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Abstract A novel calix[4]arene 3 was synthesized. The experimental results show that the reactions of O,0-dialkylphos-
phonates and diaryl(alkyl) disulfides proceed efficiently in the presence of calix[4]arene 3 (5.0 mol%) and KOH (20 mol%),
affording O,0-dialkyl-S-aryl(alkyl)phosphoroselenoates in good to excellent yields. The yields of desired products do not re-
duce after recycling for 6 times of calix[4]arene 3. Hence, a convenient and efficient method for the preparation of O,0-dial-

NOTE

kyl-S-aryl(alkyl)phosphoroselenoates was provided, avoiding the use of some foul and toxic reagents.
Keywords novel calix[4]arene; diaryl(alkyl) disulfide; O,0-dialkylphosphonate; O,0-dialkyl-S-aryl(alkyl)phosphoro-

selenoate
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Figure 1
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2- SR M MR — ) H R IR 2 T S B A 3 H AR P AR (4]0
J2(3) (Scheme 1).

PL O,0-— BV R ER (2.2 mmol)'ﬁ IRFE TR
(1.0 mmol) S BEAE Y 2 B, 20 mol% KOH {77 T,

CHERNER, RN 25 C, HEMEAFIN B
KW, g5 R 1. SR LR, DIA[4]05 & 3 1E

1

Structures of calixarenes 1, 2 and 3

By

R 1 AEAEREATIN 0,0-—HET#KREES K E =
it i S5 2 FR) 5 ) @
Table 1 The influence of PTC on the reaction of O,0-diethyl
phosphite with diphenyl disulfide
O
(EtO),P(O)H + PhSSPh — (Eto)zl‘:‘—SPh

Entry Catalyst T/h Yield®/%
1 TBAB 10 18
2 TBAI 10 27
3 18-Crown-6 10 58
4 1 10 72
5 2 10 73
6 3 10 88

“ Reaction conditions: O,0-diethylphosphonate (2.2 mmol), diphenyl disulfide
(1.0 mmol), KOH (20 mol%), PTC (10 mol%), CH;CN (2.0 mL), 25 C, in
air. ? Isolated yields.
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Scheme 1 Synthetic routes to calix[4]arene 3
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Table 2 The influence of solvents on the reaction of O,0- di-
ethyl phosphite with diphenyl disulfide

F 4 KOH HEX 0,0- 3 WR G5 — K3 iRk
5

Table 4 The influence of the amount of KOH on the reaction of
0,0-diethyl phosphite with diphenyl disulfide

Entry Solvent T/h Yield®/% KOH/mol% Yield”/%

1 CH,Cl, 15 72 5.0 58

2 Toluene 15 65 10 72

3 EtOH 15 41 15 85

4 THF 15 92 20 92

5 DMF 15 92 25 92

6 CH;CN 15 88 “ Reaction conditions: O,0-diethylphosphonate (2.2 mmol), diphenyl disulfide
7 THF 25 92 (1.0 mmol), KOH, 3 (5.0 mol%), solvent (2 mL), 25 “C, 15 h, in air. ° Isolated
8c THF 15 Trace yields.

“ Reaction conditions: O,0-diethylphosphonate (2.2 mmol), diphenyl disulfide
(1.0 mmol), KOH (20 mol%), 3 (10 mol%), solvent (2 mL), 25 °C, in air.
b Isolated yields. ¢ Under nitrogen.

M 2 1, £ 10 mol %AMR[4]07 48 3 A77E T, LAHIZR
A B N R N TR, 2% N 35 3R 45 S ) =
. L4 EtOH 1] LU 5y KOH FAf 1, (M [4]757 1%
3 DAL JEURHE BtOH IV AP 22, PRI EL EtOH 2y
JEEFIS, B 3R 41%0177 %, L) THF . DMF Al
CIEVERBVETRIIN, P47 28555 88%LL b, (H LG
BEVERCK, DMF W i, AL H] THE Ay i tE SO
).

