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Dinuclear aluminum complexes bearing anilido-aldimine ligands:
Synthesis, structure and application in ring-opening
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Abstract: Dinuclear anilido-aldimine aluminum complexes (IV, V) were synthesized from tetradentate
anilido-aldimine chelating ligands (1R,2R)-[(NHAr)C¢H,CH=N],CcH;o (Il : Ar=phenyl; Il : Ar=2,
6-dimethylphenyl) and AI(CHj);, and characterized by 'HNMR, CNMR and X ray single crystal
diffractometer. The complexes IV and V obtained were then employed to catalyze the ring-opening
polymerization of e-caprolactone in the presence of benzyl alcohol (BnOH) to produce poly(e-caprolactone),
and the reaction conditions were optimized. The results showed that both complexes IV and V displayed
single ligand bimetallic center structure. The conversion rate exceeded 97% within 1.5 min when
n(e-caprolactone) : n(BnOH) : a(IV or V)=200 : 4 : 1. Moreover, the turn over frequency for IV was
7840 and 9700 h™' for V, much higher than those of ethyl-bridged binuclear anilido-aldimine aluminum
complex (1152 h™") and mononuclear amine-imine aluminum complex (2550 h™"). The relative molecular
mass of the polymer obtained was controllable, and the polymerization reaction showed the characteristics
of active polymerization.
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RCOWEE (PCL) J&HAEWHMAME 540
FEAPERI NG DG R R, E2ET - CNBRIT RS
il o BT HEABAUE S RN T S AIK
TR, BT ZREY (MRILR . M. K
REFHESE ) WAL, ARGE AR S Y tkae,
J& H AR5 f 22 1 SIB 1 AR W Rk i SR A 2 — 112,
fln. RIS PCL IR AT LR = 5 2L 1R v o 1 4
Faett, FRARRAMMEER; M-S PCL SHRE A
IS A ARG SEAKYE | B R, i HL AT AR
A, BT RN AR RS KR4S PCL 3
TR AT DA 25 4 i 1 i W4T

LZIRB A YL e-C NERTF AR A &AL PCL
AR LSS, G ARk, EEATRN e R
WALTFIR R A T Tz, IFF kR Z M
PR . XA 250 B 4w R AR T
AT U )1 F A0 004 T A Ak 300 BIF 5 A 0 g /23
WILLIAMS Z:P24%1 BREYFOGLE 2615 i 17 —#
MAZEHEAER (1, Z5MIF PR ), HAEMEIR N
BETF IR SR A I, FEH M HE 45 25000 1 B4 ) A AL )
T AR TG, AT TIA R sk 2 PR Ay i WA A4 A 7
FAEEE B A Zn—0—2Zn 8, P2 /BRI $30,
M ARBAOUI Z52C17 T8 14 R34 i B BURZ 45 il 5
(2, ZEMUNTT TR ) AL e-C NEEFFIRRT L2 BIZh
P AL R A I SR GG R TR L AT TIA Sk R
AAE Al—O—Al, i B X4 & 25 M AT A7 AE B
[ /EH

NClO, N Bu (0] B
N u
[ \Zln/ 7i ] “ail \A{)
/NN — 7 N\
N O CIN N N=
4 N l l—
1 2

Nk — GBS P B D R AR T, A
SCE T BN BRI Y, 558 T HAE ML o2

PIBRTE SRR A PERE . JF RS A T PO P 2 1
T

1 SEIGES

11 KFENE

TR CEE, SRFAHEE . (1R, 2R)-AC Je .
R, 2, 6-“HIFERRE . HOR D IEC e, VUSRI
TAREDT . e-CNER . NEE, srAral, EZE R
SR BR A T 5 PR W R LA (FLA Y 3).
SRR W AR e &9 (BLAY 4), Fissy

] 99%, A FEDIERMHEARRA R BT RAER
W (2mol/L, R NIECHE ). =HHE (AlMe;)
W (2 mol/L, IEFIAIECHE), PIkEIILHIAF .
2K . IECRE. PORKIR, 28R — 28 1 i o 44 e
it 48 h e AL, AR RS IR
RET . e-C R, N, —E P g f b =i T
Ji 48 h R ARNZHT, AU P RER . I
B R EBEAVEA YR LRI ARy oK
TGS R B TE T4 N o

