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WE W7 ML SORNENEIA L. B, ERIERERII AT, X 7SS A G R e 1 5 B 2%
PEREAT T U0, RREIHL A AR T R IR I B AR, RAD IR S A% BE 76 B S LR SRR A 2 i i e 4
FFACHRITIE LR, B2 T RN R RTINS 5 UL &S TR, RJGIRM 7R BALEL: 55— IR
I BRI IR R SR LA BON RN, JOiE %, BAERNAEL T E IR BE, 51— T AR IR R B X
FORSRIZH I, =ANRE T L, REE AR, F 20BN TIRY) 2,5- 2 A0 R A L VUL, 7350 Bl
o )45 SRR HE TN SRS IR > T IR B, SRR AR AHEAN, AR, N

KRB NI BORIFENE; BCRIFIRIE, B T JRORAE Tk

Green Synthesis of 2,2'-Bibenzazole and Its Polymers by Using
Hexachloroacetone as C2 Synthon

Shen, Jingru Li, Lihong* Wang, Xiaogang Zhang, Jia'nan Jiang, Zhenglin
(College of Chemistry and Chemical Engineering, Shanghai University of Engineering Science, Shanghai 200335)

Abstract A novel cyclization reaction by using hexachloroacetone as C2 synthon has been studied. The optimal condition
was obtained by synthesis of bibenzothiazole in the presence hexachloroacetone in water. Experimental results showed that the
nucleophilicity of substrates played a key role in the cyclization reaction, and catalytical amount of oxygen in reactions was
also vital to trigger ring fusion in the formation of target compounds. Accordingly, the mechanism of cyclization reaction was
proposed: the thiazole ring is formed in the first place by a nucleophillic attack of 2-aminobenzenethiol, followed by CCl;
cleavage from hexachloroacetone. Then the second 2-aminobenzenethiol launches another nucleophilic attack, and three chlo-
ride ions leave to form the second thiazole ring. The method was applied to the substrates of 2,5-diaminobenzene-1,4-dithiol
and benzene-1,2,4,5-tetraamine, respectively and two polymers of polyphenylene dithiazole and polyphenylene diimidazole
were successfully prepared. The experimental conditions were mild, the yield was high and the application value was high.

Keywords hexachloroacetone; bibenzothiazole; bibenzimidazole; polyphenylene dithiazole; polyphenylene diimidazole

NN R, KNG 5 T8, W RERE
FIOPR ARG, F T S A T LR S A 1) TRV
UGS, sl FAE = ST B AL, 76 S T
& = A O = CTRERD, L m] DUR — F R AR
(DMSO)— &AM, T i EA.

BRI PR — K A ICAA, RES — R IIKIEHL
SR B FRATRAY. A, 5—RIEEERANE
P)— R, e R — I EYE T, DR I
TR E B S5k T S, AU —HRAH
T PE AL G AR, T — Tl e IR A 2 A A
JUH RS e P 0 v P R A R, DR SR A 1 o) 6 — B
IR 2 A R R I E AT — 701 IR SRR B R TR 7 it

* Corresponding author. E-mail: msriac@163.com

AT RRE, LA 2- FF I S MR L O - i O
PR S T A (4 AR S AN T, AT B I B
R A0 B R Y AT 4 5 U, TR R
MRSV, SO oA 2,5- xR
TIREEHEAT AR R, XA 5 7 ik R R AR SR i A
SRIRPE RIS, 34k, AT R IE I 2R 5 )
2 JR A A A B A 1 5 1),

WHFCR I, AGiiI& 7572 (Scheme 1), A —1
AR R A ) 2- = ST IR IR K, HOR R Ik
WP R R AR B DG B U, IRIE, AT A A S v ) 4
1A R AR A L, A8 S el RO BR T 25 A T ] A IR
JRIERE T AR SRR (975 ST 1 SR (Scheme
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(a)
NH i HCI Noc
cl -
@[ + OH @[ )—cl
NH, Cl & reflux N cl
H
N N
— <0

(b) o
Nz ci c _HO H0
. — =0 < Ho

NH =—

H
o7, cl 50°C I HojiNH
ci1ral c- Tl

Cl cl
(c) NH O
2 H,0
CU - ol 22
| | 50 °C
SH s ¢
S N
<10
N S
0
HS NH
2 . C|>HJ\’<0| ..._F.'%Q..,
cl cl 50 °C
HoN SH Ccl Cl
N S
I
S N T,

IR A ARSI A
Scheme 1 Ideas and methods of this work

1b), NS AT LIRSy —Fiifi] % 2- = 50 BR IR e
WA PRy et A 7.