CATHF 9971, 25 504177 K0 3 FI R0 R 7R S 1 11
SO AR WA 3. IR 3 WA, BEEM[4]77 % 3 FET)
AR, SN AR R . AR [407 R 3 RN
5.0%A01 10%I0F, S B2 407 235 AT ) S 20
£ 3 WA 3 AR 0,0-— ZHEWHIRER 5 23
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Table 3 The influence of the amount of 3 on the reaction of
0,0-diethyl phosphite with diphenyl disulfide

3/mol% Yield®/%
1.0 21
2.0 34
4.0 68
5.0 92
10 93

“ Reaction conditions: 0,0-diethylphosphonate (2.2 mmol), diphenyl disulfide
(1.0 mmol), KOH (20 mol%), 3, solvent (2 mL), 25 °C, 15 h, in air. * Isolated
yields.

PLTHF A5, #R[4175 4% 3 FHEN 5.0 mol%, M
W25 C, % KOH HE ALY [ B (1520, 45
W 4. MK 4 A1, KOH F &4 20 mol%Hhf, JBinf 3k
REmre .

1E DL ESEIR LA, RAHLREEF 0,0- i Wik
TR 5 AN R i 55 (be) 3 ARk [ Bi(Eq. 1), 4553
5. R S5EKWY, LLTHF /B, M[4107%& 3 HENS5.0
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Table 5 Yields of O,0-dialky-S-aryl phosphoroselenoates

Product R' R’ Yield/%
8a Me Ph 93
8b Et Ph 92
8c i-Pr Ph 89
8d n-Bu Ph 90
8e Et p-CH3CgH, 87
8f i-Pr p-CH3C¢Hy 85
8g n-Bu p-CH3CgH, 88
8h Et C¢H4CH, 89
8i i-Pr C¢H4CH, 87
8j Et Cyclohexyl 89
8k i-Pr Cyclohexyl 90
81 i-Pr n-Pr 91
8Sm n-Bu n-Pr 92

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: O,0-dialkylphosphonates (2.2 mmol), diaryl disulfides
(1.0 mmol), KOH (20 mol%), 3 (5.0 mol%), solvent (2mL), 25 C, in air.
® Isolated yields.

LL THF 9975, #4177 3 FIE N 5.0 mol%, KOH
FEN 20 mol%, KNLREHN 25 C, Lh 0,0- =4
MR IR 5 280k “RRIEA S NN, (41074 3
M E RO 45 R W 6.

HIZR 6 Al M[407k 3 BATIREF I B,
HEMM 6 K5, RN HRBCA YRR, fEMRET
T, ZRERIT T 83%IH7 5.

P[4]75 ) 3 1 KOH 1A R AL 0,0- )3k WL e
55 05 B TR S N AT BERLER AN Scheme 3.
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Table 6 The recycle use of calixarene 3

Time Yield”/%
2 92
3 90
4 88
5 85
6 83

“ Reaction conditions: O,0-diethylphosphonate (2.2 mmol), diphenyl disulfide
(1.0 mmol), KOH (20 mol%), 3 (5.0 mol%), solvent (2 mL), 25 °C, in air.
b Isolated yields.
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Scheme 3 Possible mechanism of the reaction of O,0-dialkyl-
phosphonates and diaryl(alkyl) disulfides
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3.1 UE5EHH

'H NMR (TMS HP#5R), °C NMR(EL TMS A P H5)
1 INOVA-400 B4 E; 5% t HPS989A Wl iE; IR
Perkin-Elmer 683 J&iEACIIE. #77 DMSO R4 [RKAL
i, BER T B e T R .