Bruker AVANCE400 MHz #% 1 241 I 15X
Bruker SMART-CCD X 4k 5 f AT B4, 1% [
Bruker /A ] ; TOSOH HLC 8220 e (A4, HA<
TOSOH 23 #l; Super pro TEAM, HEKIFZIA
RN ] o
12 AR

a1~V A BB LT s,

1.2.1 s 1 a4 m

il & 1S 2B % CR 271 15 . AN 2 Ak R 4B 3R
S iIN AR 10.00 g ( 80.6 mmol ), (1R,2R)-¥CL
Ml 571 g (40.3 mmol ), 33 10.67 g 14 [E {4

[, /% 81.2%, 'HNMR (400 MHz, CDCl;, 20 °C),
5:8.52 (s, 2H, ArCH=N)), 7.88~7.82 (t, 2H, Ar—H),
7.32~7.28 (m, 2H, Ar—H), 7.11~7.06 (t, 2H, Ar—H),
7.00~6.94 (t, 2H, Ar—H), 3.47~3.44 (m, 2H, C=NCH),
1.88~1.83 (m, 6H, CH,), 1.52~1.48 (m, 2H, CH,).

1.22 &1 a4 %

il g5t B S % IR [28-29] 5 e o AN[FIZ AL
TERANENA T, B IE TR (10 mL, 20 mmol,
WeRESR 2.0 mol/L, ¥FHIMIEC K ) G212 ik n & 2K

(1.86 g, 20 mmol ) [PUSEIERG (30 mL ) W, 2%
BT EEE, OV 12 h, i B RBRIMA R
AT (326¢, 10 mmol ) HIPUEWNE (20 mL ) IFRK
RN 12 he B 2 mL ZEFAKIA SRR R 45 1E
N, S EA N, AR E KPR (10 mL ),
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KM R ZEEHE (10 mL) &AM, hEzEzE
THAE, APEEZ S, 55379 g AABIET,
723 80.3%, 'HNMR (400 MHz, CDCl3, 20 °C), §:
11.00 (s, 2H, ArNH), 8.25 (s, 2H, ArCH=N), 7.25~7.08
(m, 14H, Ar—H), 6.94~6.92 (d, 2H, Ar—H), 6.64~6.61
(t, 2H, Ar—H), 3.29~3.26 (m, 2H, C=NCH),
1.93~1.87 (m, 4H, CH,), 1.68~1.64 (m, 2H, CH,),
1.50~1.47 (m, 2H, CH,). “CNMR (100 MHz, CDCl,
20 °C), &: 163.4, 146.0, 140.0, 133.8, 130.9, 126.3,
123.0,121.9, 118.4, 116.4, 112.4, 74.9, 33.5, 24.5,,
1.2.3 team ey o

& S % R [28-291 05 e . ANEIZAL N IE
THRBB W (10 mL, 20 mmol, ¥ N 2.0 mol/L,
WHRIAIECKE ). 2, 6-— HFR % 2.42 g (20 mmol ),
&1 3.26¢g (10 mmol ), 155 4.02 g 14 [E {A
M, /2% 76.2%., 'HNMR (400 MHz, CDCl;, 20 °C),
5: 10.54 (s, 2H, ArNH), 8.29 (s, 2H, ArCH=N),
7.14~7.00 (m, 10H, Ar—H), 6.58~6.53 (t, 2H, Ar—H),
6.13~6.10 (d, 2H, Ar—H), 3.26~3.24 (m, 2H,
C=NCH), 2.21(s, 6H, ArCH;), 2.05(s, 6H, ArCHj),
1.90~1.83(m, 4H, CH,), 1.57 (m, 2H, CH,), 1.50~1.42
(m, 2H, CH,).
1.2.4 BeamVagsm

