$33% 8 A S Vol. 33 Iss. 8
2016 48 A CHINESE JOURNAL OF APPLIED CHEMISTRY Aug. 2016

2!3!3,!4,'E%24E|E| Eﬁ%‘t:@$ﬁ"]éﬁk

FEH X OB OELFE HER LE¥T wEHY
CEMTRIFBE M TRYE K8 130507 BB KR LAHIN  K# 130022)

W OECRET R A R IRR IR R A A A % 2,337,470 OR U R (3,47 -BPDA) TR
o LA NiF,-PPh, (PPhy . R3S AL IR R , SR S T 43R40 — B 2R A7) 5 3-8 AR 2R 38
SABHRBNE , AT 2,3,3,4"-PU R IR (3 ,4'-TMDP) | J5 3 28R AR AL Eni B K B i 4 T 3 ,4'-BPDA,,
PP B R H] T4% o XML G N AR ZH IR — HARsR G SRR IR s Hl % 3,4-BPDA # 1L,
ANV TG 0 7K i B S AB AR 19 43 3 A A, TR b 4 88 R AR O 1T B A W) S Ay D, [T 5 Gt 4 B TR 6
KRR AR IO YRR T 5 8 32 SUIBER ; SR IE I

I E R 0625. 5 SCHRBR IS : A S S :1000-0518 (2016 ) 08-0900-05

DOI;10. 11944/j. issn. 1000-0518. 2016. 08. 150401

RIE TR SR W e Vol — b s PR RE SR 4y, B T A% R ) s A0 DA B R 180 g 2 PR RE AN A R A
A FEDLR L T LA R KB L KA LR T A b 2 U AT T2 MR AR o S X PR
1 3,374, 4" U R T (4,4'-BPDA) Jy BA 14 3R BE I I AT EE A X AR 45 40 Sl 1A —2,3,3",47-
HRZR DU F R T (3 ,4"-BPDA ) Jy BRI SR IBE N I AT S i) T, IR A ARG 2, (35 4 o 1 AR
B LA TR O e, R 3,4 -BPDA {4 4,4'-BPDA JE VR A i1 T4 32 5 ok ik %
(CEE o HRT, 2 ARG 3,4 -BPDA £ BT A A DASR AR — HRR — R R A SRS R R
FRG A SR, ZRAIBe K A S B2 o RAERCR T ik oh RIS 4 h 3 B A1 (3,37- 3,4/
4,47 -IRR Y R Y PR SR ) BOTRA ), B0 B SAR B e L B R A 5 IR KA i e P 7 B ok TR vk
B, ARG T IR RAS o PRI, i 1 Bt R A A1 3t IR R AR EE A 3, 47 -1 Y R I
(3,4'-BPDA ) HA7 &8 i BRI 7 SCRISE BRI FH A E

ARSCARE A AR F 38 0 JRORH A SIS A S5 R e 8 i 5 3,47 -HKOR DU YRR — 8T (3,4
BPDA) f—F 771k o Ul Schmeme 1 7, 4-pq 48— F 15 Mg S I il s A% PRI, 454 1 1 92 4 s i1
AT S RIS 2,3,3747- U BRI (3,47-TMDP) o 5, b 3 e Jm AL S AL A8 H AR &1
3,4"-BRIR Y FH R —F(3,47-BPDA) ¢

