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Investigation on the Structure of 2,4 ,8,10-Tetraoxaspiro[ 5.5 Jundecanes

LI Zhengyi, XIE Guangzhou, YIN Yue, SHEN Yinkai, SUN Xiaogiang

(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: A series of 2,4,8,10-tetraoxaspiro[ 5.5 Jundecanes with different similarity of substituents
were synthesized by reactions of pentaerythritol with aliphatic or aromatic ketones in cyclohexane or
toluene using p-toluenesulfonic acid as the catalyst. Using the protons on spirocyclic methylenes as a
probe, the structure-activity relationship between substituent and conformation was revealed by inves-
tigating the changes of peak shape in 'H NMR spectra when the similarity of spirocyclic substituents
were changed. The results illustrated that both of the two oxa-six-membered rings adopt chair confor-
mations. With the increasing of similarities of substituents, the speeds of conformational reversal were
increased, which conducted that the peak numbers of protons on spirocyclic methylenes were
decreased and the distribution interval of chemical shift were shortened to a single peak until the sub-
stituents were the same in ' H NMR spectra.
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% 2 8 EES,%E.2,4,8,100 WA X[ 5.5 ]+ — R LR 3.

RN D 4 B A5 2 H AR 4 1~5,
1.2.1 3,3,9,9-T0EX-2,4,8,10-MEL4E[5.5]+—% (1)

1.71g, 7% & 59%; M 4 B 4£; mp: 115 ~116°C (Lit.“”, 113 ~115°C).,' H NMR (300 MHz,
CDC13) 8: 1.40 (s, 12H, CH;), 3.74 (s, 8H, CH;); “C NMR (75 MHz, CDC1;) 6: 23.6, 64. 2,
76.6., 98.6,
1.2.2 3,9-ZT%E-3,9-2kE-2,4,8,10-MKREB[5.5]+—4% (2)

1.69g, 77 & 47 % s Tk ¥ .' H NMR (300 MHz, CDC1;) 8: 0.87~0.93 (m, 12H, CH;).
1.26~1.33 (m, 20H, CH,), 1.63~1.66 (m, 8H, CH,), 3.70 (s, 4H, CH,), 3.71 (s, 4H,
CH,);"C NMR (75MHz, CDCI1,) 8: 13.0, 13.1, 21.7, 21.8, 22.0, 24.3, 31.0, 31.2, 32.4,
32.6, 62.6, 100.3, ESI-MS:m/z=413 ([ M + H]", 100%),
1.23 3,9-ZZ%-3,9-Z“FHE-2,4,8,10-lMEEE[5.5]+—1 (3)

1.03g, P2 39 % s Ttk . H NMR (300MHz, CDC1,) §: 0.85~0.95 (m, 12H, CH,),
1.29~1.42 (m, 4H, CH,), 1.61~1.75 (m, 8H, CH,), 3.70 (s, 4H, CH,), 3.72 (s, 4H, CH,);
¥C NMR (75MHz, CDC1;) &8: 6.5, 13.4, 15.4, 25.1, 31.0, 34.4, 62.5, 100.4, ESI-MS:m/z =
301 ([ M + H]', 100%),
1.2.4 3,9-Z“HE-3,9-Z72%-2,4,8,10-TFFIE[S5.5]+—% (4)

1.04g, P& 49 % s AR smp: 47~49°C (Lit.""™, 47~48°C),'H NMR (300MHz, CDC1;) &
0.92 (t, ] =7.5Hz, 6H, CH,), 1.36 (s, 6H, CH,), 1.71 (q. J =7.5Hz, 4H, CH,), 3.66 (s,
4H, CH,), 3.75~3.87 (m, 4H, CH,); "C NMR (75MHz, CDC1,) &: 7.6, 19.7, 30.5, 32.4,
63.8, 100. 2,
1.2.5 3,9-“HE-3,9-Z“/HTE-2,4,8,10-0RZE[5.5]+—4% (5)

1.17g, 72 & 44 % ; A @ B & mp: 116 ~118°C (Lit.”, 118 ~119°C),' H NMR (300MHz,
CDC13) 6: 0.96 (s, 18H, CH,), 1.33 (s, 6H, CH,), 3.33 (dd, J =12.0Hz, 2.4Hz, 2H., CH,),
3.54 (d, J=11.7Hz, 2H, CH,), 3.70 (d., J =11.7Hz, 2H, CH,), 4. 32 (dd, J =11. 7Hz, 2. 1Hz,
2H, CH,); “C NMR (75MHz, CDC1;) §: 11.4, 24.6, 31.8, 39.6, 63.6, 63.9, 102.5,