AAAAERT, ¥ =HREBW (5 mL,
10 mmol, ¥REEN 2.0 mol/L, NI A IEC 5% ) L2 m
AFIEART (2.36 g, 5 mmol, %5 H 2 30 mL)
S MIAE] 60 °CIZR 12 h, W45 H GBS T
B, A 15 mL TR IE R A, g,
WA BRI B 28 40 °CTk 6 h, 15 2.54 g B (m & {4
PRIV, 775 84.5%, #E1HH 142.5 °C. "HNMR (400
MHz, CDCls, 20 °C), &: 8.30 (s, 1H, ArCH=N),
7.48 (d, 1H, Ar—H), 7.35~7.28 (m, 4H, Ar—H),
6.72~6.55 (m, 6H, Ar—H), 6.34 (d, 1H, Ar—H),
6.21(d, 1H, Ar—H), 6.00 (d, 1H, Ar—H), 3.59 (m, 1H,
C=NCH), 3.10 (m, I1H, ArCH(CH3)N J, 2.41 (m, 1H,
CHNCHCH,), 1.93 (m, 4H, CH,), 1.66 (m, 2H, CH,),
1.55 (m, 2H, CH,), 1.25 (s, 3H, NCHCHj3), —0.40 (s,
6H, AICH;), —0.75 (s, 6H, AICH;)., *CNMR (100 MHz,
CDCls, 20 °C), &:164.3, 154.6, 153.3, 151.7, 142.1,
141.4, 139.9, 136.1, 134.8, 130.4, 129.1, 128.2, 126.9,
126.7, 125.6, 124.2, 123.1, 122.2, 121.2, 119.7, 117.9,
116.8, 114.8, 75.4, 54.7, 52.3, 29.6, 26.8, 25.7, 24.1,
23.7,23.0,-8.7, -12.5,
1.2.5 Bb4hVeEem

ZHEEWINV GRS, U= AR
(5mL, 10 mmol, ¥JEN 2.0 mol/L, ¥l HIEC
f& ) AR (2.64 g, S mmol ) Mt th RS R T
BLEMIV, 153 2.66 g BEOEE™YV, 7% 81.2%,
Y558 148.3 °C, "HNMR (400 MHz, CDCls, 20 °C),
5: 833 (s, 1H, ArCH=N), 7.52 (d, 1H, Ar—H),
7.38~7.28 (m, 4H, Ar—H), 6.70~6.58 (m, 6H, Ar—H),

6.31 (d, 1H, Ar—H), 6.23(d, 1H, Ar—H), 5.98 (d, 1H,
Ar—H), 3.58 (m, 1H, C==NCH), 3.08 [ m, IH,
ArCH(CH3)N J , 2.43 (m, 1H, CHNCHCH,), 2.39 (s, 6H,
ArCH3), 2.30 (s, 6H, ArCH;), 1.94 (m, 4H, CH,), 1.64
(m, 2H, CH,), 1.54 (m, 2H, CH,), 1.30 (s, 3H, NCHCH;),
~0.44 (s, 6H, AICH;), —0.72 (s, 6H, AICH;), “CNMR
(100 MHz, CDCls, 20 °C), &: 163.2, 153.1, 152.7,
151.4, 141.8, 141.0, 139.4, 135.7, 134.1, 129.7, 128.2,
127.9, 126.7, 126.3, 125.2, 123.9, 122.3, 121.5, 120.9,
119.0, 117.1, 116.2, 114.3, 75.1, 54.2, 51.3, 29.1, 26.2,
25.0,24.6,23.6,23.3, 16.7,-9.4, ~13.0,,

1.3 SRR NK
1.3.1 #rikk

ARG IR P IS A9 1~V I PCL 945
P AT RAF . W25 fb& 1T~ . PCL (&3
10 mg #Eih, I 30 mg FE 4 ) T 0.5 mL CDCly
iy BEAWINV . V(A 10 mg BES, 1% 30 mg
Fe&h ) T 0.5 mL T4 CDCL; 1,
132 %% &4 (GPC)

FEBEE G 0,33 (S 38, PCL A AF 43— I LA X6
Oy TR o A B A DU S kIR 5
35 °C; briES R RIE L
133 X H&E S5

mnfA X AT A R FH B S AT S E . A
~120 °CF Fl A7 B4R Mo K, 514 (4=0.071073 nm )
VERFRSTE, 3.00°<20<25.10° WAEMFSEE . A
shelx1-97 A AL EFT S AR A AT FIRS 1
1.3.4 BAHN., VI T ABTFIHRRS

