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Synthesis of B,3-Dichloro-a,B-unsaturated Ketones by Trichloro-
methyl Radical Addition/Elimination of Enol Silyl Ethers
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Abstract Using di-tert-butyl peroxide (DTBP) as oxidant, chloroform or carbon tetrachloride as trichloromethyl radical
source and reaction solvent, enol silyl ethers derived from aryl ketone was transferred to f§,5-dichloro-a.f-unsaturated ketone
by trichloromethyl radical addition/elimination. The conditions are mild with avoiding the use of metal catalysts, and the enol

silyl ethers substrate has good universality.
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0 Nal (1.2 equiv.)

Rz EtN (15 equiv.) OTMS
R : AR )
TMSCI (1.2 equiv.) R
MeCN, r.t. 12 h 1a~1r
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equiv. DTBP B =#)i% 9 51% (Entry 5). %F BB N
FIRE AT 755, RBDRIVAINI(1.0 equiv. =4
&) SRR (1.0 equiv. BEER) R s 44 &k 35 4111 (Entries
6, 7). DTBP FJH &L 2.0 equiv. 5 {F(Entries 8~
10), Fh v B R AR s B I FE A A R IE A 10 R AR 52 i
(Entries 11, 12); RMNPIHREESZIGR, 2i%EH 2.0 mL
CHCI; I P2 U 2 A 2 = (Entry 14). 2 N 1R B,
Mg oK AL S AT R T B, AR T
76% (Entry 15); 24i%#¢ CH;CN A7, &AiHEN 5.0
equiv.if, FHARBEIRIFELAE 1) 45 R (Entry 16).
1 AT E T IR &SR AL ¢

Table 1 Optimization of the reaction conditions while CHCI; as
reagent

OTMS o dCl

©/§ oxidant, 110 °C ©MCI
+ CHCl; ———————»
1a 2a

Entry Oxidant (equiv.)  CHCly/mL Yield’/%
1 TBHP (2.5) 3 12

2 30% H,0, (2.5) 3 16

3 BPO (2.5) 3 0

4 ABIN (2.5) 3 0

5 DTBP (2.5) 3 51

6° DTBP (2.5) 3 Trace
74 DTBP (2.5) 3 Trace
8 DTBP (1.5) 3 45

9 DTBP (2.0) 3 50

10 DTBP (3.0) 3 44
11° DTBP (2.0) 3 6

12/ DTBP (2.0) 3 39

13 DTBP (2.0) 1 40

14 DTBP (2.0) 2 56
158 DTBP (2.0) 2 76
16" DTBP (2.0) 1.5 mmol 20

¢ Reaction conditions: 0.3 mmol of 1a, under N, sealed tube. b Isolated yield.
¢ 0.3 mmol of tricthylamine (TEA) was used. ¢ 0.3 mmol of acetic acid was
used. €90 °C.7 130 ‘C. ¢ CHCl; was dehydrated. " 2.0 mL of CH;CN as sol-
vent.

ok LETIR, #iE TR MR8 0.3 mmol
1a, 2.0 mL K44k &4, 0.6 mmol DTBP, 110 C, &S
PRAP N B
1.2 SARRFINRMSEE T B

T BIRAC I SR 26 A, N6t s S B JER A i ek 3t
P75, SR 2. MNEERN=AF A hLE
IR, AN [ 3 e 1 0 T Ak Tk 350 6 DA R 25 28 R PSR G A0
b=y, seitst R 2 RONBUREHIER, B
(L ROBE AN, TR AR IR IR 7 A R sl A
ZEie; IR 2RIR AR AT JE A I I R R B H I 2 A
BN, T F 366 Stk OB I o S 2 A6 15 5 55 e — 5
PR . R OAMEWY-2-FE1F, =4 20 FIUCR N 37%, FF

1626 http://sioc-journal.cn/

AHAE. R AFES IS, 779 2m Fl 20 GRS 2a
LA —E TR, X5EMT, JE4EE 2m 5 2n i}
S SR Z8 AR — g ARy H AR ) v 8] 7 4
a- = ST R A K.

