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. 1.1
DOPO - (NMR)  Bruker AV 400
P—H ( 400 MHz 100 MHz 162
H-  DOPO - MHz) DMSO  CDCI,
TMS ppm .
N N 85% 'H .ESI -
MS Bruker Esquire 3000
. DOPO CHR-MS  Water Q - Tof
( ODOPB) Shimadazuir — 408
! DOPO .TGA  DSC STA409PC
( ODOPM) S . XTA4
ODOPM DOPO 9
ObOPM m. p: 118 ~ 120 C
( 1117 ~119 C) HR - MS m/z: caled. for
C,H, 0P 217.041 8 M + H * found
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217.041 4.
1.2 10- - 40— —40-
(ODOPM)
50 mL 4.00 g DOPO
10 mLL THF 1.80 ¢
40% 6 h
/ (
1:2) 3.40 ¢
74.6% . m. p: 155 ~ 156 °C( 155 ~ 156

C '").HR - MS m/z caled. for C; H,, NaO,P:
269.0344 M+Na " found 269.034 ;

1.3 1-9

1-9 1
250 mL 8.00 g(32.5 mmol)
ODOPM.130 mL 3~4

55 C
7.31 g( 52.0 mmol)
; TLC
5.5h / (1:4)
1 10.98 ¢ ( :94.6%)

138 ~139 C.
1.4

1:2-(6- -6H - c e
12 ) -

"H NMR ( CDCl, 400 MHz) & 7.25 ~8.05
(m 3H Ph-H) 4.8 (d 2H CH,); "“C
NMR ( CDCl, 100 MHz) §: 60.8 120.2 121.7
121.7 122.3 123.5 124.6 125.0 128.8
129.6 130.7 131.0 131.1 133.5 134.2
136.7 149.9 165. 1; P NMR ( CDCl; 162
MHz) & 28.7; IR (KBr) v/em™': 746 925
1148 1237 1719 2962 3416; MS( ESI) m/
22351.1 M+H © 373.0 M+Na *; 389.0
M+ K *; HR - MS m/z caled. for Cy His
NaO,P: 351.0786 M +H * 373.0606 M +

Na * found 351.0800 M +H * 373.0603 M
+Na *

2:2-(6- -6H- c e
12 ) -

83.3%.

'"H NMR ( CDCl, 400 MHz) &: 7.23 ~8.00
(m 8H Ph-H) 3.71 (s 2H CH,) 1.82 (s
3H CH,); “C NMR( CDCl, 100MHz) &: 19.9
59.1 120.2 121.2 121.4 121.7 124.9 128.6
131.0 134.1 136.5 136.6 169.5; *'P NMR
(CDCl, 162 MHz) &: 28.6; IR ( KBr) v/em™':
756 924 1149 1236 1478 1595 1 750
2927 2963; MS (ESI) m/z:289.0 M+H *
311.0 M+Na * 327.0 M+K *.
3:2-(6- -6H - c e
12 ) -
80.2% m.p.:103 ~105 °C.
'"H NMR ( CDCl, 400 MHz) &: 7.01 ~8.05
(m 12H ph-H) 4.91 (m 2H CH,) 2.37
(s 3H CH,); "C NMR ( CDCl, 100 MHz) §&:
21.6 60.1 120.2 121.2 121.5 122.4 123.1
124.6 125.0 125.6 127.5 128.7 128.8
130.6 130.7 131.6 134.1 136.7 140.8
149.8 165.7; *'P NMR ( CDCl, 162 MHz) §:
28.7; IR ( KBr) 744 927 1 142

-1,
v/em™

1230 1723 2923 2960 3 427; MS( ESI)
m/z. 365.3 M+H .

4:2 -(6 - —-6H - c e
12 ) -

87.5% m.p.:86 ~88 C.

"H NMR ( CDCl, 400 MHz) §&: 7.11 ~8.07
(m 12H ph-H) 4.90 (m 2H CH, °J,_, =
2.4 Hz) 2.26 (s 3H CH,); "C NMR ( CDCI,
100 MHz) &: 21.2 60.7 120.2 120.23 121.6
122.3 123.5 124.6 124.9 126.7 127.2
128.1 128.3 128.9 130.6 130.7 131.5
134.2 138.0 149.9 165.6; *'P NMR ( CDCl,
162 MHz) &: 28.9; IR (KBr) v/em™': 745 931

1146 1241 1722 2919 2963 3 064; MS
(ESI) m/z: 365.3 M+H *.