REEREGLBWT . EIAKTLEZMT, ¥
T 19.7 mg (30 pmoD)EC Y V A9 1 mL HRE I 5
EA 0.12 pmL (120 pmol ) “E(BnOH)HY 1 mL HI
AREEWOMA BN A BP0 TR ROV, %
RN S min Ji5 . fITA 0.68 g (6 mmol ) e- PR Al
10 mL F28, B Bifiaks] 70 CahysHomk, &
I 1.2 min J5, JIA 20 mL & bRy H B (46
R A 0.1% ) =1k, Hrih RA Wi,
DIREZITUE, 40 CEZ T4 24 h JFFRETS 033 ¢
{5 PCL, ASCHTA I e-C INBE T IR RS 0 5 LA
FRA RN, AW Z AN SEAE,
AR EE. IREE . AR BRI AR AR

2 HR5HE

21 BAEMVBREEHEEST
BLEYVIERRMR, SEBER P2le, M
I # B a=1.0615(2) nm, 5=2.3520(5) nm. c=
1.6988(3) nm, fmffdryHE ]I/ p=98.36(3) °, FHnlifl
RFL V=4.1962(14) nm®, B 5 BIF 55 2 F B A
Boz=4, WOBCREL 4=0.112 mm™', FHI%E D=
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1.053 mg/mm’, B A ) FL 4L F(000)=1433, % F1]
NI ) 5 FR2E I F R {H R1=0.0742 . wRy=0.1754,
T F2 1Y GOOF {8 K 1.057, KEEHIZECH 260 1,
KB Ik A i T B RIEIE R Apma=713 e/nm’ LK
BIERATE T B ME Apmin—=r284 e/nm’,

Bea VI FesF e 1 Fis . NI 1 B,
A — A ECARES S PR R T RSO AR L A .
W ALC) B i T 9 0 T R 28 55 3 | B R
A, (R AS FECAS AN G T Y S 1) D T AR 7Y
AIQ)BEIRC e BRI U T B A H LB
T 18 DU B 7 F DY e AR 7R A A D 3 )
TR — AR AR

K1 BLay Vs ailE

Fig. 1 Molecular structure of complex V
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Table 1  Selected bond length and angle of complex V
## K /nm HEAC°)
A(D)—N(1)  0.1865(2) | N(1)—Al(1)~N(2)  97.96(7)
AI(D)—N(2)  0.1993(2) | C(38)—Al(1)—C(39) 107.75(1)
Al(1)—C(38)  0.1983(3) | N(1)—Al(1)—C(39)  109.31(2)
Al(1)—C(39)  0.1968(3) | N(1)—Al(1)—C(38)  115.34(1)
Al2)—N(2)  0.1976(2) | C(39)—Al(1)—N(2)  114.89(1)
Al(2)—N(3)  0.2007(2) | C(38)—Al(1)—N(@2) 111.57(1)
Al(2)—C(40)  0.1948(2) | N(2)—Al(2)—N(3)  84.13(7)
Al(2)—C(41)  0.1969(2) | C(40)—Al(2)—C(41) 117.05(1)
C(I7—N(2)  0.1501(2) | C(40)—AI(2)—N(2)  118.61(9)
C(15)—N(2)  0.1528(2) | C(A41)—AI(2)—N(2)  114.23(9)
C(22)—N(3)  0.1481(3) | C(40)—Al(2)—N(3) 110.65(1)
C(23)—N(3) 0.1278(3) | C(41)—Al(2)—N(3) 106.25(9)

TE: K A PSS T A A (.