Cl 0]
D»ng ;@ =
+ —_— _—
cross-coupling 0
(6] 1o (6] o

3,4'-TMDP 3,4'-BPDA

Scheme 1 Synthetic route of 3,4’-BPDA
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REFHLE(CDCLy) il RY -1 8BS A ( REERIOE A A RA A I TR &8 1E ; GC-2010
RIS AT (ARG AR o 4-JRA0R8  H R 3-G0M0 48— B 2R Hh 22 i o fh 2 3 it TR A RS =
FIR (3- 4-GUARAR R BE IR LU Ry 45055 ) F KA e Far SR W e AR HA IR 2 w418, LB i n 34 vl 6
St USRI AT IO K TG SR AR B TR A SRR R N, N N NP L 2, )i (TMEDA ) 5
ZRAH T R i — 20 Ab PR 0 H
1.2 XWHZE
121 DORAERARAR =T R A R & w FARBE (1) 500 mL BB, AR & S ARAR ZH R
(112 g,0. 80 mol) , PU S &g ( THF, 16 mL,0.20 mmol) , %% & (3. 88 ¢,0.16 mol) FI/bH 1,(0.02 g,
0.08 mmol) , EFHIE G o 76 N, RY N IIFAE 110 C, O BEEE 2 ERIH K (2920 8 h) o ¥R &
BHIEZER, A TMEDA (18 mL,0. 12 mol) #INi(acac), (0. 018 g,0. 070 mmol, acac: Z, Bk N i ) , 4k &2
bt B R NARRZENE T2 110 °C L[ 6 h SO 5858 W AN R %I, OB IR AP A 500 mL (#3512
(1 mol/L) , 43K, /K JZ I AW B A H (100 mL x2) o B IFAHLE I HITCK B BREE T4 , UEBRARIR
B ZE TR, A W o L™ 0 TSR B35 04T 70 B B A 81% ,3 Fh R A 1A L5 Ry n(3,3'-
TMDP):n(3,4'-TMDP):n(4,4'-TMDP) =1:2.7:2,
1.2.2 23— g RAR =W R R & 3,4'-w9 W RFKOR(3,4'-TMDP) 76 N, SRR, 17 50 mL =
FU I ABE S (£ 0.290 ¢,12.0 mmol ) ,3,4-— FIJ A (1. 85 g,10.0 mmol ) , To/K PU S WL (8 mL)
TESEFEARAE T N S RS EE (1 mol/1,0. 5 mL) , 235 IS | & R, f S ik TG RS o 1
oA ZR T SR A AR B (24 1 h) | FEIAA R Th, il 48 3 ,4- R EE i fhEE

6] 25 mL = A LA NiF, (0. 067 g,0. 70 mmol) . = ZEIE ( PPh, ,0. 204 g,0. 72 mmol) f12 mL J&
JK PUERRR , FFERE 30 min H f5HEL ] 7E N, SRS, MR R PSR A 2,3- 1 BREUR
(0.984 ¢,7.00 mmol ) FI_FiRHil A1 3,4- W ZRBL pq AL EE, 013 S L 8 hoo 458 1k SO )i, H45 B b AR A
10 mLif FIEAL B R D, o A AU KA G B8 G BR R B . & IF A LA, FIJCK B BR BE T8 )5 , 75 B%
A 1530 2,3,3",4 - DU LR (3 ,4"-TMDP) BHH ™ 4. 45 20/Y 3 ,4"-TMDP A > 9 I <0M 835
M, 7" %4 93% ., 'H NMR ( DMSO-d, ,300 MHz) ,5:7.21(d,1H,J=7.2 Hz),7.18(s,1H),7.17(d, 1H,
J=7.2 Hz),7.12(dd,2H,/=7.2,0.3 Hz),7.05(dd,1H,/=7.2,0.3 Hz) ,
1.2.3 2,3,3",4"-w9 ¥ R RKAAH & 2,3,3",4"- K TR B [ AEN RS FIA 3,4
TMDP(2. 10 g,10. 0 mmol ) ,E&f244 (0. 017 ,0. 10 mmol ) JRAL4MN (0. 027 g,0. 25 mmol ) Fi1 15 mL E5 2,
o] S BT N, -0, 3B 5 AUR (3R =2:1) I RHFTE 0. 5 MPa, 43235, F4 SO A4 & s 2 iR
IKF 100 °C, S0 6 ho J I 5 5 IO s Ui B e 22 25 i, #5606 OWIR S WA 50 mL (7K rp, i 1k 3 14,
A KR O E AR A B K AR AT U8 K BE AR B IR PEFE 60 °C R LA T, B AR
2,3,3" 4-WORIUH R . B, BN DU HY R A E] 250 CHARIE K 12 h, 15 2.40 ¢ i 68 S A, B2
2,33 4'-BEIEPUH R —F, 7%k 80% ,mp 197 ~199 C'"°'  "H NMR ( DMSO-d, ,600 MHz) ,5:8. 41 (s,
1H),8.27(dd,1H,J=7.2,1.2 Hz) ,8.23(d,1H,J =7.8 Hz) ,8. 18(d,1H,J =7.2 Hz),8. 11(t,1H,J] =
7.2 Hz),8.09(dd,1H,J =7.2,1.2 Hz) ,7E4010" ' H NMR 3% &] L% B A ko
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Scheme 2 7755 42 LATR 45 S A QAT — FF A S DR R B R 9 511, A1) P 52 SR BB 5 o il 6 DU Y R e
(715 o AIFTE I S AR B S il B8 25 B W 2% PR B A , A S8 il 17 S et R o ) A0 ] IS
P 1RO (A Al ik 84% ) o T ELAlH S B OR 2= T e e (SR8 — 2R IR 3 5 ke) o PASK
PR R R IR A A AR R IR R BRI 45 3,47 -BPDA Y 1 0y R AR B L T TR AE S
LARTT HEA WA (B2, th TR AR ORI AR AR R BIR -G W), A B A JE 3 k0 F
B [ oy SRR (n(3,3'-TMDP) : n(3,4’-TMDP) : n(4 ,4’-TMDP) =1:2.7:2) [t 3,4'-TMDP R3S
PR 40% ,r B AR A Ok RV RE RS [R] I i 4 3 A AN TR 19 S A TR TR S 0, (ER A D i 45 3,47
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Scheme 2 Synthesis of 3,4’-TMDP from 3- and 4-chlorol ,2-dimethylbenzene mixture

