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Radical Promoted Annulation of Alkynones for the Construction of
2,3-Disubstituted Thiochromones

Xu, Jian®® Zhang, Shifan® Luo, Ying® Zhang, Li°
Zhang, Fan® Huang, Tingjing* Song, Qiuling**
(“ College of Materials Science & Engineering, Huaqiao University, Xiamen 361021)
( Institute of Next Generation Matter Transformation, Huaqiao University, Xiamen 361021)
(“ College of Chemical Engineering, Huagiao University, Xiamen 361021)

Abstract Thiochromones are prevalent structures in various biological active molecules, natural products and potent drug
candidates. However, only few methods for the synthesis of thiochromones were reported, and the traditional methods suffer
from harsh conditions such as high temperature, strong acid, etc. Recently, synthesis of thiochromones from alkynones had
been independently developed by the group of Larock, Miiller and Fu. Compared to traditional substances, alkynones are
easy to be prepared and handled. More recently, Wu and co-authors improved this synthetic approach via a palladi-
um-catalyzed carbonylative four-component reaction. Despite these great advances, syntheses of diversely functionalized
thiochromones, especially 2-functionalized thiochromones which were not easily prepared via the above approaches, are still
in demand and highly desirable. As part of our on-going interest in the synthesis of heterocyclic compounds via radical cas-
cade reactions, herein, we developed a radical-involved annulation of methylthiolatedalkynones with diverse radical precur-
sors to access 2-substituted thiochromones. Various substituents such as F, Br and OMe on aromatic ring were all compatible
with the reaction, affording the desired 2-substituted thiochromones in moderate to good yields. The most advantage of this
protocol is the compatibility of diverse radical precursors including H-phosphorus oxides, aryl aldehydes, arylthiols,
BrCF,COOEt, acetone and acetonitrile. Moreover, a series of control experiments were performed to interpret the reaction
pathway as a radical process instead of electrophilic cyclization process. Mechanism studies showed that radical involved
C(sp?)—S bond formation and C(sp>)—S cleavage are the key steps. A general procedure for the radical annulation of al-
kynones with acetone and acetonitrile is as followed. To the mixture of alkynones 1 (0.2 mmol), in a schlenk flask was added
a solution of zert-butyl peroxybenzoate (TBPB) (0.4 mmol) in acetone or acetonitrile (2 mL) under nitrogen atmosphere. The
reaction was stirred at 130 or 120 “C for 12 h. Upon completion, the reaction mixture was concentrated under vacuum. The
residue was purified by silica gel column chromatography using a petroleum ether/ethyl acetate (V' : V, 8 : 1~5 1) to af-
ford the corresponding products 6.

Keywords radical; thiochromen; cyclization reaction; radical cascade reaction
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1 5|8

BRACHL R 2 — PR B M E 4L, T RAET R
SR BRI S STy T, CRIE S IR
SEMER S EETEY. PUE EPUERSERP,
I HL A R B A AL R 5 2 7= 038 W] DU 9 A A4 5 4
3B 2 B A ANEIFICL B, 2SNk, ST R
R A 2 Ak B W I BT VEARIE AT AR X e R B
RO Scheme 1 Fin. FIAR G AR 2 REER
R B- IR E W) 5 R M 4 A St AR I 05 ik
BRRFAW DT W IBLKSE 4 (Scheme 1, a, b)PL %3
JIE BT R A i S SR, PR T A RS A YE
AR, Z2AHEF/NARIE T DRI A Y KIS
JSR . U, Larock /INHIVR T 2 437 FR R 6 B (1 o i
5 1C1 55 BRI 2 87 B il 2-TEAR R AR AR ML i 16 5420,
BT i SR LTS, WIAT AR B R R 2 AR I A Rt e
fifl(Scheme 1, c). Miiller /NHRIE T 2 A5 AR B AR
FRHR ) S A AN R DR S R e A RS At A kL e
fil. 2 )5, Fu /NABUR I 2 A7 B A FE AR Bl o m] L
JE MR IR 2SR RARIL R (Scheme 1, d). &, Wu
ANHPHRIE T A AR TR L S — SRR BN
(1) DY ZH 473 B BRI S AA S B A AL M P 22 (Scheme 1, €). AH
EC IR B SS YD I A IERG, 2 07 1R AT 35 T 41 St |
PR SEFORL W 545, P2 it a] AR B K.

