(ppy); (4%) K,HPO,(0.8) acetone 64
16° 22 Ru(bpy);Cl,*6H,0 (4%) K,HPO,4(0.8) acetone ND
17° 22 Ir(ppy).(dtbbpy)PFs (4%) KoHPO4(0.8) acetone ND
18° 22 none K,HPO,(0.8) acetone ND
19%< 22 fac-Ir(ppy)s (4%) K,HPO,4(0.8) acetone ND

“Reaction Conditions: 1a (0.2 mmol), CF;SO,Cl, photocatalyst, additive, and solvent (3 mL), irradiated with 15 W blue LEDs at r.t. under N, atmosphere. Yields of
isolated products are given. * The first portion of CF380,Cl (1.2 equiv.) is added and the rest (1.0 equiv.) is added after 3 h. “In dark.
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