32 ZWHE
3.2.1 #[4]F )2 3 694 A%

MLk 1 fETRE R RATE R I 25,27-Z1ER
#£-26,28- R AL L BUT EM[4195 £ (4) (100 mg, 0.2
mmol), 1,2- % RS 4 L 2.55%(155 mg, 0.42 mmol),
To7K Cs,CO; (326 mg, 1.0 mmol) T8 215 20 mL, %
SRR 24 h JRNEEHRE, ZFRER,
HFIA 20 mL LB TFK, HHEMAER10 mLX3),
HIE N, K Na,SO, T, Gk ENE L& S.
BHAEY S BT 100 mL FEHIERS, A KCOs
(138 mg, 1.0 mmol). 10 mL T 2 g 8-F2FEHEM(69
mg, 0.42 mmol), ZSRY F N 24 h. JBigh
Je, 2R, mEAEF I 20 mL 28Tk, A
PEEHL(10 mL X 3), A IANAH, FHTE/K NaySO, T4,
SR ENEM[4175 48 3 (92 mg), 723K 54.2%.

LR 2: TETRE AR A 25,27-Z1ER
$£-26,28- - [2-(4- H LR iR ) £ 7140 [4] 55 42 (4)2)
(100 mg, 2 mmol). 2-% FEMKEE- X HI 2R B IR £ 16 (144 mg,
4.2 mmol). J57K Cs,CO; (326 mg, 10 mmol)F1T-I5 2
30 mL, ST FRIRIN 24 h, RN 4R E, 2RRIE
7, mEAFIAN 20 mL £5FK, HHEGER0
mL X3), &HAYHH, HIKNa SO, T, 2 EH
41754 3 (110 mg), 773 64.5%. '"H NMR(400 MHz,
CDCly) &: 0.84 (t, J=8.2 Hz, 3H), 1.51~1.55 (m, 2H),
3.48 (t, J=8.2 Hz, 2H), 3.68~3.80 (m, 4H), 4.22 (t, J=
6.4 Hz, 2H), 4.28 (t, J=4.3 Hz, 2H), 6.46 (t, J=6.3 Hz,
1H), 6.76 (t, J=8.4 Hz, 1H), 7.04 (d, J=8.5 Hz, 2H), 7.07
(t, J=4.2 Hz, 1H), 7.10 (d, J=8.2 Hz, 2H), 7.38 (d, J=4.4
Hz, 2H), 7.42~7.45 (m, 1H), 8.14 (dd, J=1.3, 1.4 Hz,
1H), 8.96 (dd, J=1.2, 1.0 Hz, 1H); “C NMR (100 MHz,
CDCly) d: 8.61, 12.50, 21.07, 21.13, 21.55, 27.70, 27.96,
28.08, 35.48, 66.23, 67.73, 71.26, 108.24, 118.41, 120.11,
120.66, 125.42, 127.95, 132.13, 134.50, 147.70, 154.28,
155.06; MS m/z: 851.4.
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3.2.2 44 8a~8m &9 4 Ak

BAA[4]77 %8 3 (0.05 mmol). ZEEALET 0.2 mmol).
0,0- i3k W RRHEE(2.2 mmol). 7% (k%) FE —hilk(1.0
mmol)F! THF (5.0 mL)IIAE] 50 mL IR, 755
ML =R TR 15 ho RNZR)E, Br% THE, DA
20 mL /K, FlZFRZBE(15 mL X 3)ZEHL, & HFE HLA,
TOKIRBRIN T, 2420, 19410518 3 FTEFR~Y)
8a~8m.

0,0- - H-S IR SRS (82)": kY. "H NMR
(CDCls, 400 MHz) §: 7.57~7.54 (m, 2H), 7.36~7.32 (m,
3H), 3.83 (s, 3H), 3.79 (s, 3H); C NMR (CDCl;, 100
MHz) 6: 134.6 (d, Jep=>5.2 Hz, 1C), 129.5 (d, Jep=2.3
Hz, 2C), 129.2 (d, Je.p=2.8 Hz, 2C), 126.0 (d, Je.p=7.2
Hz, 1C), 54.3 (d, Jep=6.1 Hz, 2C); *'P NMR (162 MHz,
CDCl) 8: 26.20; MS (EI) m/z: 218.1.

