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Synthesis and Properties of Novel Photomodulation Magnetic
Molecular-Based Magnet Based on Photochromic
Biindenylidenedione Derivative

Chen, Yong™* Meng, Jiben”
(“ Department of Chemistry, Anyang Normal University, Anyang 455000)
(® Department of Chemistry, Nankai Univeristy, Tianjin 300071)

Abstract Molecular-based magnetic material can be used for information storage, magnetic imaging, photo-magnetic
switching and so on. So the design and synthesis of the molecular-based magnet is a focus of contemporary science research.
Sparked by the strategy of molecular magnets, the novel photomodulation magnetic molecular-based magnet photochromic
biindenylidenedione derivative with 2-nitropropane radical and 2,2,6,6-tetramethyl-piperidinyloxy (TEMPO) radical (4) was
synthesized. The synthetic method of compound 4 is that starting from photochromic biindenylidenedione derivative
7,7'-dimethyl-[2,2'-bi-1 H-indene]-3,3'-diethyl-3,3'-di-hydroxy-1,1'-dione (1), via bromination reaction, 7,7'-bis(bromomethyl)-
[2,2'-bi-1H-indene]-3,3'-diethyl-3,3'-dihydroxy-1,1'-dione (2) was obtained. Sodium ethoxide, 2-nitropropane and compound 2
were dissolved in absolute ethanol reaction to obtain biindenylidenedione derivative with 2-nitropropane radical and formyl 3.
The structure of compound 3 was confirmed by 'H NMR, MS and element analysis. The results indicated that 2-nitropropane
group bonds with one methylene on the benzene ring of the compound 3. In further analysis to 'H NMR and electron
spin-resonace (ESR) spectra of compound 3 demonstrated that single electron spin exists in 2-nitropropane group. On the basis
compound 3, stable nitroxide radical TEMPO was successfully introduced into the benzene rings of photochromic biindeny-
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lidenedione derivative to obtain compound 4. The properties of compounds 2, 3 and 4 were investigated. The testing results

display that the solid compounds 2~4 possess photochromic property. ESR spectrum was found when irradiated solid com-

pound 2. ESR spectrum was found and changed before and after photoirradiation in solid state of compound 3 and 4. The

magnetic susceptibility measurement shows that the antiferromagnetic interaction for before and after photoirradiation in solid

state of compound 4, and the antiferromagnetic interaction becomes stronger after photoirradiation. These testing results

demonstrated that after photoirradiation in solid state of compound 3 and 4, there are two or three kinds of spin centres after

photoirradiation: one is 2-nitropropane or TEMPO radical, and another is photo-generated radical of two indanione moieties.

The color and magnetic of the solid compound 4 can be photomodulated.

Keywords biindenylidenedione; 2-nitropropane radical; photomodulation magnetism; photochromism; molecular-based

magnet

T A L A Th RE A LI 4 R R 2 0F 72 R AN
BRI, CERLTEARL R, o T SRR BB REYERA KL,
eIy F I H e RS A 1 TR E AR, TR
TS B W% JerEIT 5, Rt 7y 2R pi A 1
5 R —H LS REER R R RSN, 75 S s
FIEREHER R T iR, SiE WL E RN B R E
EEAEM. WA E B 2,2,6,6- 00 F 3 -1 FE IR g
(TEMPO) [ 31 2-HUft—4,4,5,5- DY F JE-1- 58 I -3- 4
ARIKPRIR B L5, B 12 N T o0 T B A R )
P TR R, BB B At T T
VERHAE BB R, 2R R CLR T 55 P 1R 4
AREE, T 5B AR & R 70 60, 786 A A6 E
AR oy R B AR BEAT T2 RN A A A L
J7RARMIE AR e SR IE —# gE Ak mig, M
THEr AT G 35028 € 25 4 B Ju AR PE 45 4 B e L & 7 —
EEIR TR ARL, FEIX P21 AR Hod i e 0 .45
R R IL 65 SAE AT 51 2 7 T4 WE sy FH T
A B A4, T IE BB BROGE J61i J87 1) 43 7 R A 1) H
I, Trie F1 Matsuda 763X 5 T T BOIRANRIWE ST, A
TR Dyt Fe e A A B RGP G — 5
B OIRFNAED o TR, TR A X Fh o7
ANFEREKOEHR, Hor 7 =55 B 40 B S5 R nT 8 ik
AARK, IS BB KA AL, R
Ui RN 20 (VAL R ) AR BLVE Bk A2 28tk
B T I REE A Y RERT 5 R AL, TR bRt FE p =5 A
LG EER B T — Rl nl 8 15 43 7 1B ARG 1
W T HIERP. DAERIWT S B, el Rt
R AR — AR B AL A, HEES
ZEPCRE, T HA R AR, FEE T
n HL T B R OK, i RO FERT S 5 AT L
Wt AR AR AL, TR 5 OO B AT S S R
AR, BIGECE . R B4 o s PR AR,
SEESTFHHEARIERA L A 5 . s e
FE B3 P2 LR A Eq. 1 Bt

