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Abstract A new fert-butyl radical-induced 1,2-alkynyl migration reaction is reported. By using the characteristics of
in-situ-generation of fert-butyl radical from pivalaldehyde mediated by di-tert-butyl peroxide (DTBP), fert-butyl radi-
cal-triggered addition and alkynyl migration of the preformed 1,4-enynes led to the synthesis of a series of a-alkynyl ketones
with good to excellent yields, thereby realizing alkylalkynylation of unactivated olefins. Based on the experimental results and
literature reports, a possible reaction mechanism is proposed, which involves tert-butyl radical-triggered addition, 3-exo-dig
cyclization of anti-“Baldwin” rule and alkynyl migration process. This reaction has the advantages of high functional group
compatibility, metal-free conditions, and simple operation, which provides a feasible and effective synthetic strategy for the
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bifunctionalization of unactivated olefins.
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X H = kAR AT i k. BAR KRR 1 B,
il DTBP 1E %A LK IR (CoHe) BB T, ZRNTE
FAMRYTE 100 CHEATLAEEAT, HRMATEAS, K
= I ERME R, AL 33% IR 2] T RIEE R =)
3a (Entry 1). ¥ DTBP & # yid E A E 57 P 2K(CHP).
BT L A AL E(TBHP) AL A AL 2K HBL(BPO)I, H
FEYII PR R I H 13 332 5 (Entries 2~4). BEfE, LA
DTBP ERSEMFA, F5 T H e SFhE T s N RN 5
Wi, W1 N-FR LR S e (NMP) . — FH 5 IE (DM SO).
Fi2K(CeHsCH3)« =98 K (BTF). R ZK(CeHsBr) LK &
ZK(C6HsCl) (Entries 5~10). £5FF 0, N-H FEAE I b iR
(NMP)YER R RLEFIAF] T R B 3EAT, JU-F A2
HARF=Y), 1 f5 BRI aT (e gk Bk AT, A EORE N
WRIRCR L, BAsr=YIRIr=2nlis 75% (Entry 10).
S50 AT BN S A 8111 D i RS A P S AU [ S T E
BN O 5T AL 1 P R S N i 6 % S I 7
DS, SN =G R B AR TR,
1 hn DTBP (&3] 3.0 equiv.i, 724 3a (7= % FJ+
% 82% (Entry 11). 4k£3% 0 DTBP I &£ 4.0 equiv.
i, FEY 3a HIFE RAT B (Entry 12). Bb46, FHEHE
FIF NG, MR E] 130 °C, BAsr=¥)
(772 ETHE 88% (Entry 14). 4RI, SN i 4k 4: )
m, AR RBEES, BRI 7% T F#(Entry
15). BT LRk, m&He 7TEFNEF. 3.0 equiv.
K2 RPFKMAL

Table 2 Optimization of reaction conditions

Bu
%O)Q + CHO Oxidant )<(o
A Solvent, T°C,N,  Z
Ph Ph Ph
1a 2 3a
Entry Oxidant (equiv.) Solvent 7/C Yield”/%
1 DTBP (2.0) CsHs 100 33
2 CHP (2.0) CsHs 100 25
3 TBHP (2.0) CsHe 100 28
4 BPO (2.0) CsHe 100 20
5 DTBP (2.0) NMP 100 Trace
6 DTBP (2.0) DMSO 100 53
7 DTBP (2.0) CsHsCH3 100 51
8 DTBP (2.0) BTF 100 70
9 DTBP (2.0) CsHsBr 100 72
10 DTBP (2.0) CHsCl 100 75
11 DTBP (3.0) CHsCl 100 82
12 DTBP (4.0) CHsCl 100 78
13 DTBP (3.0) CsHsCl 120 85
14 DTBP (3.0) CHsCl 130 88
15 DTBP (3.0) CsHsCl 140 83
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4 Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), oxidant and solvent (3
mL) under N, conditions.
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Table 2  Substrate scope of 1,2-alknyl migration

Bu
CHO
HO R? . /*\ DTBP (3.0 equiv.) /\\<(o
Pz
Y\RZ CgHsCl, 130°C, N, R2/ R
1 2

3

By Bu
o) %o
G F
1
Ph R R2 Ph
3a~3e 30~3q

3a, R' = CgH; (88%) 30, R? = 4-MeCgH, (88%)
3b, R' = 4-MeOCgH, (86%) 3p, R? = 4-FCgH, (87%)
3c, R' = 4-FCg¢H, (89%) 3q, R? = "Bu (54%)

3d, R' = 4-CICgH, (86%) 0

3e, R' = "Hex (62%)

Bu
Bu | | F
O R2
// R! 3r~ 3ac
3r, R = 4-MeCgH, (85%)
Cl 3f~3n 3s, R = 3-MeCgH4 (86%)

3t, R = 2-MeCgH, (80%)
3u, R = 4-EtCgH, (86%)
3v, R = 4-BuCgH, (87%)
3w, R = 4-MeOCgH, (84%)
3x, R = 4-FCgH, (89%)