2.2 HERPBEFAERZXBECH & 3, 4"-THREEKXE(3,4-TMDP)
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Scheme 3 Synthesis of 3,4'-TMDP
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Table 1 Optimization of cross-coupling reaction for synthesis of 3,4’-TMDP

Yield of Yield of Yield of Yield of
Entry  MX,“  Additive’ , || Entry MX,* Additive®
3,4'-TMDP/%° 4 ,4'-TMDP/% ° 3,4'-TMDP/%° 4 ,4’-TMDP/% ¢
1 NiCl, - 24 31 9 Ni(acac), PPh, 50 23
2 NiF, - 37 20 10 CoCl, PPh; 5/ 68/
3 NiF, PPh, 92 6 11 Fe(acac), PPh, 6/ 56/
4 NiF, PCy, 42 22 12 FeCl, PPh, 3/ 51/
5 NiF, DPPE 30 31 13 FeF, PPh, - -
6 NiF, TMEDA 27 27 14 MnCl, PPh, - -
7 NiF, TMOEDA 34 39 15  Fe(acac);  TMEDA 3/ 64/
8 NiCl, PPh, 54 45 16 NiF,? PPh, 90 7

a.10% (molar fraction) used otherwise indicated; b. equal mole of MX, used; c. determined by GC and calculated based on entry 2; d.5%
(molar fraction ) used the NiF,; f. determined by GC and calculated based on entry 1. PCy; = tricyclohexylphosphine, DPPE =
bis( diphenylphosphino ) ethane, TMEDA = N,N,N',N'-tetramethylethyldiamine, TMOEDA = N,N,N' ,N'-tetramethyl 2 ,2’-diaminoethyl ether.

2.3 3,4'-[UHAEEZH(3,4-TMDP) Sl 2,3,3'4"- B HER —fF (3,4'-BPDA)
4N Scheme 4 7R [F)J& 3 ,4"-TMDP Z 584k | = iR /K B BT il £ 3,4'-BPDA 19 & Wlii% £k 6,3 ,4'-
VU H LIS FE B FR B AL T A AL A5 3,4 - ORI R . $e ,3,4 - 2R I HH i e v il 7K R 45 21 H A5
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Scheme 4  Synthesis of 3,4’-BPDA
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S SABIBE N, 45 T 3,47 - DU F SLIE O | Pk 5 92% , k)5, 3,4’ -TMDP 2484k | & 1 /K B ol 4%
T 3,4"-BPDA, 7=3563K 80% , 5 LAAR IR — H iR — g ol IR A AR AR IR IR — R O IR 5 3,4 -
BPDA R T iEA LG i I A A B 26 0 6, i ELAS P SR A 7K At B o o i S A R A o i S i
VAR 3 88 B AR T T BAT AR H B S A
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Synthesis of 2,3,3’,4’-Biphenyltetracarboxylic Dianhydride

LI Yuhan’, WU Qiang”, KANG Chuanging’, GUO Haiquan®, JIN Rizhe"* , GAO Lianxun’
(“Branch of Food Engineering , Jilin Business and Technology College ,Changchun 130507 , China ;
*Changchun Institute of Applied Chemistry , Chinese Academy of Sciences , Changchun 130022, China )

Abstract A facile synthesis of 2,3,3",4'-biphenyltetracarboxylic dianhydride through cross-coupling of halo-
substituted orthoxylene and liquid-phase oxidation of the resulted tetramethylbiphenyl. 2, 3, 3’ 4'-
Tetramethylbiphenyl (3,4'-TMDP) was synthesized by cross-coupling of 4-bromo-1,2-dimethylbenzene and
3 ,4-dimethylphenylmagnesium bromide with NiF,-PPh, ( PPh, ; triphenylphosphine ) as the catalyst and which
was then converted to 2,3,3", 4'-biphenyltetracarboxylic dianhydride (3,4'-BPDA) by the oxidation and
dehydration procedures. The overall yield reached to 74% . In comparison with the preparations of 3 ,4'-BPDA
from dimethyl phthalate or chlorinated dimethyl phthalate mixture, the method exhibits advantages in the
separation and environmental benign because of the avoidance of the tedious hydrolysis step and the separation
of isomers.

Keywords biphenyltetracarboxylic dianhydride ; synthesis ; cross-coupling ; polyimide
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