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Preparation of a,a'-Bismethylenyl Zirconacyclopentane and Its
Application in the Synthesis of 1,5-Hexadiene Derivatives

Hu, Linfeng
Lu, Hongyan

Wang, Wei

Zhang, Yanjing Lin, Sheng

Zheng, Weixin*

(College of Material, Chemistry & Chemical Engineering, Hangzhou Normal University, Hangzhou 310036)

Abstract Zirconacycle has attached much attention owing to its various reactive behaviors. a,a'-Bismethylenyl zircona-
cyclopentane could be prepared by reductive coupling reaction of two 1,1-disubstituted allenes promoted by low covalent zir-
conocene species “Cp,Zr (II)”. The stereo- and regio-chemistry could be affected obviously by steric and electronic effect of
the substituents in the allenes. Two sp* carbon-metallic bonds in a,a'-bismethylenyl zirconacyclopentane could be quenched by
several electrophilic system and afford the novel methodologies for the synthesis of 1,1,6,6-tetrasubstituted 1,5-hexadiene,
2,5-dihalo-1,5-hexadiene and 1,6-dicarbonyl compound with the skeleton of 1,5-hexadiene.

Keywords a,a'-bismethylenyl zirconacyclopentane; 1,5-hexadiene; synthesis; selectivity
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PR B A, NMYEE SR, ERAME
Fh 25445 11 S ZERTAAL). %2800 S Wik AT 1R A )
Rem o TR AW EE AL K Cope HHER M 7T
AR > 70 BEIT R 1,5-C @& Rt 7t A
(R EEE B SR N F A

AAGLEUH T 1A A& B Takahashi 877 (Cp.ZrEG) 2 i3k
SRR 1, 1- BRI 5 & 2 4y 1 1) 28 AR BB S B ]
R A B o0 RS MRS 1, LA WAE
CuCU/DMAD & #A4EH T4 B A AU B T 40T
A4, DMAD K25 Hbr 4 T8 22 HIH #(Scheme 1),
T FREEA A sp® BRES B0 HE 2«30 0 — 4 2 7RI 4%
PETREAESEATAEYN). b al W, 3T I T2 B B
FeIRAL W B A R R 10 e I 47 e % 8 A 1 4 RS F A
{8, FFRE BT B B A I S it F B — e (B
WR SRS AT S, Rk, AR SORE R R 37 B0 2 K
BE I IRA DD S B FAE B A 2 B 1,5- 0
FTAW R,

R

R
7 CuCI/DMAD
\

1 #ER51e

a,a' - I R EE R IR R & AR A E R IR

DAV S BRI (THF) R 7, i R 2 01 1,1- K3
0 5 EAL 45 1 CpaZrBuy KA 1 18] 3k JR AR BE,
SN 3 h JE TR SR Ak BT 3 mol/L BRIV K, TR E
WAL GRS I S5 RN =08 1,5-C 45 3a, B ULHEN
H B ATEMAR a,0-X0 I FF R4S 23R 4t 4a (Scheme
2).

1.1

AR R TN B AR IR A e — g, 15 A v ]
& 4a HEAWNANSE R T HEADER IR0, 45k
M BRIy 1,1- R RN s B LA 8 v 1) DX ik %
PE. FEUCEEA EFRATTE 5 1 BRI N0 S R 48 12 1)
AL

PATEEE 1,1-Z UG R, KR A%
HeyRpELE LRI, FILL1,5-C M ATAEY 3b~3g N E
(Scheme 3). 4IME FHURIERIN n-Bu B RN S
Scheme 2 AHL, BI AR e— Rl 4 3b(% 1, Entry 1). 4

R R

Ph

R Ph
R———R
R R
' <~ cuciomap R COOMe
Cppzr, | ———
o R R COOMe
2 R'

BR 1 oI R RIR I 1 SRR T 2 (0 S B 1 72

Scheme 1 Different reactivity between a-methylenyl zirconacyclopentene 1 and zirconacyclopentadiene 2

Ph
Ph szZrBUZ
2 >:-: B — szzr
PH THF, rt., 3h

Ph

4a

\ Ph H
3 mol/L HCI —
~ PR Ph
/
H

Ph
3a, 77%

BR 2 11N M Negishi BRI R
Scheme 2 Reaction of 1,1-diphenylpropadiene with Negishi reagent

R! 2 Rt R2 R2 =
| | |
: + : + : + Unknown isomers (<5%)
\ \ \
R"OR? RZR! ROR!
Y4 ZE EE

R RE
R Cp,ZrBu ) 3 mol/L HCl
2 e 2 2 CpyZr | © molL Rul
4 THF, r.t,3h /
2

R

4b~ 4g

3b~ 3g

B3 1,1- RIS 5 Negishi 1207 K S
Scheme 3 Reactions of 1,1-disubstituted allene with Negishi reagent
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F 1 1L1-HURENG 5 Negishi 577 5z R PErE
Table 1 Selectivity of reactions of 1,1-diphenylpropadiene with
Negishi reagent