41 Scheme 1c JiR, 2alRe /N ST R 5 40 2 R
M SN, A A — T i 4 O 5 BRUIDE A I R 1) 7 7%,
TR BOER R R A, 5 2,5- & B0 R
JSE R % R4 I T VR AR R BR T A Rk T
SRR AN S AT R PR B n] B, IR T — M R T A
HRIE 7N SN 3, 12k N SN BRSPSk
PR3 7 A (Scheme 2).

—> chlorinating agent
literature| @ ) ]
o /—> trichloroacylation reagent
Cl Cl
CI}&CI L, oxidant
Cl Cl

\ our work
 ————

B2 ANHABZ SRR R

Scheme 2 Different reactions involving hexachloroacetone
1 ZR5WR

M SPGB R AR H AR, 0] BB e
MR S R 2R AR IEAT TIRR. B TR L e 1

cyclization reagent

Chin. J. Org. Chem. 2020, 40, 4322~4327

RBJEVIRH R 2.5 0 (AWM EZ L), HE W&
b AR R, BRSO BLE 77, € R
£y 50 C, feaxd OB R, JATRI, 7
VIRIDTIE R AAE IS U6 J5 1) 40 min 47, T X AR
SN TR) T P AT TS, 2R ER 1 R, WA
SSEI A 3G N, FE AR ETE, B 2 h JERE BT
N 65%(FK 1, Entry 3), ZJEIEKRMIFA], 723 IEAA
BT B, FETARER B A 50 C R RIEK
AR I IE M B ) B AR S NI TR) Y 2 . S BRCA M me E
17 T B AR EE R B FRAE, G5 SRS WY IR IR 1A ) 7 A2
e e DA Sk ot Sk aZe 4 1 7 SO 3L T 45 44, CiaHgN,S,
1) it A 2 254 LA CCDC 25 188763 1 A7 T5ULE SI M ey 1427
Hfm b,
R NG A& S IR AR e B A I ] Ak

Table 1 Optimization of the reaction time of hexachloroacetone
and 2-aminobenzenethiol

Entry Reaction time®/min Yield/%
1 60 20
2 90 43
3 120 65
4 150 64
5 180 67

© 2020 Chinese Chemical Society & SIOC, CAS

“ The optimal reaction time of bibenzothiazole based on hexachloroacetone,
n(HCA) © n(2-aminobenzenethiol)=2.5 : 1, water as solvent under 50 C.

FEHEAERAGS B2 T 20 AR 2R i AT oK
Py RS S E AT ROSE, BRI & T BRI R ke, ;=2
N T5%(FK 2, Entry 2). X H PR S5HEHTRAE, BAnd
TR LA P A 2 R IR e Skt Sk T 2 1) 3R S TH 45 4,
C14H 0N, Y A4 22508 2. BL CCDC 475 1959008 FTE X
TETRAE ST SR 2B bt T RIRE I 5 i 23R 4 ik
RIFREME 152 Y)(ER 2, Entry 3). H13K 2 Entries 1
A2 SFECTTAN, BRI MEME 7 2R (65%) I T BR R IRk
ME(75%), X2 R NS R R A% eS8 T & k. XA 2
Philips J M. A, AEXTTA02K ke, 415 SR B B AiAE
T 1 B 988 1) 25 TR A BE AN — T IR S 8 (1 JE PRI, g Ap,
MF 2 Entry 3 A%, 7SEAEASTE AR A RS, 1X
— SR — e L T On O FRGEAT AR A, R
Y8 £ A0 R R AN AT 2K i ) Seik ko — s, R
FIEREME— % T B AT 2 5 O A REE AT ax T
Re 5 A FEmEmE AR e M G, S5 B A A A E AL 7
MEALIEE, R 5 B st a6 JEORL sk, A
[ AR LB A A0 2 — i th itk 4T 1 5256, 4- FFE4R 2K —
[ 5 75N SR RS 3 h 152 T 722 68%[H] 5,5'- — F Lk
HKIFBKME(R 2, Entry 6), 4-F0K-1,2- JGAE 28K DL
B2 5 h JE AR IR SO, %07 VEANE T
TR BB i, EEAR IS (1) 23 (B A B 122 s B
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A B 5. IIALE: 1 ST B R SRR ) R A% 1 BN S T B

R 2 NN IR SR R e
Table 2 Substrate expansion of hexachloroacetone cyclization
reaction

Entry Substrate Product Yield/%
NH; S N
e O U<«
SH N S
NH, Y
s el e =so I
NH;, NN
NH,
S & G
OH
HS NH, N S
o O S0 -
HoN SH S N
HoN NH, N y
oA, 0 -
H,N NH, N N

“ All the reactions conducted under the optimized conditions.® All the reagents
were prepared by experiments according to literature reports. The reactions
were carried out under the optimized conditions.

