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2 <} Maleic anhydride®} furan(F) Z8]3 maleic anhydride®} o€ 717} X]8E furan B
HE(2-11F, 3-MF, 2,3-DMF 2,4-DMF, 3,4-DMF, 2,5-DMF)o] o] Zslo|52tAe] Alt)
el ¥ AT H3lels A" EHNE ATt $19] Asle] FAAE Diels-Alder |2 7133}
o] Y33 3 CNDO/2y o2 T3 AL 318H3Q] & o] &3le] P& ol 5 4Eed &4
= F<3 MF<2-MF<2,4-DMF <2,3-DMF < 3,4-DMF < 2,5-DMF &} 2gtt}. 919 &AMz 435}
o)% 22iEFe) AUESTY) Aidal AAE Aok £ el TAH We A Aol
Bl T 3] Eojeisich.

ABSTR# CT: The relative reactivity and charge transfer spectra were interpreted for the
charge t ‘ansfer complex of maleic anhydride-furan(F) system and maleic anhydride-methyl
substitu'ad furan(2-MF, 3-MF, 2,3-DMF, 2,4-DMF, 3,4-DMF, 2,5-DMF) systems. We have
calculat:d the extend of charge transfer assuming the charge transfer complex of Diels-
Alder ¢ nfiguration by semiempirical CNDQO/2 method. The relative order of the extend of
charge transfer was found to be ; F<3-MF<2-MF<2,4-DMF < 2,3-DMF < 3,4-DMF <2,5-
DMF. Thais order was well correlated with the relative order of the maximum absorption
wavelen sth of charge transfer spectra. We have also discussed relationship between the ex-
tend of : harge transfer and reactivity.

Keyworc s. charge transfer complex, CNDO/2, Diels- Alder configuration, reactivity.
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W B8 o] & % &8}o) 524 (charge transfer com-
plex, CTC or canor-acceptor complex, DAC)&}
% 4 otk <23 CTCol i JF& Farmer
So* 98] male.c anhydride(MAn)-styrene(ST)
Al, acrylonitrile AN)-STA Z2]1 fumaronitrile
(FN)-STA o o s A7Eoizth. E& Ebdon Foil®
95 MAn-STAH YA CTC2 9& YsirE AF
Huot. o]H g # Qo= CTCS =R7F Yo L&A
A}, Caze 5& ZTEE Y XSS (frontier
orbital) & o]&i}e] MAn-vinyl acetate(VAc)9)
CTCs} VAc 2hiZ J8l1 MAn @H)Z3e] vg
Ao sl Bt Butler 527 methyl vinyl
ether-cyanoethy ene&of tjsf PVCILO®Y & o) &3}
of CTCS) HyijolLing Adkstel &al) 7)3k}
A PRE 423 Hct. 3 MAn-furan(F)A1 2 73
$+= CTCE #/13ttxn g&i# Utk Kamo §2°
MAn3 F, 2-nethylfuran(2-MF), 2,5-dimethyl
furan(2,5-DMF 7} 3433} 2|7} Diels-Alder
Wgel QoA 2 8% FHAEE 2E Bt
Ragab $2° M/ .n3} F, 2-MF 2,5-DMF9| %%
A 7z FFH 87Tl 2dojA Diels-Alder
BI7HES] &) e 21 si¥ich. o]ejdo] A
2ol gt A7 7 B JPH D YA vjAH
 BHeA FAA TS FHAFT A= A e 4ol
t}. Park 52! CTCE Diels-Alder ]2 7143}
o ARFAY B Aol Wt FHE ool
o] w4 FRAEol A+S Basu.

o] AFoxEe HAPR/REA] maleic anhydride
(MAn)&} AAz:7§Q1 furan(F), 2-methyl furan
(2-MF), 3-methyl furan(3-MF), 2,3-dimethyl
furan(2,3-DMF , 2,4-dimethyl furan(2,4-DMF),
2,5-dimethyl fur an(2,5-DMF), 2] 11 3,4-dimeth-
yl furan(3,4-DMF)Eo] Diels-Alder 3eje] CTC
£ SR 7S Aol T 1E Ale]
9] ¥hg-4 el Hlol FF T HMalelF ~HMEY
2 FAo] A =25tz gt
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CTC 2&n} M3to|Sa. HAFHA F fr=d9} A
29l MAn7} #4d3sk= Diels-Alders &eje] A
3lo] &A1 ARt FAsA 7Pgsigch(Fig. 1).
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Fig. 1. Model of charge transfer complex.
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Z ghgo] FCEE sh= FHuPFHF AT
(highest occup 2d molecule orbital, HOMO) 2} &=
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Table 1. Matrix Elements from Atomic Data(eV)

H C 0 N
%(ISJF A) 7.176 14.051 19.316 25.390
%(I,ﬁ Ay 5572 7.275 9.111

A Electron Af 1nity.
1 Tonization Pc .ential.