MNE 1T ATUEL, fOoa)E Al H
AI(D)—N(D)BEK . A(D)—NQ)EHE, AIQR)HY
Al(2—NQ2) 1y 8 K & T Al2)—N@3), £ ¥
Al(D)—N(DF AIQ)—NQ)H TR A o 4 [F i
A b o, T AL(D—NQ2)F AL(2)—N(3) B4 i
o ok E A A UYL & JE b AL Y
C(38)—Al(1)—C(39)# i A 107.75(1)°, L& )EHh
L AIR)H C(40)—Al(2)—C(41)EEf 117.05(1)°%
AN, KR AR AR R 55 I 4 JE L AL(D RS ET IR
YEFT, M8 C(38)—Al(1)—C(39)sE /N, Al(1)EHh
AI(HN(DC(DHC(9CASNQYE SN TeEFR R LR, i
Al ALQ2)N(2)C(17)C(22)NG)E I L ICHR IR 45
¥, TRIEE ALC) A FRAR G H4 b PR A 0 ST A4 2548 Ay It
3, A A BRI AT LUBERE , i AL SRR &5 46 Hh P A
RS ARGty Ry e, 25 [l BUAR O[5 , S 3K
N(D—AI(1)—NQ)E# A KT NQ2)—Al2)—N3)1
A
22 cCHEARREZHWEES T
22,1 fEILFERER

IV, VAL e-C R IF IR RS TG LB L3R 2.
EMFEZEET, AWV MMeEEZEE TREY
IV (3%2), e-C WERFHALFE>97%, VIV B AL
RAYHIH 7840, 9700 h'. AIRERE V HU IS A]
FIBHEE R, RERSFb iRy o0& )|, Bk a)E e
KRG PrE

#2 WAVN . VI - CABRITARA T "

Table 2 Comparison of the ring-opening polymerization
activity of e-caprolactone catalyzed by complexes
IV and V"
fEfE W E/min FAER%/% TOF/h'  M,"(x10%) PDI®
\Y 1.5 98 7840 6.1 1.20
A% 1.2 97 9700 6.0 1.19

OB &M IAEFIM AR 30 umol, e-C NESHE K
0.25 mol/L, n(e-2. HE) : n(IVEL V) : n(BnOH)=200 : 1 : 4. 70
°C, WHRAEHR, AP THTRN; QR %=n(BERA
) e-C IR n(EY e-C ITE)x 100, ti "HNMR A [R4624 03 3% Ak
VAR A s O AkMIIZE (TOF ) =R {0 st ] B {v {4 £k 7 5%
Wl e-S MBRMPIEAYE (W) @BIA T (M, ).
AN RS04 (PDI) B GPC M4, DARIEZ K MtnifE,
BT 0.58 1BIF,

222 R EMMHA

DIECS YV AR, H8 T REmMARE ., &
GWE . e-C BRI . RARTEX R G HRER
s, ALK 3,

TG, BEOREMES YRR (3R
3P 5 1~4), TEERANEAAET (R3F5 1), it
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HIEAE B ETEE; 24 n(BnOH) : n(V)=4 : 1 B,
PEALTE PE AL 5, TOF=5820 h', 4l Bk % it fin
A, VGG . 24 n(BnOH)/n(V )> 4 i,

TR EEA | R B 2 AEAE PO R S e, s
FEAE; 24 (BnOH)/n(V)<4 i, 4K 5] 840,
AT 52 10 B 25 1 ) A 3 PR B 132

*3 BEEY VAL - CNBRITH RS

Table 3 Ring-opening polymerization activity of e-caprolactone catalyzed by complex V

F5 n(e-CNEE) : n(V) : n(BnOH) TR /°C i [ /min AL/ % TOF/h™! M,/x10° PDI
1 200:1:0 70 60 T ¥ J ¥
2 200:1: 4 70 2 97 5820 6.0 1.19
3 200:1:2 70 2 79 4740 9.3 1.12
4 200:1:6 70 2 68 4080 3.0 1.24
5 200:1: 4 50 2 71 4260 43 1.13
6 200:1: 4 20 2 52 3120 3.0 1.09
7 300:1:4 70 2 63 5670 5.8 1.10
8 400:1:4 70 2 46 5520 5.4 1.08
9 500:1:4 70 2 35 5250 5.2 1.04
10 500:1:4 70 3 50 5000 8.1 1.08
11 500:1:4 70 4 64 4800 10.1 1.11
12 500:1:4 70 5 73 4380 11.1 1.13
13 500:1:4 70 6 81 4050 12.4 1.18