N T AP NS, BE— A T MR R S
B ARV, AT/ SNSRI R
VA CEa by SISk A YFINEE S e
HIPE T, FIASRR R AT AR DT S . PR A SR 4
RERARN, RPAISHZRNVIER, TR
VESEIAESE T AR P B S T, SR BT, 3K
TP AP R R AN Z A B A0 Scheme 3 B %

BRI, —HTFEME R, G 1 BT S
W, RGN 2, EHERAERRELTES TR,
AERREER 3, BEE AR R T — A T AR R I R I
— O TRAE RGN 4 BE - TEMHEEEEE
FIRIDE IR e, I — AL [FIRE P T IR KAk R T
AARLREREN, HEAAAT, mRARARS,
Ut AR A AT R 8 S A 12 B I AR AN R e B e

A B, TE7SF NI RBIA RBH, B a] BA
[FII 5] NPIAN BE AT 2R 48 A TR T, 25 e A~ 24
LUK Sk DA AR . 2Tk, B 2,5- =&
BN 2R I A 28 2 DU g A AT TR e AT 2 ik A i e
HEAT TR, il 28 1 ¥ B € 1) ] 44k A SRR b3
M3 2, Entry 4)F1S2 2% 6010 [ 40k R SRS k(R
2, Entry 5), JEHX PR GV =R T 050 =
ILRAENUAER, B2 TIREER. Hoh, ROk
WA PR 2T b2k B2 B 1462, 1428, 1309 cm™ ' 4 FR WS fic sy
WE MR PR R B, 925 em ! AL R R AT I Sy SR P
e, 765 em ' AL G N IR T AN, HhRBhIE
IR KM [ 2T MR HE R IR B 3475, 3367 cm !
AR N—H 57K 7ol 8 a2, 1612 ecm ™' AL 2
C=N gaiRshg. FFE, AT R AL IEMIEM & L
] e 2 IE T Scheme 3 AT~ IR T, TZER S 2
H BB S P 4K(Scheme 4). R DL 2,4,5- =5 FE 2K
BRIEVE JFORE, B LA 34 b A 2 48 R I B T 2 - g
IR R A,

EH T 7S 9 P T -5 7 G 7 T LA A AL &5 4 1 B B 2
o, DR, FRATTHE 7S S B AR 7S SR 5 A0 2R i it

RH 0 'R N.
e + S g L)
cl cl N R
NH | - T IR___X
g o ¢ 2 HCI
R =S or NH
-Hccly
RH
o)
oH NTA
(¢]] JE—ye'l -
cl H N N
Cl RH a g RH crer N
1 e N 4
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R
e [0:] e~ R
2 3
- Hzo
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Scheme 3 Mechanism of the hexachloroacetone cyclization reaction
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B4 ANEAETE
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N Cl R N 7
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Scheme 4 Mechanism of hexachloroacetone on polymer ring formation

1T IRRE, FERFESAFIRNT 2 h &, WA B EITEA K.
{EK RN g AR REFFE 72 h G, 1R R ISR BRI
TREL AR A A, 55 im WA O 412K ke (i AL 7 1)
2,3- TR, XA AR T =R AR B Rk
W, SR S AR B3k b, X — m W] A AAH
FCHRIREAF BIVEUERY. 11 Scheme 5 AT7R, 247591 74 i
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H F
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N F
H g F
NH,
| Cl
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Cl
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Scheme 5 Different reaction paths of hexafluoroacetone and
hexachloroacetone

2 ZEig

W] T N B — A 2B BN A AL A
KA IR TR, IE NS, =0t & a
TPIAS/INGy 7 (R T I MR RITIR A SR R e DL K 7 o 58
R R SRR 3 ke, A P N S 1
W, R T R E R, T X SRR IR A A
AR R, BRGS0 °C), 54y B (T st ug),
A . ARG TR & AT EEE
S, T EAERP LR U BAT AR S AN (L, R 02 A
il & VERE AT E R SR AN, /N A PR A S A
A ARE AR, AR, NN RA SN
SUA R BA AR 2055 28, (BTGSeI S SN R AH )
MIZHRE. JREEA R G & e AT .

