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9,10 ——H -9-H4&-10 - B3I -10 -
Y (DOPO) RESHENBRKFEW BAR
R EE MR YERE. DOPO 4+ FH FHIE
W P-HE . AESESHESEREARHST
BHEAZERN , 2FEENRERANBEEELR
BB R /NG T R B G, 5 S5 8 B 4 T i BHL AR 4%
M ORFRRER RSN ERE .
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BERW MR B A", [HEX DOPO 5§ B K
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1 SRS
1.1 &k
BB 3LHR 1% ( NMR ) 3 Bl Bruker AV 400 ¥i¥

(S &N 400 MHz, 5% i 100 MHz, B% 3% 162
MHz) , % 5 A 75 R AL DMSO 8 CDCl,, {2 i %
HXF AR TMS, Bl ppm o8 B ILIRBEE R
R 85% B A AR, A H LA, ESI -
MS ¥ Fi Bruker Esquire 3000 & R§ 55 55 7 B i 1%
. HR - MS ¥ Water Q — Tof B4 PEFRFEAN. 4T
4% K Al Shimadazuir - 408 41 4h 563X, IR
AL [ . TGA #1 DSC K B 2 H STA409PC £ 3k
SIHTAR. 8 5 5 SR XTAS ) B0 A5 0 2 4.

DOPO G HSE XM [ P EREEH 5 =
AN AE T —~RFIRMGH, m p:118 ~ 120 C
(C#k{E :117 ~119 C) ,HR - MS m/z: caled. for

C,H, O,P; 217. 041 8 {M + H]", found
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217.041 4. B R AP B A MM EF RN A
TR NSE, BERESRMENGHS HER
N 128700 01 7 79 0 4 3K U B 8 0 B 7 A i
1.2 10-ZE A E9-F &-10-B # F-10-54 9
(ODOPM) B & B

SO mL Z ORI A 4.00 g 5 DOPO
10 mL THF B G5 MR Ja M 1. 80 g iRk E
40% R BEKEB L, ASRYPTEIR 6 h, HER
HERE RN LR EIL, SEREREY, E
BEXBAEHLAMRY, B mEt/ ez (&
Bk 1:2)BESREBAAHKRERE3.40 ¢, /=
RHT4.6%.m. p:155 ~ 156 C (SCHE 155 ~ 156
C"). HR - MS m/z: caled. for C, H,, NaO,P;
269.034 4 [M +Na] *, found 269.034 8;
1.3 EW1I-INEH

REW1-9 MERBREL, LULEY 1 A
BIkAFEWREEYHRE R EXARETH
250 mL = O A/ A 8.00 g(32.5 mmol) iy
ODOPM.130 mL Z 513 ~4 ke, A MHEP T
FI RN, BERESS CAEA, GFRBEENBE
RN R B 7. 31 g(52.0 mmol) , B ZEFHRE
B %3 R B # F/het; TLC BB R MBI R Y
5.5 h, JET M, B H b/ AmBE(1:4)
BEWERAEEELS S, BETREIANLE
P11 HHEEEK,10.98 g, (73.94.6% ) 45 51
138 ~139 C.
1.4 ZWRE

1.2 -(6-%H -6H- _HI¥F[c,e]
[1,2]EBCK) - XFRPE.

'H NMR (CDCl,, 400 MHz) §; 7.25 ~8.05
(m, 3H, Ph - H), 4.86 (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) 6. 28.7; IR (KBr) vw/em™': 746, 925,
1148, 1237, 1719, 2962, 3 416; MS(ESI) m/
2:351.1 [M+H]*, 373.0 [M +Na]"; 389.0
[M +K]"; HR - MS m/z; caled. for C,, H,
NaO,P; 351.0786 [M + H] ", 373.0606 [ M +
Na]*, found 351.0800 [M +H] ", 373.0603 [M
+Na]".

e 2:.2-(6 -8 -6H- —FH[c,e]
[1,2]EBHER) - ZBRFERAIEABRY, ™
R 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 (CDClL,, 100MHz) 6: 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, 1 149, 1 236, 1 478, 1 595, 1 750,
2927, 2 963; MS (ESI) m/z:289.0 [M+H] ",
311.0[M +Na]*, 327.0 [M+K]".

E®3:2-(6 -8 -6H-_%H[c,e]
[12]E#&cH) - KR EFRFEISAH
&, =% % 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 (CDClL,, 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 (CDClL,, 162 MHz) §:
28.7; IR (KBr) vw/em™': 744, 927, 1 142,
1230, 1 723, 2 923, 2 960, 3 427; MS (ESI)
m/z: 365.3 [M+H]".

e 4.2 -(6-% -6H- _%¥F[c,e]
[12]EB4CR) - AR EFRPEBRIEAE
K .7=% % 87.5% ,m.p. :86 ~88 .

'"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 (CDCl,,
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/cm™'; 745, 931,
1146, 1241, 1722, 2 919, 2 963, 3 064; MS
(ESI) m/z: 365.3 [M+H]".

