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1,3,5-=[(4- T HEF

Rfk KREZ

NOTE

B)CREFRIE K

FrR=* kR

(SR AT S HE D REM R S SR A M A0 . AR B TSR AL TP FURT Bl 200237)

WE W T 2 BRI T E PR ECRI S h AR 1,3,5- = [(4'- CHRHEIRIE) LPIE R, T — RV G

LGRS N AR L, R E REM (M S Al e 5 5

Rk &Yz 0k £ % T Sonogashira [N, H2/E A

) A CRE FE IR AEAR ML 50, DRI X LA2> B SR 22 8 RE AT i B A 15 4 5 55 AL £ ) S 17 AT uﬁ%ﬁﬂl‘fé%
IR ZHAE L 1,3,5- =R 2- A RE-3- T pe-2- Iy sk, B R IRL P40 1,3,5- = ZRIETR, 11 DG IR M = LA 20k

NERL, 2R AR NI 4- = R L pR R R

; JAE Y 1,3,5-Z 4HRZE Sonogashira [V . SRR

R, A 1,3,5-Z[(4-ZHHEHRIE) ZHIEE. ] H NMR, °C NMR, 76250 WA i T BEh T b4 & 5

KPR
B 1,3,5-[(4- CHRILHIL) LI

; MR A 4; Sonogashira 2 i

Synthesis of 1,3,5-Tris[(4

'-ethynylphenyl)ethynyllbenzene

Chen, Qiuyan Ma, Yuwen Wang, Chengyun™ Shen, Yongjia
(Key Laboratory for Advanced Materials and Institute of Fine Chemicals, East China University of Science and Technology,
Shanghai 200237)

Abstract Several synthetic routes were designed to prepare 1,3,5-tris[(4-ethynylphenyl)ethynyl]benzene. The synthetic
routes and reaction conditions were contrasted and discussed, when multiple Sonogashira reactions were occurred between
multifunctional alkyne-terminal compounds and aromatic bromine compounds, the different substitution degree compounds
with similar polarity were obtained, and they were difficult to separate. Whereas the reactions between multifunctional al-
kyne-terminal compounds and aromatic iodine compounds can avoid this situation. 1,3,5-Tribromobenzene reacted with
3-methylbutynol to afford 1,3,5-tris(3'-hydroxy-3'-methyl-but-1'-ynyl)benzene, then 1,3,5-triethynylbenzene was obtained by
the cleavage reaction of the compound in presence of potassium hydroxide and toluene. On the other hand, using 4-iodoaniline
and trimethyl silyl acetylene as raw materials, 4-trimethylsiylethynyl iodobenzene was synthesized by diazo reaction and
halogenation. Therefore, 1,3,5-tris[(4'-ethynylphenyl)ethynyl]benzene was prepared by the cleavage reaction of the 1,3,5-
triethynylbenzene and 4-trimethylsiylethynyl iodobenzene. The structures of the target compound and intermediates were con-
firmed by "H NMR, "*C NMR techniques and element analysis.

Keywords 1,3,5-tris[(4'-ethynylphenyl)ethynyl]benzene; dendrimer; Sonogashira reaction
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NOTE

BORAE D) 0 B A AR R T G AR, A AT 2,9-— HIJk-

1,10~ = 1 bk SV 457 3o 751 6 2 LR AS R A 5 0 1 A1

IFRC FH AL A-THUE 24 FE TR A oo 248 FERE £18) S 0.

Oikawa FI Aoki % & & T — RAIINAAT K ZHup b
VERK PR EY), MRS IR BB E .

HLE 1990 4, Hawker Fl1 Frechet 2512 BURIE T 4k
BERCIR 737 ISR Tk, AEABAS ISR R 2 & ]
TS R RCIR 2 1 IR e i 7 vk, RV S PR 2R R R
& W4k 2 A P A TE, HORHR 2 SR W 80k
(Convergent Strategy) fll Sonogashira i ¢ & W il £
(A1) — R R e A A AR R ity e B AT A 4 {8 K
TR, A IV < e e A A T e AR A SUABIBR S I3 K 1l
. AL 25 Tl 22 BB IR BOIR AT DL T B ARSI,
S LHIETERN1,3,5- = [(4'- LPRFETIL) LI 2R
(R rp T A4, AHRAG S W G i A il (R4 T 25
DTSSR EAEAG T, A 5 ST B AN LR 2 A
PR3, i L Ab A B RS AR T 1,3,5-
(4 SHEETREL) CHRIEVR I 5 il 2, R ) e vt
(1) 22 25 6 IR Z8 R TT T 0T LU A A, FE b BEih b, e
T4 MBS AT I & % 2% (Scheme 1).

