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Nickel-Catalyzed Multicomponent Coupling of Butadiene, Aldehydes,
Alkynes and Schwartz Reagent to Form 1,4-Dienes

Li, Yu-Qing Shi, Shi-Liang™
(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Shanghai 200032)

Abstract The construction of skipped diene is a vital research area for organic synthesis, whose structure is found in many
bioactive molecules. The synthesis of skipped diene from simple and readily available starting materials is highly desirable.
Herein a nickel-catalyzed multicomponent coupling of 1,3-butadiene, aldehydes, alkynes, and Schwartz reagents for the prep-
aration of skipped dienes is described. The reagents are common feedstock chemicals, especially 1,3-butadiene is an abundant
feedstock produced from petroleum cracking. Moreover, the hydrozirconation of alkynes using Schwartz reagent was applied
to in-situ prepared the alkenylzirconium reagents, which were used directly without further treatment. Various (£,E)-1,4-diene
products were synthesized with excellent regio- and stereo-selectivity. The mild and straightforward reaction condition enables
a broad substrate scope and good functional group tolerance. This protocol provides a useful and practical synthesis of skipped
dienes.

Keywords skipped diene; nickel catalysis; butadiene; multicomponent reaction; coupling
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Figure 1 Natural products containing 1,4-dienes
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(b) Pd-Catalyzed coupling of 1,3-diene, vinyl triflate and organoboronic acid
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Scheme 1 Synthesis of 1,4-diene from 1,3-dieneure
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Table 1 Optimization of the reaction conditions

PhCHO (1, 1.0 equiv.)
A (2a, 10.0 equiv.)

ZrCp,HCI (1.2 equiv.)
= >""Ph

3a THF (0.4 mol/L) Ni(cod), (10 mol%)
(1.2 equiv.) rt,1h THF (0.2 mol/L)
T°C,12h
OH OH
ph/K/\/\/\/\/Ph + Ph/K/\/\/ Ph
4a 5a
Entry 7/°C Yield?/% of 4a Yield®/% of 5a
1 25 52 16
2 10 61 10
3 0 69 (63)° <5
4 —20 35 <5
54 0 0 0
6¢ 0 0 0

@ Reaction was performed on a 0.2-mmol scale. » Determined by 'H NMR
analysis using an internal standard. ¢ Isolated yield. ¢ Without Ni(cod),.
¢ Without ZrCp,HCl.
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1.2 JRYSCEER

e, AR R S Z& A — R AR R AT
THE(E 2). KOIBRJEY) 1-25 S AN 2,4,6-— FH LK
Mg, AT DL LA R B A AR B 1,4- 0 T4 (4D,
65%FH de, 72%), FHALFHXS R L&A . — &5
75 BRI, G S A BRI Wi (de, 72%)-
B FE(4d, 52%FH1 4j, 47%)F1H BidE(de, 61%), LA S
W E P BRI (41, 74%) =8 H 3k (4g, 57%). FIE
(4K, 52%), BEZEE(41, 59%), S Si¥syn] DLAR IR 3E4T. %f
& B AR LU ) 05 BE RGeS B, HE RS, B
A DR i H 3 25 (4h~4j, 4s, 47%~79%). %N A L
I FH B A 5 R R T 1 LR S (4m, 57%) IR (4n,
62%) I ER 16 (4o, 55%) 1175 HIEIRY). HAk, &%

(LT PR g RIS PR ) P 7 B T A A A DU 22 5 e B (4,
54%F1 4q, 52%). & T 5 EEE, NEMIESR 2 AR
W, LA R I R B H AR 1,4- 272 (4r, 60%,;
ds, 79%). AT, EAZREY)(WZK 2 00) TR — SO A R
B2, AP E B YA R, 17%), A 5L
T TS 1) R A A JE A S A AR P 2

2T RA TR RV BT TH 8GR 3). X
TR OB A A BUR IR = 80F 3. SRR 2K 28k,
S S RE LAAS RS 77 2215 21 H R P2 M) (6a~6d, 51%~
59%). JRNLXTWEWy Z B [F R B A IR 4 1) 3 P (6e,
60%). — L fr B b A T8 R 1 [ SR (66~ 6h,
54%~64%). FEFELRPI LB anAUT 3 O SR A S
(TBS) 2R, [N AH RE i 5015 2] H AR P2 4(6i, 59%). 5

*2 BEERYIVEH
Table 2 Scope of aldehydes
RCHO (1, 1.0 equiv.)

= .
ZiCp,HCI (12 equiv) # 7 (2a,100equiv) oy

Z o /K/\/\/\/\/
//;/\ THF (0.4 mol/L) Ni(cod), (10 mol%) R NN Ph
(1.2 equiv.) rt, 1h THF (0.2 mol/L) 4
0°C,12h

4a, 63% yield
OH OH

4b, 65% yield

Me OH

Ph W Ph
Me Me

4c, 72% yield
OH

W Ph /@/\/\/\/\/\/ Ph /@/\/\/\/\/\/ Ph
MeO MeS F

4d, 52% yield
OH OH

3
49, 57% yield

OH OH

4e, 61% yield

4f, 74% yield
OH

NN Ph NN Ph NN Ph
cl
FaC cl

4h, 61% yield

4i, 50% vyield

OH

W Ph /@/K/\/\/\/\/ Ph /@/\/\/\/\/\/ Ph
Br-
~"o NC MeO,C

4j, 47% yield

4k, 52% yield

41, 59% yield
OH

OH H
/@/K/\/\/\/\/ Ph X = Ph /@/\/\/\/\/\/ Ph
Ac.
N (pin)B
TMS

(e}
gz
74
4m, 57% yield
OH OH
(0] N % Ph
W 4
N
4p, 54% yield Me

OH

C|/\/\/K/\/\/\/\/Ph

4s, 79% yield

4n, 62% yield

X

4q, 52% yield

40, 55% yield
OH

AN = Ph
_N

4r, 60% yield

OH
Ph/l\/\/\/\/\/ Ph

Me
4t, 17% yield?

= Ph

“Yields of isolated products on a 0.2 mmol scale.® NMR yield. Reaction was conducted at room temperature.
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Table 3 Scope of alkynes

4-anisaldehyde (1.0 equiv.) OH

//R ZrCp,HCI (1.2 equiv.)
=

3 THF (0.4 mol/L)
(1.2

equiv.)

