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KOH-Catalyzed Synthesis of ( Z)-1,2-bis( arylseleno) -1-
alkene Activated by Novel Calix| 6 | arenes
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Abstract ; p-Tert-butylcalix[ 6 | arene was obtained by a one step reaction of p-tert-butylphenol with
formaldehyde. 1,4-Dialkoxycalix[ 6 ]arene was prepared by reverse Friedel-Crafts reaction and nucleo-
philic substitution. Three novel calixarenes(2a ~2¢) containing quinolinyl in the lower rims were syn-
thesized by sulfonation reaction and nucleophilic substitution. The structures were characterized by
'"HNMR, "C NMR and HR-MS ( ESI-QTOF). Furthermore, using 10 mol% calix[ 6 ] arene (2b) as
phase transfer catalyst and 20 mol% KOH as catalyst, the reactions of terminal alkyne with diselenides
proceed efficiently in THF to obtain a series of (Z)-1,2-bis( arylseleno) -1-alkenes. The structure was
confirmed by '"H NMR and NOESY. The catalytic activity of 2b remains stable after recycle for six
times.
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Scheme 1

2b, KOH —
Y —
THF, 50 r'C, 4 h, N2 ArSe SeAr
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R'=HOCH,, CH30CH,, PhOCHj, Ph 5a~5j
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Ar=Ph, p-CH3C6H4

Scheme 2
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P2 5 I N SRl e el G | &k 1 A f SN, 7
Yl s E UM Z PIR Y s v K B o
()5t & JEAEAL R, AR e, AN A T Tl A =

ASTFLEE 2H % F1) FH CsOH 4L, — il ik 5 ) g
N, AT 5, R B R B
PN B AR A R T T4
MRS 1 SR kAR (4] Y Rk & (1a ~ 1c,
Scheme 1) , KIVEANME AR AT BE W6 1L
KOH b1 O, 0-— ke W BEmR R -5 — 4 (e ) 2t
TRk B A ) A9 SN, R A B R A ()
Fig S BT R, TA TR %R R T

s 55 A0 Pk 7 s I, H0 R v 0 B i
I AHRCRA KR IRAE . AT REJR 2 i TR (4] 05
RG2S IS KT EAARICE, T 4
R

YT, AR SRR R SCHR 7 VR MR B L T ke
JEARARL6 ] 501 & 4 (3) 2021 1 24 s o -
ST ERIRZ (T .8) ek &9 (4a ~d4e) 5 5%
JGTE CsCOFE1E T ,3 4300l 5 4a ~ de KA R HL
RN AW T Z BRI L6] 5 RIEY
(2a~ 2¢, Scheme 1), H 4%y #'H NMR,
C NMR A HR-MS ( ESI-QTOF) % fF. L) 10. 0
mol% [ 6 | J5 I A5 9 (2b) Sy A EE B i L 57,
20.0 mol% KOH {4k, THF R H|, %5 T
2b X dibh 5 5 R T EE S N A (Z)-1,2-
JF SN G P AL SR (Scheme 2)
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1.1 BE5RA
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2 % SCHR T A R ASeH™ | ArSe-
SeAr! ™ PRI 1-(HRINHES) 25275 THF 7E 48
B e DT TR BR 22 KMnO, [R5 )5, FHJEK K,
CO, T8 s HAR i FH R 24 g A3 A i e A 274

1.2 &%

(1) 2a~2c HERL(LL 2a 1)

TETE =R AL G ) 42 412 mg(1.2
mmol) . &% 3 86. 4 mg (0. 12 mmol) . JG /K
K,CO, 13.8 mg(1.0 mmol) I Z,}i5 40 mL, %
SRR 24 he REREH, A 28+
K5 mL, IG5 (3 x5 mL) ZHL, G IFA P,
JoK Na,SO, T H J5 28 ik AL R AT (BRI . £ TR
LER/AhEE =175, V/V) difkis =¥ 2a,
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FHZEARY T G A 549 2b i 2¢,