Pd(PPhg),
Cul, NEtg

HO

Pd(PPhs),Cl,
Cul, NEty

Pd(PPh;),Cl,
Cul, NEt,

It
-
+'@* N
=z X .
4

HN@ __ /. (NaNOy
N/ — N @)K I

1 HR5TE
1.1 1,3 5-=ZCHREF )& BB &R

TEMIE 1,3,5-= OHIEA ), Beih TS L2k
2k, H=IRKS 2-HIE-3-T He-2-fE el — AL AE O
M, 43l 1,3,5-=(3- F2E 3- R -1 T A 2R (3)F
1,3,5- (= H I RE GBI KA R AK, P93 07 R/
KOH fin#Aml i F0 50 bt/ H i /KOH. il I N, fe &
AR 1,3,5-= ZHFEK, Un Scheme 2 7.

LA Bk 2 Bhbr s diids, FH =W S hE SHAE A I
PSR, AR Rl — ORI e 28 7= 2602 75%, HH 2-F3E-3-T
He-2-FEAE Ky JEURHK = 02 59.3%. =R B, T
SRR 2 JRORR 2 ] 2-F -3 T -2 A JUR)
BT SR T = R 2 A LA S, WA
F&, L 2-F3E-3- T p-2- i EL IR AT
1.2 1,35-Z[(4-THEXR)ZHEIE(10)IE B &L
®id

H T HARME S 10, AT T 2 45 %

2.
OH
I I
KOH
toluene, ref.
=Z N & . A
OH
3

KOH ‘ ‘

Scheme 1
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BilikE S
HO OH
R =
:—QOH l KOH
Br / @ ‘ ‘
OH
Jol ’
-
Br Br si”” = X
1
‘ ‘ KOH 4
_ ./
fSl\f toluene/methanol
r.t.
-7 A
| Si
] ™
11
Scheme 2

e, AVEI L= LRIERK ) 1-XR AL -3-
FHOJE -] b -3-E (13) & 2 Sonogashira 18 5 [ N il 15
1,3,5- = [4-(3"- F L 3" FR L1 T B ) K bk HE oK
(14), Ja3 FAEESEALBIAEAE T T H RS ) o [l 284 Ao
733 H A5k 5% 10 (Scheme 3).

PEHI IRIRADA 2-F 332 He-2-E(2) Y LAl
WRIELE 12 1), 76 Pd/Cu 4L F, = Z %M THF
R RN AT 10 IR RHE-3- F =T he-3- 1 (13).
JaB R 1,3,5- = H IR KA Sonogashira I N, 1E
Pd/Cu AL, = LR, RNV LGN 5 @ 1)

BIHL), RN TLC Wi, KIBEE SN A )
W, OB 1,3,5- =R IR R NV e 4. (HE RNV IRA )
HAE R T UM R =4, FF HAERERAR b Re(E
FELE 0.6 2o (R R ITH), ikt )= AT eiE o 5.
TAMEN T RESE A — . ZBUST, e
WA ZE AN K, MECLAr B, W Ref3 B4l 1,3,5- = [4'-
(3"-FJE-3" R -1 TR R LR (14).

RIE, AT A =I10R S 1-X] Sk -3
P =T %k -3-1(16) & 2E Sonogashira iy 2 W il #44
1,3,5- = [4'-(3"-H 3E-3"-FR FE- 1= T e i) 2K 2 B JE 2R

Z
Pd(PPh3),Cl, Pd(PPh3),Cl,
Br—@—Br + = OH Br — OH
Cul, NEt3/THF
12 2 13 Cul, NEt;
OH
X ‘ =
P _
KOH, toluene
OH
Scheme 3
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(14), Ja# A T REE R HA 69 10
(Scheme 4).