Z:2 R[S0 7o i, AR A A A ARGl
6 BUAR o 1 Bk B IR IR R AT AR T T i Y R

1870 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

0 HOR fo Hor
S hy | .
L~ I0 = O o
/ heat 4 -
ROH O R OH c_)'¢
A Irradiated A

Wb, BTS2 MR E S OL IS, 77 e
TREE RS AT oo T R AL, SR
S FHIZGE IO T B R OK, [RIR FE A
PEEME B A B . R 2 LA A O
TEAT G Bt R A A8 4k, B B S BUR ik i, i B
JEHRHET 73 R — R B IR (Eq. 2), KR EZEE B2
EIGIE 5 B P AN E iEdR(Eq. 2, Irradiated B), —F2
HEE T HCEI R A S AT AR IR E AR A E
L, H—FON AR B R, AT R
FLER Sy, XA AP E RS 2T R E IR AT A
HARH, S TRt R A ARk, BV 7R HE
PERT DAREAT YR, & — o T R 4 B AR ) 2y
FETGAA . BRI FR A R 45 K BA TG AR IR R kA
J, A8 LRI AR AR 41 P BT R E e A VR A %
R AEET

0 HO, R

= o X hv
®_©¢_®_@ heat
ROH O
B

Irradiated B

FECLRTHIIE AR LA b, O 12— BB X Mo
ROGCRIZHI 5360, it 7 — s DMLY 1 vigln
JER, ferplal A=l X SR AR EY Y a8 R
(Scheme 1). {H/2& 556 45 RIF AT 15 21 22 (1 <4 o
PR/ X, MRS T — MRS &Y 3, &
L) B L [E A ) S5 G 2 4 Scheme 2 T,

Chin. J. Org. Chem. 2016, 36, 1869~1877



Chinese Journal of Organic Chemistry

Et OHO

1

OHO Et

oHO Et

B 1 Bt HARL S o s 2

Scheme 1 Plot synthesis route of title compound

OHO Et
1

O’ .O o
Berc

oHO ~
2

Et, OHQ
CHO

o =™
Hsc)\’}ro P

o) (@) Et

s 3

: i i I oH= N{Eo.

OHO

Reagents and conditions: (a) NBS/C¢Hs, 41%; (b) (CH3),CHNO,,
C,HsONa/C,HsOH, 32%; (c) TEMPO/CgHg, 23%

B 2 AW SEbr Bt 2k

Scheme 2 Actual synthetic route of title compound
1 ZER5VE
1.1 rhialk 3 W FEEES I R FEMN BIEIRAVERE
R T IE R TE B AR, A EE (Scheme 1) & %
2, UMLEY 1 s Rl 1 de oS b R Ak g
X, AT ERFREA B X, BT KRR, RKILE
WAL S YA T B R 2R T, A 1
NI, Z2E WA SRR 710 B 2 AP S22, R

Chin. J. Org. Chem. 2016, 36, 1869~1877

© 2016 Chinese Chemical Society & SIOC, CAS

SR Rk R X, RSBk R, R B
SCHR[SIFI 75 & 38 & A WA B0 7 F & MEatt
R NS5 E . S % SCRR[81M T, LA 1
SR ZRIR B R R, AR AR IR, B2
5 I SCHR 8/ 7 1047 | 1A 6 AN ). R Ho ]
PRBE 53 T 5 AT T 5 SRR B, ooy 1451
FOFA R AT S B P AR X, T — Rkl 2 Ak
(= AL A9 3, U Scheme 2 P, FIFtLEY) 3
5 EHEEREE BN 4-amino-TEMPO &3 A4 i
AT 4.

