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2.1 HFERSBREYE

(Z: FFHFEIE) (E: FH¥HF#ERRK) (C: HAzpx)
F®1 HITHRANERBREED> FREXNERTFTER
. , AFRT=% B ) - e A FHEFER

ey R R o o e

1 Me >= 0.18 0.13 0.048

2 i-Pr >== 0.58 0.00 0.043

3 Me @—: 0.20 0.30 0.057

4 i-Pr D: 0.56 0.01 0.049

5 Me @: 0.12 0.10 0.21

6 i-Pr @: 0.51 0.02 0.26

DBRBESHEIMI6] R:Me HPE; i -Pr IRTFE. R > HREEE; D: AR E;

<€>= HE R

T EEERS T PR AL KR T A BE A A B Rk DL ie

25 P BRET 1 0 TN EWEIE B REC AMI HHESE RS X SHRATHE
B{B K SCHR[51STO - 3G ab initio T B4R HE —3 . A3 AM1 X HAFE ICHITEER, 5
X#R[51STO - 3G ab initio FITTELER MR BN . XEH AML HPERHEHNTESERE
AHK.
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1 FRRHXDFHRTFHRE

®2 1EM 1CHHEENITNER 1E - X SHETHERN R

1E 1C
AML T HER AML 4R
X-ray” | STO-3GY STO - 3G
EE  HES x5 | MRS

JEF 6] BE (nm)
c(1)—C(2) 0.1470 0.1490 0.1466 | 0.1416 0.1325 0.1371 | 0.1406
c(1)—c(6) 0.1476 0.1521 0.1492 | 0.1496 0.1520 0.1491 | 0.1460
c(2)—C(3) 0.1487 0.1520 | 0.1489 | 0.1454 | 0.1513 0.1487 | 0.1478
C(1)—C(8) 0.1361 0.1332 | 0.1352 | 0.1384 | 0.1485 0.1448 | 0.1435
c(2)—C(15) 0.1342 0.1329 0.1351 | 0.1424 | 0.1536 | 0.1492 | 0.1450
C(8)—C(9) 0.1470 0.1499 | 0.1444 | 0.1410 | 0.1328 | 0.1356 | 0.1375
c(9)—C(13) 0.1445 0.1451 0.1453 | 0.1444 | 0.1471 0.1452 | 0.1456
€(9)—C(10) 0.1355 0.1349 | 0.1390 | 0.1449 0.1544 | 0.1535 | 0.1502
c(12)—Cc(13) 0.1326 0.1341 0.1379 | 0.1384 | 0.1328 0.1368 | 0.1370
C(10)—C(15) 0.3443 0.3728 | 0.3624 | 0.2165 0.1571 0.1549 | 0.1628
)
C(2)—C(1)—C(8) 132.1 132.3 133.71 | 125.21 123.5 122.74 | 120.84
c(1)—Cc(2)—c(15) 131.2 131.7 132.46 | 126.28 124.0 124.74 | 125.13
C(1)—C(8)—C(9) 124.1 123.3 125.93 | 116.19 114.8 115.05 | 114.96
C(8)—C(9)—C(10) 128.1 125.0 128.69 | 125.18 122.3 122.18 | 123.15
€(13)—C(9)—C(10) 105.6 105.9 106.57 | 106.43 103.7 105.51 | 106.25
c(9)—C(13)—C(12) 107.7 106.7 106.90 | 107.14 108.1 108.09 | 107.62
WA (BE)
C(6)—C(1)—C(2)—C(3) -16.5 -19.0 -12.3| -5.4 1.5 0.4 -3.7
C(8)—C(1)—C(2)—Cc(15) -39.6 -41.8 -26.7| -11.1 2.3 3.0 -7.3
C(2)—C(1)—C(8)—C(9) ~-8.5 ~6.3 -7.4 | ~8.5 -13.9 -12.21 -9.7
C(1)—C(8)—C(9)—C(10) -41.9 -62.9 -56.7| -29.0 -9.8 -10.6 | -12.6
€(10)—C(9)—C(13)—C(12) 2.0 1.2 0.6 2.6 10.4 9.7 4.8

a)BLAS% XMR(5].