3y, R = 4-CICgH, (88%)
3z,R= 3-C|C6H4 (85%)
3aa, R = 2-CICgH4 (81%)
3ab, R = 4-BrCgH, (85%)
3ac, R = cyclopropyl (46%)

3f, R! = 3-MeCgH, (89%)
3g, R" = 2-MeCgH, (83%)
3h, R" = 4-EtCgH, (87%)
3i, R" = 4-'BuCgH, (82%)
3j, R" = 4-MeOCgH, (84%)
3k, R" = 4-CICgH, (86%)
31, R' = 2-CICgH, (74%)
3m, R' = 2-BrCgH, (77%)
3n, R" = 4-CF3CgH, (90%)
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AR 1,4-4FH1a, 0.2 mmol, 1.0 equiv., 49.6 mg).
DTBP (0.6 mmol, 3.0 equiv., 87.7 mg)Fl%F % % (0.6
mmol, 3.0 equiv., 51.7 mg)&f#, & SN
h, RBIAERAE 130 CHE 4 h, B 202 Ok
(TLOWEM 1a RM5EA. 2 Jaik4E, FRERZHTHEA
FEV O B (LR LR/, Vi V=1 100), 33k &
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2,4,4- = W 128 B2 FR b k- 1- i (3a): R 38 (0
HEIRY, 772 88%. '"H NMR (400 MHz, CDCl3) J: 8.22~
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8.20 (m, 2H), 7.52~7.50 (m, 1H), 7.46~7.42 (m, 2H),
7.31~7.30 (m, 5H), 2.51 (d, J=14.0 Hz, 1H), 1.72 (s,
3H), 1.68 (s, 1H), 1.63 (s, 1H), 1.09 (s, 9H); 3C NMR
(100 MHz, CDCl3) 6: 201.7, 136.7, 132.0, 131.0, 129.6,
129.6, 128.3, 128.0, 127.7, 93.7, 87.2, 51.8, 45.9, 32.0,
31.3, 30.2; IR (KBr) v: 3056, 2953, 2360, 1686, 1592,
1383, 1233, 1156, 755, 690 cm '; HRMS (ESI) calcd for
C2H2NaO 327.1725, found 327.1717

1- (4 FAR R IR 3E)-2,4.4- = L2 2R e - 1- TG I
(3b): EHFEOWARY, 77 F 86%. 'H NMR (400 MHz,
CDCls) 6: 8.32~8.30 (m, 2H), 7.34~7.36 (m, 2H ),
7.30~7.28 (m, 3H), 6.93~6.91 (m, 2H), 3.87 (s, 3H),
2.46 (d, J=14.0 Hz, 1H), 1.70 (s, 3H), 1.66 (s, 1H), 1.61
(s, 1H), 1.09 (s, 9H); *C NMR (100 MHz, CDCl3) o:
199.3, 162.7, 132.2, 131.1, 129.0, 128.3, 128.0, 123.6,
113.0, 94.2, 86.9, 55.4, 51.8, 45.6, 32.1, 31.3, 29.8; IR
(KBr) v: 3056, 2952, 2359, 1675, 1600, 1508, 1244, 1172,
756, 690 cm '; HRMS (ESI) caled for Ci3HasNaO,
357.1830, found 357.1841.

1-(4- R 55 )-2,4,4- — F B 2- (R Je 8- 1- I il (3e):
WEOIRY), 773 89%. 'H NMR (400 MHz, CDCl) 6:
8.30~8.27 (m, 2H), 7.38~7.36 (m, 1H), 7.32~7.30 (m,
5H), 7.14~7.09 (m, 3H), 2.47 (d, J=14.0 Hz, 1H), 1.71
(s, 3H), 1.67 (s, 1H), 1.62 (s, 1H), 1.09 (s, 9H); 3C NMR
(100 MHz, CDCl3) 8: 199.9, 166.3 (d, Jer=252.5 Hz),
132.8 (d, “Jcr=3.3 Hz), 132.5 (d, Jcr=8.9 Hz), 131.4,
131.1, 128.5, 128.2, 123.4, 115.0 (d, 2Jc.r=21.6 Hz), 93.6,
87.5, 51.8, 45.9, 32.1, 31.3, 30.0, 25.3; IR (KBr) v: 3059,
2952, 2387, 1684, 1599, 1505, 1234, 1158, 755, 690 cm " ;
HRMS (ESI) caled for CxHsFNaO 345.1631, found
345.1645.