RNTETXHEY) 3 W53 TS5 1EAT 7 Sk, 48
HAETALEY) 1402 (1) 'TH NMR S — 3£ 47, @it sy
Frib &4 1~3 1) '"H NMR EE 281k, RIENs 7
“ER ARk

M Scheme 2 AIT7R A B 26 T %0, MALE01 24k
G 3 BT R AP OB, R SR AE A B #RAL T
H7, TS b, EEATIZAE S TH NMR
AR 1.

&9 2 i '"H NMR EE(E DALEY 11 'H
NMR B bR, (&1 JRAE 6 2.48 4b 7,7'-(CHs),
HIR SRR A 1 23R A AL A 2 5 S i veg T
%aé?‘%’ 5, A B 2 78 6 4.58 (s, 4AH)AEHT HI I — ANl

G, NAEFIARIR BN 7,7-(CH,Br), RIS, 1k
A% 1702 0 7 HAE "H NMR EIRE g ) o 17 3k
ALRFFAE.

I8BIH8RB
NNNNNNN

N/ &

- ) L
! { i I L
I 1T J J-.WLALL 0

—
»

erxa1210yD [ J JI ‘ ‘

10 5 0
19

B1 &Y 21 'HNMR
Figure 1 'HNMR of compound 2

MAEY) 3 T AT o Al p) 45 L,
H RN ESI m/z: 476.4 [M—H] FIE & B —# X 1)
DTEEERTFX HTEN 404.0). LEW 3 1 'H
NMR i (] 2), FLHE 12 DRI, &g AR ot
HN6:6:4:2 1111110201,

http://sioc-journal.cn/ 1871



BIHEF

MR

Yoy

i // oo
il ‘ \ oo
TR NI
/‘__‘_”w LA\ E
B 2 38ee 88 5 g 8 2 t

o s 0
5

B2 &3 1 'HNMR
Figure 2 'H NMR of compound 3

&Y 3 1 'THNMR SR A4 2 (1 'H NMR &
HEELER, B 3,3'-(CHLCHs), ISR 6 (H B A LRFFAE
Ab, HARERIRNE kA T BN, BRI T 248
FI g, JEAEAL &9 2 6 4.58 (s, 4H)4L, 7'-(CH,Br),
RS, AW 2 RSFENCIEY) 3 5, R
524 . A& 3 89 'H NMR EHELE 6 1.66 (d, J=
14.1 Hz, 6H), 2.17~2.30 (m, 4H), 10.16 (s, IH)ZbH I T
RIS, R LR RE 1A TH NMR B o & e,
£ 5 10.16 AL EIWR ISR )y CHO Wi, 353 ey —
M, WIS 3 1 RAEE— CHO, k&4 2
7-CH,Br ¥4k N T 7-CHO. 1fij 6 1.66 (d, J=14.1 Hz, 6H),
2.17~230 (m, 4H)Ab 5 W e 0§ B 1% an ] I = 2
7'-CH,Br A6 1 A Fr 5L [4]2

