DAEHAN HWAHAK HWOEJEE

(Journal of the Korean Chemical Society)
Vol. 17, No. 1, 1973

Printed in Republic of Korea

Diels-Alder RN #3t BRE) AE F=FH).
25 United Ionic-Radical Mechanism

b B Iz
B KRB THAR TRAFEH
(1972, 9, 7 &2
Theoretical Studies of Diels-Alder Reaction (Part II).
A New United Ionic-Redical Mechanism of Diels-Alder Reaction

Byung Kack Park
College of Engineering, Kyungpook National University, Taegu, Korea
(Received Sept. 7, 1972)

2 % EREY Diecls-Alder KES BEE w932 93 Diels-Alder KIE H BB &H
744 Fticisn B243% Az BUSTFeatpel st BRREY RS RESY Mullikend] 4F
taHme) BFHEL BHEIAD. o BUSTFEHS o247 Radical }-& Ad BEpsolrh, o
R EEHEEe d3des 2RI

wcomplexzw‘ {R: S) +.‘ow (R+s S_]

o7 ol BRUSTILEDS WHEES Vel He]l3 ) p7} Dienes}d Dienpohiles] &L
BTFEY ARFETFEYE P RESE B8 of&d o] JF B0 BrownXe] Lp& 9 Dewar
5.9 AEgp.. B EHEA O] 2422 ookl Diels-Alder KfES TEEHMTES 24@9] KEHS %8}
o BEIEc. ok £ BED BEBKEY il /itd sz B 4 20 23 Diels
Alder REEC RAREMME 35 ionic-Radical mechanism e 7 K] #Tlclz 2 4 Ao,

Abstract. The purpsse of this paper is to investigate the mechanism of Diels-Alder reaction by
assuming pseado molecular complex (PMC}which has characters both of ionic and redical bonds

We treated thie complex quantum-chemically as an intermediate between the configuration wi-
thout charge transfer (radical bond character} and the configuration corresponding to the charge
transfer from Diene {R} to Dienophile {S) (ionic bond character). The wave funciion for the
complex could be expressed as:

w‘complexza" (R, S] '{"Pa"- (R+a S-}

where p is the extent of charge transfer which is a constant to measure the ionic character of
PMC

It has been noticed that p is related to the difference between Fr+ Fr’' and Fs+Fs' in free val-
ence (F) when R is united to S through atom » in R to atom s in S and atom r in R to atom
s in 8, That is, pa JF=(Fr+Fr') —(Fs4+Fs). We have calculated 4F values for more than
forty Diels-Alder reactions. _

The calculated values of AF is reversely proportional to the values of Brown's paralocalization
energy (Lp} as well as Dewar’s differences of delocalization energy (4Edeloc.}) with good lin-
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This approach also presents a way of predicting the possibility and the easiness of diene synt-

hesis between any two conjugate compounds.

According to the considerations, it could be concluded that Diels-Alder reaction takes place thro~
ugh the united ionic-radical mechanism rather than the separated ionic or radical mechanism.
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Table 1. Vajues of ionization potential (I.P.) and electron affinity (E.A)

Diene

Dienophile

compound LP (ev)* compound E,A e v.
AN CH,
| ‘ 9. 24 s - 1, 1838%* 2.00
N/
VAVYAN
812 — a-p 5 19
N\
VAV VAN /CN
7.23 —_— o - (. 4065 2.81
AVAN A4
VAVE VA NN /CN
6.64 == «-0.3118 2.9
NN\ NS CN :
VAV VA VEANVAN CN
6.23 S§>———< _ o+ 90,1278 3.37
AVAVAVAVAY4 CN

*from Reference (14) **energy level of lowest vacant orbital
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Fig. 1. Hypothesized pseudo molecular complex
model forming deloclaized bond at the
transition state
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R L ion mechanismo 2 [FfEe) #Fste AR HERL FRES S, JF B FERD HES 45
of By Fo|ck,