&Y 4.2 -(6 -8 -6H-_%F[c,e]
(1288 CH) - R ERRFRA G R
FEK90.7% ,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 (CDCl,,
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, 1 238, 1 719, 2 925, 3 068, 3 412; MS
(ESI) m/z; 365.3 [M+H]".

A S:2-(6-F-6H-— % H [c,e][1,2]8
BERCH) -MHEAEETRERIAARK:
=% % 81.8% ,m. p. :91 ~93 C.

'H NMR (CDCl,, 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 ( CDCL,,
162 MHz) §:29.7; IR (KBr) v/em™': 766, 928,
1163, 1235, 1 714, 3 077, 3 420; MS (ESI)
m/z; 381.3 [M+H]".

e 6:2-(6-F-6H-—%KH[c,el[1,2]5
BRCH) - WEXPRPFREIRCE K. ™
# % 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, 1 147, 1260, 1 723,
2942, 3 110, 3 475; MS(ESI) m/z: 396.30 [M +
H]".
EYT:2-(6-F-6H-Z %3 [c,e][1,2]4
BRECH) -NEEFRFEIACEEK. =X
% 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, 1 241, 1 724,
2921, 3 062, 3 430; MS (ESI) m/z; 385.10 [M
+H]*,407.10 [M +Na]"*.

EW9:2-(6 -E -6H - —%K3¥H[c,e]
[(12]EB&RCH) - MNREFRFEIAAE
K. =% % 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 _, =

p-

2.4 Hz); P NMR (CDCl,,162 MHz) 8; 28.51;
IR (KBr) vw/em™';755, 932, 1 125 ,1 272,
1721, 2962, 3 428; MS(ESI) m/z: 477.20[ M
+H]".
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2.1 AHIZHU

7£ ODOPM 5BE R M 4 B Bin b & W Hd
B EARNNMHESHE RUEKY M T RN
¥ 300 RO B v JBE LA B B 1 JBE B T %ok A
REARKZFHFREERHER, LG 1
AP, BB —TXEERN YR, I
R—MBENERITZ.

(1) BEALTR X7 My 3R B B

BRAL R B AT LABE ARt e AL R AL I =2
R MLBE BREREP . AL E TR, ARk E
BAH. KR RABUEFNGHABN =Y =RE
BARHEW(E ), A\EHATLUE I, &R
AL B L, > R W R R BT R 8 , AR
MRS R E 0.8% Bt W R AEIE S 96% ;HE,
AR AR B L BT, BEEF LR R RN
0, = YR U T I E TR AR
EEELR AR RN 0.8%.
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REALTI (W)
1 EAFNARNESY 1 KEHER

Fig.1 The influence of the reaction conditions

on yield of compound 1

) YR XA 1 RN W

73X/~ BRI # , ODOPM # i &8 58 , T
BERERIER , B RN ™= 4§ HCl L &4 & — 58
43 IEORE, BT LAZE B B N R O B, RATTfb 23
Bt ODOPM: X B (BC) =1:1 FHFHH
EEMYBE. RRY S 5 E P YR R
& 2.

ME2TLLEM n(BC): n(ODOPM) M 1:1
HAE L4, WEHBHM BREMT1:1.5
ORI EAEENB TR EEE1:1.6 2
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FREAFTRE ZRAXPHRARIEHSE
WEALE, BRBFEMN, Bk HE o (BC): 0
(ODOPM)7E 1:1.4 ~1:1.5 Z BB H43E.

95
00|
851

0 12 14 16 18
n{ BC) : n( ODOPM)
B2 #wRExEAm1IENEER
Fig.2 The influence of material ratio on

the yield of compound 1

) EFERBEMNEY 1 WEME R

BT V0 B R B X P W R A B
Fri8al M BHE MR WA 3, NEFRTUE L, E
BRENIE, BETPHREEZHARTN,EX
WA B R R R EEIR B 0% £, T A Z B i
BERIE WA 95%. BEXHECEREE R
B, A A URR R A KRS, R B BI=Y
B B BB R R EK Z 1B R R BL W), 3418
th BB i S B IR BE 7E 80 °C.

100

CH,CN

6or FrH

205630 60 80 100 120
wEC
B3 BARBENEEH1IERHEM

Fig.3 The influence of solvent and temperature
on the yield of compound 1

(4) R EXLEY 1 WERNER

JF kL ODOPM #4 3k BE 3t | [ W Rt A i,
TR — B T Z . W B R, & B Bt
HEER KERKEH , BT HSRETSBMBE
B, SRMEBRMBERBEEHENE R N
I, RATEE T ODOPM A 2 I ¥k A Xf Wit 3R i) &
W, HERAERESEYmENXELHRE
(FE4). NE 4 T LIF i, ODOPM IR E7E/NTF
0.25 mol/L B, W ¥ 7E 85% LA |, ¥k BEAE T 0.3
mol/L &, LB TR  EZLMEE 60% &
A BT DA VR B A U BB 386 o S o i B, R T

SR YRR, % 8 B KR 2 RN E
X ZE, ERER, FURBESHEO 25
mol/L 8 HA.