IR TR -3- LT He-3- i (13) Al =
P B SN, il 156 (= AR 2 i) KL -3 - F
BT H-3-FE1S). R = F A ST JRBEAS [R] (1)
FUREAE, L =R, 193] 10 PR3-
BT He-3-lE(16). 16 A1 1,3,5- =R ZKAE Pd/Cu fiifk
~, =M, #E4T Sonogashira IV, S W
BHEEN 5 D 1R B, [Nk e TLC s, &
PRREAG S B )R 3G, UL 1,3,5- 1RO R WV 58 4.
HEERE bR, RN PR A WAERER AR L Ry
fHAETE 0.6 Zo47 (fa JMBEAE FE TT5)), A 24T Jei2:
I RS . T BRI A AN
K, MELLE, WBRREE RIS A 14.

7 b e N R A TR R e AN g, A B
A N B G B WS AR T A Y. R T o S 4
B, SR EHT RO T AL SR R A, 3
T N SRk )3

Tk, FATEFBUE T 848 I N % 2 (Scheme
5).

PREk A K] = ZRILTE 4 FGHRME 17, £E Pd/Cu
AN, T = S R NVAZE] 1,3,5- = (4K 2
FYK®18), G s =R AP Nk 1,3,5-=(4-=
LA 2L ) 2R(9), AE 9 REFAEmIE 41
T R4S 2] B ARME S 10.

BT I, R A Y 18 R N AT T
WREUEAT, FEH - RIR m, 18] 90%. HHIEM 1,3,5-—
RV 2R 2R (18) FN = F IRk 2k [ 7, el 761

/ Pd(PPh3),Cl,
Br@%<0H v =8
Cul, NEt,
13 6
Br
Br/©\8r
1
Pd(PPh3),Cl,
=\ = OH X

CUl, NEt3

HO

61D SRR EL) a4, = WkRE Zpid IR 211
THOLT, B R NA A5 10 1,3,5- = (4-1R2K L) 2K
IR B IR = B B, A AR R =
AERPART =R A e ik, BMEAL, 45 RS RT4%&
WLk —FE, FEZHTAELLS B,

FRBATE T A k4 B, MRS — FE
Tk Zube S AR B = B Ak IR R(T), th e T &
FEEAL A S N AR B0 = R LR IR (8),
5= CHRFETR(4), 7E Pd/Cu AL R, T =M &
"t Sonogashira {85k i WV, 155 1,3,5-—(4'- = H HAd: L5k
FEIR LIRIEVH(9), th a9 FEAEE AN & b/
RV V0P L R A A 3 H AR LA 100 31X
Zh, R = LHIEIRER i e S5t
— AL A I RICR (8) S M IR R P ) AE A, AR EATTRE
SWEY 9 W ZN LA R 5 B H . X 4
P £ R 7).

ZEA UL B UM AR 1, i = p b S
FINRIR S N 83 — 3 IR R Rt SE AL A O, 1R M
PEITFER =, B T A FEBRFEE i &
YIAE Sy BT R W 28 TR S s AR R,
1,3,5- = bR FEFFIN; = B LA 2 e REAIL RS S 0 vl B ]
HEAT, JF H BRI g =4 n] AR 5 1 [] (1) 184
B, FAE R 1,3,5-=(4-= 3L 2 2k
FE)RAE KON/ & F b/ F I S N i — F O ReE A AR 2%
ST,

2 %t
St — RA LR, BiE T Ao R

\. o - o KOH, CH2C|2
—Si—— \ /)— OH - - 5
/ methanol

KOH, toluene
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1,3,5- = [(4'- CHRFERIL) CHFE R R 2, WD A1
1,3,5- = ZH R Ak 4-= H 30 it i B, A
I R TR P= 4 AE KOH/ R IEAE ] e 25 — A b 28
A 2 RIERALA Y. X4 i 2 Rk i T iR fk
G, RIVAEAN, 7= E .
3 KB
3.1 UESIKF