Entry R! R? Ratioof ZZ: ZE “EEin3" Yield/%
1 n-Bu n-Bu — 3b, 99 (78)
2 Me Ph 70:20: 10 3¢, 92°
3 Et Ph 65:24: 11 3d, 86¢
4 iPr Ph 64:21:15 3e,75¢
5 n-Bu Ph 58:33:9 3f, 78°¢
6 tBu Ph 0:0:100 3g, 99 (80)

“ Based on the ratio in "H NMR using CH,Br; as the internal standard. * GC
yield using dodecane as the internal standard. Isolated yields were given in the
parenthesis. © Total yields of the three isomers.

M IR T bk 5 2R E, B A Me, Et, i-Pr
Al n-Bu If (% 1 1 Entries 2~5), 274 3¢~3f N Z,Z
BF=), BIFRAA de~4f SN a,0- 00T FEES Z 30 30,
HIRA U bk 5 s B AL TR . BE o B b R 1)
ARG R, Z,Z B~ BRI ZE EE B4 el
Fhen; Mkt R' N -Bu i, HAEE] EE B2 3g(k
1, Entry 6). FH ] 025 (8] 265080 X 8 2% e 4 (0 A s il
JEH L. FTRER BT b e 4 s R B C AA
RFRECR, e R /I AT T BCR A XUE  # 7) 2F E
1) EE RIS AR Ieke, Rtk 5854k T RO, KRS
R Z,Z B 1,5-C 70 3e~3f, keIl -Bu I H 55
B P B AR BRI R B 5 85 40 T R0, 7K AR 5 A B
—M E.E #4729 3g, H: NOE(Nuclear Overhauser Effect)
B BRI A E B, Mtk bR HY S
I ) HOVHE 5 B 2 8] 5 A7 AR SR B AR 5515 5 (1
1).

RSB S5 AT, oa- XV F SR B J8 0 TR e 4
ATEH 2 701 1,1- BB 5 Negishi A B, OBV E
BB I DX R SRR B, T 24500 S B AR B =

Ph
1 >
R CpoZrEt,  |R? PH

| Tz T

R2 THF,0 C,3h| R'" Cpp| 50 C,1h

5a, R' = Me, R? = Ph
5b, R' = R%? = n-Bu

. R'=Me, R? = Ph
3 mol/L HCI

Ph Et

Me H
Z-6, 74%

R
b C
CeHs~_C(CH3)3
C )
HCH
HoC_H

(H3C)3C”  "CgHs

B 1 {L& 3f 1 NOE
Figure 1 NOE of compound 3f

AR U] 2 B R B PEANE BEARL. FR IR 4 w4 5 N
PEORESEE, AT — DR AR PR WL T
1.2 JESFFR o,a- I B EE R IR KRS K

Takahashi 71)(Cp,ZrEt)-5 AR 73 [ B A2 A4 3
A BR A A0 B B 1 2 T IR S SR ) A
Takahashi i{F7E 0 “C N 3 h AR 1 5 F B,
VR PETEEE 50 CIaHEs: 1 h i A i dESTFR a,0-R0E
FROLEE 43R 0T 4 (Scheme 4).

HEA Sa FRIRANOUEE R B v @ 2K = 6
kHfiE, & NOE suiagh RERMZIME Z 24, Bidra ik
Sa AN E Y, RIFIESEIE AT R e
1,5-C0 0% 3h (IS5 Km0, Sa fE NI E R 5 85— F
S S5 7 (1) ot LR R AR R AR AR A
1.3 a,a-WILRAESERIN TR E R A

7E THF 1, o0/~ B0 F IR BE J2 30 e 4 W] 5 AN
HLAR T S N AE i 2 I ML 7. SESR 25 SRk 2 R

FH 2 2 1RSI0 45 SR T 50, o0 - X0 L 88 2 3R R 0% 4
A i RT 55 AN [ 53 R AR TR s B A B 2 R 2R (1 1,5- 0=
WRTAEY), PRPER R, TUE 7a 5 TR RAE
97%LA L. @I AR B ATE 1,5-2 12,5025 A
M, AnFit— P E R TRE(GR 2, Entries 2,
5,6, 10, 13, 14, 15 F1 17). BEIEAC N AT A Rtk 1
W) 1,6- —FRIEWEPI(ER 2, Entries 4 AT 8).