MRIE SCHR[S1H S B2 i #2E(Scheme 3), RIREZLEY
2 fE MG, T-CH,Br F 2-RE N fe 08 745 & 5 A
SER% CH,Br [] CHO W4, 2T T W 3 B
ST R B ARSERIRE 0 1.66 A1) 6 ANERNEEE A K b
(IS CHs, A8 6 3.33~3.46 MK 2 NE RN SH
INAHIE CH,. IX P Ak (IR ST e dan SR TG FE B DR 2R R s el
O 2 B AT U, A NI 1 TR 11 A2 Sy A 3 79 A P PR A
g 28 7y S U EEL g AT DY B0, T AN SR LU T R (1) S A
T AN A L R AR R, T
H e MIAA(E AT 512 HI 48 CH, A1 CH, 1) 'H NMR B3I
WU o 2L, BT BT BT AT REALER 40 Scheme 4
Fizn. IEUN Scheme 4 Firfe (15 B 7 H e TE I EE,
&Y 2 W 7-CH,Br A1 2-F 3 PR b 6 5 1 & A OB i
AR T I 3 BRI R B AR T B i 24
B e AR — AUk B AR — AR A B R, IE
ST T IX PR B 2k 5T R BT 91 R R R R
T AAAR I CH; 1 CH, 'H NMR B W IS0 (4> 28, Kt
ST T AEE BT e I A 807 2 e & Y B

1872 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

B iSRG (ESR #5). X&) 3 12 [ S b 2>
A - B SR BR(ESR W5, RIMLEY 3 8
VA AE [ 25 B AR VA B H AT WIS A ESR {5 5 B
4). VWAL G 3 b 2-FRHE A e ik ] b i S A7 A L e
T, RIFEAL W) 3 FRAFAE B e O (R PR

(0]

ArCH,Br + [(CH3),CNOINa" ——= ArCH,0-N=C(CHs),
—» AICHO + (CH3),C=NOH

B3 &N

Scheme 3 Mechanism of reaction

CHs

> - ~ /7I
Hsc)\N Osc
o Mo

Bl 3 2-AEE A bE B R A PR RN 73 T B
Figure 3 Molecular fragment that consist of 2-nitropropane
radical and methylene

HaC. Qe HoC. 302 H.C o 08
Hoo—N: SN2 TEaeEN - o
HiC Qe HiC Q. HsC Q.

H3C, ::d:-/_\‘ Br_ MG .. ..
oope  + BrHC—Ar —Ble «C—N—O—CH.Ar
/ .o :Q'

HsC' 200 HsC

BSR4 HEN AR P e ) NIC AR AT 2R 5 1 BA
B RE T E T R LR

Scheme 4 Speculative mechanism of 2-nitropropane was in-
troduced the molecule of biindenylidene derivative and formation
single electron spin

TER LAY 3 1R AFAE 7-CHO A1 767 (& 3)5r
THEJG, MBS MRAEY 2 | 3,3-(OH), 1) 'H
NMR E SR ISy —AN5E 6 6.58 (s, 2H), KA 3,3-
(OH), IR B 58 A A R (T 0 R E ), Bk
Ay, WM. LAY 3 OH ) 'H NMR IR Uk
WA R PRAN B, 35N 6 6.69 (s, 1H, 3-OH), 6.45 (s,
1H, 3'-OH), A& 3 HHA OH 4k 2= A5 FiAH
FJ (AN RXIRT), BILEAREA, BAEN. E1
&M 2 T ERA 'H NMR BB ELE § 7.58~
7.87 (m, 6H)ALTE % B W I, TifEAL A4 3 HoREE
A H NMR B3 BT PN 2EER B S A Bs LRI 3
Fiio 1 R B, SZULSERIMIsEm, 7240 2 AN TRlkcig.
R AN ER) "H NMR S &R 6 8.01 (s, TH),
8.36 (t,J=2.9 Hz, 2H), &% K3 Fionsr T BRI A
'H NMR EEWRUIE N 6 7.31~7.34 (m, 1H), 7.57 (s,
1H), 7.83 (d, J=7.8 Hz, 1H).