Ml RS Bruker AM-500 442 i LR A
%, TMS AWAR, CDCly ¥, =il FIE; JTEs
M1 Perkin-Elmer 204B Ju 4§00 % EALFIIU(=
RFE PO S (R R A S R 1) 5 v
Sl IR 3 S =R 1)V OANG5D 75 R R 110 Rl K 7 & A i
M. e a2y AR g B, S5
Yo 5 B ARV (1) VR B AR BT AT TR 75 2 i 0
ey EAIGAFIR), BrAE T SCR 4 R], —B2
HEMH., =M CaH, BKIFEZE; HZRME
MHTH Na BRoK, SRJGEZE; DB Ve eI Ak
SR (TR IR ) R AT 10, 2- 1 E-3- T phe-2- W Aif P il
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FA ZBORCOR ), AR AT oK SR A5 .
3.2 KWAHE
321 1,3,5-=(3-F A 3-F 1T E)KQG) A&
[A)2E 7 50 mL fE R 21 FERGE P A8 BRIV
B 50 mL = RS 43 s MA =R 1 (1.5 g, 4.8
mmol), Pd(PPh;), (110.1 mg, 0.095 mmol), Cul (18 mg,
0.095 mmol)f1 = Z %25 mL), ERS RPN InF#AE] 75
C. ¥ 2-FF-3- T He-2-%(2) (1.21 g, 1.5 mmol)/f] 5 mL
= LR, IINE] 50 mL R RR -, JEE IR
LA BT, KZ) 10 min 58, GREERNEHE
TLC MEIJsURE S 2. WG, B R NAR A EIAAG K
T HERR 2 = e, IRV = Revkik 3 . ik
Ji e 26 2 I N AR, FEAE IZ AT (BRI A (LR &
B) - VCfmik) =3 1 5143 30 E il isb 59 3, 1.23
g, PHE 79%. mp. 170~171 C3CHkE"™ 169~170
C]; '"H NMR (400 MHz, CDCl;) d: 1.59 [s, 18H,
C(CHs),], 7.39 (s, 3H, Ph); *C NMR (100 MHz, CDCl;) ¢:
31.07, 65.5, 80.5, 94.8, 122.6, 134.2. Anal. calcd for
C,H,,05: C 77.75, H 7.46; found C 77.91, H 7.31.
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322 1,3,5-= LA FE(4)H9 4R

)R R A B 1) 50 mL = B it AL &
)3 (1.54 g, 4.8 mmol), KOH ¥3 4 (1.579 g, 14.4 mmol)F
30 mL FR. Hafdipe R RS HADIRAS, TLC IBER R
N R AT, YRR 25d =1 KOH, JEUFR A &
1% ABEYE 3 IR, AIFUEM, JRRTET. RERCAEET 7
A BEE R e i), Wi sk 28 — A 05, 1381 A
@A 4, 5402 mg, 7% 75%. m.p. 86~87 C[3CHk
1 87 °C]; '"H NMR (400 MHz, CDCl3) 6: 3.11 (s, 3H,
C=CH), 7.57 (s, 3H, Ph); >*C NMR (100 MHz, CDCl;) §:
78.67, 81.58, 122.90, 135.62. Anal. caled for C;,Hg: C
95.97, H 4.03; found C 96.15, H 3.85.
323 4-= AR LB E KR (T) 89 AR

£ 50 mL [ =R, FEroRiz(5) (900 mg,
4.11 mmol)WEfRAE 15 mL = Z e, FINA=HIEREZ
1i(6) (443 mg, 4.38 mmol, 1.07 equiv.), BifL I 4(6 mg,
0.039 mmol), 5 (= IRIERHHL(12 mg, 0.021 mmol),
RNAR Z /ST 20 min, K5 RN 12 h RNV
iR E =S PEEA L, SEfEH 30 mL ¥ 2 mol/L &4k
O vk 2 Ik, 1 mol/L AL BATESS 1K, WEEFHL
2, MJC/Km BTt A, v s e, AEZAT
SrEUENR: V(CIR LBE) @ VAR mk) =1 : 41433 690
mg P 7, SEEAEAR, PR 89%. m.p. 82~84 C[ICHR
182" 83~84 °C]; 'H NMR (400 MHz, CDCls) &: 0.21~
0.23 [m, 9H, Si(CH;);], 3.81 (s, 2H, NH,), 6.58 (d, J=8.6
Hz, 2H, Ph), 7.29 (d, J=8.8 Hz, 2H, Ph); *C NMR (100
MHz, CDCl3) 6: 146.62, 133.24, 114.38, 112.37, 105.83,
91.23. Anal. calcd for C;;H;5sNSi: C 69.78, H 7.99, N 7.40;
found C 69.91, H 7.87, N 7.28.
324 4-=F HAE Tk AR (8) 896 A%,