1-(4- F R Jk )-2,4,4- = F L 2-ZR BBk -1- TR (3a):
WEOIRY), 773 86%. 'H NMR (400 MHz, CDCl) 6:
8.20~8.19 (m, 2H), 7.42~7.40 (m, 2H), 7.31 (s, 5H),
246 (d, J=14.4 Hz, 1H), 1.71 (s, 3H), 1.67 (s, 1H), 1.61
(s, 1H), 1.08 (s, 9H); '*C NMR (100 MHz, CDCl3) o:
200.3, 138.5, 134.9, 131.2, 131.1, 128.5, 128.3, 128.1,
123.3,93.4, 87.5, 51.8, 46.0, 32. 1, 31.3, 30.0; IR (KBr) v:
3056, 2952, 2359, 1683, 1587, 1488, 1238, 1092, 755, 690

m '; HRMS (ESI) calcd for CpHp;CINaO 361.1335,
found 361.1347.

2,4,4- = HI B4 JRHURL-5-T (3e): TR IE EUHPIR, F2 2
62%. '"H NMR (400 MHz, CDCL3) 6: 7.43~7.42 (m, 2H),
7.34~7.32 (m, 3H), 2.97~2.93 (m, 2H), 2.24 (d, J=14.0
Hz, 1H), 1.62~1.60 (m, 2H), 1.51 (d, J=14.4 Hz, 1H),

http://sioc-journal.cn/ 2411
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1.40 (s, 3H), 1.31~1.30 (m, 6H), 1.02 (s, 9H), 0.90~0.87
(m, 3H); 3C NMR (100 MHz, CDCls) ¢: 211.4, 131.2,
128.4, 128.0, 123.6, 92.9, 86.1, 50.9, 47.1, 39.9, 31.8, 31.6,
31.0, 29.8, 28.9, 24.0, 22.6, 14.1; IR (KBr) v: 3056, 2953,
2359, 1717, 1498, 1364, 1234, 1156, 755, 690 cm !
HRMS (ESI) caled for CpHsz- NaO 335.2351, found
335.2340.

2-(4-F ORI HL)-2,4,4- — F B -1-(3- F B R 0 -1- 1K
F(36): ¥RFECIHRY, 723 89%. 'H NMR (400 MHz,
CDCl;) d: 8.14~8.12 (m, 2H), 7.29~7.26 (m, 1H),
7.24~722 (m, 5H), 2.48 (d, J=14.4 Hz, 1H), 2.41 (s,
3H), 1.70 (s, 3H), 1.66 (s, 1H), 1.61 (s, 1H), 1.07 (s, 9H);
13C NMR (100 MHz, CDCl3) d: 200.6, 142.1, 134.1, 133.8,
132.7, 132.3, 129.9, 128.7, 128.7, 128.6, 122.1, 95.1, 86.0,
51.8, 45.9, 32.1; IR (KBr) v: 3056, 2952, 2359, 1681,
1607, 1489, 1235, 1182, 826, 750 cm !; HRMS (ESI)
caled for C23HasCINaO 375.1492, found 375.1501.

2-(4- SR KL )-2,4,4- — F B -1-(2- F B R0 -1- 1K
fii(3g): ¥R EIMARY), 77% 83%. 'H NMR (400 MHz,
CDCl;) d: 7.90~7.88 (m, 1H), 7.35~7.31 (m, 1H),
7.25~7.13 (m, 6H), 2.44 (d, J=14.4 Hz, 1H), 2.38 (s,
3H), 1.70 (s, 1H), 1.66 (s, 1H), 1.64 (s, 3H), 1.12 (s, 9H);
13C NMR (100 MHz, CDCl3) d: 205.3, 138.1, 136.7, 134.0,
132.2, 131.3, 130.1, 128.7, 127.9, 124.2, 122.0, 94.3, 86.3,
50.8, 47.6, 32.0, 31.3, 29.9, 20.5; IR (KBr) v: 3056, 2953,
2359, 1689, 1600, 1489, 1231, 1089, 821, 738 cm !;
HRMS (ESI) caled for CyHasCINaO 375.1492, found
375.1503.

2-(4- IR IE)-1-(4- LR HKHE)-2,4.4- = H B -1- 1)
BH(3h): R EIHARY, 7% 87%. 'H NMR (400 MHz,
CDCls) &: 8.15~8.13 (m, 2H), 7.27 (s, 1H), 7.25~7.24
(m, 6H), 2.74~2.68 (m, 2H), 2.48 (d, J=14.0 Hz, 1H),
1.70 (s, 3H), 1.65 (s, 1H), 1.60 (s, 1H), 1.27 (s, 3H), 1.07
(s, 9H); *C NMR (100 MHz, CDCls) §: 200.6, 149.0,
134.0, 132.3, 129.9, 128.6 127.3, 122.1, 95.1, 86.0, 51.7,
45.9,32.1, 31.3, 29.9, 28.9, 15.2; IR (KBr) v: 3056, 2952,
2359, 1689, 1605, 1489, 1234, 1182, 827, 668 cm !;
HRMS (ESI) caled for CsH»;CINaO 389.1648, found
389.1657.