2 REERERELS IS SR R ¢

Table 2 Effect of enol silyl ethers structure to the reaction

o cl
OTMS ey, DTBP (2.0 eauiv) J\%\
2+ — 5 1
R1J\mR * 110c,N, R cl

R2
1 2

e (G

2aR=H,Y=76%
, Y = 64% 9
2b R = 0-CHy, Y= 79% ° 2m, Y = 58%

2¢ R = p-CH3, Y = 74%
2d R = p-OCH3, Y = 51%

(0] Cl e cl
2e R=m-OCHj, Y = 58% P
2f R=p-F, Y =64% cl S > a
2gR = o-F, Y =50% \_4
2h R =p-Cl, Y = 49%
2i R=0-Cl, Y = 49%
2j R=p-Br, Y =72%

2k R =p-NOy, Y = 46%

2n, Y=57% 20, Y=37%

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 0.5 mmol of 1a, 3.4 mL of dehydrated CHCls, 1.0 mmol
of DTBP, under N,, sealed tube, 110 ‘C, isolated yield.

1.3 PSR AR R R S it

kB S B — S 5 1 R R VA R, 7R

FAAEAT REAFIACKAE T, GRERERE 1a BELA SR
B R U IR A B AR 2a, THE AR 2N
FUBRAE B RS B T A OB e, BRI AL 45
L3 3.

HH R T AT N FE M (Entries 1~5), 3
H L DTBP Mfltik, 24i%4% 2.0 equiv. DTBP i P24l K
N 38% (Entry 2). XFBRAINFIE AT 75, RN
RILAIIR(EE RN . — O, B 8. DRIRET) I
PRI ARV S, H DRI 1S equiv. = 21
A% (Entries 5~10). DTBP ) #5256 1 2.0 equiv.
5 fE(Entries 10~12), *4IEHN 120 CHYIEE T
—E R (Entry 13). 2438 K S B Y09 B IsE P2 e %
IEF] 82% (Entry 15); oK 4tk P & ALmAR & 155 DU &
BRSO $e i, 1A% 83% (Entry 16).

25 FRTIR, e TR NN 0.3 mmol
1a, 2.0 mL Ji/K4lifk CCl,, 0.6 mmol DTBP, 0.45 mmol
TEA, 120 C, &SR N EE R M.

1.4 MSEAXTINRISTEENT B

et EIROUACII N 2T, RS N R )3 P ik
7755, R IE 4 HUERHRIE V=" FEEHh
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Table 3 Optimization of the reaction conditions while CCl, as
reagent

OTMS (0] Cl
) =
+ col, oxm.iz-ant, T ©)J\/k0|
1a additive, N, 2a
Entry 09 colmL Additive (equiv.) 7/°C Yield"/%
(equiv.)
1 BPO (2.0) 3 — 110 18
2 DTBPQ.0) 3 — 110 38
3 TBHP(.0) 3 — 110 0
4 DCP (2.0) 3 — 110 20
5 DTBP (2.0) 3 TEA (2.0) 110 66
6 DTBP (2.0) 3 NaOAc (2.0) 110 54
7 DTBP (2.0) 3 KH,PO, (2.0) 110 45
8 DTBP (2.0) 3 K,CO; (2.0) 110 49
9 DTBP (2.0) 3 TEA (1.0) 110 65
10 DTBP(2.0) 3 TEA (1.5) 110 72
11 DTBP (1.5) 3 TEA (1.5) 110 65
12 DTBP (2.5) 3 TEA (1.5) 110 67
13 DTBP (2.0) 3 TEA (1.5) 120 78
14 DTBP(2.0) 3 TEA (1.5) 130 73
15 DTBP (2.0) 2 TEA (1.5) 120 82
16° DTBP (2.0) 2 TEA (1.5) 120 83

@ Reaction conditions: 0.3 mmol 1a, under N, sealed tube. ? Isolated
yield. “CCl, was dehydrated.

R4 CCly A Bk Bk 45 R % B S [ 52 ¢
Table 4 Effect of enol silyl ethers structure to the reaction while
CCly as reagent

.5 equiv.
xR +cop ————— =
R 4 120 °C, N, cl
1 2 R?