N 2a (10.0 equiv.) WR
Ni(cod), (10 mol%) MeO 6

rt, 1h THF (0.2 mol/L)
0°C,12h

OH OH OH
AN =
/@M/\/\ Ph
eO MeO CF3 MeO cl

6a, 59% yield

OH OH
M
S
MeO Br MeO

6e, 60% yield

6d, 51% yield
OH OH

WCI W
MeO MeO

6b, 57% yield

6¢, 53% yield

OH
W“e
eO

6f, 54% yield

OH

69, 62% yield 6h, 64% yield 59% vyield
OH OH
N 4 OFt N = /@M/Y\Et
Me0/©/K/\/\/\ MeO O ‘

6j, 56% yield 6k, 44% yield 61, 56% yield
4Yields of isolated products on a 0.2-mmol scale.
R TR IR R T A T DA R 2 5 RORE(6§, 56%). B -
Ab, KT IEHUE R O a2 by, TR \i/\/VA 0
5T DR M R A AR b, A AR R 2 B, RINTNNNR )L R
FRE R A PR T = 052K ELAR 406k, 44%). (75— iR fd-diene
Hise, WHRIBITAS 51—k, K 1,4- IG5ER reductive oxidative
SUR SIRIBRIRALRE, 8 T PRI, 56%) e eteen ni_
1.3 REHIE - | R,

AR T Z B AT REFEACTE IR, AL HLEEAE
PR 1,3-T M EA S Y AR 2 Pk
TEU2 EAe 1,3-T 2 R RN B R A3 & JE AL A Rk
AR ER AL b A AR B 5 AR B B T R AR e
)&, 193 n-Jh RS EA B, ArbiE R B 2 (a4
C WA, OB X 38 456 4 0 7 A4 Ik B A5 21
. BaPfE C RAERIFHERSZIEE)-1,4- )"
v, AR EMESUEAIS S T — MEE

2 g

BATRE TEMACK T 06, B PEE X
2 H BRI, T Rl & 1,4- a2k
PN R SR8 N T B 5 A5 AR S, R 13-
TR R ERAC T . ELA A 1R T DA B b
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3 LS
3.1 X5
SRR A AR B R F B IEAT. B Ew
AR LRI R TS AL AN K. o
KGR it 4 Fl Bruker 400 MHz RZRE LRI,
El- 5 7> ¥ )57 i % FH Waters Micromass G1540N/GCT
Premier =70 #EFBEACR; FI-m 03 fi%{E ] JEOL-
AccuTOF-GCv4G-GTC MS & 43 HE i G, 44
%4 . BRUKER TENSOR 27 FT-IR ZLAMEESGINR.
BT ARG A Al s ib 2248, 1 F TR &4k,
32 LWHE
T NI AR I CpoZrHCL (0.24 mmol,
61.9 mg). VYL (THF) (0.5 mL)F1%R4: 3 (0.24 mmol),
F I FHEER A 1 h, K Ni(cod) (0.02 mmol, 5.5 mg)-
% 1 (0.2 mmol)F1 1,3-T /(3 mol/L I FHE IR, 667
uL, 2 mmol)¥& T THF (0.5 mL), Bl f5 ¥ iZmin A _Lid
M. AE 0 C TR 12 h. RBEEHE, IiKEEK
N, N B8 CBEREER, A HLZ F AR S AN iR e
Uk, TOKBREREN T, B2 TBEF, WOURKRYE, HEHT
Rk CH IR 2R CB8) 7 B AR .
(3E,6E)-1,10- — I %3 6- —J7-1-(4a): 31.8 mg,
TR, 7% 63%. '"H NMR (400 MHz, CDCL3) o:
7.36~7.30 (m, 4H), 7.29~7.23 (m, 3H), 7.19~7.13 (m,
3H), 5.63~5.50 (m, 1H), 5.48~5.32 (m, 3H), 4.67 (dd,
J=17.9, 5.0 Hz, 1H), 2.76~2.68 (m, 2H), 2.64~2.57 (m,
2H), 2.51~2.37 (m, 2H), 2.11~1.99 (m, 3H), 1.73~1.63
(m, 2H); *C NMR (101 MHz, CDCl3) d: 144.1, 142.7,
133.3, 131.1, 128.6, 128.6, 128.5, 128.4, 127.5, 126.3,
125.9, 125.8, 73.6, 42.9, 35.8, 35.5, 32.2, 31.3; IR (neat) v:
2926, 1452, 969, 748, 697 cm !'; HRMS (FI) caled for
Ca2Ha60 306.1978, found 306.1975.
(3E,6E)-1-(1-25 5 )-10- 4 5 2 -3,6- — Ji - 1- i (4b):
46.2 mg, TEIMIRYI, 7% 65%. 'H NMR (400 MHz,
CDCl;) 6: 8.05 (d, J=8.2 Hz, 1H), 7.85 (dd, J=7.9, 1.7
Hz, 1H), 7.75 (d, J=8.0 Hz, 1H), 7.64 (d, J=7.2 Hz, 1H),
7.52~7.43 (m, 3H), 7.30~7.24 (m, 2H), 7.21~7.13 (m,
3H), 5.66~5.35 (m, 5H), 2.77~2.66 (m, 3H), 2.63~2.49
(m, 3H), 2.20 (br, 1H), 2.08~1.98 (m, 2H), 1.74~1.61
(m, 2H); *C NMR (101 MHz, CDCl3) d: 142.7, 139.7,
133.9, 133.3, 131.2, 130.5, 129.0, 128.6, 128.5, 128.4,
128.0, 126.6, 126.1, 125.8, 125.6, 123.2, 122.9, 70.3, 41.9,
35.8, 35.5, 32.2, 31.3; IR (neat) v: 2926, 967, 799, 777,
732, 698 cm™!; HRMS (FI) caled for CasHas0 356.2135,
found 356.2130.
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(3E,6E)-1-(2,4,6- — W JL IR 5 )-10- K FE %% -3,6- — Jfi-
1-i#(4¢): 50.4 mg, TEHARY), =% 72%. 'H NMR
(400 MHz, CDCls) 8: 7.30~7.23 (m, 2H), 7.21~7.12 (m,
3H), 6.79 (s, 2H), 5.62~5.53 (m, 1H), 5.49~5.35 (m,
3H), 5.10 (dd, J=9.1, 5.2 Hz, 1H), 2.75~2.69 (m, 2H),
2.66~2.57 (m, 3H), 2.47~2.35 (m, 7H), 2.23 (s, 3H),
2.07~2.00 (m, 2H), 1.84 (br, 1H), 1.74~1.65 (m, 2H);
13C NMR (101 MHz, CDCly) d: 142.7, 136.6, 136.1, 136.1,
132.6, 131.1, 130.2, 128.6, 128.6, 128.4, 127.2, 12528,
71.1, 39.3, 35.9, 35.5, 32.2, 31.3, 20.9, 20.8; IR (neat) v:
2921, 1451, 968, 851, 733, 698 cm ™ '; HRMS (EI) calcd for
CasHzo [M—H,0]" 330.2342, found 330.2350.