IAER, A IR B T N AE A B A
3 B gk — MR R 2 AN, R
Bt F R R A AT AR B HH R A R ) 52 AR SR A R
ERBI AL AR sy U BRs, AU S Rh
WIS ZHRE G T 3-SR IRy, Rk, AT AR
LISV PSR B Se e e At avlinle 11N

Oralro—ry

this work‘

2 HER5THE
21 REFHL
DL 2- FRE S HUAR A 1a 5 — R4 2a 15 A5

BROS RLHAT AR R, 4R WE 1 Fios. N AgNO;
(100 mol%)fE NEAF], 7ELHEH 100 CKREL 12 h,

1 MM
Table 1 Optimization of reaction conditions
0 O
\\__ + Phyp(o)H A9l additive @fip(owhz
s Ph ’a solvent, Ar s Ph
1a 3a
Entry  Catalyst (mol%) Additive Solvent  Yield®/%
1 AgNO; (100) CH;CN 51
2 AgNO; (20) Mg(NOs),*6H,0 CH;CN 58
3 AgOTf (20) Mg(NOs),*6H,0 CH;CN 67
4 Ag,COs (20) Mg(NOs),*6H,0 CH;CN 80
5 AgBF, (20) Mg(NOs),*6H,0 CH;CN 60
6 Ag0 (20) Mg(NOs),*6H,0 CH;CN 57
7 AgOAc (20) Mg(NOs),*6H,0 CH;CN 74
8 Ag,COs (20) Mg(NOs),*6H,0  THF 60
9 Ag,COs5 (20) Mg(NOs),*6H,O  toluene 65
10 Ag,COs (20) Mg(NOs),*6H,0  DCE 70
11 Ag,COs (20) Zn(NO;),*6H,0  CH;CN 84
12 Ag,COs (10) Zn(NO;),*6H,0  CH;CN 90
13¢ Ag>COs (10) Zn(NO;),*6H,0  CH;CN 81
144 Ag>COs (10) Zn(NO;),*6H,0  CH;CN 75

“ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), additive (0.12 mmol) in
solvent (2 mL), stirring at 100 °C under argon for 12 h. ® Yield of the isolated
product. €110 ‘C.“80 C.

(0]

d X + Nass
X R

X =0OMe, F, Cl

—

co R + Nas,S

|
(X
+
F

(e}
X
S

s Ar

+

R = P(O), C(O), S, CF,COOEt
CH,CN, CH,C(O)CH;

*°R

B 1 AL (LA & B it
Scheme 1 Synthetic approaches to 4H-thiochromen-4-one
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PL S1% MR 15 2] B AR 3a. 2 )5, KRSk &%
REMEME 20 mol%, HIMNAHERERAEEAMF, 725
W] LLIAE] 58% (Entry 2). {EUtFERE b, Gk T L7
Bt AgOTE, Ag,CO; &5, # ] LA1FE| H AR 3a
(Entries 3~7), HH Ag,CO; BRI IF, 2 B IR
ALIAE] 80%. EE Ag,COs NEAMMEMAF G, KL
S TR 7= 2R IR 5 e AR T AH SR 25 %% (Entries 8~11),
N5 R Zn(NO3),*6H,0 1A H N AR e . FRARAELL
FIE R 10 mol%, F=ZARZ5, (A s AR,
3a [USCR AR S A N B (Entries 13, 14). R&50LERY
ZE0, SHRR A2 10 mol% Ag,COs 1E AL,
60 mol% Zn(NO;),*6H,0 A%EALF, 1ELHEH 100 Clx
I 12 h, YR ATIAH] 90%.