= p<0°]% dienophile sl diene Table 2. Values of L,, 4Edeloc. and 4F for
« . Diels-Alder reactions of maleic anhydride with
S22 BHEBEHES %=z Diels- e ) e
Alder RIS %5 RREEHTAAE TR compon?
oA 48 Aol HEM F < 9 " Diene? _Dienophile Lpb  AtbdelecC AFS
. 2= Diels-Alder Rigge] j%e 0T D o) o -0t
S s Y WY 0ol 0T}, 52 = ’
4% B @ 3.68{—r -040 ~0.038
0.520
@A HRE IF BE 2 B 331(+) =096 0.096
TR 83 HEslH] BRrsis 0.530
paralocalization enegy {Lp) %} Dewar
9 FEREL energy #  (dF 100+ 0.540
AFFES Table 20] BN 38 () - 147 0.136
SHEE B9 $A0 o aEg pwm 002 073 0ot
Fo BBFETFENY = kape) A . ’
% el K URTelS. Table 490
3904 BA 4F gt Lpg, ez LI —— =057 0054
AF 33 ABggoe. & #%& GISFZLO) 0.498>
WiTH (parallelism)o] K ge & : ——  -068 0.052
T R, F Lp% 4E 40380 B
7S AF L FisRel Bmsz 0.452 s 005
A}, Diene &8l A polyaceneE-<} @ ) 7=
BMY KBS Lp5 AE . 3t 04407 044
of R ek, webd gF e G‘w (=) —— -005
diene FES KEMST EHG 3,

Polyacene 5=} 4 2l 519! Diels-
Alder RFE] 4 benzenes} naphthal-
ened K& 4ol yA geds &

374 (?) ——— -0.049

BEY REC €A 5 99 'S 3.65(+) 00Tt
A FEF #iftA Browns} Dewar 0514 0.441 |

¥ #£&% naphthalened ¥ A 375(?) —_—  —00St
Lp=3.60 LI F AE s, =—0.40 Lk 0.452

9 Zolx maleic anhydrides}s) K= “Ref(1T) bRef.(3-a)  CRet(I® dRef.c19)

Note: (D values of 4E deloc. are relative to benzene
S aQloiwk -
B Lol vt #BACh Table 39414 @ Exiperimental formation of adduct is indica-

Lp=3. 6040, =—0.40 LS L Al Fishelel ted by (+) L
AF e AES AVGE AL & & o}, ®i11::]c£c:deu;; fo(lf;ed under usual conditions is
AMEE uhe}l o] AFCO(p<0) o] A dinophile @ Free valence is indicated by arrow
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Table 3. Values of JE stab., 4F and experimental conditions
Diene Dienophile AE - * AF Temp. {°C) Yield (%)
0. 25 O,T 0. 7T32
1

' \l,/ “ 1.789 0.212 200** 18%*
AN
7 ¢
|/ |I 1.744 0. 447 165(*** b duicd

AN

N AN

*:from reference{ll) **:from Ref. {20}

20f

I
10}

k=]

¢ 0

dq

-10

—16- . . . s S
310 340 370 700

Lp x 10

Fig.2. riotv ot Lp versus 4F
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T}, & 4F ez {39 ¥ LAY Aol
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AL AR = FRe| = oM T 4 A} Fig. 2
ol L,9} 4F Aol9] BRfRE ERIAed A
3 EgtEo] B e & o Ik

% Fig.39 4Euq..9 AF Q) BtkE Forst
o g JF gto] &{ES benzene 3} naphthalene
< B4 w23 ERtEYE £ Ut

5. REMENXS #/H

7 N
w [+1_, | | (A)
N\ N/

*¢x.from ref. (21} Free valence in indicated by arrow

el /N

== ®)
20f AN NN
It
Pgntacene
Nuphthacene
Anthracene
},2-Benzanthracene
91,2,5.6~Dibenzanthtacene
12,3.4-Dibenzanthracene
o L
1
el
a aNaphthaleng
10
-15P : * * :
) 06 t2
AE ggipe x(=1)

Fig. 3. Plot of 4Edeloc. versus 4F

{A) (B} R+ o= Kol &ol3}A L
wAlEst? o] BERd &3] 95 Filel A
K3 EBIREY ZKE(L energy A JEstab
3t AF 3t 28lz o] F BHEHES Table 30l
A,

Table 3014 (A} RMEe] (B) KEER T} 4E,,,.
ol A A%e AL & U 784 AR
fEol o fo]dpAl Pojvdol Hrh. 2 Kk
B4 Bz A 2 (B) REEo] £0)13H¢ &
a4 21t} (1atm, none solvent #3E) AF k& (A)
KRR 20 (B) REXR7 act, =ebd #Ko
Kol o gol8A dold Aolel BMYE 5
A2 WEBHN KR} —F 3o
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9] ulgol A BlEWHo! trace® A7) BhHE
AF o2 ERM RAS T4 S 442
o}, &B