(BE,6E)-1-(hf AR FE R HE)-10- 4 L 5%-3,6- M- 1-Ti
(4d): 34.8 mg, TEIHPRY), % 52%. 'H NMR (400
MHz, CDCl) §: 7.30~7.25 (m, 4H), 7.21~7.11 (m, 3H),
6.87 (d, J=8.7 Hz, 2H), 5.61~5.51 (m, 1H), 5.46~5.34
(m, 3H), 4.63 (t, J=6.5 Hz, 1H), 3.78 (s, 3H), 2.76~2.67
(m, 2H), 2.64~2.56 (m, 2H), 2.47~2.38 (m, 2H), 2.07~
1.96 (m, 3H), 1.73~1.64 (m, 2H); '3*C NMR (101 MHz,
CDCly) d: 159.1, 142.7, 136.3, 133.2, 131.1, 128.6, 128.6,
128.4, 127.2, 126.5, 125.8, 113.9, 73.3, 55.4, 42.8, 35.8,
35.5,32.2, 31.3; IR (neat) v: 2931, 1512, 1245, 1032, 908,
730, 699 cm '; HRMS (FI) caled for C13Hy0 [M—H,0]"
318.1978, found 318.1976.

(BE,6E)-1-(hf HB HE R 5 )-10- A L 5%-3,6- M- 1-Ti
(4e): 42.9 mg, TLEMRYI, 7”2 61%. 'H NMR (400
MHz, CDCl;) d: 7.31~7.22 (m, 6H), 7.20~7.13 (m, 3H),
5.63~5.50 (m, 1H), 5.47~5.31 (m, 3H), 4.64 (dd, J=7.8,
5.1 Hz, 1H), 2.71 (t, J=5.5 Hz, 2H), 2.63~2.57 (m, 2H),
2.49~2.34 (m, 5H), 2.09~1.98 (m, 3H), 1.75~1.63 (m,
2H); 3C NMR (101 MHz, CDCLy) d: 142.6, 141.1, 137.5,
133.5, 131.1, 128.6, 128.5, 128.4, 126.8, 126.5, 126.2,
125.8, 73.2, 42.8, 35.8, 35.5, 32.2, 31.3, 16.1; IR (neat) v:
2921, 1493, 967, 818, 731, 698 cm '; HRMS (FI) caled
for C3Has0S 352.1855, found 352.1853.

(BE,6E)-1-(X 5 K )~ 10- 2K FE 28 -3,6- —45-1-E (41):
48.0 mg, TLEMIRY), F2% 74%. 'H NMR (400 MHz,
CDCls) 0: 7.32~7.24 (m, 4H), 7.19~7.14 (m, 3H), 7.00
(t, J=8.7 Hz, 2H), 5.60~5.51 (m, 1H), 5.46~5.34 (m,
3H), 4.65 (dd, J=7.8, 5.1 Hz, 1H), 2.74~2.68 (m, 2H),
2.63~2.57 (m, 2H), 2.45~2.36 (m, 2H), 2.13~1.99 (m,
3H), 1.72~1.63 (m, 2H); 3C NMR (101 MHz, CDCl;) §:
163.4, 161.0, 142.6, 139.8 (d, J=3.1 Hz), 133.6, 131.2,
128.6, 128.5, 128.4, 127.6 (d, J=8.0 Hz), 125.9 (d, J=
243 Hz), 1152 (d, J=21.3 Hz), 73.0, 43.0, 35.7, 35.5,
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32.2, 31.3; IR (neat) v: 2927, 1603, 1509, 1222, 969, 835,
733, 698 cm '; HRMS (FI) caled for CHasF [M—H,0]"
306.1778, found 306.1785.

(3E,6E)-1-(hf — 5 FH B IR JE)-10- K 5L 28-3,6- —4i-1-
M7 (4g): 42.4 mg, JTLEIHRY), 7% 57%. 'H NMR (400
MHz, CDCly) 0: 7.59 (d, J=8.1 Hz, 2H), 7.45 (d, J=8.1
Hz, 2H), 7.34~7.25 (m, 2H), 7.22~7.13 (m, 3H), 5.65~
5.52 (m, 1H), 5.49~5.33 (m, 3H), 4.74 (dd, J=8.1, 4.6
Hz, 1H), 2.76~2.68 (m, 2H), 2.63~2.57 (m, 2H), 2.55~
2.43 (m, 1H), 2.43~2.34 (m, 1H), 2.15 (br, 1H), 2.09~
1.98 (m, 2H), 1.68 (p, J=7.6 Hz, 2H); '*C NMR (101
MHz, CDCls) 6: 147.9 (d, J=1.5 Hz), 142.5, 134.1, 131.2,
129.6 (q, J=32.3 Hz), 128.4, 128.3, 128.2, 126.1, 125.7,
125.4, 125.3 (q, J=3.8 Hz), 72.7, 42.8, 35.6, 35.4, 32.1,
31.2; IR (neat) v: 1323, 1162, 1122, 1066, 968, 841, 698
cm '; HRMS (FI) caled for Cp3HpsOF; 374.1852, found
374.1847.