R' H
~Ph| 3 mol/L HCI R2 Ph
= zr —_—
Cp2 Ph H Ph
4h~4i 3h,R" = Me, R? = Ph

3i,R"=R?=n-Bu

BN 4 AEXHR o,0- X B LS 43R 58 4h~4i ()5 R

Scheme 4 Preparation of unsymmetrical a,a-bismethylenyl zirconacyclopentane 4h~4i
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K2 ZHMAL5-CH T AR
Table 2 Synthesis of polysubstituted 1,5-hexadiene 7

R' E
2 4 —
RN~ 7S R_28 | R? Ph
R! Crp2 Rr3  Conditions —
4 7 E Ph
Entry 4 Conditions Product 7a~7r Yield“/%
Ph ~_Ph ph D o
= .
1 a DCI/D,0 Ph = 77
c )
Ph p2 Ph D Ph
4a 7a
Ph ~_Ph ph Br o
= .
) zf NBS Ph X 69
C
Ph p2 Ph Br Ph
4a 7b
Ph7/<—>§(Ph Ph
-
zr S - Ph
3 Ph Cp, Ph g /CuCl Ph 80
4a Ph
Tc
O
Ph
Ph —__Ph
(0]
= x._Ph
Zr PhT X
4 Ph Cpz Ph *C,/CUC' b 69
4a @)
7d
n-Bu ~_Bun Bu-n o
5 = zr NBS n_BUMBU‘” 69
n-Bu Cp2 Bun
Br Bu-n
4b 7e
n-Bu7/<—>§(Bu-n Bu-n I B
= NS u-n
Zr n-B M
6 Bl Chy Bun I,/CuCl u 60
| Bu-n
4b 7
n-Bu7/<—>§(Bu-n Bu-n
-
Zr S X Bu-n
7 nBu  Cp2 Bun B /Cucl n-Bu” ™ 91
4b Bu-n
I 7q
O
n-Bu ~_ Bun o Bun
3 =N ¢ Cl al nBu” X Xx-Bu-n 68
nBu  Cp2 Bun JCuCl
4b o Bu-n
7h
Ph7/<—>§(Ph Ph
_— :
9 i-Pr érpz Pr-i "Br/CuCl PrY NP 36
de Ph
7i
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gk
Entry 4 Conditions Product 7a~7r Yield“/%
t-Bu __ But But  Br o
= S
Zr X
10 NBS Ph/l\j//\\“/L\T/ 62
C
Ph P2 Ph B But
4g 7j
t-Bu ~_ Bu-t Bu-t
-
Zr . x_Ph
11 Ph Cp, Ph X" Br/CuCl PR 89
49 Bu-t
| 7k
Ph __Ph Ph b o
= NS
12 v é% bh DCI/D,0 Me X 50
2 D Ph
4h 7
Ph __Ph ph ¢l o
= NS
13 ", é% L NCS Me X 52
2 cl Ph
4h 7m
oh __Ph Ph Br .
=~ NS
14 v é% bh NBS Me X 59
2 Br Ph
4h 7n
Ph _Ph ph ' o
= NS
15 zr NIS Me X 60
c
Me P2 Ph | Ph
4h 70
Phﬁﬁ/lji>i§(Ph Ph
-
zf \ | . Ph
16 Ve &b bn X" Br /CuC Me™ XX 71
4h Ph
| 7p
n-Bu —__Ph ?ﬂf’ Br o
17 Tz NBS r%Bu/l\j//\\//gir/ 78
n-Bu P2 Ph Br Ph
4i 7q
n-Bu ~_Ph Bu-n
-
Zr S | xPh
18 Bl Chs Ph X" Br/CuCl n-Bu” X 73
4i Ph
r

“Isolated yields.
A3
2 &g

bR, FAURZR T “CpoZe” WEVEMIFEHE T 2
% 11 BRI R 707 TR A I B B FLade # 4k, &
B2 S I 5 I B, 1R 22 18] ROMLEZ M W S, RT3 i A
SRR N SARA A BEAT . TR a0'- X0 R A
RINLKE 4 P EABA sp” b, W 2R AR
S NAE R MRS, TR 1,5-C I R KRR
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KH Schlenk HiAHEEAE, AT IR H FH 2 1B
B VESTRS . FHIEFAE 120 C R TRACTE. ST
FEEM 28, KA 300~400 HEE. '"H NMR £
Bruker AC2P400 (400 MHz)#% G JLHRBE A3 52, LA TMS
N AR, CDCly {EF; 20406 1% K F £ [F Bruker
TENSO27 JEALZL MY, iR A Bruker Daltonics Es-
quire 3000 plus M 5&. BAIE I Sk 7 A A Y. B
IR ERSGMH, FTa BRI EEZ POs Ik
JET-J8. 57 DU SR IR (THF ) 2E 2SR B R 28— 25

32 ZWHE
3.2.1 AR a0~ A A AL IR R IR 4 69 A R BK iR

BASUE R, 7E 50 mL Schlenk 45 4 9 5 mL THF 1
I Cp,ZrCl,y (0.350 g, 1.2 mmol), 7 447 fift Jo v4 2
£—78 C, {ERMIEEYHMANIET 24 (1.6 mol/L in
THF, 2.4 mmol, 1.5 mL), ##¢ 1 h, JIA 2 mmol BK/f5
B RNIHRE R, &M 3 h, GC REEE RN M. T’
HYILL 3 mol/L HCl K. A HUAHFHEH NaCl #E¥k, 7K
R CBEZEEL 3 Ik, GHANAH, MgSO, T%, FEZHT
Iy BEATEIA A 3a~3g (TN AT T EF).