0,0- = . J: -S- 7 S5 1 R T (8b)°%: k9. 'H
NMR (CDCls, 400 MHz) 6: 7.58~7.53 (m, 2H), 7.35~
7.33 (m, 3H), 4.26~4.11 (m, 4H), 1.29 (t, J=7.2 Hz, 6H);
13C NMR (CDCls, 100 MHz) 6: 134.5 (d, Jep=5.3 Hz,
1C), 129.3 (d, Jep=2.2 Hz, 2C), 129.0 (d, Jep=2.9 Hz,
2C), 126.5 (d, Jep=7.3 Hz, 1C), 64.0 (d, Jep=6.4 Hz,
2C), 16.0 (d, Jep=7.5 Hz, 2C); *'P NMR (162 MHz,
CDCly) 8: 22.84; MS (EI) m/z: 246.0.

0,0- 5 T 55 -S- 2K SE i B ik (8¢)P: iRy, 'H
NMR (CDCl;, 400 MHz) §: 7.61~7.58 (m, 2H), 7.34~
7.32 (m, 3H), 4.80~4.72 (m, 2H), 1.32 (d, J=6.4 Hz,
6H), 1.25 (d, J=6.0 Hz, 6H); *C NMR (CDCls, 100 MHz)
8: 1342 (d, Jep=5.5 Hz, 1C), 129.1 (d, Jc.p=2.0 Hz, 2C),
128.6 (d, Je.p=2.6 Hz, 2C), 127.3 (d, Jcp=7.0 Hz, 1C),
73.3 (d, Jep=6.7 Hz, 2C), 23.8 (d, Jop=4.1 Hz, 2C), 23.5
(d, Jep=5.7 Hz, 2C); *'P NMR (162 MHz, CDCl;) ¢:
20.40; MS (EI) m/z: 274.1.

0,0- . 1E T 3 -S- 2R L BRIk (8d)°": k4. 'H
NMR (CDCls, 400 MHz) d: 7.58~7.55 (m, 2H), 7.34~
7.29 (m, 3H), 4.17~4.04 (m, 4H), 1.65~1.58 (m, 4H),
1.39~1.30 (m, 4H), 0.89 (t, J=7.4 Hz, 6H); “C NMR
(CDCls, 100 MHz) §: 134.5 (d, Jep=5.2 Hz, 1C), 129.3
(d, Jep=2.1 Hz, 2C), 128.9 (d, Je.p=2.7 Hz, 2C), 126.6
(d, Jep=7.1 Hz, 1C), 67.7 (d, Je.p=6.6 Hz, 2C), 32.1 (d,
Jep=7.1 Hz, 2C), 18.6 (s, 2C), 13.5 (s, 2C); *'P NMR
(162 MHz, CDCly) 6: 22.95; MS (EI) m/z: 302.1.

0,0- - 2. FE-S-%f R IL R IR (8e) ™). PIRY. 'H
NMR (CDCls, 400 MHz) d: 7.45~7.42 (m, 2H), 7.15 (d,
J=7.6 Hz, 2H), 4.26~4.11 (m, 4H), 2.34 (d, J=1.2, 3H),
1.30 (t, J=7.0 Hz, 6H); *C NMR (CDCl;, 100 MHz) §:

2640 http://sioc-journal.cn/
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139.3 (d, Jep=3.2 Hz, 1C), 134.6 (d, Jop=5.0 Hz, 2C),
130.1 (d, Je.p=2.4 Hz, 2C), 122.8 (d, Jcp=7.3 Hz, 1C),
63.9 (d, Jep=6.1 Hz, 2C), 21.2 (s, 1C), 16.0 (d, Jep=7.2
Hz, 2C); *'P NMR (162 MHz, CDCly) §: 23.33; MS (EI)
m/z: 260.1.