(BE,6E)-1-(Xf S K 2E)-10- 3 28 -3,6- —Ji-1-BE (4h):
44.6 mg, TLEJMIRYI, F=% 66%. 'H NMR (400 MHz,
CDCly) d: 7.34~7.25 (m, 6H), 7.21~7.13 (m, 3H),
5.62~5.50 (m, 1H), 5.45~5.30 (m, 3H), 4.66 (dd, J=
7.9, 4.9 Hz, 1H), 2.71 (t, J=5.5 Hz, 2H), 2.64~2.57 (m,
2H), 2.48~2.33 (m, 2H), 2.11~1.98 (m, 3H), 1.73~1.63
(m, 2H); '3C NMR (101 MHz, CDCls) §: 142.6, 142.6,
133.8, 133.1, 131.2, 128.6, 128.6, 128.4, 128.4, 127.3,
125.8, 125.8, 72.9, 42.9, 35.7, 35.5, 32.2, 31.3; IR (neat) v:
2927, 1492, 1089, 969, 828, 732, 698 cm '; HRMS (EI)
caled for CpHuCl [M — H,O] © 322.1483, found
322.1484.

(3E,6E)-1-(%f & H 2 2K 3L )-10- 4 FE 28 -3,6- M- 1 -1
(4i): 35.3 mg, TLEIHIRY), 2% 50%. 'H NMR (400
MHz, CDCls) d: 7.37~7.32 (m, 4H), 7.31~7.25 (m, 2H),
7.20~7.15 (m, 3H), 5.58 (dt, J=15.4, 6.4 Hz, 1H), 5.48~
5.34 (m, 3H), 4.69 (ddd, J=17.7, 4.7, 2.6 Hz, 1H), 4.56 (s,
2H), 2.79~2.67 (m, 2H), 2.64~2.56 (m, 2H), 2.51~2.34
(m, 2H), 2.12~1.97 (m, 3H), 1.68 (p, J=7.6 Hz, 2H); 13C
NMR (101 MHz, CDCL) §: 144.4, 142.7, 136.7, 133.7,
1312, 128.8, 128.6, 128.5, 128.4, 126.3, 126.1, 125.8,
73.2, 46.2, 42.9, 35.8, 35.5, 32.2, 31.3; IR (neat) v: 2927,
1423, 1265, 968, 733, 698 c¢cm !; HRMS (EI) caled for
Ca3H2,0CI 354.1745, found 354.1740.

(BE,6E)-1-(4-(2- 1 £ 58 B ) R i )-10- R L %5 -3,6- —
J75-1-FE(4j): 40.0 mg, TTLEMHIRY), 772 47%. 'H NMR
(400 MHz, CDCl3) 8: 7.31~7.25 (m, 4H), 7.21~7.13 (m,
3H), 6.87 (d, J=8.7 Hz, 2H), 5.56 (dt, J=15.3, 6.4 Hz,
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1H), 5.47~5.31 (m, 3H), 4.63 (t, J=5.5 Hz, 1H), 4.26 (t,
J=6.3 Hz, 2H), 3.61 (t, J=6.3 Hz, 2H), 2.71 (t, J=5.4
Hz, 2H), 2.64~2.57 (m, 2H), 2.49~2.37 (m, 2H), 2.07~
1.98 (m, 3H), 1.68 (p, J=7.6 Hz, 2H); 3C NMR (101
MHz, CDCL3) d: 157.6, 142.7, 137.1, 133.3, 131.1, 128.6,
128.6, 128.4, 127.3, 126.4, 125.8, 114.8, 73.2, 68.0, 42.8,
35.8,35.5,32.2, 31.3, 29.2; IR (neat) v: 2927, 1510, 1240,
968, 908, 831, 730, 699 cm !; HRMS (FI) caled for
Ca4H200,Br 428.1345, found 428.1342.
4-((3E,6F)-1-F2H-10- K H 253 6- - 1-35) K FH i
(4k): 34.3 mg, LOIMPRY), % 52%. 'H NMR (400
MHz, CDCls) 8: 7.61 (d, J=8.3 Hz, 2H), 7.45 (d, J=8.2
Hz, 2H), 7.32~7.25 (m, 2H), 7.22~7.08 (m, 3H), 5.66~
5.52 (m, 1H), 5.47~5.32 (m, 3H), 4.74 (dd, J=8.1, 4.6
Hz, 1H), 2.72 (t, J=5.7 Hz, 2H), 2.64~2.56 (m, 2H),
2.54~2.42 (m, 1H), 2.41~2.31 (m, 1H), 2.21 (br, 1H),
2.09~1.99 (m, 2H), 1.68 (tt, J=9.2, 6.7 Hz, 2H); '3C
NMR (101 MHz, CDCls) d: 149.4, 142.6, 134.6, 132.3,
131.4, 128.6, 128.4, 1282, 126.6, 125.8, 125.2, 119.0,
111.2,72.7,42.9, 35.7, 35.5, 32.2, 31.3; IR (neat) v: 2925,
2229, 970, 837, 732, 699, 568 cm”!; HRMS (EI) calcd for
Ca3Ha3N [M—H,0]" 313.1825, found 313.1821.
4-((3E,6E)-1-F2HE-10- 2K 5 28 -3,6- —4i-1-25) K HH g
(4D): 42,9 mg, TEOMARY), % 59%. 'H NMR (400
MHz, CDCL) d: 8.00 (d, J=8.4 Hz, 1H), 7.40 (d, J=8.0
Hz, 1H), 7.31~7.25 (m, 2H), 7.21~7.12 (m, 3H), 5.62~
5.52 (m, 1H), 5.46~5.34 (m, 3H), 4.74 (dd, J=8.0, 4.8
Hz, 1H), 3.89 (s, 3H), 2.74~2.68 (m, 2H), 2.63~2.56 (m,
2H), 2.51~2.35 (m, 2H), 2.23 (br, 1H), 2.07~1.99 (m,
2H), 1.73~1.64 (m, 2H); 3C NMR (101 MHz, CDCl;) §:
167.1, 149.3, 142.6, 134.0, 131.2, 129.8, 129.3, 128.5,
128.4, 128.4, 125.9, 125.8, 125.7, 73.1, 52.2, 42.9, 35.7,
35.5,32.2, 31.3; IR (neat) v: 1718, 1435, 1278, 1110, 968,
909, 730, 700 cm !'; HRMS (EI) calcd for CasHpsOs
364.2033, found 364.2041.
N-(4-((3E,6E)-1-¥8 3£ -10- K FE 28 3,6- I -1- )%
) O FEE (4m): 41.1 mg, TEMPRY), 7% 57%. 'H
NMR (400 MHz, CDCly) d: 7.48~7.38 (m, 3H), 7.31~
7.25 (m, 4H), 7.22~7.13 (m, 3H), 5.56 (ddd, J=15.4, 7.0,
5.7 Hz, 1H), 5.46~5.34 (m, 3H), 4.63 (dd, J=7.6, 5.2 Hz,
1H), 2.70 (t, J=5.4 Hz, 2H), 2.62~2.56 (m, 2H), 2.47~
2.36 (m, 2H), 2.12 (s, 3H), 2.08~1.98 (m, 2H), 1.73~
1.64 (m, 2H); 3C NMR (101 MHz, CDCl;) &: 168.6,
142.7, 140.1, 1372, 133.3, 131.1, 128.6, 128.5, 128.4,
126.6, 126.2, 125.7, 120.0, 73.2, 42.8, 35.7, 35.5, 32.2,
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31.3, 24.6; IR (neat) v: 1666, 1602, 1537, 1316, 967, 729,
698 c¢cm !'; HRMS (EI) calcd for C,sH,;ON 3452087,
found 345.2083.