2a; FHEEIK, 75 67% ; 'H NMR(CDCL,,
400 MHz) 8:8.95(d, J=4.2 Hz, 4H) , 8.13(d,
J=8.4Hz, 4H), 7.58 (d, J =6.8 Hz, 4H,
ArH), 7.44 ~7.41(m, 4H), 7.36(d, J =4.4
Hz, 8H), 7.14 ~7.10(m, 8H, ArH), 7.09 ~
7.07(m, 4H), 6.32(t, J=7.6 Hz, 2H, ArH),
6.07(d, J=7.6 Hz, 4H, ArH), 4.62(d, J =
13.2 Hz, 2H, Ar-CH,-Ar), 4.61 (d, J =15.8
Hz, 4H, Ar-CH,-Ar), 4.28(t, J=12.2 Hz, 8H,
OCH,CH,0), 4.22(t, J=12.2 Hz, 8H, OCH,
CH,0), 3.63(d, J=16.2 Hz, 4H, Ar-CH,-Ar) ,
3.55~3.37(m, 6H, Ar-CH,-Ar, OCH,), 1.52 ~
1.48(m, 4H, CH,), 0.86(t, J=8.0 Hz, 6H,
CH,); "C NMR(CDCl,, 100 MHz) §: 155.02,
154.23, 147.74, 134.53, 132.15, 127.92,
125.44, 120.67, 120.21, 118.43, 108.21,
71.22, 68.31, 67.71, 67.12, 66.42, 66.20,
66.04, 35.42, 28.02, 27.76, 27.50, 21.45,
21.23, 21.21, 12.56, 8. 64; HR-MS(ESI-QTOF)
m/z: Caled for Cy Hgy N, O, Na {[M + Na] "}
1 491.588 2, found 1 491.587 1,

LAY 2b: H K, 775 60% ; 'H NMR
(CDCl,, 400 MHz) 8: 8.92(d, J=8.0 Hz, 4H) ,
8.11(d, J=8.2 Hz, 4H), 7.57(d, J=6.8 Hz,
4H, ArH), 7.45 ~7.43(m, 4H), 7.34(d, J =
7.6 Hz, 8H), 7.16 ~ 7.12 (m, 8H, ArH),
7.10 ~7.05(m, 4H, ArH), 6.35(t, J=7.4 Hz,
2H, ArH), 6.03(d, J =7.4 Hz, 4H, ArH),
4.65(d, J=13.4 Hz, 2H, Ar-CH,-Ar) , 4.62(d,
J=15.6 Hz, 4H, Ar-CH,-Ar), 4.26[t, J=12.4
Hz, 16H, O(CH,),07], 4.23[d, J =12.4 Hz,
16H, O(CH,),0], 3.64(d, J=16.1 Hz, 4H,
Ar-CH,-Ar) , 3.55 ~3.36(m, 6H, Ar-CH,-Ar and
OCH,), 1.51 ~1.46(m, 4H, CH,), 0.84(t, J =
8.3 Hz, 6H, CH,); "C NMR(CDCI,, 100 MHz)
5: 155.07, 154.26, 147.71, 134.57, 132.13,
127.93, 125.46, 120.64, 120.24, 118.45,
108.24, 71.32, 68.32, 67.72, 67.22, 66.42,
66.21, 66.11, 35.43, 28.12, 27.71, 27.53,
21.42, 21.26, 21.24, 12.53, 8.61; HR-MS
(ESI-QTOF ) m/z. Caled for C,y H,,o N, O,, Na
{[M+Na]*}|1603.713 4, found 1 603.712 0,