0,0- " R HE-S-Xf Fi A B R I (86): k¥, 'H
NMR (CDCls, 400 MHz) 0: 7.61~7.58 (m, 2H), 7.14 (d,
J=8.0 Hz, 2H), 4.80~4.70 (m, 2H), 2.33 (s, 3H), 1.33 (d,
J=64 Hz, 6H), 126 (d, J=6.0 Hz, 6H); “C NMR
(CDCls, 100 MHz) 6: 138.9 (d, Jep=2.9 Hz, 1C), 134.3
(d, Jep=5.2 Hz, 2C), 130.0 (d, Jop=2.2 Hz, 2C), 123.5
(d, Jep=7.1 Hz, 1C), 73.2 (d, Jep=6.7 Hz, 2C), 23.9 (d,
Jep=4.1 Hz, 2C), 23.5 (d, Je.p=>5.7 Hz, 2C), 21.2 (s, 1C);
3'P NMR (162 MHz, CDCl;) 6: 20.91. MS (EI) m/z: 288.1.

0,0- . IE T 3-S-%¢ 1 28 B i B g (8g)™): IR 4.
'H NMR (CDCl;, 400 MHz) d: 7.45~7.42 (m, 2H), 7.14
(d, J=8.0 Hz, 2H), 4.17~4.04 (m, 4H), 2.34 (d, J=1.2
Hz, 3H), 1.66~1.59 (m, 4H), 1.40~1.30 (m, 4H), 0.90 (t,
J=17.4 Hz, 6H); >*C NMR (CDCl;, 100 MHz) J: 139.2 (d,
Jep=3.1 Hz, 1C), 134.6 (d, Jep=>5.1 Hz, 2C), 130.1 (d,
Jep=2.3 Hz, 2C), 122.8 (d, Jep=7.2 Hz, 1C), 67.7 (d,
Jep=06.6 Hz, 2C), 32.1 (d, Jop=7.1 Hz, 1C), 21.1 (d,
Jep=0.6 Hz, 2C), 18.6 (s, 2C), 13.5 (s, 2C); *'P NMR
(162 MHz, CDCl;) 0: 23.43; MS (EI) m/z: 316.2.

0,0- . . % -S- 7% 3 i % I (8h)PY: k¥, 'H
NMR (CDCls, 400 MHz) d: 7.29~7.19 (m, 5H), 4.09~
3.99 (m, 2H), 3.97~3.89 (m, 4H), 1.20 (t, J=7.0 Hz, 6H);
BC NMR (CDCls;, 100 MHz) d: 137.5 (d, Jep=>5.3 Hz,
1C), 128.9 (s, 2C), 128.6 (s, 2C), 127.6 (s, 1C), 63.5 (d,
Jep=5.7 Hz, 2C), 34.9 (d, Jop=3.9 Hz, 1C), 15.9 (d,
Jep=17.4 Hz, 2C); *'P NMR (162 MHz, CDCl;) J: 26.72;
MS (EI) m/z: 260.1.

0,0- 5 T F:-S- I i e s (8D R4y, 'H
NMR (CDCls, 400 MHz) 6: 7.37~7.29 (m, 4H), 7.25 (t,
J=17.0 Hz, 1H), 4.72~4.63 (m, 2H), 4.06 (d, J/=13.2 Hz,
2H), 1.32 (d, J=6.4 Hz, 6H), 1.28 (d, J=6.0 Hz, 6H); "*C
NMR (CDCls, 100 MHz) d: 137.5 (d, Je.p=6.3 Hz, 1C),
128.9 (s, 2C), 128.6 (s, 2C), 127.5 (s, 1C), 72.6 (d, Jep=
6.3 Hz, 2C), 35.2 (d, Jop=3.8 Hz, 1C), 23.8 (d, Jep=4.0
Hz, 2C), 23.5 (d, Jep=>5.5 Hz, 2C); *'P NMR (162 MHz,
CDCL) §: 24.11; MS (EI) m/z: 288.1