1,1,6,6- P #3-1,5- L =) (3a)"™: ARk, 725
77%; m.p. 110~112 C (Lit"™ 111~112 ‘C); 'H NMR
(CDCls) 6: 2.25 (t, J=3.3 Hz, 4H), 6.04 (t, J=6.9 Hz,
2H), 6.82~7.59 (m, 20H); “C NMR (CDCly) ¢: 30.1,
126.8, 126.9, 127.2, 128.0, 128.1, 129.0, 129.9, 140.1,
142.0, 142.6; IR v: 3054, 3020, 1597, 1493, 1442, 760, 698
cm '; MS m/z: 386 (M™, 8), 193 (100).

5,10- —1E T 3E-59-+ 4 — )5 (3b): o R A,
F“Z 78%; '"H NMR (CDCl3) 6: 0.85~0.91 (m, 12H),
1.25~1.38 (m, 16H), 1.94~2.02 (m, 12H), 5.09~5.11
(m, 2H); *C NMR (CDCl5) 6: 14.0, 22.5, 22.9, 28.3, 29.8,
30.5, 30.8, 36.6, 124.2, 139.7; IR v: 2959, 1715, 1465,
1378, 1107, 851, 730 cm '; MS m/z: 306 (M", 1), 43
(100). HRMS (EI) caled for C,Hy 306.3287, found
306.3289.

(22,62)-2,7- 252, 6-3F I (3¢): To iRk,
P 92%; "H NMR (CDCls) 6: 1.99~2.00 (br, 10H), 5.39
(s, 2H), 7.10~7.32 (m, 10H); *C NMR (CDCl;) 6: 25.5,
29.6, 126.4, 127.1, 127.9, 128.0, 136.4, 142.1; IR v: 3029,
2959, 1713, 1468, 1378 cm™'; MS m/z: 262 (M", 9), 131
(100). HRMS (EI) caled for CyH, 262.1722, found
262.1720.

Z,7-3d, ZE-3d 5 EE-3d 75 %N 86%.

(32,72)-3,8- K %:-3,7-%% —Ifi(Z,2-3d): ot IR

Chin. J. Org. Chem. 2015, 35, 662~671
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#if&; '"H NMR (CDCls) d: 0.92 (t, J=7.6 Hz, 6H), 1.93~
1.94 (m, 4H), 2.28 (q, J=7.6 Hz, 4H), 5.33~5.35 (m,
2H), 7.05~7.31 (m, 10H); *C NMR (CDCly) ¢: 13.0,
29.3,32.0, 125.3, 126.2, 127.8, 128.3, 141.5, 142.8; IR v:
3056, 3022, 2927, 1692, 1599, 1492, 1459, 1070, 908, 762,
700 cm™'; MS m/z: 290 (M, 2), 145 (100); HRMS (EI)
caled for Cy,Hyg 290.2035, found 290.2034.

(3Z,7E)-3,8- 7 3£-3,7-%8 — I (Z,E-3d): ok
#ifA&; '"H NMR (CDCl3) d: 0.90~0.98 (m, 6H), 2.04~
2.09 (m, 2H), 2.17~2.23 (m, 2H), 2.31~2.37 (m, 2H),
2.42~2.48 (m, 2H), 5.48 (t, J=7.2 Hz, 1H), 5.56 (t, J=
7.2 Hz, 1H), 7.12~7.32 (m, 10H); °*C NMR (CDCL;) ¢:
13.0, 13.5, 22.8, 28.9, 29.1, 29.7, 125.2, 126.2, 126.3,
126.4, 127.6, 127.9, 128.0, 128.3, 141.5, 141.7, 142.9,
143.2; IR v: 3056, 3022, 2927, 1692, 1599, 1492, 1459,
1070, 908, 762, 700 cm '; MS m/z: 290 (M*, 2), 145
(100); HRMS (EI) caled for CyHys 290.2035, found
290.2034.

(3E,TE)-3,8- K H£-3,7-2% —W5(E E-3d): TR
#ifA; '"H NMR (CDCls) d: 0.99 (t, J=7.6 Hz, 6H), 2.34~
2.36 (m, 4H), 2.53 (t, J=7.6 Hz, 4H), 5.33~5.35 (m, 2H),
5.67~5.70 (m, 2H), 7.19~7.36 (m, 10H); “C NMR
(CDCLy) &: 13.6, 23.0, 28.7, 126.2, 126.4, 127.5, 128.1,
142.0, 142.9; IR v: 3056, 3022, 2927, 1692, 1599, 1492,
1459, 1070, 908, 762, 700 cm™'; MS m/z: 290 (M™, 2), 145
(100); HRMS (EI) caled for C,H,s 290.2035, found
290.2034.