748l CNDO/2 (complete neglect differen-
tial overlap, Version 2) ¥ o2 3lg o 2 o] uj
AHR-g alZtel Bl = Table 17 2.

Astel Had Hde= FFE MM MM+ &
o]83}ed Block Diagonal Newton-Raphson ®Hd
o2 HA3Z | AL o] gt

ot 3 nF

Diels-Alders 3Eefje] CTCo ulgAa Hslols
~HEH G HYsly] flste] Z2re] Biojo] tislA
CNDO/2 s oz AAksA] Adoix dienophile( A
Zp70)¢l MAng] 3,4¥ $%], diene(HzE71)d
F FREH9 2,58 $x9 HOMO$H LUMO2
A5l 259 oix] Z4& Table 28} Fig. 20 e}
Wigict.

A2 ot N, AR MAnd} 27N F
o} 15 fEAH7} o] F CTCE Fig. 19] 238 3
239 2§77 Scheme 13} 2t}

& Az (D& M7 CTCID & 34
la, o) CTC7} ¥, 8 && AMAIAZ} 283t 2
Z 2 =yl o]2& gAsle ol PG
@ 4 Aot 9] CTCY whg4d-& A3kl st
Table 28} 2t59} 4 (2)& o] &3t T& Hst
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Table 2. Atomi : Coefficients and HOMO, LUMO Energies of MAn, F, and Its Derivatives

Monomer Coefficient Energy(a.u)
HOMO LUMO HOMO LUMO
3 4 3 4
MAn® -0.3439 -0.3439 0.4850 -0.4850 -0.4904 0.0049
2 5 2 5
Fib) 0.6030 -0.6030 -0.5531 -0.55631 -0.4316 0.1834
2-MF 0.5557 -0.5702 0.5261 0.5003 -0.4038 0.1733
3-MF 0.6140 -0.5584 -0.5685 -0.5111 -0.4204 0.1789
2,3-DMF 0.5170 -0.5363 -0.5375 -0.4605 -0.3937 0.1637
2,4-DMF -0.5306 0.5909 -0.5088 -0.5184 -0.3964 0.1705
2,5-DMF 0.5383 -0.5383 -0.4936 -0.4936 -0.3810 0.1654
3,4-DMF -0.5922 0.5922 -0.5383 -0.5383 -0.4151 0.1762
1 1
(a) o (b) o
o
F O
4 3 4 3
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Fig. 2. Energy of NV An, F, and its derivatives.
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Scheme 1

. — Polymerization

olggel A4 7 #HE Table 3ol UehiRon,
CTCY 4 #)4:: 915} Ragab Fol RI% U
¥ 230 U@ C1Co) AT (K, 27135
UET (R & 203 Walol 5 2] Ang
ST (Amar) & € 8311 Table 30 o] UEhARl
o}

Table 3¢ B fslolF@el A8 27) o
&3} et

F < 3-MF < 2-\ F < 2,4-DMF < 2,3-DMF < 3,4-
DMF < 2,5-DMF

Fol slg7)7} X 82945 sl 539 27 5
etk A ¢ 4 Aok ol Fel R A
sEw A} o] S5kl T HgE CTC
£ WAUTH= 212 SRRtk @ 4 ook 53] 2,3-
DMF, 2,4-DMF¢& #H2-+= Hgr]|e Ax3dE <
s Fo) 29 &79 F7hiEe] CTC7} ehgsiact
£ 49E 7Fseit. 34-DMFY %9g Assin
slo15 e AR kel HOMO o (Fig. 224
e AAo] it 34-DMF A AFHeIA
ik ol - bol Bao] HOMO oA