AEY 2¢: HEER, 7= 58% ; '"H NMR
(CDCl,, 400 MHz) §: 8.96(d, J=8.2 Hz, 4H) ,
8.14(d, J=8.4 Hz, 4H), 7.57 ~7.52(m, 4H,
ArH), 7.44 ~7.41 (m, 4H), 7.33(d, J =6.8
Hz, 8H), 7.17 ~7.11 (m, 8H, ArH), 7.10 ~
7.05(m, 4H), 6.35(t, J=7.4 Hz, 2H, ArH),
6.03(d, J=7.4 Hz, 4H, ArH), 4.64(d, J =
13.2 Hz, 2H, Ar-CH,-Ar), 4.62(d, J =15.3
Hz, 4H, Ar-CH,-Ar), 4.28 ~4.23[m, 32H, O
(CH,) 0], 4.22 ~4.18[ m, 32H, O(CH,),0],
3.64(d, J= 16.3 Hz, 4H, Ar-CH,-Ar), 3.53 ~
3.36 (m, 6H, Ar-CH,-Ar and OCH,), 1.52 ~
1.46(m, 4H, CH,), 0.83(t, J = 8.3 Hz, 6H,
CH,); “C NMR (CDClL,, 100 MHz) §: 155.08,
154.25, 147.73, 134.57, 132.12, 127.94,
125.46, 120.68, 120.23, 118.46, 108.25,
71.34, 68.36, 67.73, 67.22, 66.43, 66.22,
66.17, 35.44, 28.17, 27.75, 27.58, 21.44,
21.25, 21.24, 12.50, 8.65; HR-MS( ESI-QTOF)
m/z; Caled for C,s H ;¢ N, O, ,Na{[M + Na] "}
1715.838 6, found 1 715. 837 4.

(2) 5a~5j & (LL Sa Rf)

] 100 mL = [ A 1-(CHe N JE &) 2%
218 mg (1. 2 mmol ), ArSeSeAr 314 mg (1. 0
mmol) . KOH 11.2 mg, 2b 149 mg #1 THF 1 mL,
KA, 150 CRNi4 h, Bk THE IAK
20 mL, =AW B2 (3 x 15 mL) 1, & IF A L
A, JooK B RRAN T I8 5 2 ik R E )2 AT 41045 B A
77 Sa,

2RI Ik % 5b ~ 55

(Z)-2,3-Z KAl HE-2- N M (5a) 1), #
TR WA, W% 89% ; '"H NMR ( CDCl,, 400
MHz) 6. 7.72 ~7.50 (m, 4H, ArH), 7.38 (t,
J=1.2 Hz, 1H, CH), 7.31 ~ 7.31 (m, 6H,
ArH), 4.15(d, J=1.2 Hz, 2H, CH,); "C NMR
(CDCl,, 100 Hz) §: 137.83, 137.66, 133.38,
132.87, 132.15, 130.16, 130.12, 126.55,
124.61, 67.37; MS(EI) m/z: 370.1[M"* ],

(Z)-2,3-5%F 2 il -2 -7 4 12 (5b) 7
BRI AR, 773 87% ; 'H NMR (CDCl,, 400
MHz) 8: 7.45(d, J =8.2 Hz, 2H, ArH), 7.44
(d, J=8.2 Hz, 2H, ArH), 7.29(s, 1H, CH),
7.11(d, J=7.6 Hz, 2H, ArH), 7.08(d, J=7.8
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Hz, 2H, ArH), 4.08 (s, 2H, CH,),
3H, CH,), 2.31 (s, 3H, CH,);
(CDCl,, 100 MHz) §: 137.84, 137.68, 133.40,
132.91, 132.14, 130.17, 130.08, 126.56,
124.62, 67.38, 21.10; MS (EI) m/z; 398.1
[(M*],

(Z)-1,2- 2K -3 -F 42 3-1-9 05 (5¢) 1o
A HRR, 73R 92% ; 'H NMR ( CDC;, 400
MHz) §: 7.57 ~7.49 (m, 4H, ArH), 7.33 (t,
J=1.2 Hz, 1H, CH), 7.30 ~7.24 (m, 6H,
ArH), 3.92(d, J=1.2 Hz, 2H, CH,), 3.26(s,
3H, OCH,); "“C NMR (CDCl,, 100 MHz) §:
133.34, 133.12, 132.68, 130.55, 129.33,
129.24, 129.12, 128.89, 127.71, 127.43,
76.71, 57.92; MS(EI) m/z; 384. 1[M* ],