2,9- " HIFE-3,8- 2R3 7-28 T (3e): TR
&, P2E 75%; '"H NMR (CDCLy) 0: 1.03~1.06 (m, 12H),
2.33 (s, 4H), 3.02~3.10 (m, 2H), 5.31 (m, 2H), 7.16~
7.27 (m, 10H); *C NMR (CDCly) ¢: 21.8, 28.0, 29.3,
126.1, 127.4, 128.3, 128.6, 143.3, 147.1; IR v: 3055, 3020,
2962, 1687, 1599, 1491, 1462, 1072, 911, 761, 701 cm ™ ;
MS m/z: 318 (M", 6), 159 (100); HRMS (EI) calced for
Ca4Hs 318.2348, found 318.2347.

(BE,7E)-2,2,9,9-PU H1 3£-3 8- — K FE-3,7-2% —J#(3g):
TEORRIAE, 775 80%; '"H NMR (CDCly) &: 1.14 (s,
18H), 2.42~2.44 (m, 4H), 5.16~5.17 (m, 2H), 7.04~
7.14 (m, 4H), 7.17~7.24 (m, 6H); °*C NMR (CDCl;) ¢:
24.8, 25.1, 29.6, 114.8, 126.4, 127.9, 128.5, 139.4, 149.6;
MS m/z: 346 (M', 1), 173 (100); HRMS (EI) calcd for
CaeHss 346.2661, found 346.2657.

3.2.2  AEMFAR a0 - I T A AR IR IE 4 69 B R B K
LY WS
HASE T, 78 50 mL Schlenk & N # 5 mL THE

http://sioc-journal.cn/ 667
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MR

B Cp,ZrCl, (0.350 g, 1.2 mmol), 7 447 fift jo v4 2
£—78 C, {ERPHREY TN ZE A EE(1.0 mol/L
in THF, 2.4 mmol, 2.4 mL), #ii#¥ 1 h, SO 1 mmol %—
R 5 N THIRZE 0 °C, &M 3 h G0 1 mmol
55 RIS, THIR S0 C 4RSI M 1 h, GC BREFZ M
SERK. JRAYILL 3 mol/L HCI K. A HUA FIH A1 NaCl
Ve, KA CBEREEL 3 Ik, G ANIAE, MgSO, /&,
FEEM 0 BRI E Y 3h(BIF A N A ER). tha
FRAEU R

(2)-1,1,6- =K F-1,5-PF =% @3h): Ak, =%
54%; '"H NMR (CDCls) d: 2.00 (d, J=1.3 Hz, 3H), 2.05~
2.29 (m, 4H), 5.44 (t, J=7.1 Hz, 1H), 6.01 (t, J=7.1 Hz,
1H), 6.95~7.52 (m, 15H); “C NMR (CDCly) ¢: 25.6,
29.4,30.3, 126.4, 126.7, 126.8, 127.2, 127.9, 128.0, 128.0,
128.1, 129.4, 129.9, 136.8, 140.2, 141.7, 142.0, 142.7; MS
m/z: 324 (M", 4), 77 (100); HRMS (EI) calcd for CpsHay
324.1878, found 324.1877.

323 ao-IEFHRAERIFRIE A4 5 S HF IR

# 2 mmol 3 HEARF(EE 2 mmol EHRFS 2
mmol #% 4 J& )N 1 R 1) 4% 1 a0 37 HE AR
B RIR L 4 1Y) THF ¥R, =i T &M, TLC & GC
PRI N A e 4. IRA TR MG BB IE K, AL
FHF AN NaCl e, KAHH CBEEEE 3 ik, &AL
HH, MgSO, T4, HENT /7 ER3= M EaY) 7a~Tr (&
FEFR A I TE).

2,5- 75 AR-1,1,6,6- DU PR BE-1,5- 2 )i (7a): H ElE
1, 7PEE 77%; m.p. 106~107 C; '"H NMR (CDCls) o:
2.25 (s, 4H), 7.12~7.37 (m, 20H); *C NMR (CDCl;) ¢:
30.0, 126.8, 126.8, 126.9, 127.1, 128.0, 128.1, 129.8,
140.0, 141.9, 142.5; IR v: 3027, 1593, 1492, 1440, 780,
723 em'; MS m/z: 388 (M", 8), 194 (100); HRMS (EI)
calcd for C3oH,4D, 388.2160, found 388.2155.

2,5- T ¥R-1,1,6,6-DY A FE-1,5-C —Hi5(Tb): A,
FEZ 69%; m.p. 171~173 C; '"H NMR (CDCl;) d: 2.93
(s, 43H), 7.06~7.30 (m, 20H); °*C NMR (CDCl;) §: 38.3,
105.7, 125.4, 127.1, 127.3, 127.9, 128.4, 128.6, 128.9,
140.5, 142.8; IR v: 3052, 3018, 1630, 1596, 1490, 1441,
1028, 767, 750, 698 cm '} MS m/z: 542 (M*, 7), 171
(100); HRMS (EI) calcd for C;yHpD, 542.0245, found
542.0240.