0,0- = 2, 35 -S- 38 O AL W BR 1 (8)°Y: vk 4. 'H
NMR (CDCls, 400 MHz) 0: 4.16~4.00 (m, 4H), 3.25~
3.15 (m, 1H), 2.02~1.98 (m, 2H), 1.70~1.65 (m, 2H),
1.52~1.35 (m, 4H), 1.32~1.27 (m, 7H), 1.22~1.17 (m,

Chin. J. Org. Chem. 2015, 35, 2636~2641
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1H); *C NMR (CDCl;, 100 MHz) 0: 63.4 (d, Jcp=6.0 Hz,
2C), 45.6 (d, Jep=3.6 Hz, 2C), 35.3 (d, Jc.p=5.9 Hz, 20),
25.9 (s, 1C), 25.2 (s, 1C), 16.0 (d, Jep=7.3 Hz, 2C); *'P
NMR (162 MHz, CDCl3) §: 27.63; MS (EI) m/z: 252.1.

0,0- 5 R H-S- 3 CLILBE R IH(8K)1: JHeRY). 'H
NMR (CDCls, 400 MHz) J: 4.76~4.67 (m, 2H), 3.32~
322 (m, 1H), 2.11~2.07 (m, 2H), 1.77~1.71 (m, 2H),
1.59~1.46 (m, 3H), 1.42~1.33 (m, 14H), 1.27~1.98 (m,
1H); *C NMR (CDCls, 100 MHz) 0: 72.3 (d, Jcp=6.6 Hz,
2C), 45.5 (d, Jep=3.5 Hz, 2C), 35.2 (d, Jc.p=6.0 Hz, 2C),
25.9 (s, 1C), 25.2 (s, 1C), 23.8 (d, Jep=4.1 Hz, 2C), 23.6
(d, Jep=5.4 Hz, 2C); *'P NMR (162 MHz, CDCl;) ¢:
25.10; MS (EI) m/z: 279.1.

0,0- 7 H L -S- IE 9 SE W BR 15 (81): JHIR#. 'H
NMR (CDCl;, 400 MHz) d: 4.71~4.62 (m, 2H), 2.78~
2.71 (m, 2H), 1.70~1.60 (m, 2H), 1.31~1.27 (m, 12H),
0.93 (t, J=7.2 Hz, 3H); *C NMR (CDCl;, 100 MHz) ¢:
72.3 (d, Je.p=06.3 Hz, 2C), 32.9 (d, Jep=3.9 Hz, 1C), 24.0
(d, Jep=6.4Hz, 1C), 23.8 (d, Jop=4.0 Hz, 2C), 23.6 (d,
Jep=5.5 Hz, 2C), 132 (s, 1C); *'P NMR (162 MHz,
CDCly) 6: 25.75; MS (EI) m/z: 240.1.

0,0- . 1E T %:-S-1E 5 Z i PR I (8m): R4, 'H
NMR (CDCl;, 400 MHz) J: 4.15~4.02 (m, 4H), 2.84~
2.77 (m, 2H), 1.76~1.65 (m, 6H), 1.47~1.37 (m, 4H),
1.01 (t, J=7.2 Hz, 3H), 0.94(t, J=7.4 Hz, 6H); °C NMR
(CDCls, 100 MHz) 6: 67.1 (d, Jop=6.3 Hz, 2C), 32.8 (d,
Jep=3.9 Hz, 2C), 32.1 (d, Jcp=7.3 Hz, 1C), 24.1 (d,
Jep=5.8 Hz, 1C), 18.7 (s, 2C), 13.5 (s, 2C) 13.1 (s, 1C);
*'PNMR (162 MHz, CDCl;) 6: 28.50; MS (EI) m/z: 268.1.

45 Bh#f Bl (Supporting Information) #R[4]754% 3 i) 'H
NMR. "C NMR fl MS (ESDi¥ LK Fif 441 'H
NMR. "C NMR F1*'P NMR i, X hppla] L2
A W 3k (http://sioc-Journal.cn/)_F R %K.
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