3 SCISER4Y
3.1 W5t

FH Bruker AdvancedIl (400 MHz)Jt:#E4("H N 600
MHz, °C 24 101 MHz)it3% '"H NMR fil °C NMR Jit,
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CLANRAE AL 5 e AT AR 2L A . A
S5 FALfA Mo Ka 48 1 7E Nonius Kappa CCD #T5HMY U £E
RS EE . B E RS AS ZE RO AR AL S AT TR
1E, AH A B W Y BE AT R OE . B d E BT
(SHELSHEL XS)f#tfrast, Himiderxt F° 4 it
/NI AR(SHELXL-97) AT A% k. 5 770 7K A5 FH Wi 28198
AER. BRIAEFE UL, BT s AR 3 e SE T L
S AR A T BT AT AR S AR B, 2,5- S B KR
EE I 25 242 D e VR Al SR ARG 84T 6 1

3.2 XWHE

3.2.1 ERORFPErLAH &

7650 mL S BHR EN 8 mL &1k, BT 50 CHY
MR H ST, MR ERMEE T ERERRS, H
VEST RS FREN 2- FE AR EE(2.5 mmol, 0.318 g)JF ks
o 2 LAY A%, oo G 48 FRE N S A (1 mmol,
0.267 g)FFIZ K o nadk ;s N B SR 4k S HE 2 h
A IS RIR B . DU S/ BRI 3 IR,
SRIGTE 50 CRIE A T4 12 h, 15 0.1744 g 7R3
EAR a, 773 65%. m.p. 306 C (Lit.* 306 ‘C); 'H
NMR (D,SO,, 600 MHz) J: 8.46 (t, J=7.8 Hz, 1H), 8.53
(t, J=7.9 Hz, 1H), 8.81 (d, J=8.5 Hz, 1H), 8.85 (d, J=8.5
Hz, 1H); “C NMR (D,SO,4, 151 MHz) 6: 120.72 (s),
125.60 (s), 133.50 (s), 134.62 (s), 142.53 (s), 154.96~
154.83 (m).

FAEEY a (RN NN-—H 5 H L i (DMF) 15 7 8
TUKFE TR 5 i
322 ERRHeRek ey H &

7£ 50 mL e SN 8 mL &K, BT 50 CI
THIBRPLRERS . ARINARZE —J1%(2.5 mmol, 0.273 g)FFiH
R B RN, 5 R G A8 FREC N S A (1 mmol,
0.267 g) iR Fm it ) BOf, ARG 4R EdiidE 2 h
SR TS S e AR Ak, AR G A A T E AR AT H
FAB AR 5 A, B JEUTIE H B R A T,
P OEERG3 IR, f£50 CHRIESHMA DT 120, 5
0.1756 g HAEE b, 7% 75%. m.p. 469~470 C
(Lit.** m.p.>300 C); '"H NMR (DMSO-ds, 400 MHz) ¢:
7.28 (d, J=8.3 Hz, 4H), 7.56 (s, 2H), 7.75 (s, 2H), 13.56
(s, 2H); “C NMR (DMSO-d,, 101 MHz) d: 112.52 (s),
119.64 (s), 122.70 (s), 124.07 (s), 135.29 (s), 144.12 (d,

http://sioc-journal.cn/ 4325
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J=31.7 Hz), 144.46~144.33 (m). HRiFNLE 5 R
[25]#IE—FL.

B & b AR 2R Z R UE T UK A 97 3.
323 5,5-= % ABER ARk oy H &

7650 mL [ R3S 8 mL 24K, BT 50 CHY
AR . PR 4-FHEEAROR — 1% (2.5 mmol, 0.301 g)
Tk LR RS & S N, 59 P S 2R AR S & B (1
mmol, 0.267 g)HZ R F Nt B, SR 5 gk
FE 3 ho MR B RIS H AR, D uE,
A 3 Ik, £ 50 CRIETHMA T T 12 h, 2
0.178 g XM A ¢, % 68%. m.p. 355 C; '"H NMR
(DMSO, 400 MHz) d: 2.45 (s, 6H), 7.11 (dd, J=15.9, 8.1
Hz, 2H), 7.69~7.27 (m, 4H), 13.35 (s, 2H); *C NMR
(101 MHz, DMSO) 6: 21.84 (s), 112.04 (d, J=12.6 Hz),
119.14 (s), 124.27 (s), 125.51 (s), 131.66 (s), 133.38 (d,
J=8.1 Hz), 135.55 (s), 142.16 (s), 143.93 (s),144.28 (s).
WG FRAE 25 SR 5 S0 R [26]F0iE — 2K
324 FMARITIRFE I

V408 2 ik R I R 7S S TR R B B 45 RS TR TR A TR
hE, R BRI T, EE AR A 2
BV, RGBT FOm b R F iR 5, R A
O YTTE AR K.