Chin. J. Org. Chem. 2016, 36, 1869~1877



Chinese Journal of Organic Chemistry

1.2 BRFEIEIN-TT RIS

WA 2~ 4 15 GBI 58 40— AT D S
FEE IR SE R 5k 1 F1lE 4 For. & 2,3 &6 W
ARSI, 43 HILE 226.0, 318.5 nm 1 227.5, 331.5 nm.
B 2, 3 TEFLI T (Amax=226.0, 227.5 nm) {5 KUK
g Ll HAE K I (nax = 318.5, 331.5 nm) R MR AT 3 i 2
K. A 4 F—AEBUE, 7T An=234 nm
ab, FEEIRWOE R BN EY 2~4 F MmN (e=
32037 Lemol 'scm ™). H5LEW2, 3 AL, (b4 TER
B IR AT — 8 AR (7~8 nm). 1hE&4 4 TEK I
A P R ST U A R U8 AE FL B T (R s R Wi i v, TR
BB R (R s IR e R ARG IO BE T —FF, &Y 2~41E
AR R BT S A R AR BT AR L.
1 WED 2~4 7F ZEFRIETE A1 UV-Vis BRI TE oK
W WA a8 K T B IR R o ZR AL
Table 1 UV-Vis absorption maxima and coefficients of 2~4 in
CH,Cl, solution

ED Amax/nm [¢/(Lemol 'scm )] ¢/(molsL™")
2 226.0 (24116), 318.5 (18075) 20X107°
3 227.5 (24338), 331.5 (14823) 1.9%X10°
4 234 (32037) 23X107°

0.8 ]
0.7 1
0.6
8 0.5 A
C
S 04+
5
2 03 '
g |
0.2 1
0.1 |
00l
0

200 300 400 500 600
Wavelength/nm
B4 e 2—~4 78 ZSUF B T 9 UV-Vis Jeil ]
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(a) Initial in solid state, (b) after irradiation with a high pressure Hg lamp
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(a) Before photoirradiation; (b) after photoirradiation
2 &g

AHPE 5T LG BUR LR BT I —IRATAE AR
AR ERL, 76 G R B AR (4 B AL A i i AR
o, AT AR IR TR X, 22 R A T ) S,
RO AED 1 ZRARNE, BT AR IR AR A 8] R B SCRR[8]
PRI NE 7 2R T b B s, ol H (B AAR I (1) 70 T 25 46 73
FrR B, 19 IR TR 2 AN B &9 3, 1AEE 1)
W)l X A 3 EE 4 TH NMR, MS FITC R T
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MR

HEAT T HRUE, R 2-IHE N e i ARG 3 2R3
2 E. xHE A 3 79 "H NMR 33 Fll ESR 3 i
Yoy TR B 2-RE B T e L ] P AFAE 2, 4R H T 2-
BN R FAFAE R T E NI, fEAL S 3
fili b, #27E ") TEMPO &8 H H A I 5| AMEE4
3R b, BT N2t & 4. X&) 3, 4
PFIPEEAR B i, RS B RE AR AT TR AT, 5K
KRG 3,4 BALBUR G, JeIATEH ESR
Wt R AR, LAY 4 AR TR AR RS, %
B, SRR S S A LA O . X s gh gk
VLAY 3, 4 JIR 5 ELGIR AT 47 R 10 e AR 38
%, FEEH T W TR E e E A BAE 5.
A9 4 AR I AT P Y .

3 X
3.1 UEFE5HF

% 5 F Yanagimoto MP-35 44 5.4 %€ (H A< Yanaco
A D), AR E; BB SRS ('H NMR) A
BRUKER AC-P300 FZRGFLIR A E (F8[E, Bruker 2
d]), #5N CDCl;, TMS AW R, A7 W6
UV-2100PC 58 4h—T1] WLy i A3 5 (3 [ T Je T A &),
JFi it ] Thermo Finnigan LCQ Advantage (ESI))i il
E(E B FE B RO A Al ) 4 A B A
NICOLET-380-FT-IR ZL4MGi Al & (32 Nicolet 2
7]); JTGE T Yanaco CHN CORDER MT-3 JC & /4T
M (HA Yanaco A #]); #¥3K ESR # 1% Bruker
A-320 EPR %430 % (7 [E], Bruker 2 @); A8 iR i AL 2
MPMS XL-7 SQUID ZY 5% 11 2 (32, Quantum De-
sign A ), FEMER 200~300 H(E ST ).
BT R 22 R T B A el A& 1 106 O STk
[6d].

