% *Ik {t& % DOI: 10.6023/cjoc202102024

Chinese Journal of Organic Chemistry

NOTE

BEFEN-IEARE o-H 75 (5)LHIE o-75 (b)) B R

R XA REAMA

R E OF E e

(IR ERLEMFERARARR KD 410138)

CHRERFIERE SR RE¥ R KV 410013)
 WEERIF R S TSR WIE AN 425100)
@RITIRVE Bk 22 T 2208 EK 408000)

WE o077 (e )il S HR 15 B 2 vh AR LE A HLE ROT R A AR, 8 7 A2 A - N, I8 a-H 55
(FOMALIE a-77 (b iliSE R SR T i, ATHEERARE . S8 K =357 (ko) 2 Bk E v ulsn. 5 oA
EITEAME, ATTERA RN AAFRA . R ast e Y& VS SRR, O a-T5 (el 4 R 10 & 4 1 1 26 2
(3 SN (iR K

FERE) ARG G BUREERS; a-H 57 (5e)AL; a- 75 (ot 5 74 e

Electrochemical Oxidated-lodide Promoted a-H Aryl(alkyl)selenation
of Acetone for the Preparation of a-Aryl(alkyl)selenoacetones
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Abstract a-Aryl(alkyl)selenyl ketones have been important intermediates in organic transformation. Here, a new route to
a-aryl (alkyl) selenoacetones via the electrochemical oxidated iodide promoted a-H aryl(alkyl)selenation of acetone by using
stable and easy available diaryl(alkyl)diselenides as selenide reagent is reported. Comparing to the previous methods, this
strategy has the advantages of mild reaction conditions, high atom economy and wide functional groups tolerance, providing

an efficient and green route to a-aryl (alkyl) selenoacetones.

Keywords electro-organic synthesis; iodide-promoted reaction; o-H aryl(alkyl)selenation; a-aryl(alkyl)selenoacetones
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FAEA WA B Z R, P2 AR a5 (be)Al
S FCAT AR 7 VA R A TE 2124 AR A Ak KR A
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Figure 1 Organoseleno-containing bioactive molecules.
2005 4, Wang BREZHPILL A 1 DU Sk s AR K &=
SR, AP S N-2R A 48 400 VP I I e S5 Iz o) %
T — R o- 75 WL 5 Y)(Scheme 1a). 5% 4 775 A
bt %75 e 1O R RER A, HLROS R A B Y
JEADE . AEZ T VA IR R N- Rl 2R 8 48 — 1
PGSV Jie A Al A R, ARG IN S B4 R TR, 38 1
SRBLEEAR. 2006 45, 2 R VR A P8 LR 2 S A il
AT, B 10 mol% A HUIEAE A AL, HEALER 5 280
FE G0 5 Ak [ A 350347 (Scheme  1b). 1% B AS
(R ERCA FRTA 220 BT et R, P8R8 AR s 7 R 3R A5
FHRLE) B AR 4. AEAZ 732 R ARAE 7 R0 2 S S B,
X FAth 7 Al Bk SR A 5 %, TR IR VI B,
HLAB 2B CLRFBR (4 32 1R A 9 AR RN B 2 4 AT it
7. 205 (ko) ik TR S REREAR. RRETE
TP AR R, O LG R AR Al A i, Bk
JZRRT o-75 WS AL A ) B 1) 45 HH (Schemes 1e~
le). #RT, H AT A = 5% B ik £ o 4 12077
il % o-J7 N FE R AL S VIR THE e — KRR,
BB 1% it AR R B AR AN 77, e A v S
T B R HEAT 29300 A 73k I 5 0k PR T E AT TR BE AL

Selenocyanates

AEFRN o-H TS24, 22 LRTIR, HATHRERT o
F A FEER AL S ) 45 T R — AR, I JEURI A
DA & JRADIEHIVEZE . SEERE R L SR T A UFIEAC
S A BITVRE R E RS SR A, AR St
R R, Bk, SRR R Ik
Kl % o-J5 i HEBRAL A )