1-(4- BT FHE IR FL)-2-(4- T K 52 )-2,4,4- — FEL-1- 7K
Fi(3i): B EIRY, 723 82%. 'H NMR (400 MHz,
CDCl;) d: 8.16~8.14 (m, 2H), 7.45~7.43 (m, 2H),
7.29~7.28 (m, 2H), 7.25~7.24 (m, 3H), 2.49 (d, J=14.4
Hz, 1H), 1.70 (s, 3H), 1.64 (s, 1H), 1.61 (s, 1H), 1.35 (s,
9H), 1.08 (s, 9H); '*C NMR (100 MHz, CDCls) d: 200.6,

2412 http://sioc-journal.cn/
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155.8, 132.3, 129.6, 128.6, 128.6, 124.8, 95.1, 86.0, 51.6,
459, 35.1, 32.1, 31.3, 31.1, 31.1, 29.9, 25.2; IR (KBr) v:
3056, 2956, 2359, 1681, 1603, 1489, 1246, 1192, 827, 609
cm '; HRMS (ESI) caled for CyH3CINaO 417.1961,
found 417.1950.

2-(4- SR I )-1-(4- AR BE DR 0 )-2,4,4- — F KR -1-
IRHA3)): R FEIIRYI, 7% 84%. 'TH NMR (400 MHz,
CDCl3) 6: 8.27~8.25 (m, 2H), 7.26 (s, 4H), 6.93~6.90
(m, 3H), 3.87 (s, 3H), 2.45 (d, J=14.4 Hz, 1H), 1.69 (s,
3H), 1.65 (s, 1H), 1.60~1.58 (m, 3H), 1.07 (s, 9H); 13C
NMR (100 MHz, CDCl3) d: 199.0, 162.8, 134.0, 132.6,
132.3, 132.1, 128.9, 128.7, 122.0, 113.2, 113.0, 95.2, 85.9,
55.5,51.8, 45.7, 32.1, 31.3, 29.7; IR (KBr) v: 3056, 2951,
2359, 1684, 1598, 1506, 1234, 1158, 815, 604 cm !;
HRMS (ESI) calcd for CyH,sCINaO, 391.1441, found
391.1447.

1-(4- R AR P I )-2-(4- T A I )-2,4,4- = H -1 T
(BK): R EHARY), FFF 86%. 'H NMR (400 MHz,
CDCl;) d: 8.16~8.13 (m, 2H), 7.42~7.39 (m, 2H),
7.29~7.28 (m, 2H), 7.24~7.22 (m, 2H), 2.45 (d, J=14.0
Hz, 1H), 1.69 (s, 3H), 1.66 (s, 1H), 1.60 (s, 1H), 1.06 (s,
9H); '3C NMR (100 MHz, CDCls) 6: 200.0, 138.6, 134.8,
134.3, 132.7, 132.3, 131.1, 128.8, 128.2, 94.5, 86.5, 51.8,
46.0, 32.1, 31.3, 30.0, 25.2; IR (KBr) v: 3056, 2952, 2360,
1684, 1589, 1509, 1234, 1091, 828, 606 cm '; HRMS
(ESI) calcd for CoH2,C1,NaO 395.0945, found 395.0938.

1-(2- A FE)-2-(4- TR SR 52 )-2,4,4- = FF K- 1- T
@l): HEEHIRY, P2F 74%. 'H NMR (400 MHz,
CDCl;) d: 7.65~7.62 (m, 1H), 7.44~7.42 (m, 1H),
7.37~7.33 (m, 1H), 7.29~7.27 (m, 1H), 7.24~7.22 (m,
J=8.5 Hz, 2H), 7.13~7.11 (m, 2H), 2.36 (d, J=14.4 Hz,
1H), 1.67 (s, 3H), 1.59 (d, J=11.2 Hz, 1H), 1.13 (s, 9H);
13C NMR (100 MHz, CDCl;) d: 203.4, 134.1, 132.2, 130.8,
130.6, 130.1, 128.6, 128.6, 128.4, 125.5, 121.7, 93.3, 86.1,
50.1,48.1, 32.0, 31.3, 28.9.; IR (KBr) v: 3056, 2951, 2362,
1684, 1598, 1508, 1232, 1158, 715, 604 cm '; HRMS
(ESI) caled for C2,H2C1,NaO 395.0945, found 395.0936.

1-(2- IR R FE )-2-(4- R e 52 )-2,4,4- = FF k- 1- TR
(Bm): REOHRY), 72F 77%. 'H NMR (400 MHz,
CDCly) 6: 7.65~7.61 (m, 2H), 7.33~7.28 (m, 1H),
7.25~7.22 (m, 2H), 7.16~7.12 (m, 2H), 2.35 (d, J=14.4
Hz, 1H), 1.69 (s, 3H), 1.62 (s, 1H), 1.14 (s, 9H); 3C NMR
(100 MHz, CDCly) 6: 203.8, 140.8, 134.1, 133.3, 132.6,
132.2, 130.7, 128.6, 128.3, 126.1, 121.7, 119.4, 93.3, 86.2,
50.0, 48.0, 32.1, 31.3, 28.7; IR (KBr) v: 3056, 2953, 2359,
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1707, 1601, 1489, 1226, 1090, 827, 634 cm '; HRMS
(ESI) caled for C2,Hy,BrCINaO 439.0440, found 439.0433.