2,5- TN HE-1,1,6,6-DY K H-1,5-CL )i (Te): HEA
AR, 722 80%; m.p. 153~156 ‘C;'H NMR (CDCl;) &
2.25 (s, 4H), 2.68 (d, J=5.6 Hz, 4H), 4.83~4.95 (m, 4H),
5.61~5.71 (m, 2H), 7.08~7.27 (m, 20H); C NMR
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(CDCLy) o: 30.8, 36.3, 115.8, 126.2, 127.9, 128.0129.0,
129.1, 136.3, 136.7, 139.4, 142.8; IR v: 3073, 3015, 1631,
1595, 1488, 1440, 914, 767, 751, 702 cm™'; MS m/z: 466
(M", 3), 233 (100); HRMS (EI) calcd for C3gHs4 466.2661,
found 466.2656.

3,6- (T IRFE W HE)-2,7-9F i (7d): T A,
FEE 69%; m.p. 187.5~188 C; 'H NMR (CDCl5) 6: 1.71
(s, 6H), 2.54 (s, 4H), 6.94~7.52 (m, 20H); “C NMR
(CDCLy) ¢: 31.2, 32.1, 127.8, 128.3, 128.3, 128.4, 129.2,
129.6, 140.6, 141.5, 144.9, 152.8, 207.2; IR v: 3055, 2927,
1680, 1596, 1491, 1443, 1200, 763, 700 cm™'; MS m/z:
470 (M*, 8), 235 (100); HRMS (EI) calcd for Cs4Hs00,
470.2246, found 470.2250.

6,9- " ¥R-5,10- 1E T FE-5,9-+ U4 ) (Te): Tothih
R, 7% 69%; "H NMR (CDCls) d: 0.90~0.93 (m,
12H), 1.28~1.42 (m, 16H), 2.11~2.19 (m, 8H), 2.72 (s,
4H); “C NMR (CDCly) §: 13.9, 14.0, 22.8, 29.7, 30.9,
32.2, 36.4, 36.9, 121.4, 140.2; IR v: 2957, 2860, 1639,
1464, 1378, 1196, 1106, 1037, 938, 729 cm™'; MS m/z:
462 (M", 3), 95 (100) ; HRMS (EI) calcd for Cy,HyBr,
462.1497, found 462.1495.

6,9- f-5,10- - 1F T 3£-5,9-+ DY U (76): TSt
R, 7% 60%; 'H NMR (CDCl;) d: 0.89~0.94 (m,
12H), 1.25~1.42 (m, 16H), 2.13~2.23 (m, 8H), 2.75 (s,
4H); “C NMR (CDCly) §: 14.0, 22.7, 22.8, 29.8, 31.1,
31.6, 41.8, 42.1, 101.5, 145.7; IR v: 2962, 2858, 1625,
1463, 1378, 1192, 936, 900, 849, 728 cm™'; MS m/z: 431
(M"—1, 30), 95 (100); HRMS (EI) calcd for C,Hyl,
558.1220, found 558.1211.

5,10-0F T H5-6,9- A FE-5,9-1- U0 —J#i(7g):
PR, 725 91%; "H NMR (CDCl;) 6: 0.83~0.92
(m, 12H), 1.25~1.42 (m, 16H), 1.92~2.01 (m, 8H),
2.72~2.77 (m, 4H), 2.99~3.06 (m, 4H), 4.94~5.01 (m,
4H), 5.68~5.80 (m, 2H); *C NMR (CDCly) §: 14.1, 14.1,
23.0,23.2,31.0,31.4,31.6,31.6,36.2, 114.4, 130.0, 125.5,
137.5; IR v: 3077, 2959, 1636, 1465, 1378, 1227, 1106,
992, 903, 728 cm'; MS m/z: 386 (M, 2), 151 (100);
HRMS (EI) caled for CosHs, 386.3913, found 386.3907.

1,6- M (3-F A HE)-2,5-30(2,2- —1E T 3) I 3E-1, 6-
L (Th): KRR, PR R 68%; 'H NMR
(CDCLy) §: 0.74 (t, J=7.2 Hz, 6H), 0.88 (t, J=6.8 Hz,
6H), 1.04~1.13 (m, 4H), 1.21~1.31 (m, 8H), 1.32~1.38
(m, 4H), 1.81 (t, J=7.6 Hz, 4H), 2.04 (t, J=7.2 Hz, 4H),
2.28 (s, 4H), 7.36 (t, J=8 Hz, 2H), 7.50 (d, J=8.4 Hz,
2H), 7.67 (d, J=7.6 Hz, 2H), 7.79 (s, 2H); “C NMR
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(CDCly) d: 13.7, 13.9, 22.6, 23.0, 29.7, 30.3, 30.5, 30.7,
33.4, 127.2, 1289, 129.8, 132.9, 1332, 134.8, 138.6,
143.0, 199.6; IR v: 3067, 2930, 1667, 1570, 1465, 1197,
1073, 900, 755 cm'; MS m/z: 582 (M", 1), 291 (100);
HRMS (EI) caled for CsyHuiClLO, 582.3031, found
582.3038.