(0] Cl O 0o cl
/
RS cl O Z el
|
—

2a R =H, Yield 83% 21 Yield 42%
2b R = 0-CH, Yield 66%

2¢ R = p-CHj, Yield 64% 6 da
2d R = p-OCHj, Yield 82% g

2e R = m-OCHj, Yield 74%
2f R =p-F, Yield 91%

29 R = o-F, Yield 85% . .
2h R = p-Cl, Yield 74% 2n Yield 64%
2i R = 0-Cl, Yield 68% o ¢l

2j R = p-Br, Yield= 72%

=
2p R = m-NO,, Yield 41% \ cl
2q R = p-CF, Yield 66% \_s
2r R =m-Cl, Yield 81% 20 Yield 49%

“ Reaction conditions: 0.5 mmol of 1a, 3.4 mL of dehydrated CCly, 1.0 mmol
of DTBP, 0.75 mmol of TEA, under N, sealed tube,120 C, isolated yield.
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Scheme 1 Possible reaction mechanism
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DAS A DY A m oy — SR 2 B SRR A7), il
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3 SRS
31 B 5EHH

I AE X-4 BURRE SR, R REIE;
B4R 7/E ANANCE 111 (500M)Z A% REFEHR R AX
EWSE, TMS R, CDCL AL B a2y [ =
ST AR, HEEPTEER N E S 200~300 H, £k
(PE). 4R ZBR(EAYNEZE Tk, Hrh PE HIhFE
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W AR, DU ER K Ak T i AL T,
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BT RNE S, SR =R, ZEAE T
3.4 mL J/K4i4k, CHCLs, 1.0 mmol DTBP, 110 ‘CH% )
N 4 h, #ZEEE(TLO)MES M, KN 5E4 G R NRE
TR AR, FRARERE AL ZE AT 2 B (R TF 78 i ik
MR CERIR G W), 1R CIAE 2a, 83.0 mg, W&
83%. HAEFIRIE S 2a (b AW AR TH.

P Sy = S BRI R, SERG R ik
AR AL
3.3 FYILEMIFRIAE

1- 2K 55 -3,3- —0-2- TR 6 -1- T (22): 958 35 (i IR
Y. CHCl MR P23 76%; CCl o NRFA: 774 83%. 'H
NMR (500 MHz, CDCly) 6: 7.29 (d, J=5.0 Hz, 1H), 7.51
(t, J=5.0 Hz, 2H), 7.62 (t, J=5.0 Hz, 1H), 7.94 (d, J=
10.0 Hz, 2H).

1-(2-H 3L A 3E)-3,3- &(-2- T Mi-1-F (2b): ¥R 35 (0
HARY). CHCL, AR 722 79%; CCly Al r=2
66%. "H NMR (500 MHz, CDCL3) 6: 7.61~7.58 (m, 1H),
7.43 (td, J=17.5, 1.3 Hz, 1H), 7.32~7.27 (m, 2H), 7.06 (s,
1H), 2.54 (s, 3H); °C NMR (125 MHz, CDCl;) J: 20.88,
125.89, 126.96, 129.12, 132.02, 134.98, 137.29, 138.82,
190.03. HRMS (ESI) caled for C,0HsCLO [M+H]"
215.0030, found 215.0031.

1-(4- F1 3 22 3)-3,3- - &-2-TA - 1-T (2¢) ) vk 3%
AR, CHCL kA 725 74%; CCl, NikHA): =%
64%. "H NMR (500 MHz, CDCL3) 6: 7.86~7.82 (m, 2H),
731 (d, J=8.0 Hz, 2H), 7.26 (s, 1H), 2.44 (s, 3H).

1-(4-F A R -3, 3- A-2- T - 1- B 2d) ) %
BEAR. CHCL NIRF: 722 51%; CClL Niki: =2
82%. 'H NMR (500 MHz, CDCl;) 6: 7.93 (d, J=8.9 Hz,
2H), 7.22 (s, 1H), 6.98 (d, J=8.9 Hz, 2H), 3.90 (s, 3H).