1.3 FEEK 2,4,8,10-MUEHB[5.5]+— kB E K

FEA A MRS B 50mL = TR AP AR UOin A — 55 2 (4. 4mmoD) . 2 U (0. 3g » 2. 2mmol) ,
20mL FOR A Ak FR0 B 0 0 R DR R (7 SRR BT B Y 5 960 A3 KR A K . IR FE IR 12~ 24 h,
155 1k R L ¥ EN R LA i L U R v 4 IS 0 A e G e L A AR L S B R DE FH G OK &
B 45 L AR B A B AR =) 6 ~8. P=W) 9 SR TRk AR 2T (2 R £ 1 A A i AR S Bk D 4 B
aifl,

1.3.1 3,3,9,9-%EHE-2,4,8,10-TIELEB[5.5]+—1 (6)

0.47g, 77 & 46 % ; 1 [# & ; mp: 163 ~164°C (Lit. "', 163 ~164°C),' H NMR (300MHz,
CDC1;) 6: 3.88 (s, 8H, CH,), 7.23~7.35 (m, 12H, ArH), 7.35~7.47 (m, 8H, ArH); “C
NMR (75MHz, CDC1;) 6: 32.9, 65.3, 101.6, 126.5, 128.0, 128.4, 141.4,

1.3.2 3,9-Z(4-ZEFE)3,9-Z(+-REFKE)-2,4,8,10-mFHE[5.5]+—% (7)

0.20g, 3% 25 % ; FAEEK ;mp: 95~97°C ' H NMR (300MHz, CDC1,) §: 0.92 (t, J =7.5Hz,
6H, CH,), 1.20 (t, ] =7.5Hz, 6H, CH,), 1.55~1.66 (m, 4H, CH,), 2.51~2.65 (m, 8H,
CH,), 3.85 (s, 4H, CH,), 3.88 (s, 4H, CH,), 7. 11~7.17 (m, 8H, ArH), 7.35~7.39 (m. 8H,
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ArH); "C NMR (75 MHz, CDC1;) §: 13.9, 15.4, 24.4, 28.5, 32.9, 37.8, 65.4, 101. 8, 126.5,
126.6, 127.9, 128.5, 138.8, 139.0, 142.4, 143.9, APCI-MS:m/z=605 ([ M + H]", 100%),
1.3.3 3,9-"FE-3,9-"(+-FEXKE)-2,4,8,10-HFHHE[5.5]+—% (8)

0.31g, 7% 28% ; F {4 [ {&; mp: 186~187°C,' H NMR (300MHz, CDC1,) &: 2.32 (s, 6H,
CH;)., 3.85 (s, 4H, CH,), 3.89 (s, 4H, CH,), 7.12~7.15 (m, 4H, ArH), 7.24~7.37 (m,
10H, ArH), 7.46~7.49 (m. 4H, ArH);"*C NMR (75MHz, CDC1,) &: 21.1, 32.8, 65.35,
65.38, 101.7, 126.4, 126.5, 127.9, 128.4, 129. 1, 137.7, 138. 4, 141.8, ESI-MS:m /2 =493 ([ M
+ HJ] ", 100%),
1.34 3,9-Z(4-FEXE)3,9-ZUH-RTEEE)-2,4,8,10-HFFEE[5.5]+—% (9)

0.33g, 7% 25 % s IR B A PR Y . H NMR (300MHz, CDC1;) 8: 1.27 (s, 18H, CH,), 2. 33 (s,
6H, CH,), 3.74~3.84 (m, 4H, CH,), 3.88~4.01 (m, 4H, CH7,), 7.14~7.16 (m, 4H, ArH),
7.30~7.38 (m, 12H, ArH); *C NMR (75MHz, CDC1,) 6: 21. 1, 31.3, 32.7, 34.4, 65. 3, 101. 7,
125.2, 125.9, 126.7, 129.1, 137.6, 138.1, 138.9, 150.6, APCI-MS: m/z = 605 ([ M +
H]', 100%).
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