(3E,7E)-2,5- W k-4 7- P HE-3 8- 4 L3 7-5¢
(T TCEMHPIRIAE, FEE 36%; 'TH NMR (CDCls) 6:
1.20 (d, J=7.6 Hz, 12H), 2.12~2.15 (m, 6H), 3.25 (m,
4H), 5.24~5.31 (m, 4H), 5.88~5.95 (m, 2H), 7.24~7.65
(m, 10H); *C NMR (CDCLy) §: 32.0, 39.1, 126.2, 126.9,
127.7, 127.8, 145.8, 150.4; IR v: 3075, 2965, 2928, 1716,
1633, 1490, 1466, 1359, 1070, 909, 760, 704 cm '; MS
m/z: 398 (M", 1), 157 (100); HRMS (EI) caled for CoHag
398.2974, found 398.2973.

(32,72)-4,7- —:-2,2,9,9- VU HH 3 -3,8- — Ik 5k -3,7-%%
(T PRI, 723 62%; "TH NMR (CDCL;) o
1.25~1.42 (s, 18H), 2.72 (br, 4H), 7.18~7.37 (m, 10H);
C NMR (CDCly) 0: 28.2, 32.3, 45.6, 103.2, 124.6, 125.3,
127.1, 137.5, 152.9; IR v: 3078, 3018, 2927, 1614, 1597,
1466, 1365, 1165, 1069, 837, 755, 701 cm™'; MS m/z: 502
(M+, 2), 171 (100); HRMS (EI) calcd for CyHs,Br,
502.0871, found 502.0869.

(32,72)-2,2,9,9- V4 H %&£ -4,7- — I 14 3£ -3,8- — A H-
3,7-%8 “HE(Tk): ot g AR, PP E 89%; m.p. 127.5~
129 “C; 'H NMR (CDCL) ¢: 1.14 (s, 18H), 2.50 (d, J=6
Hz, 4H), 2.57 (s, 4H), 4.84~4.91 (m, 4H), 5.54~5.64 (m,
2H), 6.94~6.96 (m, 4H), 7.15~7.26 (m, 6H); *C NMR
(CDCly) J: 30.5, 32.4, 35.3, 38.6, 114.8, 125.5, 127.4,
128.5, 134.1, 137.6, 144.7, 146.3; IR v: 3073, 3014, 2966,
2864, 1637, 1473, 1393, 1068, 993, 908, 756, 704 cm ';
MS m/z: 369 (M"—C,4Ho, 1), 91 (100). HRMS (EI) calcd
for C3,Hy, 426.3287, found 426.3280.

(2)-2,5- Z5iAR-1,1,6- =R FE-1,5- B 0 (Tn): el
miE, PEE 50%; TACE >98%; mp. 133.4~134 C;'H
NMR (CDCl;) : 2.00 (s, 3H), 2.08~2.15 (m, 4H), 7.10~
7.36 (m, 15H); *C NMR (CDCly) d: 25.4, 29.2, 30.1,
126.4, 126.7, 126.8, 127.1, 127.9, 128.0, 128.0, 128.9,
136.7, 140.1, 141.1, 142.0, 142.7; IR v: 3058, 2930, 2851,
1660, 1493, 1446, 1027, 763, 700 cm ™ '; MS m/z: 326 (M",
10), 194 (100); HRMS (EI) calcd for CosHy,D, 326.2004,
found 326.2005.

(E)-2,5- —&-1,1,6- =K F-1,5-PF —Jfi(Tm): Tt
1K, FEER 52%; m.p. 156.5~157 C; '"H NMR (CDCl;) 6:
2.11 (s, 3H), 2.72~2.79 (m, 4H), 6.98~7.31 (m, 15H);
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C NMR (CDCLy) d: 26.1, 37.7, 38.4, 124.1, 125.6, 127.0,
127.0, 127.2, 127.4, 1279, 128.3, 128.4, 128.5, 128.9,
137.4, 140.6, 141.5, 142.5, 142.8; IR v: 3056, 3021, 2917,
1741, 1598, 1490, 1441, 1171, 1000, 843, 699 cm ';MS
m/z: 392 (M ", 8), 227 (100); HRMS (EI) calcd for
CasH,,Cl, 392.1099, found 392.1104.