AR, WAL =G OB AE G (Ut & SR B,
JRA LA AR A T8 3R B0 54 Gea L& Bk
EE, AL AL 2 AR L AR i i SRR, A
TR R I AR JE R A, 98D T s
FE, T EE S S B A, S, [FR, B
A BURNCEFEIER R T T, CRRRR A
UM A, T4 7 ReUE, BRIC T ROAR. B ailE
HRIEE C—H B REFILI, C—C BN K
C—Z (N, P, S, Se)f*-46Iy ) gl 77 h 3 tH 2 35 A 2.
AR SCHE BT AL A - TR SR R, RS 05
(Jt) J AT 55 (B ) A S R & a0 (e ) A R I A
VIR k. 5B M, R5iERA KN & TR
A SRR AUt RS A, N
o- 75 (he ) Tt 55 14 5 20 ) 1) 25 42 A3 1 28R % 4% (Scheme
19).
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Scheme 1 Synthesis of a-aryl(alkyl)selenoketones
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Table 1 Optimization of reaction conditions

N
WL

Pt(+)|Pt (-),1 =6 mA

Se_
©/ Se ®  KI(50 mol%), rt, 6h
2a undivided cell

1a
(0]
Me)J\/Se\(j
3a
Entry Variation from the standard reaction conditions Yield?/%
1 None 92
2 C(+)[Pt(—) instead of Pt(+)|Pt(—) 85
3 Ni (+)[Pt(—) instead of Pt(+)[Pt(—) 88
4 RVC(+)|Pt(—) instead of Pt(+)[Pt(—) 86
5 C(1+)|C(—) instead of Pt(+)|Pt(—) 78
6 RVC (+)RVC(—) instead of Pt(+)[Pt(—) 81
7  n-BusNI instead of KI 82
8  NHa4l instead of KI 85
9 Nal instead of KI 80
10 Irinstead of KI, no electric current 24
11  NH4Br instead of KI 52
12 LiBF4 instead of KI 51
13 "BusNBF; instead of KI 35
14 KI (25 mol%) instead of KI (50 mol%), 9 h 78
15 No electric current N.R.
16 3 mA instead of 6 mA,9h 71
17 12 mA instead of 6 mA 83
18 12 mA instead of 6 mA, 3 h 60

@ Conditions: Pt plate (15 mmX 15 mm 0.3 mm), constant current=6 mA,
1a (0.25 mmol), KI (0.125 mmol), acetone (8 mL), room temperature, in air, 6
h, undivided cell; ® Estimated by '"H NMR spectrum using diethyl phthalate as
an internal reference.

), FEEIAE PR % (Table 1, Entries 1~6). AN [F AR
X 1% S BRI B R, 24 DUAS R R 1 S e i
INF, [ N7 2 35 % i (Table 1, Entries 7~ 10, 24%~
85%), FERFNHMALET, BTk TS
P () AT B o BRSSO (R 32 5 AR s A 23
HE47; 244# F NH4Br. LiBF, 5% "BusNBF, /5 A Hfif 5 i,
N PE # A% (Table 1, Entries 10~13, 35%~52%).
BEAIC FAR IR KT IO &, OB 3R R ), 5
TR R R R SN TRD R SRR R, SIEAG 5 SRR B,
TEBA BT, 2N AR BRI B 459,
HL L o B PR A B v, RO P ER 35 T T (Table 1,
Entries 15~18). 3&F UL g5 R, %= MR = B
AR I T UL PPt AEAMT. PR, FSREEN 6
mA, LL 0.5 equiv.f) KIAERHMRGT, NAEJE/ B
fiEtits 1 3E4T 6 h (Table 1, Entry 1).