1-(3- FH AR 2 R 3 )-3,3- G -2- T M- 1Tl (2e): VR
A, CHCL AR F=2 58%; CCly Al r=2
74%. "H NMR (500 MHz, CDCL3) 6: 7.53~7.46 (m, 2H),
741 (t, J=7.9 Hz, 1H), 7.27 (d, J=1.7 Hz, 1H), 7.16
(ddd, J=8.2,2.6, 0.9 Hz, 1H), 3.88 (s, 3H); *C NMR (125
MHz, CDCly) d: 55.52, 112.62, 120.37, 121.09, 124.10,
129.83, 135.59, 138.32, 160.08, 186.41. HRMS (ESI)
caled for C,0HsCLO, [M + H] © 2309980, found
230.9976.

1-(4- R FE)-3,3- E-2- T - 1-F (26)12): %k (o
Wik, CHCL AR 72 64%; CCL NRFA: 773 91%.
'H NMR (500 MHz, CDCl5) d: 8.01~7.94 (m, 2H), 7.24
(s, 1H), 7.21~7.15 (m, 2H).

1-Q2- 5 A HE)-3,3- ~F-2- T J-1-F 2g): ¥ 35 (ol
. CHCl AR F): P25 50%; CCl o NRF: 77 % 85%. 'H

1628 http://sioc-journal.cn/
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NMR (500 MHz, CDCLy) 6: 7.84 (td, J=7.6, 1.8 Hz, 1H),
7.57 (dddd, J=8.3, 7.2, 5.1, 1.8 Hz, 1H), 7.30~7.25 (m,
2H), 7.16 (ddd, J=11.1, 8.3, 0.8 Hz, 1H); °C NMR (125
MHz, CDCly) d: 116.70(d, Jo—r=225 Hz) ,124.78 (d, Jo—r
=37.5 Hz), 126.18 (d, Jor=125 Hz), 126.48 (d, Jor=
75.0 Hz), 131.08 (d, Jo—r=25.0 Hz), 135.06 (d, Jor=
100.0 Hz), 136.49, 160.28, 162.31, 183.99 (d, Jo£=25.0
Hz); HRMS (ESI) caled for C,HsCLFO [M + H]©
218.9780, found 218.9777.

1-(4- S K HE)-3,3- 5 -2-TH - 1-H (2h) > 3% 35 (0
[E4A. CHClL; AR F): 773 49%; CCly MR 72 % 74%.
m.p. 61~62 ‘CCCHRER: 49~51 C); '"H NMR (500
MHz, CDCl;) d: 7.90~7.85 (m, 2H), 7.51~7.46 (m, 2H),
7.24 (s, 1H).

1-(2- S AL )-3,3- & -2- TR I -1-T (2i): 9% 35 (0
K. CHCL MR F): 723 49%; CCl N RF: 723 68%. 'H
NMR (500 MHz, CDCl;) d: 7.56~7.51 (m, 1H), 7.49~
7.42 (m, 2H), 7.37 (ddd, J=7.7, 5.1, 3.5 Hz, 1H), 7.10 (s,
1H); *C NMR (125 MHz, CDCly) d: 126.66, 127.21,
129.97, 130.55, 131.60, 132.57, 136.83, 138.35, 187.84.
HRMS (ESI) caled for CoHsCLLO [M+H]" 234.9484,
found 234.9481.

1-(4- PR 2K -3, 3- — -2- R - 1- T (2) 2 %% (0 ]
K. CHCl MikF): 77% 72%; CCly AIkA): 7% 72%.
m.p. 77~78 ‘CCCHEMEY72~73.5 'C); '"H NMR (500
MHz, CDCLy) d: 7.80 (d, J=8.6 Hz, 2H), 7.66 (d, J=8.7
Hz, 2H), 7.23 (s, 1H).

1-(4- T R 3E)-3,3- A -2- M- 1-BH 2K
4K, CHCL NiRF: 773 46%. m.p. 115~116 “C(CHk
EP13~114 C); '"H NMR (500 MHz, CDCly) d: 8.36
(d, J=8.8 Hz, 2H), 8.09 (d, J=8.9 Hz, 2H), 7.31 (s, 1H).