(BE,6E)-1-(4-( = F Lk 2 e 3 ) R 2L )-10- 7 JE 2% -
3,6- —J-1-FE(4n): 49.7 mg, LOHCRY), 72% 62%. 'H
NMR (400 MHz, CDCL3) 0: 7.43 (d, J=8.2 Hz, 2H), 7.27
(td, J=7.0, 6.6, 3.0 Hz, 4H), 7.21~7.13 (m, 3H), 5.54
(dtt, J=15.3, 6.3, 1.2 Hz, 1H), 5.47~5.29 (m, 3H), 4.66
(dd, J=7.8, 5.0 Hz, 1H), 2.78~2.66 (m, 2H), 2.64~2.57
(m, 2H), 2.50~2.30 (m, 2H), 2.12~1.97 (m, 3H), 1.75~
1.63 (m, 2H), 0.24 (s, 9H); '*C NMR (101 MHz, CDCl;) ¢:
1445, 142.7, 133.7, 132.1, 131.2, 128.6, 128.5, 128.4,
125.9, 125.8, 125.8, 122.2, 105.1, 94.1, 73.2, 42.8, 35.7,
35.5,32.2, 31.3, 0.1; IR (neat) v: 2929, 2156, 1249, 969,
839, 732, 698 cm™'; HRMS (FI) caled for Co7H3,Si [M—
H,0]" 384.2268, found 384.2265.

(3E,6E)-1-(4-(H5 Wil F B 1% M 2k ) 2R ik )-10- 248 2 %% -
3,6- —Jfi-1-lE(d0): 47.4 mg, TLEMHCRY, 7% 55%. 'H
NMR (400 MHz, CDCL3) 6: 7.79 (d, J=7.8 Hz, 2H), 7.35
(d, J=7.9 Hz, 2H), 7.30~7.25 (m, 2H), 7.20~7.13 (m,
3H), 5.57 (dt, J=15.3, 6.4 Hz, 1H), 5.47~5.34 (m, 3H),
4.70 (dq, J=17.9, 3.9, 3.3 Hz, 1H), 2.71 (t, J=5.4 Hz, 2H),
2.64~2.57 (m, 2H), 2.54~2.34 (m, 2H), 2.08~1.98 (m,
3H), 1.74~1.62 (m, 2H), 1.34 (s, 12H); '*C NMR (101
MHz, CDCl:) 0: 147.3, 142.7, 135.0, 133.5, 131.1, 128.6,
128.6, 128.4, 128.4, 126.2, 125.8, 125.2, 83.9, 73.6, 42.9,
35.8,35.5,32.2, 31.3, 25.0; IR (neat) v: 2928, 1611, 1358,
1142, 1087, 964, 658 cm !; HRMS (FI) caled for
CasH3703B 431.2867, found 431.2872.

(3E,6F)-1-( 5k i -2- 3L )-10- 7 Ik 3¢ -3,6- — I -1- 7
(4p): 32.0 mg, LEIHCRY), % 54%. 'H NMR (400
MHz, CDCl3) 6: 7.36 (dd, J=1.8, 0.9 Hz, 1H), 7.30~7.25
(m, 2H), 7.21~7.12 (m, 3H), 6.31 (dd, J=3.3, 1.8 Hz,
1H), 6.23 (dt, J=3.2, 0.8 Hz, 1H), 5.65~5.55 (m, 1H),
5.48~5.35 (m, 3H), 4.70 (t, J=6.6 Hz, 1H), 2.76~2.67
(m, 2H), 2.65~2.52 (m, 4H), 2.10~1.96 (m, 3H), 1.73~
1.64 (m, 2H); 3C NMR (101 MHz, CDCls) &: 156.3,
1427, 142.0, 133.5, 131.1, 128.6, 128.6, 128.4, 125.8,
125.5, 110.2, 106.2, 67.3, 39.1, 35.8, 35.5, 32.2, 31.3; IR
(neat) v: 2927, 1705, 1360, 1221, 970, 747, 700 cm !;
HRMS (FI) caled for C20H40, 296.1771, found 296.1775.