1E FR AR N T, RGH AR =
5 e (e k) A IR 5 DA R I SR S B, 2R LR 2.
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HHE 2 AIAIL 12 RO AN R AR I = 05 (e ) s
T ok LA BT (3@ M, U2 e 2 (Bn) sl 05 2%
B, RBIREA AT, AR R = 26 3R A5 A B 1) H AR
PR, 5 A R IR AN (R AR R S e B R A
K, ANE R H T H(4-Me, 4-OMe, 4-OCF3)al I B 15
(4-F, 4-Cl, 4-Br, 4-CF3, 4-CN), M IFEH ROHAT, P
N 86%~90% (3b~3i). 24 77k Al BN
Be LT, IRELL 85% MU 2R 3R 43 A0 B 1) H A5 7= 4(3)).
T I A T AR SR Y 2 )AL BEL K S 5 RN,
YHRE(CHIE R ALY, RN = 2% A P K (3k ~3m).
)2 A7 B K 2,6-— H 2RO Al R 2,4,6-—
FR ORI AR R N I BRI, SN = ATy s 83%
(3n~30). %75 (o)A B AR E T (0- 25 55) Al
Pk 0 % ik AP R 5 P 1R S S (3p ~3q, 83%~86%)).

T B (e AL SRS e SEATLEE, 1EAT T —
ZAHHEHNIRLS. DL 0.25 equiv. FIRILEAL 5 5% IC1 AL % K1,
TETCHIMAME TR 6 h, N2 HILL 24%88 54% (17
RIS T I AR, RN RE, WAL
FLA 2% S RS T T BT B T BSOS 2 -, kT (2
fili 4k s B 34T ) 3T FE (Schemes 2a, 2b). 4k1, @it H b
FEAH RSB0 [ BHLER AT HE— 2D 7L, BPLL 2 equiv.
1 2,2,6,6-VY HFEIRIE-1-%6 H B (TEMPO)EL 2,6- 4
T - 4-H IR BHT)TE AN B H 2R, SOV AR
e Pk AT, LRSS R EIR, %KM AN T, RN
PR R PR, VBRI R SO FRAN T J 1 ph A ]
1A(Scheme 2c). TEEA HLHIZRAE T, MG IR AN P
RS LL 42% 1) 7= 28 3R AFAHRL 1 H bR =4, 2B b2
PRRE T (e )i 1 Jsz 92 3k i Fh AT R A7 75 2 il 255 Al e 1] 4
(Scheme 2e).

RTINS TR I, AT TR R
P(CV)SESS. DABh AR AE R TAE sl . B HARAE Xt
k. Ag/AgCl HIRRIEASLLEMK, HfEEEAN 0.1 Ve
s . HE 2 W, fEHRERN 0.87 F11.29 V I, ] DANEE
FIKI IS, s N 2.63 VIR, ATLAEEE] —
IR AR A, 25 R, TR R, KT B
S Pl SR S B v TR B o BB & 1, SR —
5 TR TR S N A ORI BRI T

FRE 3 45 S8 285 S DL K O SCRRHRIE 2340, 2
HEE Ak 25 A 3 T I 5 (e ) B A S B B T R AT RE AL R
(Scheme 3). &4k A: Bk, B FIEMIRR AL BT
A2 B R RS LA R BRAES BS , JE S R
ik J52 Jo7 75 B 2R Al 45 1F 88 F(PhSe ), ZRAfi%E IE S F 58
i J AR 2] H AR =R H, o 6 I HGE R A R Hy;
FEER B e A IR B T BRSBTS R A B
o-MAR TR, J& 35 Rt A N3RS B AR,
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Table 2 Reactions scope of selenium reagents
{

Se - Pt (+)| Pt (-), /=6 mA Se R
R,l,,\ Se + Me” Me ki (50mol%), rt,6h Me ‘
L~ undivided cell —
1 2a 3
(0] O (@] (0]
Me)]\/Se Me)klse@\ Me)J\/Se Me)J\/Se\Ej\
i Me : “OMe OCF4
3a, 92% 3b, 90% 3c, 88% 3d, 87%
o] o o} o]
S
Me)J\/Se\Q\ Me)J\/ e@\ Me)J\/Se\©\ Me)J\/Se\Q\
F Cl Br CF
3e, 84% 3f, 86% 39, 87% 3h, 89% :
o} o o] o] Cl
Me)J\/Se Me)J\/Se Me)J\/Se Me Me)J\/Se
OMe
CN
3i, 86% 3j, 85% (0] 3k, 90% 31, 85%
o o Me 0 Me 0 ‘ o
S
Me)J\/Se Me)J\/ i(j Me)J\/SG/\Ej\ Me)J\/Se O Me)J\/SE’B”
Me Me’ Me
3m, 87% cl 3n, 83% 30, 80% 3p, 83% 3q, 86%