75h, 3% 2 3t 1E,1C MRS MR SH AML HEEREST T B, RILAERTHE, &
A —MREBHBS,  TRERBK BACEWEA,IEREZSM ICHESHERBEE
HEGE, BT UL, FERE AR SN ELESNAES RERML, XN UERA T
R RET AR E R FL B k.

mE 3 A, B WBARBARENPERET S FESRMESREH, TR — L5 1
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55 B0, M5 AR B ERER, LA SCRRIA K H8 RBE A AL C(10)—C(15) Z M i BE B 45 45 157 .
Yoshioka Fij STO - 3G ab initio 75 T 1E,2E MRS FH LM, B3 C(10)—C15) Z H K ERE
435124 0.3728nm 1 0.3589nm, C(10)—C(15) Z 8] . F 75 J& 43 B 2 0.00025 # 0.00050, Bk K
EREBFXFERMES 2E WHAFEFF=F 0y (0.58) 1 1E £9(0.18) K . B A T AM1 X — &
FIARBARERARR BRI FESHTFESHITENRA . R HRNELT, ¥ KR
AT R T C (10)—C (15) Z 8] BE % 3#% K, Wiberg 5 2 ¥ /). [ B, &< 3¢ AM1 X} 2
WA FERESHIEEEHITELERIETHARSHERHRBHER T, RUAY KR
C(10)—C(15) Z [RI[R] BE S R ma AR/ . B i, (XA C(10)—C(15) 2Z 8] &) BE | 8 % 38 ¥ LA 8 &
BK R WEREAARTFEF O ANTRER.
R®3 AMI MESEMBSS FEHLTNE R

P 7 & JRF R RiRSE

8T PC(10)—C(15) ] d[€(10)—C(15) ] (nm) 2 (Debye)
£ ¥EE 5 BES 25 BERE
1E 0.0033 0.4007 0.3624 0.2165 7.185 11.829
2E 0.0016 0.4068 0.3729 0.2163 7.021 11.836
3E 0.0022 0.4244 0.3665 0.2169 7.252 11.657
4E 0.0015 0.4248 0.3665 0.2165 7.127 11.726
SE 0.0027 0.3980 0.3639 0.2194 7.337 11.010
6E 0.0015 0.4019 0.3729 0.2197 7.114 11.988
1C 0.9316 0.8351 0.1549 0.1628 6.605 6.623
2C 0.9318 0.8339 0.1548 0.1628 6.634 6.689
3C 0.9356 0.8245 0.1546 0.1636 6.653 6.541
4C 0.9358 0.8327 0.1545 0.1624 6.626 6.617
5C 0.9290 0.3986 0.1563 0.2193 6.637 11.071
6C 0.9292 0.4045 0.1562 0.2189 6.608 11.056

BRIAL, YRHFAFE FKAER SRS EN AR ERNBESRBEP(
C(10)—CQ15) 1B/M, B R K H BB & RIS A, 8% H 0.8 W/ B 0.4, XL KT
BMARE TR O (T 1AM K, /5H 0.05 R AT 0.2 HAEMLBERE—BH.

HEIXRTUEL, FHFES TFHRESSESEHMLE, C(10)—C(15) 2Z 8] # BE B X
INBBEKT HROE, M FHABERSTRE, MR EHBESEFHER,AERESES
gL, C(10)—CS)Z MMERRH K, MBERB/NT . XLEER5FHREFHAEE
HRABEAHRYEH.

FINBEERAZHEERE , FREMAR AN BRERSREEL, FHREBERER
# R #1 R? G R[], —#E#B i 7Debye 3 i1 2 12Debye Z£ 4 , AT H 32 R #1 R? AR A
K WA ENEREE L ZRARENE R LR K Ry RSB EMBEK ), BRIELTE
BA AL, Wi 4 R2 & Wb, (RN B 7Debye 3 K 3| 11Debye.