(Z)-1, 2-%F W 2K fiff 3£-3-H1 4 J6-1-19 I
(5d) " B0 R WA, 2R 90% ; 'H NMR
(CDCl,, 400 MHz) §: 7.51(d, J =8.4 Hz, 2H,
ArH), 7.48(d, J=8.2 Hz, 2H, ArH), 7.28(s,
1H, CH), 7.14(d, J=8.2 Hz, 2H, ArH), 7. 12
(d, J=7.8 Hz, 2H, ArH), 3.94(s, 2H, CH,),
3.28(s, 3H, OCH,), 2.37(s, 3H, CH;), 2.34
(s, 3H, CH,); "C NMR(CDCL,, 100 MHz) §:
137.54, 133.34, 133.12, 132.96, 131.75,
130.08, 130.01, 129.08, 126.78, 124.95,
76.47, 57.81, 21.12; MS (EI) m/z: 412.1
[(M™ ],

(Z) -1, 2- 2l 36-3 -2 48 JE-1-T 475 (5e) ')
wAAIIRAR, 7738 93% ; 'H NMR ( CDCl, 400
MHz) §:7.58 ~7.55(m, 2H, ArH), 7.51 ~7. 48
(m, 2H, ArH), 7.45(s, 1H, CH), 7.28 ~7.24
(m, 6H, ArH), 7.18(t, J=7.8 Hz, 2H, ArH)
6.89 ~6.87(t, J=7.1 Hz, 1H, ArH), 6.77(d,
J=7.8 Hz, 2H, ArH), 4.55(d, J=1.0 Hz, 2H,
CH,); "C NMR(CDCl,, 100 MHz) §: 157.93,
134.12, 132.71, 132.60, 130.42, 129.36,
129.32, 129.30, 128.54, 127.62, 127.17,
121.13, 114.80, 72.04; MS (EI) m/z: 446.1
[(M™ ],

(Z)-1, 2-5%F B O Al JE-3-2K 4 JE-1-TN M
(56) 110, (o R WK, 72 R 92% ; 'H NMR
(CDCl,, 400 MHz) §: 7.45(d, J =6.6 Hz, 2H,
ArH), 7.36(m, 2H, ArH), 7.27(s, 1H, CH),

2.33 (s,
BC NMR

7.23 ~7.19(m, 2H, ArH), 7.08(d, J=7.8 Hz,
4H, ArH), 6.90(t, J=7.0 Hz, 1H, ArH), 6.75
(d, J=7.8 Hz, 2H, ArH), 4.51(d, J=1.2 Hz,
CH,), 2.31(s, 6H, CH,); "C NMR(CDCI,, 100

MHz) &. 158.33, 138.14, 138.04, 133.82,
133.56, 133.37, 130.45, 130.44, 129.66,
127.44, 127.08, 125.02, 121.37, 115.23,

72.32, 21.47; MS(EI) m/z: 474. 1[M* ],

(Z)-1,2- 25035 2.0 (5g) M . @ik
WK, 7% 92% ; '"H NMR ( CDCI,, 400 MHz) §:
7.48 ~7.40(m, 6H, ArH), 7.32 ~7.19(m, 9H,
ArH), 7.05(s, 1H, CH); “C NMR(CDCl,, 100
MHz) §&:. 133.04, 131.97, 129.22, 129.13,
128.56, 128.27, 128.23, 127.42, 126.04; MS
(EI) m/z: 416. 1[M* ],