32 EVMMERK
321 71,7-=(— & RFH&)33-=CK-33-Z &K
2,22 XA -1,1- = BR(2) A9 A A&

LAY 1 (1.000 g, 2.66 mmol), NBS (1.000 g, 5.62
mmol)F1 80 mL ZANN S HT, SRR 0 B B
20 h. A FIR, [ R GR RO R R R 1 A [ e
V(EC ) @ M(ZBk)y=4 1], B EEARLEY 2
(0.576 g, 41%). m.p. 187~189 ‘C; 'H NMR (CDCl;, 300
MHz) 6: 0.58 (t, J=7.4 Hz, 6H), 2.16~2.26 (m, 4H), 4.56
(s, 4H), 6.58 (s, 2H), 7.58~7.87 (m, 6H); IR (KBr) v:
3357.14, 2960.25, 2932.30, 1708.07, 1668.94, 1607.45,
1406.21, 1288.82, 1216.15, 1154.66, 1054.04 cm '; MS
(ESI) m/z: 533.5 [M—H]". Anal. calcd for C,4H,,04Br,: C
53.93, H 5.12; found C 53.85, H 5.19.
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322 &K 2-AiA WK A B A FeRE A GG IK D H M =
BRAT 4 4(3) 89 & &

216 mg (0.70 mmol)H) 4 J& #7425 mL 4%t oK
BT, RGN 80 mg (0.90 mmol) 2-fil 3 P kel 160
mg (0.30 mmol). &) 2. RNIREMITE 65~70 C, i
TR 12 h, K E L, RV G e
W VOECEE) @ M LBk)=4 1 1], Stk e 543
(46 mg, 32%). m.p. 162~164 C; '"H NMR (CDCl;, 300
MHz) d: 0.58 (t, J=3.3 Hz, 6H), 1.66 (d, J=14.1 Hz, 6H),
2.17~2.30 (m, 4H), 3.33~3.46 (m, 2H), 6.45 (s, 1H ),
6.69 (s, 1H), 7.31~7.34 (m, 1H), 7.57 (s, 1H), 7.83 (d,
J=17.8 Hz, 1H), 8.01 (s, 1H), 8.36 (t, J=2.9 Hz, 2H),
10.16 (s, 1H); IR (KBr) v: 3385.09, 2960.25, 2937.89,
2361.75, 1702.48, 1668.94, 1607.45, 1540.37, 1400.62,
1266.46, 1154.66, 1098.76 cm '; MS (ESI) m/z: 476.4
[M—H]". Anal. calcd for C,;H,,0-N: C 67.92, H 5.66, N
2.94; found C 67.86, H 5.61, N 2.89.

323 A 2-FA R A B TEMPO A & 2698k
B i M —ERAT A4 4 89 A Ak

1100 mg (0.159 mmol)ft &4 3 ¥ T 10 mL I H,
REIREF A 28 mg (0.16 mmol) 4-amino-TEMPO,
FHRIMPIR OB, BRI, iR 45 °C, WHite
S 10 h, FEZABREZR, RYWH VOECK) @ V(R)=
11 FRAWES: W, BHEaBEAR LAY 4 (30 mg,
23%). m.p. 176~178 °C; IR (KBr) v: 3373.73, 2967.28,
2921.66, 2361.75, 1706.45, 1669.12, 1602.77, 1540.55,
1457.60, 1345.62, 1262.67, 1167.28, 1096.77 cm ~ ..
HRMS (ESI) caled for Cs;cHy4N;O; 631.3252, found
631.3250. Anal. calcd for C3sH44N;07: C 68.55, H 7.03, N
6.66; found C 68.50, H 7.08, N 6.61.

% Bi#1 £l (supporting information) {54 1 (1 145
FIFRSEATES I, a2, 3, 4 1) g HIFE, a1
'H NMR i, AH,, (IR, Ab&4 2~4 117 ESR U i (130
AR I LR AT DL A B A T I 35 (http://sioc-
journal.cn) b %,
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