95[

65|
60}

01 02 03 04 035 06
He B/ mol - LY
4 ODOPM ZREH{LAD 1 KEMHEMW
Fig.4 The influence of ODOPM’ s concentration

on the yield of compound 1

(5) 52 LB (8] % B 7 7 4 0 38 £ B

510 % B 7R R, B2 B R R, R R At
AR 6 R R B4 B 7E 0. 25 mol/L, £ & T
2 B 5 % 7= 4 7= S 0 4 W, 3646 7 488 1 7= 0 e
% 5 A% R 2 R E (LB S). BT 156,
R 1.5 h s 2 v, FI R 6 oWl 1%
5~6 h EEA T R 58 4 ; % R B ] BB K X g
T35

95

90t
851 €=0.25 molL
e 80r
M 75F
70t
65t
60 ) 1 2 1 a 1 i I ]
0 1 2 3 4 5 6 7 8 9

EfE]/h
BS5 RENAXNLED 1 EENER
Fig.5 The influence of reaction time

on the yield of compound 1

SEHR, ERERET 1 WERRZER:
BC 5 ODOPM By¥ ki i 47 1:1.45, LIZE N
BB, FORL R BE 2 0. 25 mol/L, 2 i 8 ¥ #5 4
7E 80 C UL I, fniE B tEAE 1L, 35 hn & 8 B
FEMO0.8% ,FHEBERN T ZLEMBE, %5
7 80 C /B 6 h, LU 2 608 B B IR Y 45 3R M b
HLUCREEIR T 95% LU . BB A Y R N &
Hh5Ew1 A0
2.2 SHMRE

F) A NMR . FT - IR F1 MS X464 47 80 25 # 5
TRIE,WEW 1 -9 BAEUUMEHARLIE
WEUE, LAY 1 B, 3 B 4T S B R i
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Hex, 5 HEBRERENEDNEREARE IR 19

f—THeagHE. Mb&8 1 LA LTl
F 4,3 065 12 962 cm ™' AL Wi R T5 3 b
MG 2 C—H MRS R, 1 719 em BRI
W s B C =0 My ZEIRZNE,1 596 cm ™' 1A 1
476 cm "' #5872 P - Ph BB ZR IR B R Weid 1 236 AN
1115 om "AbEG IR BN K P =0 W IR 3 Rl EE.
MFA& 1 'H NMR, R T Mk EEE -
CH2 4  HEMELEXR L. FUEhREY !
#'H NMR Eig b, BR T 84.9 BEF EH N
BERWE, LIRS T.2~8.0 EE N EIR LK
H #m% i.
2.3 ABEEIH

B R RN E WA BRLEMEBRARF
R, AERFHABEE, REEIRFH
MR ANEEY 1 -9 PREFEHAR™
wik& 1 FL-&9 3, FI A TGA # DSC X E 1]
MR EEMTRE(RE 6 ME 7). NE 6 8
TC ML LLEL AW I HERBRIBREN
22 C,Z2EHERENAERESMRED 412
C,HBREBATLHERN ROMERBFLREY
90% . k&3 M TC L S5HEW 1 K0, EH
PABBEA260 CELG,ZE—HEFBED
412 CHY, B SR EH 90% . B AR R HER
EFRBLEY 1 MELEY 3 RARIFOREE
% ENASBHEEFRR BREARRSE, B
7£ DSC g4k & 566 C #1676 T ot )14A B B K
MRS, FH B PRRERNIEREREL
ERBRERBEERE BXERWEME R H
3, fb B A BH TR B R R 4k 22, IR R R Y
HE FEERRRRELRE R ENREAEIE
MHBRED. REAEYRNERERSLKEY
T3 RMLATUNZASEMEMMARESE. 82,
XEFRHBEERETEYEFRIFOARE
P, I BAEN BRI B . ARET
— 5 B TAEBE R 43X 26 7= ) i FH 3] — 22 bt R B9 BEL
MR AP, MENEETFRBEMANERE
Jng.

3 Hw

#| F DOPO L5 B! B = i ) 7 [Al4& ODOPM, 5
N B e R LA Bl — R I BT 6 B e AEBR AT AR
Y, XA SYHERET TIHERORE. KA
)7 T , 0 SR 490 K K B | L e LB
300 B2 o7 B[R] 52 IO 9 BE DX B i AL 30 B9 R B 45 O T
WAL T R EMHFRBBRERNZMG, BATH

=R . 3L AP BB E T AT, R
EEBRFELEPRARFHBRENRE FRA
A A 5 hin 22 BEL 4R 790 60 S FRL ¥

—

600 700

3(l)0 460 530
BEC
6 LEDINABEMHE
Fig.6 The TGA and DSC curves of compound 1

100 200

20} :
L—15
0 M Peak: 676.5C 20
100 200 300 400 500 600 700
BE/C

T HEAU3INABRERNE
Fig.7 The TGA and DSC curves of compound 3
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Synthesis and Thermal Stability of Novel Phosphaphenanthrene Ester Derivatives

ZHENG Jin-yun', 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