325 BAFER

£ 50 mL W E RN 8 mL ZRAIBK, % EARREE,
IMABES R 2 E E MR B AR PRENESR, B
el (2] 5 min, BEHesE W TS RN R, JEEE
SEENEA, BEE 50 CHRIMBH LR b, Kara it
A E T ZIRZE 2, FHES 8P 2- 2 52K i
(2.5 mmol, 0.318 g)Ja K H A 2 R NS 2%, 53 VRS E%
PRI SEPEEA( mmol, 0.267 g) 324 Heim itk s 5
PeHE, BiHE2h U RMNAER, ToiREOTTE 4.
32.6 AARNMBER

7E 50 mL BN 8 mL ZRARK, % EARAREE,
FHNE ARG R Bk R PR A AR, B R E
2] 5 min, BEMERERLEANES, HHE 50 CHIMH
WA, AR AR E T EEE 2WES, HiE
SRS FREN 2- FE AR FE (2.5 mmol, 0.318 o) K
BN, AR RIS E A E(1 mmol, 0.267
@) IR LR It S N A . AR E AR 2 h, A
Ja it e R CE. ARG 3 Ik, RIEAE
50 CHIESHAET T 12 h, 18 0.1675 g W O 1k
a, F7H 62.4%.

32,7 BRI EebayH &
FREXHI 4 () 2,6- —J B 28 FF XUEEME (S mmol, 1.115

4326 http://sioc-journal.cn/
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g)TESR FHEATIFER, 135 2,5- 8 A K i, H
VESH SRR AN 50 mL M, N 10
mL 7K, BRI 7S S A ER(0.5 mmol, 0.06 @)l i J
MNAEEE SRIGHEME 50 CHaaiRER TR RN 12 h 15
RN, SRS R4k, H DMF e piim, H
KPR, R S W, [ R A A
50 C R, 195 40 mg W B AR K d, 2%
49%. MR d AT I E T WA HUAR, ST IR
Wil2. IR (KBr) v: 1462, 1428, 1309, 925, 765 cm™'. £L4k
&5 L5 kAR A Y — 3T

3.2.8 RARIF_ARAH &

FRELHI 45 1 1,5- i 3-2,4- — 2 F (5 mmol, 0.990
T OB, IR NERM, AN BT INERE
JR, RS 48 h S5 RIX 2R DU RE. AR 7S A 0.5
mmol, 0.06 g)HFHFZFKHIMAEFEEE, Ri5EER
50 CIMBHFERS A )™ 10 min, 47 522 B N
B RN, AREERN 12 h. i 3EHFH 2B =X,
T 515 5] 43 mg S LR (O AR R e, 773 65%. K e
AN T80 55 WA HUATR, MEE TIRIRER. £09h4
5 SCHRARE 1 — 2
329 23-ZAKAEBRH &

£ 50 mL SRR N 8 mL 248K, BT 50 CHY
TR LS . AREUARR (2.5 mmol, 0.273 g)FFH# 3
TN LI, 75 3 2R PR B S & B (1 mmol, 0.335
Q)BT IR I R N E . N 2 h JE, AN
IVCE =PI . RBIRRAE SR TEE 72 h J5, Hril
KEBOERY), I8, /£ 50 CrIFESHEAE T
48 h, /535 0.3889 g M EE ML, 7% 17%. m.p.
289~290 ‘C; 'H NMR (DMSO, 400 MHz) J: 6.25 (s,
2H), 6.92 (s, 1H), 7.55 (s, 1H), 7.90 (s, 1H); *C NMR
(DMSO, 101 MHz) 6: 102.72, 126.89, 128.34, 140.58,
144.39~144.19. FREFRAEZE F 5 SCHR[29]R1E — 2L

$#H BI#1 kL (Supporting Information) AR FEMEM: | IR
FRBKME, 5,5 T FRRBR AR IR IR IME L 2,3- Ay R A1
ML IR, TGO M o B S S5 0 L IR DR el B, o &4
M, TR MEMR LT A . TR IF R LT AT 1Y
JR UG TE L. I AR AT DL A 2 AR T X 35 (http://sioc-
journal.cn/) I F %k,
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