4T H T EBESMBEES C(1)—C(8),C(8)—C(9 X c(2)—C15)REK BK
R—BWE A, #4401, 02 X8R BB IR BT 2 F FF 3Rk C(10)—C(15) Z | Y
BEE /N XA R? Sk 2 BB SR T, A TR/ R2 SekmiE 2 BRIk S, 7T LA
HAMEFZ A, Ec(1)—Cc(2)fMCc(9)—C(10)ZEF £, B, b L R AEE o i
C(2)—C(15),C(1)—C(8) F1 C(8)—C(9) K Wi/Ngk J1 . FEHART, C(2)—C(15),C(1)—C(8)HY
BERE BABKX . SEBREHN  BES BERER B, B0 FHREAT, USSR
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# ,MCB)—COMBKEK, BEB/N, FENERSD B, FEBEIRHECE)—
C(9)kM/N3KkH,C(10) REFH |, e C(8)—C(9)BW/MNR* S ukmy b B B 22 [ # 5k 1
B, C(10)5 CO5S)RIBEE B A T ZEHR S, C(8)—COOMBKEE, BEWK, & n B
BArsEm, e A E G RSN, T C(2)—C(15),C()—CR)MERE K, B%
BN, A SRR BL AR RS HEENABLESH K, Ml R4I4KE,
C(1)—C(8),C(8)—C(9)F C(2)—C(15) =& C(2)—C(15) B LB/, B i = B & I B
C(2)—C(15)kB/N gk 1, CO15) EFH L, I KT 5 CO0) WBEREIF AR . Bl , (X R ET
SFFAEHEES CA0)—CUS)ZAMEBHESE /N ANEILTUEH , AL EES
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ERBAS, X=FH PR/, BB K, FX AL ) 7 A s K.
®4 ARFHRK REEHENAER

C(1)—C(8) C(8)—C(9) C(2)—C(15) PiE A ()
ket B 2% By s/ B B% 12-1-8-9(|1-8-9-10{1-2-15-16

(nm) (nm) (nm)
1EG 0.1352 1.74 0.1444 1.01 0.1351 1.75 -7.4 -56.7 -0.1
2EG 0.1352 1.77 0.1451 1.00 0.1350 1.75 -5.2 -70.9 -1.3
3EG 0.1351 1.75 0.1445 1.01 0.1333 1.79 -7.6 -61.4 -2.1
4EG 0.1352 1.78 0.1450 1.00 0.1333 1.79 -4.3 -68.3 -3.5
SEG 0.1352 1.75 0.1444 1.01 0.1347 1.78 -6.7 -53.8 -2.2
6EG 0.1351 1.78 0.1510 1.00 0.1346 1.78 -4.4 -64.9 -3.7
1EE 0.1384 1.44 0.1410 1.17 0.1424 1.06 -8.5 -29.0 -61.0
2FE 0.1386 1.45 0.1412 1.17 0.1422 1.06 -8.5 -29.1 -60.8
3EE 0.1384 1.45 0.1409 1.17 0.1412 1.09 -11.1 -2.2 -66.9
4EE 0.1385 1.46 0.1410 1.17 0.1412 1.09 -11.3 -2.3 -66.9
SEE 0.1385 1.42 0.1407 1.20 0.1430 1.09 -12.9 -17.7 -57.8
6EE 0.1387 1.42 0.1409 1.20 0.1430 1.07 -13.3 -19.5 -59.6

2.2 HFEH5SC NMR i#

FZSHHTAEX AM HEBINAREAMAFREESRBESHRIRYGER S S BHR.
ML SE FTRENILHERERE S FHPARSEFAEERSHEMESH AR EERRK.
HABAS LR 5 Yoshioka® WMNDOIT B 2 B — %, HEF 5ST0 - 3G,4 -31Cab