(Z)-1, 2-% il B3-a-Z% H H-1-I M
(5h) M B AR A, 2% 94% ; 'H NMR
(CDCl,, 400 MHz) &: 7.76 ~7.69 (m, 2H,
AtH), 7.64 ~7.62(m, 3H, ArtH), 7.51 ~7.47
(m, 3H, ArH, CH), 7.42(t, J =8.4 Hz, 1H,
AtH), 7.35~7.23(m, SH, ArH), 7.25 ~7.21
(m, 2H, ArH), 7.10 ~7.07 (m, 1H, ArH),
6.97 ~6.96(m, 1H, ArH), 4.70(d, J=1.0 Hgz,

2H, CH,); "C NMR ( CDCl,, 100 MHz) §:
155.90, 134.39, 134.35, 132.85, 130.51,
129.35, 127.68, 127.63, 127.10, 126.77,
126.38, 123.83, 118.80, 107.51, 72.24; MS

(ED) m/z: 496. 1[M* ],
2 #R5ITR

2.1 A&
L Sh (4 R R A B, B 5T T AR i RS A AR
T 52 HSF [ Rz 308 S 6 Sh P 3R 52
(1) MR
1 AR ARAL X Sh =R,
1 Al 2b FEM S AL FIBT, 7= Rt /. X
FEIEHF 2b WS RS S KT R ICELR LT
2b HIE X Sh = A7 — 5% 0, 2b [ &
10.0 mol% I}, ;= Ffe 5 (94% ) o WAk, T 10 %
LT 2b 7R RN AL R ORICR , R BLA KR E)
7 W BTG ok A, HL AT R D PR R G 6 S TR 2
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Table 1 Effect of phase transfer catalysts on the reaction of 1-( propargyloxy ) naphthalene with diphenyl diselenide

Cat. TBAB TBAI 18-5E-6 la 1b 1c 2a 2b 2c

Yield/% 11 23 47 59 63 65 72 77 69
T2 WA 1-CHOIER) 4515 R 5 A B 5 ]

Table 2  Effect of alkali hydroxides on the reaction :L:F

: Sho : : 1
of 1-( propargyloxy ) naphthalene with diphenyl diselenide 5§E§Ejjj o ; J=12 Hz

: 1y —
Base LiOH NaOH KOH AN . S_e>_<8e o
Yield/ % trace 51 80

ST Gy A A A T 3 R DRI -
R E e YAy A= Tyt /)8

(2) B

22 Jph Xt Sho = E G, p 2 2 "] Al
KOH SN kAT, 52N 77 2 fe 7 o

(3) J 07 ek [] 5 o 3

&3 g S NE B[] SR ek B X Sh 7= R (15
Wi PR 3 AT, N I B A [ 7 23R i 5 o s ]
FER ML =, SN R T 4 h, R AR AR
FH I o e R O B[R] A 4 b S N B[R] 4 h
B, B 2 5 07 30 3 T o, 7 R i B s, S T
IKF 50 C PR RERAS . NI, R i 0 IR
150 C.,

(4) B

F 4 PRI Sh =R 52, HR4 nlA,
LR SR AP A Ay s o7 3 7B R 1 J AR JE vk i
17, 3X AT RB S AR 55 K A37 A 40 A P T R R R v ) 3
R 256 ). UL THE | DMF 1 Z 5 1E R I v %
KB, =4 7= 233k 90% L I, {H 2 i 2R
K, DMF 5855 . PRI THF Sk B W 791

2.2 Rk

TERAE RN S T 34T TR YR R SL e . 45
R, P S R BUE (55 ) S FEXT SO I
RIGMAARK . ' H NMR 3% & 0] 61, S &R F
5 HOCH, i)l W AL S i F A e i A & I &%
$h 1.2 Ha (|8 1a) , AT HEN S = P 2540 R Z #4
A, NOESY & (&l 1b) Uk A AUHAH % 1 & i+
5 CH,ME R FWAATEME . R0, b d &
R IR g HE AN R 19 5 (1) B A, 2 A8 A Xt i =
W, ROmT A B Sa, 3K AT R SR AR R IR 3 R R
BILPL K AR T EL