HWRK, BRREREX IR Zm (£ 3
JP5 2.5, 6) BEERAGRETHE, RN IE Mk
ZFhE, TOF 1 3120 h ' FFE & 5820 h ' X & T
RN ETHE, BLAWIA e-C IR 2 ]l 3 LRI
N G

HE— T e TR I X AL PE RE 1 5%
W (£ 375 2, 7~9), 455K, BEE «C Mg
IMAERE AN, BTGP FTRE%, TOF M 5820 h'
M 5250 h'o X TR A YI7E BN K 5 ik
JFERRAR , B A WA e- O PN g [0 it i L2020 i 5B

a, HERTRAERMXHERGE R (%
3V 9~13 ) 25 B, Bl T A RN I R Y AE K
WAL TS PEFRAR, TOF M 5250 h™! [ % 4050 h™', X &
TRt B A I R AN, S A 2R B 8 R 1 K
S0 P AR i 250

PR 2. £ 3 LWHEEMT, AL RN 4
5. n(e-C NEE) = n(V) : n(BnOH)=200 : 1 : 4,
RMREEHR 70 °C, 7E 1.5 min I &-C WERE 1L %>
97%, VIV EEALSR 505100 7840, 9700 h',
223 RBRABRFTIHEREER

RA B AT R AR I — S R
XTI R A SN, T LA e s ) s st [ ok 4 ol
PRI o Im R A W AR A B
AT S 0 308 e ) 52 07 ek ) gl 78 X 3R A 0 AR G 0 F
TR ®ey U

KT HERE RN, TE n(e-CER) ¢
n(V) : n(BnOH)=500 : 1 : 4, #&EF 70 °C. K

ORI R AT, 8 T RA BSR4 7 i
H e-CL INFREE LSRRI M AL e R (R3PS
9~13), Z5WRILE 2. HIE 2 A, BEVIREIIMH
P e-C IR IL R B LR, BE
WECEIHIXN o F B R (1.04~1.18 ), RIR
A AT AT TR A AR

14 15
= M,
1} 4PPI 114
= 10} 113
X g
s gl . {12
6L 111
4 ' ' ' ' s 1.0
30 40 50 60 70 80 90
AR /%
E2  BLAY VAR N PR AP S -2 R
WAL R RPEL R

Fig. 2 Linear relationship between relative molecular mass
of polymer and conversion of e-caprolactone

23 BEYVHLEEEREER

Ry it — 2T S I 5 W o 43 i 1) ) B [ A
XTSI AL G 4 3 R FE B 1) RO i
B 4 BREEETIE, REKMRRE 2, 4
W3 4,

T 4 T, BeEY VAELTE T ( TOF=9700 h ")
HeAS 2RI BRI A4 3 (TOF=2550 h™') /&, X
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B A DIRIAATE D R E R, $2 TAEes 4R
Bl AV AT LS BC 5% 4 (TOF=1152h")
[ I e/ o ol ST 2 B AT ()
(0.3342 nm) FEBURZEC A 4 BIPIAS4E oo B B2
(10.6528 nm ) A1, XU BB i A 40 w4 i )
BB B, BRI A, A ey 42

R4 BN i R A5 A A AL TG M X 1
Table 4 Comparison of structure and activity of mono/dinuclear
anilido-aldimine aluminum complexes

X4z &

= Bk TOF/h™
J? 7 HEAL 5 ¥ 85 /nm
1 \ 0.3342 9700
<2?m§7
2 A — 2550

NI
3 Q——\\N_\__I‘zl\Nﬁ 0.6528 1152
any O

i — R

3 #it

!

PL(IR, 2R)-FAC Rl JFRE, & A0 1 I 14 i 7.
W R T . AR, A XU AR ECE IV . V., IFiE
iif "THNMR . *CNMR . XRD %{b& Y4 /4T 2145,
i 7 HL Ry PR I PO AU L A . BESE T
BLA) VAL o-CNBRR A PERE, SCHRZs R .

(1) MEZEE SN . VAL e O NEEIT IR
A BA BRI TS, 24 n(e-C INEE) : n(BnOH) :
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