(E)-2,5-—R-1,1,6- =K B-1,5-FF )i (Tn): o iy
K, P23 59%; m.p. 164~165 ‘C; '"H NMR (CDCl;) o:
2.12 (s, 3H), 2.74~2.81 (m, 4H), 6.99~7.33 (m, 15H);
C NMR (CDCly) 6: 26.1, 37.8, 38.5, 124.1, 125.7, 127.0,
127.1, 127.2, 127.4, 127.9, 128.4, 128.4, 128.6, 128.9,
137.5, 140.6, 141.6, 142.6, 142.9; IR v: 3056, 3021, 2919,
1598, 1490, 1441, 1201, 1074, 762, 699 cm '; MS m/z:
480 (M", 8), 271 (100); HRMS (EI) calcd for C,sHy,Br,
480.0088, found 480.0091.

(E)-2,5-i-1,1,6- = 7K 5:-1,5-BF 45 (To): Jotaiih
RWAE, 2% 60%; 'H NMR (CDCly) d: 2.17 (s, 3H),
2.69~2.80 (m, 4H), 6.96~7.32 (m, 15H); “C NMR
(CDCly) 6: 32.1, 42.5, 42.9, 104.3, 106.3, 127.2, 128.0,
128.3, 128.4, 128.5, 128.5, 140.0, 141.0, 1432, 146.4,
148.8; IR v: 3054, 2912, 2845, 1597, 1575, 1441, 1197,
948, 697 cm '; MS m/z: 576 (M", 3), 191 (100); HRMS
(EI) calcd for C,sHxl, 575.9811, found 575.9816.

(E)-2,5- 4 dk-1,1,6- =R HE-1,5-PF — )@ (Tp): ot
HORWAR, 723 71%; "H NMR (CDClLy) 6: 1.88 (s, 3H),
2.00~2.12 (m, 4H), 2.61 (d, J=6.8 Hz, 2H), 2.69 (d, /=6
Hz, 2H), 4.80~4.96 (m, 4H), 5.57~5.76 (m, 2H), 7.02~
7.30 (m, 15H); *C NMR (CDCly) §: 12.1, 27.1, 27.2, 34.5,
34.6, 116.5, 1227, 126.4, 127.5, 127.6, 128.2, 128.6,
128.7,129.3, 135.8, 135.9, 138.6, 139.1, 144.8; IR v: 3076,
3021, 2923, 1726, 1635, 1598, 1491, 1442, 1073, 1072,
912, 764, 701 cm™'; MS m/z: 404 (M', 3), 191 (100);
HRMS (EI) caled for C3Hj, 404.2504, found 404.2509.

6-1F T JE-1,1- 2K HE-2,5- R-1,5-2¢ i (Tq): &
HPIRBAE, 7% 78%; "H NMR (CDCl;) 6: 0.87~0.92
(m, 6H), 1.22~1.38 (m, 8H), 2.05~2.17 (m, 4H), 2.77~
2.85 (m, 4H), 7.18~7.33 (m, 10H); *C NMR (CDCl;) ¢:
14.2, 14.3, 23.0, 23.1, 30.0, 30.4, 32.6, 32.7, 36.2, 37.4,
1042, 109.0, 127.8, 127.8, 128.6, 128.6, 129.0, 129.1,
138.9, 138.9, 141.2, 148.6; IR v: 3075, 3020, 2925, 1630,
1598, 1491, 1442, 764, 701 cm '; MS m/z: 502 (M", 3),
271 (100); HRMS (EI) caled for C,cHsz,Br, 502.0871,
found 502.0872.

6-1F 1 FE-2,5- M A FE-1,1- A FE-1,5-28 I (Tr):
TEHPRIBAE, 725 73%; 'H NMR (CDCl3) J: 0.84~
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0.90 (m, 6H), 1.23~1.25 (m, 8H), 1.82~1.91 (m, 4H),
2.08 (s, 4H), 2.54~2.91 (q, J=6.4 Hz, 4H), 4.86~5.09
(m, 4H), 5.58~5.68 (m, 1H), 5.78~5.88 (m, 1H), 7.16~
7.34 (m, 10H); *C NMR (CDCLy) J: 14.0, 14.2, 23.0, 23.1,
30.7, 31.3, 31.4, 35.8, 37.0, 114.4, 115.8, 126.2, 127.9,
128.0, 128.3, 129.0, 129.0, 129.6, 135.7, 136.7, 137.0,
137.3, 139.3, 142.9, 143.0; IR v: 3077, 2956, 2859, 1635,
1598, 1491, 1443, 1073, 910, 761, 701 cm™'; MS m/z: 426
(M, 3), 233 (100); HRMS (EI) calcd for Cs,H,, 426.3287,
found 426.3286.

4 B4 kL (Supporting Information) Hirfb &4 'H
NMR, “C NMR, IR 1 MS %4, iX&ppkba] L4 3k A
A W 3k (http://sioc-journal.cn/) . %K.
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