5¢c l ’
2 Al
12 i L)
(pp)
7 %
H,C, & .
0 H s
— 1 T
PhSe SePh — 4 . K
3
2
<4 1 K
< 4
0
7 6 5 2 1 0

p1opm)
B 1 Safy'H NMR & EH Sc i) NOESY j[A]
Figure 1 'H NMR spectrum of 5a and NOESY spectrum of 5¢

2.3 AR T A A AR

5 J2b WEE RGN . RS FIHL2b
BA Ry EE MMM, ERE M 6 W, )™
WA WA
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OH ™ Z[a] (i AH AR IR 55 , BRE& 1Y) OH ™ (A%
PEXG SR, 5 OH ™ ARG b 1 g o e S0 A SR 07 R AT
A W)-sim RO B TS ), PR R T S R B Sk
TPk A 7 27 A% T AT A5 280 SRt e v () R [ e 2 A
AL B, B 5 XOEAK I DO ik e A SR A%
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R3S AL TR] R 1- (RPN FE 4R ) 2555 Ak ik S 107 14 5

Table 3 Effect of reaction temperature and time on the reaction of 1-( propargyloxy ) naphthalene with diphenyl diselenide

T/°C 25 25 25 40 40 40 50 50 50 60 60
t/h 3 4 5 3 4 5 3 4 5 3 4
Yield/% 28 61 61 49 86 86 81 94 94 81 94

R4 N L-CHRNEESR) 285 R SE IR SN (952 1)
Table 4  Effect of different solvents on the reaction of 1-( propargyloxy ) naphthalene with diphenyl diselenide

Solvent CH,Cl, THF DMF MeCN DMSO Acetone Toluene
Yield/ % 78 94 90 90 69 Trace Trace
x5 2bEE R octopus-type calixarene on the formation of ethers[ J].
Table 5 Reusability of 2b Chem Lett,1988,17(10) :1773 - 1776.
WK 1 ) 3 4 5 6 [4] NOMURA E, TANIGUCHI H, KAWAGUCHI K, et

% o4 ” %0 &7 p a3 al. Catalytic ability of a flexible octopus-type calix[ 6 |

arene in ester-forming reactions and its structural prop-
erties[ J ]. J Org Chem,1993,58(17) . 4709 -4715.
[5] SHINKAI S, MORI S, KOREISHI H, et al. Hexasul-

BB N, 75 2 (Z) -1, 2-Z 55 Al K6-1 -0 e, ] ik
A AR IR FT R T2 AW

fonated calix[ 6 ] arene derivatives: A new class of cata-

lysts , surfactants , and host molecules[ J]. ] Am Chem

R1 L Soc,1986,108(9) ;2409 —2416.

ArSe SeAr lKOH [6] CACCIAPAGLIA R, CANATI A, MANDOLINI L, et
H,0 @ al. The barium (1) complex of p-.te.rt-butylcalix [4]
arene-crown-5: A novel nucleophilic catalyst with
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ArSe  SeAr e @ (27) :10956 — 10958.
[7] HAY B P, FIRMAN T K, MOYER B A. Structuralde-
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ArSe'@ R SeAr ion shape recognition through the complementary

ArSe placement of urea donor groups[J].J Am Chem Soc,

Scheme 3 2005,127(6) :1810 - 1819.
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LY
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LHRL6 ] S5 A BRI, 70709 4 e s i
T AW I WG ISIRARAER 191 Eugmy v, mosresmie A mor ALy 1]
F BT B R A% AR R \F‘ﬁ$m4‘§ﬁ£,mo AL 2018,26(1) 136 —41.
. [10] MIN B S, PARK Y C, YOO J C, et al. Triazole
SE Xk crosslinked polymer formed by the cycloaddition of az-
ide end-capped polymer with dipolarophile acetylenic
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