LN VN

@ | | — 1 y AF=0. 447
NN ANV
=/ /N

L) —trans(_} s dF =0
:\/ £
/';ou —_—

3 | [ | ; AF=0
\\‘ '/ \:/

7

20 RES AF=0 ol=z <5 radicalty RFE
o2 #7974 KA O RE2 4F=0.
47724 charge transferz} 433 do] HoB
ionfte] 3 PMCe KEikst Sl o] Kol
fol A deidel, ey AF=030 QIKRE
£ RBIEHEA trace® A7tz & 4 U+

(3) Dienophiles) B#¥ BTFRSIEY %3N
o] F45 Rifge] £oldA deld & slde
KR FEHES rableddA & 5 A}k, F 4F7}
5 HEE 2ol KFRE #mIteds
E & glrh butadiene-& ethylenes] A KIFEELA)
& vinyl £2 Firg Zolsk & 5 . B
FHEEF|Y A9 WFE H<vinylE-CH
Oclu}, rabledo) A £=13] H— diene (butadi-
een?} cyclo-pentadiene) o] ## A dienophile]
ethylene<lbutadiene acrolein JEFFZ KE} &
o] gliz AF 3t= Hm3e & + Arh

Table 4. values of AF and experimental conditions for Diels-Alder reactions

Diene

solvent

Dienaphile JF Temp (°C) time (hr,) yield (%)
__________ p U
i ” 0.212 200 17 none 18
\
il
7 / 0. 447 170~200 24 none 87
1
0.361—, CHO
" “ 0.482 100 1 none 100
0. 833«
9. 728 0.952
1 1
N :
> | 0.440 190 24 none 74
|
_._/
1
# e 0. 675
fi
/ CHO
o 0.710 Room Temp 24 ether. 95

Cyclopentadiene is calculated by extended Hiickel methed,

method. Experimental conditions: from reference (1}

6. ¥

o=
3
=3

fEEe] T UL &o] Diels-Alder FREE <
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(23) Acrolein is calculated by simple Hiickel
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Table 5. Predictions for possibility of the Diels-Alder
reactions under usual experimental conditions

w B
RESHLAWE BRESNA. O radicaltk B4}

iontt F&S Rz A4 BUSTEED

Oienophite (AT )

& BESEc. BT HEMAEA Kt

piene 0-472ﬁ aazg?j:)
' 0= =0

o] UL TFiL-atHS ion EE ((5)8p) &
RER TR AZE BUF) & BASIY

#at A KRS it WIS, JF Hf
of #rgE {+) (-) F¥T &% 289 HY
Diels-Alder KIS 74E, AHHES BED %
olct, Table 59 Q& 2459 KEERpo) ofn|
A8 Ao A= 2E,

7.8 &

{LRREREE AR BBRRS ey
< B o MR HEHHo At &
Rl Jhgnvel vt o RS Ktk
#BAE 4 Aoleh. 2ARA KRR I BB

t}, o) 4F B¥ Brown9 Lp & 28 % AF

0.278 0952 & Dewars] dFu. & Aolo] 8% B

N 0.960(+) Q874(+) 0668(+) wwe) st ottt B AF Be g

! AF7AA] BEE T S99 £8 F ¥k

0 0576(+)  QOB8(+)  -0MI8(=) gyfpagy Alo)o] Diene £IKO)FHHEA

0.376 9318 MEE REY + A3z WEy HRS i

. 0391 00n6(+) -0012(-) -Q216(-) Ug-?_s-; ﬂiiﬂ_gi q;ﬁ;iﬂﬂﬁlﬁ%fftgf

o] ZEME R A v ERH

il N -0088(~)  ~0148(-) -—0350{~) . 2Hos diels-Alder FMES M=

0.458 radical-ion #£2] EE 2 @) #T73

gdx 2 e F p=00"d €5 radi-

~0057(~)  ~0145(-) —0348(~-) calty 0| 2, p>19]% Au]e] jony

0429 REXRR B2 Aot #5HS] radical

0520 mechanism #7} ionic mechanismiR-2 #t

N 0084(+) ~0004(-) =-0208(-) —MHLE BT F A=t old vl

6,508 radical-ionic mechanism-g united radic—

4 al-ionic mechanismo] 2} 27 g r},

0.474 Foz Diels-Alder RHE-X  REIFRHIMN

0.4T4 0004(+) ~0084(~)  =0248(=) g Radicalionic 2.2 ETTH E

4k {8 FEEEFTINE 315 symmetrical

0.838 A M3tk 32 unsymmetricald}A)

< DYDY | ORMAm) 0D meteeten MeAE FAmest

Possible reactions is indicated by {+), Impossible ;: T & 4 et
ctions is indicated by (—}.
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