2-(4- G K R F)-2,4,4- = FH L 1-(4- = GO RE R
B)-1- 1% (3n): R AMHARY), 7% 90%. 'H NMR
(400 MHz, CDCl3) d: 7.65~7.61 (m, 2H), 7.33~7.28 (m,
1H), 7.25~7.22 (m, 2H), 7.16~7.12 (m, 2H), 2.35 (d, J=
14.4 Hz, 1H), 1.69 (s, 3H), 1.62 (s, 1H), 1.14 (s, 9H); 13C
NMR (100 MHz, CDCl3) d: 200.7, 139.7 (“Jer=1.0 Hz),
134.4, 133.4 (Jor=325.0 Hz), 132.6 (Jer=1.8 Hz),
132.2, 129.7, 128.8, 124.8 (Jecr=3.7 Hz), 121.5, 94.0,
86.8, 51.6, 46.2, 32.0, 31.2, 30.0; IR (KBr) v: 3056, 2953,
2359, 1690, 1507, 1325, 1233, 1132, 827, 634 cm !
HRMS (ESI) caled for Cy3H2,CIF3sNaO 429.1209, found
429.1217.

2,4,4-= F F 1 IR 2 (4- F BE AR R FE)-1- TR (30):
WHEAIIRY, 75 88%. 'H NMR (400 MHz, CDCls) 4:
8.21~8.19 (m, 2H), 7.51~7.49 (m, 1H), 7.44~7.40 (m,
2H), 7.22~7.20 (m, 2H), 7.10~7.08 (m, 2H), 2.48 (d, J=
14.0 Hz, 1H), 2.33 (s, 3H), 1.70 (s, 3H), 1.66 (s, 1H), 1.61
(s, 1H), 1.08 (s, 9H); 3C NMR (100 MHz, CDCls) ¢
201.8, 138.1, 132.0, 130.9, 129.1, 127.7, 120.5, 93.0,
87.28,51.7, 45.9, 32.0, 31.3, 30.2, 21.5; IR (KBr) v: 3056,
2951, 2360, 1683, 1596, 1509, 1234, 1181, 815, 691 cm ™ !;
HRMS (ESI) caled for CysHasNaO 341.1881, found
341.1867.

2-(4- TR e FE )-2,4,4- — F I 12K BE 14 R (3p):
WEOTIRY), 773 87%. 'H NMR (400 MHz, CDCl3) 6:
8.35~8.32 (m, 2H), 7.39~7.33 (m, 2H), 7.23~7.18 (m,
2H), 7.12~7.07 (m, 2H), 2.48 (d, J=14.4 Hz, 1H), 1.75
(s, 3H), 1.70 (s, 1H), 1.59 (s, 1H), 1.09 (s, 9H); *C NMR
(100 MHz, CDCly) d: 199.2, 166.4 (d, 'J=252.4 Hz),
163.8, 135.8, 133.0, 132.6 (d, *J=8.9 Hz), 132.4 (d, /=
3.2 Hz), 1293, 129.1, 126.5, 123.1, 114.9 (d, 2J=21.5
Hz), 98.5, 84.5, 51.8, 46.1, 32.1, 31.4, 29.9; IR (KBr) v:
3056, 2953, 2359, 1683, 1599, 1505, 1234, 1158, 753, 608
cm '; HRMS (ESI) caled for CpHpsFNaO 345.1631,
found 345.1642.

2- F L2 T - 1- 8 -3- B -1- T (3q): kA
WHPIRY, 772 54%. 'TH NMR (400 MHz, CDCl;) d: 7.44~
7.42 (m, 2H), 7.34~7.32 (m, 3H), 2.96~2.92 (m, 2H),
2.23 (d, J=14.4 Hz, 1H), 1.66~1.57 (m, 3H), 1.51 (d, J=
14.0 Hz, 1H), 1.40 (s, 3H), 1.32~1.26 (m, 6H), 1.02 (s,
9H), 0.91~0.88 (m, 3H); '*C NMR (100 MHz, CDCl;) §:
211.4, 131.2, 128.4, 128.0, 123.6, 92.9, 86.1, 50.9, 47.1,
39.8, 31.6, 31.4, 31.0, 29.8, 23.7, 22.6, 14.0; IR (KBr) v:

Chin. J. Org. Chem. 2021, 41, 2408~2416

© 2021 Chinese Chemical Society & SIOC, CAS

3056, 2953, 2359, 1717, 1598, 1507, 1235, 1158, 755, 690
cm '; HRMS (ESI) caled for C2iH3oNaO 321.2194, found
321.2182.