Table 3. Values of Charge Transfer from MAn, K,
Rp, and Amax

o Rx10* a
Monomer t(j:arfg: K x10° {mol/liter (:;:)
nster  (liter/mol) -min)
F 2.9562 3 7.84 284
3-MF 2.9596 - - -
2-MF  3.0016 5.8 15.25 380

2,4-DMF  3.0680 - - -
2,3-DMF  3.0860 - - -
3,4-DMF  3.1258 - - -
2,5-DMF  3.1280 2.0 0.56 410

2 From ref. 9.
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Maleic Anhyridz9} Methyl Substituted Furan#] 2] x| Hslo) 55 w4 2

2o HAHQ) gHrE g %

AL AR Fg o] USE dE&E + Aok 2HY
g7t 27 o A X#|E B e AXGHA aHE
o} JAAH iz o A5 wiiel] CTCY gt
AL TaFrT . o)y AMHE Hilo| g
75}2}3}711 CTCs <AL dFsicte 2L FE7t

g 23 SIAAY ENE wsr FE ¢ F
k.

Hilo|s AHER | SN, AN} HAp7iet
9] Alojo] M3} |5l olaiA] obr|EE Aol £~
HEHL Mz F7He]  HOMOeIA  Aahirie
LUMO=S] Mz Ho| 24 Ag=od + k. & A
slolF A#EZ & HxF7HY HOMO =gt =
zZp7ie) LUMO oluz] Zlol 2 Agd 4 ot

Fig. 2& 29 HxE7) vgr)7t =) gl uhet
HOMO ¢l gre] 78S 28ln LUMO oy
29) o] Za31& & 4 Utk AAF7He] HOMO
RS F7ks AAPEZ] MAne] LUMO oy
2)9te] xjo| & ©kaAlA "ol AHER o] Fapi
Zo YL |77t o)A MAnT HAF7HS
Fol F =4 - lololA 45« Adtels ~HEH
9] A AFHQA TV olEie} Bo) dEF
UA gt
F < 3-MF < 3.4-DMF < 2-MF < 2,4-DMF < 2,3-
DMF<2,5-DM~

0|23t AHd2 Ragab 5o]° B1gt ZAH(Table 3)
9} YdXF}. - 52 EIF MAno 39 3ol o
717} X3+8 cit aconic anhydride (CA)& Fol= A
glo|s AHMET|o] YRR g1 FEol oA
gty Ruigdh. o|RAE AYsiy] Sidtd CA
o ™l CNDC /2 A& A3 LUMO oqx|e] gt
o] MAn Rt} 2 0.0088 a.uglS Lsitt. o=
MAndl dig7 7} =128 ARl CA9
LUMO oU=R|: } F7tske] AzE7H (F)oll A Axpg
M (CAYZ2] -1zxPdel7} ok 2 & HdlolF
~¥EZo] 47 |%] g AT AN 5 AU

AslolF ~HdEH A AHYAHI HOMO,
LUMOY] ol ] o)tk A(2) 24 73 HFH

dstol 533t 1Y

Ao

Feo|o A204 A1z 19963 1Y

Astol 5 ~ME 4

A WAIEF F g Y LAX (B
HOMO, LUMOS] dliiz] zlo) (R R3)E o) &3}
TR SO FFH Aar AOlo] FBHO) FE HO
2 71t & 4= o} Table 3& B Hslo| 533
Amax )0l B WAAe] UehdE & + k.

2 8

RHEg A CNDO/2% & ©] 83t MAnst F 2
g1 F fRTA7L o] CTCY HslelF M EY
T EF Al tiE =2)st it

1. CTCE Diels-Alder Hej= 71733}y 73 A
slol e Z7) eAle & e Halol 5
o] W Pl Frlel FF ol & oA
Hslel 5o U HAFE 7] Azl
JHHQ aHE wisiorsrE gttt

F < 3-MF < 2-MF < 2,4-DMF < 2,3-DMF < 3 ,4-
DMF < 2,5-DMF
2. AslolE AMEHL HAF7|e] HOMO oy
219} AxpkzRe] LUMO olvA] xjo] 2RE] JohH
HAUFTIEe] duiEed /X okt 2e] 9
g 5 AT, Hatol s Mol ASS ¢
AR
F < 3-MF < 3,4-DMF < 2-MF < 2,4-DMF < 2,3-
DMF < 2,5-DMF
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