4 Conditions: Pt plate (15 mm X 15 mm XX 0.3 mm), constant current=6 mA, 1 (0.25 mmol), KI (0.125 mmol), acetone (8 mL), room temperature, in air, 6 h, undi-
vided cell; ®Isolated yields.

I, (0.25 equiv.), rt., 6h

(0}
* Me)J\Me

O
Se
Me)J\/
yield: 24% @
O
Me)J\/SG\Q

S
&

Mej\/Se
&
s
&

B2 s

Scheme 2 Control experiments

without electricity
ICI (0.25 equiv.), rt.,, 6 h

yield: 54%

o
BN

Me”™ "Me

(b)

Pt (+) | Pt(-), | =6 mA
Kl (25 mol%), r.t., 6 h
TEMPO (2.0 equiv.): 93%
BHT (2.0 equiv.):86%

Kl (0.25 equiv.), r.t.,, 6 h
without electricity: N.D.

without electricity

_without electricity .
Me yield: 42% ()
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LR CFEAA I BEVE e iR, s A BT R
XA PR A A (815 DIS-292B). :ﬁl*:%:@% -
FERAEE . BUALAT . Wb E . DUSUMIEE. DU T2 DU S
BRI B AR A IR A R, HAth = 05 5
Tk 251 MR 405 SRR 7 32 ] & 430,

3.2 H#FMLEY 3a~3r IERK

4 0.25 mmol — 75 3 —filifik (1)1 0.5 equiv. 1) KI 1
8 mL WEIET 25 mL —IUEH, IAFAEERAS
mmX 15 mmX0.3 mm), KMNIBEREEHR 6 mA T
HIfE 6 h. RS WRG, KR, Sdit =253 B
FRF=4) 3a~3r.

1- 0 3 7 -2- i (32)2%): 92% 77 %, 49.0 mg. 'H
NMR (400 MHz, CDCl;) d: 7.54~7.51 (m, 2H), 7.29 (t,
J=3.6 Hz, 3H), 3.59 (s, 2H), 2.27 (s, 3H); *C NMR (100
MHz, CDCls) 6: 203.65, 133.32, 129.39, 128.70, 128.01,
36.88, 28.08.

1-(4- B FL SR E ) 75 -2l (3b)24): 90%7% %K, 51.1 mg.
'H NMR (400 MHz, CDCl3) 6: 7.43 (d, J=8.0 Hz, 2H),
7.10 (d, J=8.0 Hz, 2H), 3.54 (s, 2H), 2.33 (s, 3H), 2.27 (s,
3H); 3C NMR (100 MHz, CDCls) d: 203.73, 138.32,
133.93, 130.21, 124.79, 37.20, 28.06, 21.19.

1-(4- FE AR R ORI 52 ) T -2- B (3e)>3): 88% 7= %5, 53.4
mg. '"H NMR (400 MHz, CDCls) d: 7.50 (d, J=8.0 Hz,
2H), 6.84 (d, J=8.0 Hz, 2H), 3.81 (s, 3H), 3.50 (s, 2H),
2.27 (s, 3H); BC NMR (100 MHz, CDCls) J: 203.74,
160.05, 136.35, 118.43, 115.06, 55.30, 37.78, 28.10.

1-(4- = 36 S0 R G 2 ) TR -2- T (3dD): 87% 77 3¢,
61.8 mg. '"H NMR (400 MHz, CDCl3) §: 7.55 (d, J=8.4
Hz, 2H), 7.14 (d, J=8.8 Hz, 2H), 3.60 (s, 2H), 2.30 (s,
3H); *C NMR (100 MHz, CDCls) 0: 203.24, 149.08 (d,
J=2.0 Hz), 134.85, 126.81, 121.82, 119.09, 37.01, 28.05;
HRMS (ESI) caled for CioHoF30,Se [M+H]": 297.9720,
found 297.9723.