initio Z5 R F X .
RSEMRH S TFRESHRESHEREER
yon Enomo(ev) Eyno(ev) H R AH(K)/mol)
f- %3 MES S WES A RS
1E -9.1907 -5.2535 -0.9320 -4.8522 -398.558 - 149.737
2E -9.2430 -5.2438 -0.8515 -4.8355 -426.011 - 186.811
3E -9.1970 -5.2064 —-0.8485 -4.8834 -343.063 -67.039
4E -9.2090 -5.1991 -0.7934 —-4.8648 -370.302 -99.953
SE -9.1352 -5.2022 -0.8615 -4.8476 —463.258 - 193.766
6E -9.1576 -5.1879 -0.7700 ~4.8234 -490.915 103.360
1C - 8.7667 -6.0880 -1.7162 -4.4008 -377.164 -100.276
2C - 8.7725 —6.0498 -1.7064 -4.4318 -417.337 -136.870
3C -8.7110 -6.0786 -1.7134 -4.3614 -274.731 - 28.466
4C - 8.7257 -6.0370 -1.6931 -4.3602 -336.949 -66.841
5C - 8.7159 -5.2013 -1.7136 ~4.8447 ~-395.791 -193.803
6C -8.7348 -5.1908 -1.6941 -4.,8298 —-433.653 - 228.637

ZH ) HOMO F1 LUMO # K % 220k UE A0 , T X9 80K 25 R 0 4 5138 B9 SOMO1 #1 SOMO2.
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MES PRTLIBEHE K R RSN Eyomol X, FHEBH Exouoft H , EES B KA
B ELUMO #7155 .
F6 IEEFFHETEESTC NMR Kl R

e B EE

BETHRS | tbghn? MNDO® STO_ 3C" M
c(13) 106.0 -0.093 -0.110 -0.237
(1) 119.3 -0.125 -0.046 -0.162
c) 121.0 -0.130 -0.054 -0.182
c(9) 124.2 -0.144 -0.047 -0.161
c(8) 147.6 0.085 0.040 0.081
c(10) 148.2 0.007 0.121 0.008
c(12) 149.0 -0.038 0.119 -0.037
c(15) 154.0 -0.009 0.054 0.015

HE

C(18) 13.2 0.102 -0.177 -0.298
c(19) 14.0 0.094 -0.176 -0.291
C(14) 22.0 0.049 -0.172 -0.345
c(16) 26.8 0.057 -0.172 -0.343
can) 22.6 0.049 -0.175 -0.353

a)BLH 8% XM [5].

TR 6 BRI T b i v o 3 B T DA TS AR BR BT 4 F /93 C NMR SRR 3% iy KB L
B.BRETLENSEMEERA, PN FERR, IEENLENBE/D AR CETLIEY,
ERTETFEBAMNGEAEERER RN AN CNMR EiEE BB, RS
AL BB FT 430 3 40106 ~ 124,147 ~ 150 FIF 4 13 ~ 27,3 5 AM1 H 848 2 5 ¥ e 7 25
E:-0.237~ -0.161, -0.037 ~0.081 FIF H K - 0.291 ~ - 0.353 KB AL, (HAH WM
MR SE S 3R, H e B R T8 848 B i 14 o 77 3 B 7R TR R A )
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Molecular Design Study of Organic Photo-functional Materials
I .Quantum Chemical Study on Fulgide Photochromic Materials

ZHOU Wei-Liang™ LUO Xiao-Min
( Department of Chemistry , East China Normal University , Shanghai ,200062)
JIANG Hua-Liang GU Jian-De
CHEN Jian-Zhong CHEN Kai-Xian JI Ru-Yun
. ( Shanghai Institute of Materia Medica , The Chinese Acdamy of Sciences , Shanghai ,200031)

Abstract In this paper, semi-empirical method AM1 is used to study the relationship between structures
and photochromic properties of fulgides. Structures of six kinds of fulgides were optimized. The calculated
ground state equilibrium structure of 1E was compared with that of experiment — a and the quantum
chemical calculation results of others. Our result indicated that the first singlet excited structures of
unclosed and closed fulgides were more similar to eachothe than their ground states, which explained why
fulgides were both thermostable and photochromic. The trend of the quantum yield of ring opening ( Dcg)
is in agreement with that of bond order of C(10)—C(15) of closure structures of fulgides. However,
thequantum yield of ring closure (Pgc) cannot be interpreted simply in termsof the distance and bond
order of C (10) — C (15 ) . Regarding unclosed fulgides , the reason for the shorter distance between
C(10)—C(15) in excited state than that in ground state is believed to be the torsion interaction between
furan group and R?. Additionally, carbon atomic net charges of 1E can be used to explain its *C NMR
data.

Keywords photochromic, fulgide, AM1
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