1-(1-255)-3,3- — 50-2- A M- 1-H (21): 3 38 5 IR
). CHCLy R ). 773 64%; CCloNRFA: 774 42%. 'H
NMR (500 MHz, CDCLy) 6: 8.64 (d, J=8.6 Hz, 1H), 8.05
(d, J=8.2 Hz, 1H), 7.90 (dd, J=21.9, 7.6 Hz, 2H), 7.68~
7.50 (m, 3H), 7.21 (s, 1H); "*C NMR (125 MHz, CDCl;) 6:
124.46, 125.45, 126.79, 127.33, 128.33, 128.62, 129.06,
130.31, 133.59, 133.96, 135.09, 135.33, 189.71. HRMS
(ESI) caled for C;3HgCLO [M-+H]" 251.0030, found
251.0028.

1,2- R HE-3,3- T A-2- A M- 1-B (2m) ) k0
f&. CHCl; Nik#): F“% 58%. 'H NMR (500 MHz,
CDCl;) d: 8.08~8.02 (m, 2H), 7.65~7.59 (m, 1H),
7.50~7.55 (m, 4H), 7.42~7.33 (m, 3H).

2- G - 1- DY S 2R AR (2n): IR 35 (0 74A. CHCL,

Chin. J. Org. Chem. 2020, 40, 1625~1629
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KR PEF 57%; CClL NRF: 75 64%. 'H NMR
(500 MHz, CDCls) : 8.13 (dd, J=7.9, 1.1 Hz, 1H), 7.52
(td, J=7.5, 1.4 Hz, 1H), 7.38 (t, J=7.5 Hz, 1H), 7.26 (d,
1H), 3.14~3.05 (m, 4H); *C NMR (125 MHz, CDCl) ¢:
28.74, 3126, 127.24, 128.35, 128.42, 128.45, 133.03,
133.30, 133.69, 142.76, 184.64. HRMS (ESI) calcd for
C1HgCLO [M+H]" 227.0030, found 227.0025.

1-(2-ME W)y 35)-3,3- & -2-TA - 1-Ff 20)1"°): Wk ¥
Wik, CHCl; MR 7% 37%; CCl, NikA: ;F2%
49%); '"H NMR (500 MHz, CDCl5) &: 7.75~7.71 (m, 2H),
7.25 (s, 1H), 7.18 (dd, J=4.9, 3.9 Hz, 1H).

1-(3-fif L 3K )3, 3- G0 -2- P - 1- B (2p)2Y: (o
[, CCly NRF: 72 % 41%. m.p. 102~103 “CCCHRE
24 96~97 °C). '"H NMR (500 MHz, CDCl3) §: 8.74 (t,
J=19 Hz, 1H), 8.48 (ddd, J=82, 2.2, 1.0 Hz, 1H),
8.31~8.24 (m, 1H), 7.74 (t, J=8.0 Hz, 1H), 7.34 (s, 1H).

1-(4- =5 3 K HE)-3,3- - A-2-TH - 1-F (2q): &
A, CCly AR FEER 66%. mp. 56~57 C; 'H
NMR (500 MHz, CDCLy) ¢: 8.04 (d, J=8.2 Hz, 2H), 7.78
(d, J=8.2 Hz, 2H), 7.29 (s, 1H); *C NMR (125 MHz,
CDCly) d: 122.39, 123.34, 124.56, 125.95(t, Jor=37.5
Hz), 128.78, 134.78, 135.04, 137.41, 139.75, 185.57;
HRMS (ESI) caled for CjoHsCLF;0 [M+H]" 268.9748,
found 268.9745.

1-(3-5 K3 )-3,3- S -2- I - 1-H (2r): % 8
1. CCly NRF: 723 81%. "H NMR (500 MHz, CDCl;)
5:7.90 (t, J=1.8 Hz, 1H), 7.83~7.78 (m, 1H), 7.59 (ddd,
J=8.0, 2.0, 1.0 Hz, 1H), 7.46 (t, J=7.9 Hz, 1H), 7.25 (s,
1H); *C NMR (125 MHz, CDCly) d: 123.45, 126.54,
128.52, 130.20, 133.62, 135.28, 136.82, 138.57, 185.28.
HRMS (ESI) caled for CoHsCl,O [M+H]" 234.9484,
found 234.9480.
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