(BE,6E)-1-(1-F B:-1 &-M|Wk-3-55)-10- 2K F 2% -3, 6-
T)-1-FE(4q): 37.2 mg, LR, FPF 52%. 'H
NMR (400 MHz, CDCl;) d: 7.65~7.53 (m, 1H), 7.31~
7.25 (m, 4H), 7.19~7.14 (m, 3H), 7.04 (d, J=3.1 Hz,
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1H), 6.46 (dd, J=3.1, 0.8 Hz, 1H), 5.63~5.53 (m, 1H),
5.50~5.34 (m, 3H), 4.79 (t, J=6.5 Hz, 1H), 3.77 (s, 3H),
2.76~2.65 (m, 2H), 2.62~2.56 (m, 2H), 2.53 (t, J=6.9
Hz, 2H), 2.06~1.98 (m, 3H), 1.66 (p, J=7.6 Hz, 2H); 1*C
NMR (101 MHz, CDCly) d: 142.7, 136.4, 135.2, 132.6,
131.0, 129.3, 128.8, 128.6, 128.5, 128.4, 127.0, 125.7,
119.9, 118.3, 109.3, 101.1, 74.5, 43.1, 35.8, 35.5, 33.0,
32.2,31.3; IR (neat) v: 2924, 1493, 1244, 968, 719, 698 cm
“I; HRMS (FI) caled for CosHyyN [M—H,0]" 341.2138,
found 341.2146.
4-((3E,6FE)-1-F22E-10- A H%8-3,6- 45~ 1-2 )R g -1-
AT H FFERTG(4r): 50.0 mg, TCEHCIRY, 725 60%. 'H
NMR (400 MHz, CDCls) d: 7.30~7.25 (m, 2H), 7.21~
7.08 (m, 3H), 5.62~5.50 (m, 1H), 5.50~5.35 (m, 3H),
4.14 (s, 2H), 3.36 (ddd, J=9.2, 5.9, 3.3 Hz, 1H), 2.78~
2.55 (m, 6H), 2.34~2.22 (m, 1H), 2.12~1.98 (m, 3H),
1.90~1.54 (m, 7H), 1.45 (s, 9H), 1.32~1.14 (m, 2H); '3C
NMR (101 MHz, CDCly) o: 154.9, 142.6, 133.3, 131.1,
128.5, 128.5, 128.3, 126.5, 125.7, 79.4, 74.0, 41.5, 37.6,
35.8, 35.5, 32.2, 31.3, 28.6, 28.2, 27.6; IR (neat) v: 2927,
1666, 1425, 1164, 969, 698 cm '; HRMS (EI) calcd for
Ca6H370,N [M—H,0]" 395.2819, found 395.2815.
(7E,10E)-1- 5 -14- 2K J& + 4 -7,10- — /i -5- BE (4s):
50.8 mg, LEMHARY, 775 79%. 'H NMR (400 MHz,
CDCls) 6: 7.31~7.25 (m, 2H), 7.20~7.13 (m, 3H), 5.55
(dtt, J=15.0, 6.2, 1.1 Hz, 1H), 5.49~5.36 (m, 3H), 3.60
(ddd, J=9.2, 7.3, 4.5 Hz, 1H), 3.53 (t, J=6.7 Hz, 2H),
2.73 (dt, J=5.1, 2.6 Hz, 2H), 2.64~2.57 (m, 2H), 2.30~
220 (m, 1H), 2.15~1.99 (m, 3H), 1.85~1.75 (m, 2H),
1.73~1.43 (m, 6H); *C NMR (101 MHz, CDCly) ¢
142.6, 133.2, 131.1, 128.6, 128.5, 128.4, 126.4, 125.8,
70.7, 45.1, 40.9, 36.0, 35.8, 35.5, 32.7, 32.2, 31.3, 23.2; IR
(neat) v: 2928, 1453, 969, 744, 698 cm '; HRMS (FI)
caled for CypH»Cl [M — H,0] ©  302.1796, found
302.1792.
(BE,6E)-1-(t Fi 4 i 2R 3i8)-7- R FE PE -3,6- —J-1- 1
(6a): 34.7 mg, LEMIRY), 7% 59%. 'H NMR (400
MHz, CDCls) d: 7.36~7.26 (m, 6H), 7.22~7.16 (m, 1H),
6.88 (d, J=8.7 Hz, 2H), 6.35 (d, J=15.9 Hz, 1H), 6.18
(dt, J=15.8, 6.6 Hz, 1H), 5.63 (dt, J=15.4, 6.4 Hz, 1H),
5.50 (dt, J=15.3, 7.0 Hz, 1H), 4.66 (t, J=6.2 Hz, 1H),
3.79 (s, 3H), 2.92 (t, J=6.4 Hz, 2H), 2.48 (t, J=6.9 Hz,
2H), 1.98 (s, 1H; 3C NMR (101 MHz, CDCl;) 8: 159.1,
137.7, 136.3, 132.1, 130.7, 128.7, 128.6, 127.4, 127.2,
127.1, 126.1, 113.9, 73.4, 55.4, 42.8, 36.1; IR (neat) v:

http://sioc-journal.cn/ 1945



BIKE

MRILX

1610, 1511, 1245, 1173, 1030, 968, 831, 732, 694 cm !;
HRMS (FI) calcd for CoH2,0, 294.1614, found 294.1619.

(BE,6E)-1-(XF B 35 2K 35 )-7-(Ohf = 50 HH B 5 0 ) e -
3,6- —Jfi-1-lE(6b): 41.4 mg, TLHPRY), 723 57%. 'H
NMR (400 MHz, CDCls) 8: 7.54 (d, J=8.1 Hz, 2H), 7.41
(d, J=8.1 Hz, 2H), 7.28 (d, J=8.6 Hz, 2H), 6.88 (d, J=
8.7 Hz, 2H), 6.41~6.21 (m, 2H), 5.61 (dt, J=15.4, 6.2
Hz, 1H), 5.52 (dt, J=15.3, 6.9 Hz, 1H), 4.68 (t, J=6.5 Hz,
1H), 3.79 (s, 3H), 2.94 (t, J=6.2 Hz, 2H), 2.49 (t, J=6.5
Hz, 1H), 1.94 (br, 1H); 3C NMR (101 MHz, CDCL) §:
159.2, 141.2, 136.2, 131.7, 131.3, 129.5, 129.0 (q, J=32.3
Hz), 128.0, 127.2, 126.3, 125.6 (q, J=3.9 Hz), 113.9, 73.5,
55.4,42.7,36.0; IR (neat) v: 1613, 1512, 1323, 1246, 1162,
1111, 1066, 968, 831 cm™'; HRMS (EI) calcd for CyHo-
OF; [M—H,0]" 344.1383, found 344.1385.