1-(4-F AT HL) T -2-F (3e) 2 84%77 3, 48.5 mg.
'H NMR (400 MHz, CDCl;) 6: 7.54~7.49 (m, 2H),
7.02~6.97 (m, 2H), 3.54 (d, J=2.4 Hz, 2H), 2.28 (d, J=
2.8 Hz, 3H); 3C NMR (100 MHz, CDCls) §: 203.37,
164.17, 161.71, 136.18 (d, J=8.0 Hz), 116.63 (d, J=22.0
Hz), 37.47, 28.06.

1-(4-FRAT L) P9 -2-FA (36)12): 86%= %, 53.2 mg. 'H
NMR (400 MHz, CDCl;) 0: 7.45 (d, J=7.20 Hz, 2H), 7.26
(d, J=8.4 Hz, 2H), 3.57 (s, 2H), 2.28 (s, 3H); *C NMR
(100 MHz, CDCly) &: 203.25, 134.74, 134.37, 129.54,
126.69, 37.01, 28.06.

1-(4- TR A ) R -2- T 3g)Y): 87%77 %, 63.5 mg.
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'H NMR (400 MHz, CDCls) 8: 7.42~7.36 (m, 4H), 3.58
(s, 2H), 2.29 (s, 3H); 3C NMR (100 MHz, CDCl3) §:
203.24, 134.90, 132.49, 127.42, 122.48, 36.91, 28.07.

1-(4- = 80 FF 25 R 55 ) TR -2- Bl (3h) 23 89% 7= 2%,
62.6 mg. '"H NMR (400 MHz, CDCl3) &: 7.60 (d, J=8.4
Hz, 2H), 7.52 (d, J=8.4 Hz, 2H), 3.67 (s, 2H), 2.32 (s,
3H); *C NMR (100 MHz, CDCls) d: 203.04, 134.01 (d,
J=1.0 Hz), 132.10, 129.64 (d, J=32.0 Hz), 126.05 (d, J=
4.0 Hz), 123.95 (d, J=270 Hz), 36.21, 28.04.

1-(4-FFE AP I ) 7 -2 (31): 86% 7=, 51.2 mg. 'H
NMR (400 MHz, CDCls) 6: 7.50~7.45 (m, 4H), 3.63 (s,
2H), 2.27 (s, 3H); *C NMR (100 MHz, CDCls) 6: 202.60,
164.25, 136.59, 132.54, 131.50, 118.52, 70.00, 35.87;
HRMS (ESI) caled for CjoHyNOSe [M~+H]": 238.9849,
found 238.9845.

1-(4- F AU R 28 2R A 28 ) TR -2- T (3)): 85% 77 %, 51.6
mg. '"H NMR (400 MHz, CDCls) d: 7.86 (d, J=8.0 Hz,
2H), 7.46 (d, J=8.0 Hz, 2H), 3.84 (s, 3H), 3.62 (s, 2H),
2.24 (s, 3H); BC NMR (100 MHz, CDCls) d: 203.11,
166.64, 135.87, 131.29, 130.27, 129.05, 52.25, 36.07,
28.10; HRMS (ESI) caled for C11H120:Se [M+H]":
271.1741, found 271.1745.

1-(3- B FE AP ) 7 -2 (3Kk) 23 90%77 %, 51.1 mg.
'H NMR (400 MHz, CDCl3) §: 7.35 (t, J=8.0 Hz, 2H),
7.19 (t, J=8.0 Hz, 1H), 7.11 (d, J=8.0 Hz, 1H), 3.60 (s,
2H), 2.34 (s, 3H), 2.29 (s, 3H); “C NMR (100 MHz,
CDCls) d: 203.76, 139.20, 133.88, 130.26, 129.18, 128.86,
128.49, 36.86, 28.11, 21.31.