4:2-(6 - —-6H - c e
12 ) -

90.7% m.p.:127 ~128 C.
'"H NMR ( CDCl, 400 MHz) &: 7.03 ~7.72
(m 12H Ph-H) 4.89(m 2H CH, *J, _, =
2.4 Hz) 2.34(s 3H CH,); "C NMR ( CDCI,
100 MHz) &: 21.6 60.6 120.2 120.3 121.2
121.7 122.4 123.6 124.5 125.0 125.7
128.7 128.9 129.6 130.7 131.7 134.7
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136.7 149.9 165.2; *'P NMR ( CDCl, 162
MHz) &: 28.9; IR (KBr) v/em™': 752 934 1
146 1238 1719 2925 3 068 3 412; MS
(ESI) m/z: 365.3 M+H *.
5:26- -6H- ce 12
) —
81.8% m.p.:91 ~93 C.
'"H NMR ( CDCI, 400 MHz) &: 6.71 ~8.15
(m 12H Ph-H) 4.91 (m 2H CH, *J,_, =
2.4 Hz) 3.81 (s 3H OCH,); "C NMR ( CDCl,
100 MHz) &: 55.5 60.5 113.5 115.7 120.2
120.7 121.6 121.7 122.2 123.6 125.0
126.1 128.9 131.1 132.8 134.2 136.7
149.9 163.6 164.8 169.6; *'P NMR ( CDCI,
162 MHz) &: 29.7; IR (KBr) v/em™': 766 928
1163 1235 1714 3077 3 420; MS ( ESI)
m/z. 381.3 M+H °.
6:2H(6- -6H- ce 12
) _
88.5% m.p.:147 ~149 C.
"H NMR ( CDCl, 400 MHz) &: 7.25 ~8.31
(m 12H Ph-H) 4.96 (m 2H CH, *J,_,=
2.4 Hz);”'P NMR ( CDCl, 162 MHz) §: 27.6;
IR(KBr) v/em™': 755 923 1147 1260 1723
2942 3110 3475; MS(ESI) m/z 396.30 M +
H *.
7:2H6- -6H- ce 12
) —
89.4% m.p.:132 ~135 C.
"H NMR ( CDCl, 400 MHz) &: 7.22 ~8.11
(m 12H ph-H) 4.91(m 2H CH, *J,_,=
2.4 Hz) ; "C NMR ( CDCl, 100 MHz) §: 61.1
120.2 120.3 121.6 121.7 122.2 123.5
124.6 126.8 128.8 129.0 129.4 130.9
131.2 131.9 134.3 136.7 139.9 150.0
164.3; *'P NMR ( CDCl, 162 MHz) &: 28.5; IR
(KBr) v/em™':752 923 1 147 1241 1 724
2921 3062 3430; MS (ESI) m/z 385.10 M
+H * 407.10 M+Na *.
9:2-(6- —-6H- c e
12 ) -
85.6% m.p.:138 ~139 C.
'"H NMR ( CDCl, 400 MHz) &: 7.13 ~8.07
(m 12H Ph-H) 4.90 (m 2H CH, *J =

2.4 Hz) ; P NMR ( CDCl, 162 MHz) §&: 28.51;
IR (KBr) v/em™':755 932 1 125 1 272
1721 2962 3 428; MS(ESI) m/z: 477.20 M
+H *.
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Fig.1 The influence of the reaction conditions

on yield of compound 1
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n(BC) :n 0.25
( ODOPM) 1:1.4~1:1.5 mol /L
e _ 95
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. 83/ L
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Fig.2 The influence of material ratio on
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Fig.3 The influence of solvent and temperature

on the yield of compound 1
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Fig.4 The influence of ODOPM’ s concentration

on the yield of compound 1
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Fig.5 The influence of reaction time

on the yield of compound 1
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Fig.6 The TGA and DSC curves of compound 1
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Fig.7 The TGA and DSC curves of compound 3
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( DOPO substituted dihydroxyl phenyl pentaerythritol

Synthesis and Thermal Stability of Novel Phosphaphenanthrene Ester Derivatives

ZHENG Jinyun' ZHEN Xiao-min' LI Xiao' ZHAO Yu-fen'’

(1. Key Laboratory of Chemical Biology and Organic Chemistry of Henan Province College of Chemistry and Molecular Engineer—
ing Zhengzhou University Zhengzhou 450052 China; 2. Department of Chemistry and Key Laboratory for Chemical Biology of

Fujian Province Xiamen University Xiamen 361005 China)

Abstract: Phosphaphenanthrene’ s derivatives are an important flame retardant materials. A series of new es—
ter derivatives of phosphaphenanthrene were prepared by the various acyl chlorides and the intermediate which
was prepared by phosphaphenanthrene and formaldehyde and their structures were characterized by 'H
NMR."C NMR.”P NMR.FT - IR\HR - MS and ESI - MS. The influences of catalyst material ratio sol-
vent reactants concentration reaction time and temperature on the reaction were discussed in detail while
the reaction process was optimized. The thermal stabilities of the compounds were recorded and the results
show that they have excellent thermal stability. The compounds are potential flame retardant materials.

Key words: ester derivatives of phosphaphenanthrene; synthesis; thermal stability; flame retardant