¥ 100 mL 5B E T-0oKA ket = FHEaE
CAHRFEZERE(T) (500 mg, 2.64 mmol), 6 mL IKEEEINA,
PRGN 6 mL /K, B8 A EAHEFR (188 mg, 2.74
mmol, 1.04 equiv.), 7£0 CAAHFE 1 h, F 1A SV Al
HHINA KI (560 mg, 3.38 mmol, 1.28 equiv.)[E 44, FIIA
TR 20 mL S, WV 12 he RIVEERE, RV
W 1 mol/L SEALEN LSS 1 IR, AHUZEJEKIRIR
S B, IS T R, A JE AT A (U R R
FEE), BEULEY 8 451 mg, HMGFHEIE, 77K 57%.
m.p. 57~58 C[CHEkE?"Y 56~58 C]; '"H NMR (400
MHz, CDCl;) 6: 0.23~0.27 [m, 9H, Si(CH5);], 7.16 (d,
J=8.4 Hz, 2H, Ph), 7.69 (d, J/=8.4 Hz, 2H, Ph); °C NMR
(100 MHz, CDCly) d: 137.50, 133.56, 130.00, 122.78,
96.03, 94.56. Anal. caled for C,H;ISi: C 44.01, H 4.36;
found C 44.23, H 4.18.
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325 135-Z(@-ZFAAETHEEARTHEI)FR9)Y
Y

I 150 mL #) = B A 70 mL =240, 1,3,5-
= LHFETE(4) (190 mg, 1.26 mmol), X} = FBEAt: £ pedk
MEZE(8) (1.139 g, 3.79 mmol), FHIIA 5 (=KL
(44 mg, 0.063 mmol), AL IV4H(60 mg, 0.32 mmol),
RN AR B RSS20 min, SRR RN 12 h, RNV
SEdE S A S5 H 30 mL (1) 2 mol/L &4k
BEpkk 2 K, 1 mol/L EALEAYESS 1 K, WEEAWLZHL
IR IR EE T, RGBT, AEE T BV Ch
W) © VAR =10 ¢ 1], Wi px = B 3R Rk
LHRFERER, 22LAY 9 305 mg, AR,
36.2%. 'H NMR (400 MHz, CDCly) 6: 0.24 [s, 27H,
Si(CHs);], 7.45 (s, 12H, Ph), 7.63 (s, 3H, Ph); *C NMR
(100 MHz, CDCly) 6: —0.2, 89.6, 96.0, 103.0, 122.5,
123.6, 134.9, 135.6. Anal. calcd for C4sHySis: C 81.02, H
6.35; found C 81.15, H 6.28.

3.2.6  1,3,5-=(4'- LB AR T 3) K (10) 494 %,

] 50 mL [R5 FIRERH, TN 1,3,5- = O = F Rk
LHRFETD)TE(9) (268 mg, 0.4 mmol), FFIIA 15 mL 5
FigE, 15 mL FIEEAT 10 mL 1 mol/L [ KOH ¥, i
FE20 he JOVETHE, TEsAPUZ, A 30 mLIK,
BRI (30 mL X 3), &IFAHLE, HIKmgReT
PRt A, kYRS TR, A Z AT B Al
k)23 E 774 10 163.85 mg, [Ia[EAE, 7% 91%. 'H
NMR (400 MHz, CDCl;) &: 3.19 (s, 3H, C=CH), 7.49 (s,
12H, Ph), 7.66 (s, 3H, Ph); *C NMR (100 MHz, CDCl5) §:
79.17, 89.53, 90.10, 92.77, 123.84, 131.56, 132.14, 134.25.
Anal. calcd for C3¢Hjg: C 95.97, H 4.03; found C 96.11, H
3.89.
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