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Synthesis of Flame Retardants
3+ Hydroxyphenylphosphinyl) Propionic Acid Catalyzed by Ionic Liquid
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Abstract: 3« hydroxyphenylphosphinyl) propionic acid ( CEPPA) was synthesized by a two-step procedure: Phenyl
phosphonic dichloride ( DCPP) was first synthesized using phosphorus trichloride and benzene as raw materials and tri—
ethyl benzyl ammonium chloride-aluminum chloridg( BnEt;N Cl —xAICl,) as catalyst. The optimum conditions for the
first step are as follows: n( PCl;y) 1 n( C¢Hy) :n(  BnEt;N Cl —xAICl;) =3:1:0.025 At the reflux stage the reaction
temperature was 72°C—76°C  the reaction time was 6 h and the yield of DCPP was up to 81. 1% . The optimum condi-
tions for the second step by changing the order of the reactants and adjusting the reaction temperature were as follows: n
(‘acrylic acid) : n( DCPP) =1.30:1.00; the reaction temperature was 70°C —80°C and the reaction time was 1.5h -2 h
at the dropping stage; then reacting at 90°C for 1 h; at the hydrolysis reaction stage the reaction temperature was 92°C
—95°C and the reaction time was 4 h the yield of CEPPA was up to 91%. The problem of agglomeration was easy to
be solved in this procedure.
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(IL) ** DCPP.
15
- I( BnELN Cl - »AICL)
DCPP
CEPPA 90% .
1
1.1
- NEXUS670 Nicolet : Diamond TG/DTA
5 °C /min Perkin Elmer
1.2
1.2.1 10
(30 mL) . (8.55¢g 0.0375 mol) .AICL,( 10 g 0. 075 mol)
55°C ~60°C 8 h - IL
( BnELN Cl-xAICL).
1.2.2 DCPP ( 1)
100 mL PCL,(41.2 ¢ 0.3 mo)  Ph- @ i @_ ‘
+PCl,—= pCl,
EL,N Cl-2AICL(0.6¢)  60°C ~66°C (7.8 ¢ 0.1 :
mol)  70C ~76°C  6h X 1
PCl, DCPP  GC - 0
81.1%. @ T CooH____ ©—r|5—/\¢:m:|
1.2.3 CEPPA ( 2 3) DCPP i o
500 mL DCPP( 120 g 0.67 mol) e
o )
70°C ~80°C (565 0.78mol)  1.5h~2.0h %’—/\cou 55 ﬁrli_/\mo“
90°C ~100°C l1h 3 - Cl — OH
70C 200 ml. crPPA
A3
92°C ~95%C 4h~6h 130 ¢
CEPPA 91% .
2
2.1 DCPP
BnEt,N Cl - »AICl, . .
( 1) Ly(3%)
1.
1 L, (3*)
Table 2 Levels and factors of orthogonal experiments L, (3*)
n( Yin( ) /g /h /C
2.5:1 0.6 64 ~ 68
301 0.9 6 68 ~72
3.5:1 1.2 8 72 ~76
2 DCPP
DCPP n yin( ) =301 0.6¢
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h 72°C ~76°C.
2.2 CEPPA
2.2.1
DCPP 2
2 DCPP Table 2 Results of orthogonal experiments
1 2 3 4 1%
1 1 1 1 1 39.1
2 1 2 2 2 42.4
DCPP 3 1 3 3 3 46. 8
DCPP 4 2 1 2 3 81.1
5 2 2 3 1 63.6
6 2 3 1 2 50. 4
DCCP 7 3 1 3 2 48.9
2 8 3 2 1 3 56.2
3 _ 9 3 3 2 1 52.8
1 42.767 53.733 48.567 51.833
HCl 2 62.400 54.067 56.133  47.233
3 52.633 50.000 53.100 58.733
) 19. 633 4. 067 7.566 11. 500
2.2.2 CEPPA
3
3 Table 3 Influence of reagent ratio on yield
3 CEPPA n( ) :n( DCPP) CEPPA 1%
1.3:1.00 85.2% . 1 1.15:1.00 79.0
2 1.25:1.00 85.0
DCPP 3 1.30: 1. 00 85.2
1.30: 1. 00. 4 1. 40: 1. 00 85.4
2.2.3 CEPPA 4
Table 4 Influence of reaction temperature
4. on yield
4 CEPPA 90°C IC CEPPA /%
91. 0% 1 70 80.0
2 80 85.0
100°C 3 90 91.0
90°C. 4 100 86.0
2.2.4 CEPPA 5
Table 5 Influence of reaction time on yield
5. /h CEPPA 1%
5 1 2 79.0
4h 85.0% 2 4 85.0
3 6 86.0
4h. 4 8 88.0
2.3 CEPPA
CEPPA 1 .
1 3200 ~2 500 ¢cm ™! - COOH - OH
1735 cm ™! ; 1592 cm ™!
1232em™ P=0 7
2.4 CEPPA
2 200°C 252°C 1% 300°C ~350°C
400°C 12.6%
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Fig.1 FTIR spectra of CEPPA Fig.2 TGA curve of CEPPA
3
1) BnEt;N CI - xAICl, AICI,
DCPP .
2) DCPP n( ):n( ) :n( BnE;N Cl-xAICL) =3:1:0.025
6h 72°C ~76°C 81.1%.
3) CEPPA s n( ) RE ) =1.30:1.00; 70°C ~
80°C I.5h~2h ; 90C 1 h; 92°C ~95°C 4 h CEPPA
91% .
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