22 W W ZREEKBEBHERFREE MR
FERAMLEAETS, X A v AT W 7T, 45 5R

R 2 Pn, SHREMERRS EA . xx. FR

FERN =5 H R SRR I, LD R4 B R SeRAG 20 H br

K2 BENEY G IR SRR
Table 2 Substance scope of alkynones

AQQCO3 (10 mol%)
Zn(NO3),-6H,0 (60 mol%)

P 3a~3Kk (78%~95%). R B IE BLFEAHIE ) 55 IR 452
BRI AT DATE IR B 26 32, (2 r=5A Al
FAIK, 3m, 3n FHSL 72 288 65%, 70%. K5 RIGARIE
TRINE W e i T 3R, R BETS R, T BB R
PSP o Al o bt = N E el 1 N e 7 7 =
FEURES, AT AR EIAE R A 3p~3r (72%~
81%). [FIH, S0 ol W2 s 2 1 el B A A tH0E B Tk
N, LR ERRG R 3s~3t. [HIFERRE, K
JEF & AT, AT DAAS B A R 1= 000 4228 3u.
SER ER R R G, BATRARR G e L
B B EE AT BRI . IR 4 2R 28 AN S 25 th m AR
HEZIME BT, AT IRAR R G, Al T IRA T
WA, S5RaE 3 P, BN E B3R, JFE
A 1.5 equiv.[PfUT it HAE(TBHP)E N E AL, BRI
AT DL BT IS A5 31728 Sa~5k (75%~90%). 7E G
T, In(ppy)s 1ERGEGR, 1S BIAR LR 2 £7
TRALKI Y 51~5q (68%~80%). DY T IR

| X [ + R'R?P(O)H

CH3CN, 100 °C, 12 h, Ar

3i, 80%

3m, 65%
@ F
(O3]
\
P
|
s” > ph

3q, 79% 3r, 2%

3n, 70%

0 O\\ Q o o\\ JOEt
P ¢
| \©\ [ oEt
s”>ph
. s” > pPh

3s, 68%

Q E/Ph
O | ~Ph
v

CF3;

3k, 84%

3j, 88%

F
o O 00 /©/
_Ph i E/Ph i Jc:')/Ph o R
Br s”>Ph MeO s”>Ph S § 'Ph

30, 0% 3p. 81%

0}
i _Ph
l]:><Ph

3t, 75%

“Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), Ag,COj; (10 mol%), Zn(NO;),*6H,0 (60 mol%) in CH;CN (2 mL), stirring under argon at 100 C for 12 h.
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(TBAB)WENEALF, KoS,05 E AT T, tHsT)
SEHL T BRACHE I B 2 AL BRI I N, AR SRR
51%~65%F3 EI7=¥) Sr~5w.

£3 OB B B IR AT SR R A v

Table 3 Scope of other radical precursors

Radical
Precursor

4

conditions

4= RSHa

= 4-H (5a), 88%
R1 = 4-Me (5b), 84% R2 = Me (5f), 76%
R' = 4-Bu (5¢c), 81% R2 = OMe (5g), 81%
R' = 4-OMe (5d), 79% R2 = F (5h), 84%

R! = 3-OMe (5e), 75% R? = CI (5i), 81%

R? = Br (5j), 90%

R? = Et (5k), 75%

4 = BrCF,COOEt’

R3 = Me (51), 70%
RS =Et (5m), 80%
R3 = Cl (5n), 74%
R3 = CF; (50), 68%
R® = Br (5p), 75%

4=RC(O)H°
o o

Crr O
s”>Ph R4 O

5

R* = H (5r), 62% R

R* = Me (5s), 60% RS = Me (5v), 65%
R* = F (5t), 55% R® = OMe (5w), 51%
R*=Cl (5u), 57%

|Ph
S

1T NRER B AT ik, S5 Rk 4 Fos. Bk, UL 2
equiv. (i AL AU T FE(DTBP)AEALFHITE 100 CF
N 12 h, & E ORE(TLC) 0 8 MG, PL 54%
4> B USRS 2] B AR~ 6a (Entry 1). ZJ5, XFEAMTH
HEAT IR 3%, S B 52 A A RS i AR, TE ML A AR A
K,S,0¢ FII B 2 &1 44 (oxone) A& 5 2| 7= ¥ 6a (Entries 2,
3), AHLEMAF W TBHP, i E A H EHBPO)FMIT A ik
S F R AU T S (TBPB) S5 H T LA 3k S B fr AT, 5 31
74 6a (Entries 4~6), iXHH TBPB WX M AR & UT,
A LA B 75% 1) 4> BUCR. #i € TBPB N AMNFZ
&, X TBPB WIH &3 Tk, BRIRSE R &Z 2 equiv.iY
TBPB % N %% F i iif (Entries 7, 8). #f iR TH = &
120 CHf, P&t —PHEmE 90% (Entry 9). 2,
122 A B A S W 26 AF 72 0.2 mmol 1a, 0.4 mmol HJ TBPB,
76 2 mL AR, 120 "CHUS N M 12 h.