1-(2- SR A JL) A -2-FF(3D): 85%7=%, 52.6 mg. 'H
NMR (400 MHz, CDCl;) d: 7.49~7.46 (m, 1H), 7.39~
7.36 (m, 1H), 7.21~7.18 (m, 2H), 3.67 (s, 2H), 2.33 (s,
3H); *C NMR (100 MHz, CDCly) &: 203.48, 135.32,
132.06, 129.70, 129.61, 128.42, 127.62, 35.42, 28.11;
HRMS (ESI) caled for CoHoClOSe [M+H]": 247.9507,
found 247.9508.

1-(3-F KA 3 5 -2-Fi(3m): 87%=%, 53.8 mg. 'H
NMR (400 MHz, CDCls) &: 7.51 (s, 1H), 7.39 (d, J=7.2
Hz, 1H), 7.27~7.19 (m, 2H), 3.63 (s, 2H), 2.29 (s, 3H);
13C NMR (100 MHz, CDCls) d: 203.17, 134.83, 132.61,
130.99, 130.37, 130.29, 128.10, 36.85, 28.14; HRMS (ESI)
caled for CoHoClOSe [M + H] " : 247.9507, found
247.9507.

1-(2,6- — B JE 2R A 36 ) 7 -2- B (3m): 83%7 %, 50.0
mg. '"H NMR (400 MHz, CDCl;) d: 7.14~7.09 (m, 3H),
3.37 (s, 2H), 2.55 (s, 6H), 2.19 (s, 3H); '*C NMR (100
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MHz, CDCls) 6: 203.56, 143.33, 129.97, 129.19, 127.94,
35.92, 28.26, 24.43; HRMS (ESI) calcd for C;;H;40Se
[M-+H]": 242.0210, found 242.0213.

1-(2,4,6-— F L FAR JE) R -2- B[ (30): 80%7 73K, 51.0
mg. 'H NMR (400 MHz, CDCl3) &: 6.86(s, 2H), 3.28 (s,
2H), 2.44 (s, 6H), 2.19 (s, 3H), 2.13 (s, 3H); 3C NMR
(100 MHz, CDCls) &: 203.66, 143.16, 139.08, 128.86,
126.47, 35.99, 28.24, 24.24, 21.02; HRMS (ESI) calcd for
C12H100Se [M+H]": 256.0366, found 256.0368.

1-( . a-ZEM3E) A -2-BH(3p): 83% =, 54.6 mg. 'H
NMR (400 MHz, CDCL) 6: 8.36 (d, J=8.4 Hz, 1H),
7.86~7.83 (m, 3H), 7.61~7.51 (m, 2H), 7.41~7.37 (m,
1H), 3.62 (s, 2H), 2.21 (s, 3H); 3C NMR (100 MHz,
CDCls) d: 203.70, 134.09, 133.94, 129.62, 128.89, 127.87,
27.35, 127.30, 127.12, 126.44, 125.90, 36.85, 28.32;
HRMS (ESI) caled for C;3H;0Se [M+H]': 264.0052,
found 264.0050.

1-( R ) 15 -2-F (3q)): 86%* 3, 48.8 mg. 'H
NMR (400 MHz, CDCls) d: 7.31~7.26 (m, 4H), 7.26~
7.21 (m, 1H), 3.79 (s, 2H), 3.14 (s, 2H), 2.30 (s, 3H); 13C
NMR (100 MHz, CDCl;) &: 203.88, 138.28, 129.20,
128.60, 127.07, 31.67, 28.01, 27.81.

3.3 EFRRXLEW

TEFRAR 22 S8 BT FAX 2% 4 ElectraSyn 2.0 (IKA, &
), TAF A AR AR (®=3 mm), XFHAR AT,
Z A Ag/AgCl Bk, FAFEEE RN 0.10 Vs, FH
JEEN 0~3.0 V, ZHIREA 0.2 moleL ™! #n-BuyNBE, 2.
G, DREE AL 4374 0.02 molsL ™! /) KI. PhSeSePh
PR B 1) 2B .
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