1-(4- R FE)-2,4,4- — F L 2-(4- AR R DR R )-1- 1%
i 3r): WRECHRY), 725 85%. 'H NMR (400 MHz,
CDCly) d: 826~823 (m, 2H), 7.27~7.29 (m, 1H),
7.26~7.22 (m, 3H), 7.12~7.08 (m, 2H), 2.46 (d, J=14.0
Hz, 1H), 1.70 (s, 3H), 1.67 (s, 1H), 1.61 (s, 1H), 1.07 (s,
9H); '3C NMR (100 MHz, CDCl3) 6: 199.6, 166.3 (d, U=
252.8 Hz), 134.3, 132.7 (d, “J=3.2 Hz), 132.3 (d, 3J=9.2
Hz, 1H), 128.8, 121.8, 115.1 (d, 2/=21.6 Hz, 1H), 94.6,
86.4, 51.8, 45.9, 32.1, 31.3, 29.9; IR (KBr) v: 3058, 2953,
2359, 1684, 1598, 1505, 1233, 1158, 821, 764 cm !
HRMS (ESI) caled for CHysFNaO 359.1787, found
359.1801.

1-(4- TR FE)-2,4,4- — F L 2-(3- AR DR B 6 )-1- 1%
fi(3s): ¥R EIHARY), 7% 86%. 'H NMR (400 MHz,
CDCl;) d: 8.31~827 (m, 2H), 7.19~7.18 (m, 1H),
7.14~7.09 (m, 5H), 2.46 (d, J=14.0 Hz, 1H), 2.32 (s,
3H), 1.70 (s, 3H), 1.67 (s, 1H), 1.61 (s, 1H), 1.08 (s, 9H);
13C NMR (100 MHz, CDCls) d: 199.4, 166.4 (d, Jer=
252.9 Hz), 134.3, 132.7 (d, “Jor=3.3 Hz), 132.4 (d,
3Jcr=9.0 Hz), 130.9, 129.7, 129.2, 128.5, 125.0, 115.1 (d,
2Jer=21.6 Hz), 94.9, 86.2, 51.8, 45.9, 32.1, 31.3, 29.9; IR
(KBr) v: 3056, 2953, 2359, 1685, 1598, 1505, 1233, 1158,
783, 681 cm !'; HRMS (ESI) calcd for Cp;HpsFNaO
359.1787, found 359.1774.

1-(4- R FE)-2,4,4- — F L 2-(2- AR R DR 6 )-1- 1%
fi(3t): ¥R B AHPIRY), 772 80%. 'H NMR (400 MHz,
CDCl;) d: 8.31~827 (m, 2H), 7.30~7.28 (m, 1H),
7.20~7.17 (m, 2H), 7.11~7.01 (m, 3H), 2.46 (d, J=14.4
Hz, 1H), 2.30 (s, 3H), 1.74 (s, 3H), 1.70 (s, 1H), 1.64 (s,
1H), 1.09 (s, 9H); '3C NMR (100 MHz, CDCl3) d: 199.7,
166.3 (d, 'Jer=252.9 Hz), 163.7, 139.9, 132.7 (d, *Jer=
3.2 Hz), 132.5 (d, *Jcr=8.9 Hz), 131.6, 129.5, 128.1,
125.6, 115.0 (d, YJcr=21.5 Hz), 97.2, 86.7, 51.9, 46.1,
33.4,32.2,31.3, 30.0, 25.5, 20.6; IR (KBr) v: 3056, 2953,
2359, 1683, 1599, 1507, 1234, 1158, 839, 689 cm !;
HRMS (ESI) caled for CpH,sFNaO 359.1787 found
359.1799.

2-(4- LHE R EL)-1-(4- 5 A 3 )-2,4.4- = H B -1-1K
i(3u): R CHPIRY), 7% 86%. 'H NMR (400 MHz,
CDCLy) o: 8.31~8.27 (m, 2H), 7.24 (s, 1H), 7.15~7.08
(m, 5H), 2.67~2.61 (m, 2H), 2.46 (d, J=14.0 Hz, 1H),
1.70 (s, 3H), 1.66 (s, 1H), 1.61 (s, 1H), 1.25~1.21 (m,
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3H), 1.08 (s, 9H); '*C NMR (100 MHz, CDCls) §: 200.0,
166.3 (d, 'Jer=253.0 Hz), 144.7, 132.8 (d, *Jcr=3.0 Hz),
132.5 (d, 3Jer=9.0 Hz), 132.4, 131.0, 128.0, 120.6, 115.0
(d, YJcr=22.0 Hz), 114.8, 92.8, 87.6, 51.8, 45.9, 32.1,
31.3,30.1, 28.9, 15.5; IR (KBr) v: 3056, 2961, 2357, 1684,
1598, 1505, 1234, 1158, 833, 605 cm !; HRMS (ESI)
caled for CasHa7FNaO 373.1944, found 373.1956.