(3E,6E)-1-(%F H 48 3 28 3 )-7-(f S 2 ) P -3,6- —
J7i-1-FE(6¢): 34.6 mg, TLEIHRY), 7% 53%. 'H NMR
(400 MHz, CDCls) d: 7.30~7.25 (m, 6H), 6.88 (d, J=8.7
Hz, 2H), 6.28 (d, J=15.8 Hz, 1H), 6.15 (dt, J=15.8, 6.4
Hz, 1H), 5.61 (dt, J=15.5, 6.4 Hz, 1H), 5.50 (dt, J=15.3,
6.9 Hz, 1H), 4.67 (td, J=6.5, 2.2 Hz, 1H), 3.79 (s, 3H),
2.91 (t, J=7.0 Hz, 2H), 2.48 (td, J=6.7, 1.1 Hz, 2H), 1.95
(d, J=2.8 Hz, 1H); *C NMR (101 MHz, CDCls) 8: 159.1,
136.3, 136.2, 132.7, 131.7, 129.5, 129.5, 128.7, 127.7,
127.4, 1272, 113.9, 73.4, 55.4, 42.7, 36.0; IR (neat) v:
1511, 1490, 1244, 1174, 1033, 966, 830 cm '; HRMS (FI)
calcd for Cy0H;,0,Cl1 328.1225, found 328.1223.

(3E,6E)-1-(%F H 48 3 28 3 )-7-(Xf 1R 28 36 ) P -3,6- —
J7i-1-FE(6d): 43.4 mg, TLEMHIRY), 772 51%. 'H NMR
(400 MHz, CDCl:) 8: 7.40 (d, J=8.5 Hz, 2H), 7.27 (d, J=
8.7 Hz, 2H), 7.18 (d, J=8.4 Hz, 2H), 6.87 (d, J=8.7 Hz,
2H), 6.27 (d, J=15.9 Hz, 1H), 6.17 (dt, J=15.8, 6.3 Hz,
1H), 5.60 (dt, J=15.5, 6.3 Hz, 1H), 5.49 (dt, J=15.3, 6.9
Hz, 1H), 4.67 (t, J=6.5 Hz, 1H), 3.79 (s, 3H), 2.96~2.86
(m, 2H), 2.48 (t, J=6.7 Hz, 2H), 1.97 (br, 1H); 3C NMR
(101 MHz, CDCLy) &: 159.1, 136.7, 136.2, 131.7, 131.6,
129.7, 129.5, 127.7, 127.7, 127.2, 120.8, 113.9, 73.4, 55.4,
42.7, 36.0; IR (neat) v: 1511, 1244, 1033, 967, 830, 729
cm !; HRMS (FI) caled for CayH;9OBr [M—H,0]"
354.0614, found 34.0610.

(BE,6E)-1-(k H AR JE 2K 556 )-7- (M Wy -3- 45 ) i -3,6- —
Ji5-1-BE(6e): 36.1 mg, TLEJHCRY, 773 60%. 'H NMR
(400 MHz, CDCls) 6: 7.33~7.21 (m, 3H), 7.17 (dd, J=
5.0, 1.3 Hz, 1H), 7.05 (dd, J=3.0, 1.2 Hz, 1H), 6.88 (d,
J=8.7 Hz, 2H), 6.34 (d, J=15.8 Hz, 1H), 6.03 (dt, J=
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15.8, 6.6 Hz, 1H), 5.61 (dt, J=15.3, 6.3 Hz, 1H), 5.49 (dt,
J=15.3,6.9 Hz, 1H), 4.66 (t, J=6.5 Hz, 1H), 3.79 (s, 3H),
2.88 (t, J=6.4 Hz, 2H), 2.51~2.40 (m, 2H); 3C NMR
(101 MHz, CDCly) &: 159.1, 140.3, 136.3, 132.0, 128.7,
127.4,127.2, 125.9, 125.0, 125.0, 120.9, 113.9, 73.4, 55.4,
42.8, 35.9; IR (neat) v: 1511, 1244, 1032, 965, 907, 831,
728 cm”!'; HRMS (FI) caled for CisH0,S 300.1179,
found 300.1185.

(BE,6E)-1-(Xf H 48 2 2K L) 1+ =-3,6- i -1-FZ (61):
29.8 mg, LR, 775 54%. 'H NMR (400 MHz,
CDCl3) 6: 7.31~7.23 (m, 2H), 6.88 (d, J=8.7 Hz, 2H),
5.57 (dt, J=15.4, 6.4 Hz, 1H), 5.46~5.32 (m, 3H), 4.68~
4.60 (m, 1H), 3.80 (s, 3H), 2.70 (t, J=5.1 Hz, 2H), 2.50~
2.37 (m, 2H), 2.03~1.92 (m, 3H), 1.38~1.23 (m, 8H),
0.93~0.84 (m, 3H); 3C NMR (101 MHz, CDCl;) §:
159.1, 136.3, 133.4, 131.8, 128.0, 127.2, 126.4, 113.9,
73.3,55.4,42.9, 35.8,32.7, 31.9, 29.6, 29.0, 22.8, 14.3; IR
(neat) v: 2924, 1512, 1245, 1174, 1035, 968, 830, 732
cm !; HRMS (FI) calcd for CaH3z0O, 302.2240, found
302.2247.

(BE,6E)-10- 5~ 1-(h H 48 6 % k) 28 -3,6- — M -1- I8
(6g): 36.6 mg, LEIMIIRY), "% 62%. 'H NMR (400
MHz, CDCl3) 8: 7.27 (d, J=7.4 Hz, 2H), 6.88 (d, J=8.7
Hz, 2H), 5.63~5.30 (m, 4H), 4.65 (t, J=7.8 Hz, 1H), 3.81
(s, 3H), 3.52 (t, J=6.6 Hz, 2H), 2.71 (td, J=5.7, 5.0, 3.2
Hz, 2H), 2.48~2.41 (m, 2H), 2.19~2.10 (m, 2H), 1.95 (d,
J=3.0 Hz, 1H), 1.82 (p, J=6.7 Hz, 2H); 3C NMR (101
MHz, CDCl3) d: 159.1, 136.3, 132.8, 129.8, 129.4, 127.2,
126.7, 113.9, 73.3, 55.4, 44.6, 42.8, 35.7, 32.3, 29.7; IR
(neat) v: 1511, 1244, 1174, 1033, 969, 830, 731 cm !;
HRMS (FI) caled for Ci7H»;0,Cl 294.1381, found
294.1380.