4 PRI

Table 4 Optimization of reaction conditions

Entry® 7/C Oxidant (equiv.) Yield"/%
1 100 DTBP (2) 54
2 100 K5S,05 (2) Trace
3 100 Oxone (2) Trace
4 100 TBHP (2) 61
5 100 BPO (2) 60
6 100 TBPB (2) 75
7 100 TBPB (1.5) 70
8 100 TBPB (2.5) 72
9 120 TBPB (2) 90
10 80 TBPB (2) 54

“1 (0.2 mmol), ArSH (0.24 mmol), TBHP (0.3 mmol), CH;CN (2 mL), 80 C,
12 h, N,. *1 (0.2 mmol), BrCF,COOEt (0.4 mmol), Ir(ppy)s (2 mol%),
K,HPO4 (0.4 mmol), DMF (2 mL), r.t., 12 h, 10 W blue LED, N,. “1 (0.2
mmol), ArC(O)H (0.4 mmol), TBAB (0.2 mmol), K,S,05 (0.4 mmol), DCE (2
mL), 90 C, 12 h, N,.

2.3 AERZEERERFHFHML

16 PR SERG HR R I, VIR K ST DUME N H
HEATAS 5 8 B, M2 /T 042 R 7 B B2 AT
A, PR 250 MWE S B 2R AR AR R SRR BE A
G153, BRI L F AT B AT ARG R N, Rk, B’
A BEIRNIX 7 TR 9T, 193 3 P21 4546 TE 2 AR AL I
AR T R Ak 4.

DA 2- R FEBUAR (K BR R 1a 5 A BRAE AR S 33k
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“ Reaction conditions: 1a (0.2 mmol), acetone (2 mL), oxidant (0.4 mmol)
stirring at 100 “C under argon for 12 h. ? Yield of the isolated product.

24 AEZEBBRERENRIEEERR
TERUS T AR ARG, XA )5 P % s A ) e
FHEHATIRFLGR 5). W)E T L S & ol £ 5 K&
RIS, [FIRERT LAE R ) 6a, (H77 R4 FIREIK. 46
EE TIN5 NI W et AN SO BN P R N 1893
CF; S8 nT DAR G s 7E B AL 26 11 3l Zs. Ho, 5l
FEAE I 57 PRI 5 AT R 3 Jr 250, MR 6b,
6c T2 351N T8%H 70%. TR AN [E4 B A
K2 W F. Cl f& Br i, tEECURAF IR 2=, H
T C1EUAR IR I S5 B 35, AL IR P40 6f T 6 (RIS
AIIAE] 90%H1 91%. 75 P A K Fi 1 4] CF; 8RS
T %M OMe B, KOG FEE, MBI 61 A1 6f
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HEEIRTT 63% 1 68%I11/=5%. (HJE, B FH 3 E # o H 4R
BT A SRAFA B =) 61, Ui BA N T3 AE 0] RE 2
25t H AR A SR ML R, B 5 E
FAHEM S RS o B an T By, WA SR, HE
DA B 0 5 R B R e BT, 7521 e 1) bl o )

s LR IR G, #t— SRR K N E it
IR RN, — RA=R 25, RILCIEERER,
TBPB N4EALHF, 75 130 CHLET, AT btk s i 3
SINEI R 2544 . [FIRE, R IR S N IR T A4
AT, R 6 Fiw. SHIELRBEEL, — &

WARRE.
F5 M S R A ¢

Table5 Substance scope of alkynones

TBPB (2 equiv.)
_—
120 °C

R=Me (6a), 90%
R = Et (6a), 75%
R = Ph (6a), 60%

6k, 80%

61, 68%
“Reaction conditions: 1 (0.2 mmol), acetone (2 mL), TBPB (0.4 mmol), stirring at 120 ‘C under argon for 12 h.