2-(4-BUT BRI )-1-(4- 5 K L )-2,4,4- — FHEE-1-
IR (3v): B AR, F22% 87%. 'H NMR (400
MHz, CDCls) d: 8.31~8.27 (m, 2H), 7.34~7.32 (m, 2H),
7.28~7.26 (s, 1H), 7.13~7.08 (m, 2H), 2.46 (d, J=14.0
Hz, 1H), 1.70 (s, 3H), 1.66 (s, 1H), 1.61 (s, 1H), 1.31 (s,
9H), 1.08 (s, 9H); '*C NMR (100 MHz, CDCls) §: 200.0,
166.3 (d, 'J=252.5 Hz), 151.5, 132.8 (d, *J=3.3 Hz),
132.5 (d, 3J=8.9 Hz), 130.8, 125.4, 120.4, 115.0 (d, 2J=
21.5 Hz), 92.9, 87.5, 51.8, 45.9, 34.8, 32.1, 31.3, 31.2,
30.1; IR (KBr) v: 3056, 2957, 2357, 1683, 1598, 1505,
1234, 1158, 834, 601 c¢cm '; HRMS (ESI) calcd for
Ca6H31FNaO 401.2257, found 401.2271.

1-(4-F R FE )-2-(4- AR IR B )-2,4,4- — I BE-1-
I 3w): R Ok, 77 E 84%. '"H NMR (400
MHz, CDCls) d: 8.31~8.27 (m, 2H), 7.28~7.25 (m, 1H),
7.12~7.08 (m, 2H), 6.84~6.82 (m, 2H), 3.80 (s, 3H),
2.48 (d, J=14.0 Hz, 1H), 1.70 (s, 3H), 1.66 (s, 1H), 1.60
(s, 1H), 1.08 (s, 9H); '*C NMR (100 MHz, CDCls) &:
200.0, 166.2 (d, "Jer=252.1 Hz), 159.5, 132.8 (d, *Jer=
3.2 Hz), 132.4 (d, *Jcr=8.9 Hz), 132.3, 115.5, 114.9 (d,
2Jer=21.5 Hz), 114.0, 92.0, 87.2, 55.3, 51.8, 45.8, 32.1,
31.3, 30.0; IR (KBr) v: 3056, 2952, 2357, 1683, 1598,
1509, 1247, 1158, 831, 605 cm '; HRMS (ESI) calcd
Ca3H,sFNaO, for 375.1736, found 375.1721.

1-(4-F AR FL )-2-(4-F A o 52 )-2,4,4- = FF - 1- TR
(3x): R AMPIRY), % 89%. 'H NMR (400 MHz,
CDCly) d: 8.28~8.24 (m, 2H), 7.31~7.27 (m, 2H),
7.13~7.08 (m, 2H), 7.01~6.97 (m, 2H), 2.46 (d, J=14.4
Hz, 1H), 1.70 (s, 3H), 1.66 (s, 1H), 1.61 (s, 1H), 1.07 (s,
9H); '*C NMR (100 MHz, CDCls) d: 199.7, 166.3 (d,
Jcr=252.0 Hz), 163.7 (d, 'Jcr=248.0 Hz), 133.2 (d,
Jer=9.0 Hz), 132.9 (d, "Jer=8.0 Hz), 132.7 (d, Jcr=
3.0 Hz), 132.3 (d, 'Jer=9.0 Hz), 119.4 (d, 'Jcr=4.0 Hz),
115.8 (d, "Jer=22.0 Hz) 115.0 (d, "Jer=22.0 Hz), 93.3,
86.4, 51.8, 45.9, 32.1, 31.3, 30.0; IR (KBr) v: 3056, 2953,
2357, 1685, 1599, 1507, 1234, 1157, 835, 605 cm™!;
HRMS (ESI) caled for CyHxnFoNaO 363.1536, found
363.1547.
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2-(4- TR R FE)-1-(4- TR 52 )-2,4,4- = F B -1- TR R
By): FEAHRY), 2% 88%. 'H NMR (400 MHz,
CDCls) 0: 8.25~8.23 (m, 2H), 7.30~7.27 (m, 2H), 7.23
(s, 1H), 7.20 (s, 1H), 7.14~7.09 (m, 2H), 2.47 (d, J=14.4
Hz, 1H), 1.70 (s, 3H), 1.67 (s, 1H), 1.61 (s, 1H), 1.07 (s,
9H); 3C NMR (100 MHz, CDCl:) d: 199.9, 166.2 (d,
Jer=252.2 Hz), 163.7, 138.3, 132.7 (d, *Jcr=3.2 Hz),
132.4 (d, 3Jcr=8.9 Hz), 132.3, 130.9, 129.1, 120.3, 114.8
(d, YJer=21.5 Hz), 92.8, 87.5, 51.7, 45.8, 32.1, 31.3, 30.0,
21.5; IR (KBr) v: 3057, 2952, 2359, 1675, 1600, 1507,
1260, 1172, 828, 602 cm '; HRMS (ESI) caled for
C2,H2,CIFNaO 379.1241, found 379.1249.