(3E,6E)-7-¥ P4 JE-1-Cnf FH A FE R ) PE-3,6- —Jfi-1-
fiz(6h): 33.2 mg, TLEHIRY), 772 64%. 'H NMR (400
MHz, CDCl3) 8: 7.27 (d, J=7.7 Hz, 2H), 6.88 (d, J=8.7
Hz, 2H), 5.68~5.34 (m, 3H), 4.94 (ddt, J=15.2, 8.6, 1.5
Hz, 1H), 4.63 (td, J=6.5, 5.5, 2.1 Hz, 1H), 3.80 (s, 3H),
2.69 (t, J=6.4 Hz, 2H), 2.50~2.35 (m, 2H), 2.00 (d, J=
2.7 Hz, 1H), 1.41~1.29 (m, 1H), 0.70~0.61 (m, 2H),
0.34~0.28 (m, 2H); 3C NMR (101 MHz, CDCl;) o
159.1, 136.3, 134.9, 133.1, 127.2, 126.5, 126.0, 113.9,
73.3, 55.4, 42.8, 35.6, 13.7, 6.6; IR (neat) v: 1511, 1244,
1174, 1034, 961, 830 cm™'; HRMS (FI) calcd for Ci7H,,0,
258.1614, found 258.1618.

(BE,6E)-7-(FUT 2 — Y BERE ) 1-(xf H A8 2 2R )
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BE-3,6- Jd-1-BE(60): 39.1 mg, TLEIMARY), F2FK 59%.
'H NMR (400 MHz, CDCl3) J: 7.27 (d, J=8.8 Hz, 2H),
6.88 (d, J=8.7 Hz, 2H), 5.99 (dt, J=18.6, 6.0 Hz, 1H),
5.67~5.53 (m, 2H), 5.41 (dt, J=15.4, 7.0 Hz, 1H), 4.65
(td, J=6.6, 6.1, 2.5 Hz, 1H), 3.80 (s, 3H), 2.84 (td, J=5.6,
5.0, 3.0 Hz, 2H), 2.46 (t, J=7.1 Hz, 2H), 1.97 (d, J=3.0
Hz, 1H), 0.85 (s, 9H), 0.00 (s, 6H); 3C NMR (101 MHz,
CDCls) d: 159.1, 146.0, 136.3, 132.2, 128.1, 127.2, 127.1,
113.9, 73.3, 55.4, 42.8, 40.0, 26.6, 16.6, —5.9; IR (neat) v:
2928, 1611, 1152, 1245, 1037, 827 cm ™ '; HRMS (EI) calcd
for CaoH300Si [M—H,0]" 314.2060, found 314.2063.

(3E,6E)-7- LA H-1-(Ohf F AR L R AL ) Pe-3,6- M5 -1-
E(6j): 34.7 mg, LEJHARY), 7% 66%. 'H NMR (400
MHz, CDCl3) 0: 7.30~7.26 (m, 2H), 6.88 (d, J=8.7 Hz,
2H), 6.20 (d, J=12.6 Hz, 1H), 5.55 (dt, J=15.3, 6.1 Hz,
1H), 5.49~5.36 (m, 1H), 4.73 (dt, J=12.6, 7.1 Hz, 1H),
4.68~4.59 (m, 1H), 3.80 (s, 3H), 3.70 (q, J=7.1 Hz, 2H),
2.63 (td, J=6.0, 3.0 Hz, 2H), 2.46~2.39 (m, 2H), 1.96 (d,
J=3.0 Hz, 1H), 1.26 (t, J=7.0 Hz, 3H); 3C NMR (101
MHz, CDCly) 0: 159.1, 146.9, 136.3, 134.0, 127.2, 126.1,
113.9, 102.1, 73.3, 64.8, 55.4, 42.8, 31.0, 14.9; IR (neat) v:
2902, 1512, 1245, 1174, 1032, 831, 731 cm™'; HRMS (FI)
caled for C1¢Ha0O, 244.1458, found 244.1461.

(3E,6E)-T-(3F CLJi-1-3)-1-(Cxf H 4803k 2K 52 ) P -3,6-
T)-1-FE(6K): 26.5 mg, JLOIHARY, FEE 44%. 'H
NMR (400 MHz, CDCl3) 6: 7.27 (d, J=8.0 Hz, 2H), 6.88
(d, J=8.7 Hz, 2H), 6.00 (d, J=15.7 Hz, 1H), 5.70~5.38
(m, 4H), 4.65 (t, J=6.6 Hz, 1H), 3.80 (s, 3H), 2.80 (t, J=
6.6 Hz, 2H), 2.50~2.39 (m, 2H), 2.17~2.05 (m, 4H), 1.97
(br, 1H), 1.73~1.61 (m, 2H), 1.64~1.54 (m, 2H); '3C
NMR (101 MHz, CDCL) d: 159.1, 136.3, 135.6, 134.4,
132.9, 128.0, 127.2, 126.7, 124.3, 113.9, 73.3, 55.4, 42.8,
36.0, 25.9, 24.7, 22.8, 22.7; IR (neat) v: 2928, 1512, 1244,
1174, 1034, 966, 908, 831, 730 cm ™ '; HRMS (EI) calcd for
Ca0H260, 298.1927, found 298.1932.

(3E,6E)-6- £ F:-1-(hf AR L IR L) T2 -3,6- — M- 1- %
(61): 31.0 mg, JTLEIHIRY), =% 56%. 'H NMR (400
MHz, CDCly) 0: 7.27 (d, J=8.6 Hz, 2H), 6.88 (d, J=8.7
Hz, 2H), 5.53 (dt, J=15.0, 6.8 Hz, 1H), 5.40 (dt, J=15.2,
7.1 Hz, 1H), 5.05 (t, J=7.2 Hz, 1H), 4.65 (t, J=6.5 Hz,
1H), 3.80 (s, 3H), 2.68 (d, J=6.7 Hz, 2H), 2.46 (t, J=7.2
Hz, 2H), 2.06~1.93 (m, 5H), 0.93 (td, J=7.5, 3.4 Hz,
6H); 3C NMR (101 MHz, CDCl3) 6: 159.1, 139.2, 136.3,
133.3, 127.2, 127.1, 127.0, 113.9, 73.4, 55.4, 42.8, 40.0,
23.2,21.0, 14.8, 13.3; IR (neat) v: 2961, 1512, 1244, 1174,
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1035, 970, 830, 555 cm '; HRMS (EI) caled for CisHz602
274.1927, found 274.1930.

$#H B#1 KL (Supporting Information) L&) 4a~4s
6a~61 1) 'H NMR A1 13C NMR [, X 248} AT DL 27
AT 3 (http://sioc-journal.cn/)_F T %K.
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