6m, 72% 6n, 0%

K6 LIFE SIS ¢

Table 6 Substance scope of alkynones

TBPB (2 equiv.)
—_—
130°C

6w, 52%

6v, 74% 6x, 68% 6y, 90%

“Reaction conditions: 1 (0.2 mmol), CH;CN (2 mL), TBPB (0.4 mmol), stirring at 130 ‘C under argon for 12 h.
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BIRRIE K2, AR AL, R0 4 8 AR
HL 7] CF; S # T LUREFH RS, FHLL 52%~92%[1)
SCRAZ BIAH B =) 6p~ 6.
25 HIEHRE

B, SHZR RN LB AT TR T, Bk, %
1a 5 TBPB iU B A 15 2L =9, Ui IR 5
E H 30 B [F IS AT (K (Scheme 2, 1), ZEARRAR 2 i
TN B IR 2,2,6,6-P0 HIEIRIE A L Y)(TEMPO)
B 2,6- RUT H-4- ARy (BHT)I, OS],
BHEBE=Y) 6p, %485 RN W] REL T H HEE T
JJiFE(Scheme 2, 2). VAR R F AR FERUAR AT BB AE N R
VIR SLRS,  JRONEZE HR S mT DAR I 228 1 7= A, HE vl g
ST B BRI, R 475 2 (Scheme 2, 3). ]
B, FEREAR S RN B B2k 7 B, BT RLE T
GC-MS Il B FFE S 7 I 7+ & 292, WAz

TBPB
B —
130 °C |
S Ph

TEMPO or BHT (2 equiv.)

+ CH5CN
3 TPBP (2 equiv.), 120 °C

(1)
(@]
©\)\Ph
S/
2)
(0]
@f\Ph
S/
1a (e}

§” "Ph

6p, 0%
(3)

i TPBP (2 equiv.), 130 °C
@fj\ + CHsCN
g-Ph P

0
o™ O

S~ Ph

6p, 60% determied by GC-MS

.
« * 1 TPBP (2 equiv.), 130 °C
N Ph A~ N
s~ CH4CN

7

1a

Ts
l ++CH,CN
/\/N XX

My = 292

B2 s

Scheme 2 Control experiments
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B s S FR AT e A B0 R 2k R 2 A (R4 7= 2E (Scheme 2,
4). TELL RS IESE I e At 25 A FRATHT I R mt A T
&, NI R BT REZE 7 AR i #2(Scheme 3): H 4L,
fEfmIRAME N, TBPB R/ AEMUT B H HE S 2
WA, BRFTEE hEPEE ZEHBESEK
V) 1a BB B BRI, 5305 8 Ak
A IfE, IR A BEORIE T, SR YAt iR
6a [R5 2 AL H .

O CN

|
s >ph

Lo, 2, CLL
o
Ph/u\o/ \[< Ph)J\O.

PhCOOH% CHLCN T Mee

0 O CN
7~ eCH,CN
x — |
Ph re
s~ S “>ph
1a !

A
B3 REHLE

Scheme 3  Proposed mechanism

3 4

KL T — R B HERT AU R B B
P ZHE S S0 AR BRR R B 2N, &
A 2 BERIBRACIE IR AL 9. R EA T2 R
Y& I, 5 oA R AT AR, AT DA B b S B
TRt ACRL IR 2 £ ) 22 P B BERIAL, T eeib S nisid %
G RE B SE LA . JFH, 2 ALSI N RS K
PRI BA B R OSSP B RE R, BRI, PR A
Mo P P 3t — 2 S I AT AR A B NE, 45 BS54 TE D 2 B R L
WERAL &, e m, XS HUEEET TS, KAk TR
IV I ) R ARSI, JF L BSEREER C(sp?)
—S S E K C(sp’)—S $E (T 2L B D IR,

4 SCERERSY

1] 25 mL schlenk & I 0.2 mmol 1, ZEAFI )Y
2, HUR N, =R, KVEA 0.4 mmol TBPB ) .15 5 15
¥ ME N schlenk B H, #4 schlenk B E T 120 2
130 CHpaFn#a# 12 h. RMEHRGE, B, BERK
ibr 25, TR ENT AL VR ED © MRS
fig)=8 : 1~5 : 1118 Hixr=4 3.
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