2-(3- AR FE)-1-(4- TR 5 )-2,4,4- = F - 1- T
(3z): RFEEIIRY), 75 85%. 'H NMR (400 MHz,
CDCls) 6: 8.25~8.23 (m, 2H), 7.30~7.27 (m, 2H), 7.23
(s, 1H), 7.20 (s, 1H), 7.14~7.09 (m, 2H), 2.47 (d, J=14.4
Hz, 1H), 1.70 (s, 3H), 1.67 (s, 1H), 1.61 (s, 1H), 1.07 (s,
9H); 3C NMR (100 MHz, CDCl:) d: 199.9, 166.3 (d,
Jer=252.5 Hz), 138.2, 132.8 (d, “Jer=3.3 Hz), 132.5 (d,
3Jcr=8.9 Hz), 131.6, 129.1, 128.3, 128.2, 123.2, 115.0 (d,
2Jer=21.6 Hz), 93.2, 87.6, 51.8, 45.9, 32.1, 31.3, 30.0,
21.3; IR (KBr) v: 3057, 2952, 2359, 1685, 1599, 1505,
1234, 1158, 843, 690 cm'; HRMS (ESI) calcd for CorHan-
CIFNaO 379.1241, found 379.1254.

2-(2- AR FE)-1-(4- TR 5 )-2,4,4- = F B -1- TR
(3aa): RFOMRY), P2F 81%. 'H NMR (400 MHz,
CDCls) 0: 8.28~8.25 (m, 2H), 7.29~7.27 (m, 1H), 7.26
(s, 3H), 6.92~6.90 (m, 2H), 3.87 (s, 3H), 2.45 (d, J=14.4
Hz, 1H), 1.69 (s, 3H), 1.65 (s, 1H), 1.60 (s, 1H), 1.07 (s,
9H); 3C NMR (100 MHz, CDCL3) d: 199.2, 166.3.1, 166.8,
135.8, 133.2, 133.0, 132.7, 129.3, 126.4, 115.0, 114.8,
98.5, 84.5, 51.8, 46.1, 33.3, 32.1, 31.3, 29.9; IR (KBr) v:
3056, 2953, 2359, 1683, 1599, 1505, 1234, 1158, 843, 753
cm '; HRMS (ESI) caled for CyHCIFNaO 379.1241,
found 379.1257.

2-(4- TR R e JE )-1-(4- 2R 5k )-2,4,4- — FF K- 1- TR
(3ab): R AR, 773 85%. 'H NMR (400 MHz,
CDCl3) &: 826~8.22 (m, 2H), 7.44~7.42 (m, 2H),
7.23~7.16 (m, 2H), 7.12~7.08 (m, 2H), 2.46 (d, J=14.4
Hz, 1H), 1.70 (s, 3H), 1.66 (s, 1H), 1.60 (s, 1H), 1.06 (s,
9H); 1*C NMR (100 MHz, CDCl3) 8: 199.5, 166.3 (d, 'Je.r
=252.7 Hz), 132.9, 132.7 (d, SJcr=3.1 Hz), 132.5 (d,
4Jer=9.0 Hz), 132.4, 131.7, 122.5 (d, 3Jer=21.2 Hz),
1222, 115.1 (d, 2Jer=21.5 Hz), 114.8, 94.9, 86.5, 51.8,
45.9,32.1,31.3,29.9; IR (KBr) v: 3056, 2952, 2359, 1683,
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1598, 1505, 1235, 1158, 823, 607 cm '; HRMS (ESI)
calcd for CooH2,BrFNaO 423.0736, found 423.0751.

2- I A B R I -1-(4- G A AL )-2,4,4- = 3L -1- T3
(3ac): HRIEEMIRY), F7F 46%. 'H NMR (400 MHz,
CDCls) o: 8.22~8.18 (m, 2H), 7.10~7.06 (m, 2H), 2.30
(d, J/=14.4 Hz, 1H), 1.55 (s, 3H), 1.53 (s, 1H), 1.45 (s,
1H), 1.22 (s, 1H), 1.00 (s, 9H), 0.71~0.69 (m, 2H), 0.58~
0.56 (m, 2H); *C NMR (100 MHz, CDCI;) : 200.5, 164.9
(d, 'Jer=252.2 Hz), 132.9 (d, *Jcr=3.3 Hz), 132.5 (d,
3Jcr=9.0 Hz), 1324, 114.8 (d, 2Jcr=21.6 Hz), 114.6,
90.3, 51.8, 45.4, 32.0, 31.3, 30.2, 7.4, 0.1; IR (KBr) v:
3056, 2953, 2359, 1683, 1598, 1506, 1234, 1158, 844, 605
cm”'; HRMS (ESI) caled for Cj9H,3FNaO 309.1631,
found 309.1644.

4 B KL (Supporting Information) L5 %) 3a~3ac [
'H NMR H1 3C NMR &3, i 8epp b a] L4 2 AAS T
¥ (http://sioc-journal.cn/) . F %K.
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