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The Reaction Mechanism and Structure of Meisenheimer Type

Complexes Originates in the Solvent Effect.

SHIGEKI OHSAWA and MAKOTO TAKEDA

Abstract:—In order to study the reaction mechanism and structure change of Meisenheimer
type complexes originated by the solvent effect, the interaction of the nitrobenzene derivatives
and solvents was investigated.

The changes of absorption spectra of vC—~0—C~0~C band of Ketal bond and ¥vC—~0—C~—N band
of /C\NH bond were estimated, and the effect of the substituents was investigated by IR, NMR,
visible and ultraviolet spectra.

The complex OCH; proton shift observed in the higher magnetic field is subject to solvent eff-
ect obtained by the benzene or dichloromethane.

The chemical shift of the NH, proton observed in the lower magnetic field can be correlated
with solvent effect.

Two absorption bands are assigned to the m— z*transition at the part of the visible spectra,
but they become one absorption band by the solvent effect, and a considerable hyperchromic shift

of the ketal absorption band is observed as the substituent changes from the OR group to the

NH, group.
The most important result concerning the structure is that the bonding lengths of the two met-
. ~~—0R ~~—NH,
hoxy groups and amide groups of the/C\OR and/C\NH were perfectly equal, but they were

defferent to that of the/C<8§ These facts were confirmed by the earlier chemical and spec-

troscopic studies on the symmertrical structure.

From the studies on spectra of the NO, groups bonding on the complexes, some information on
the structure was obtained.

In the complex with two nitro groups, the nitro groups being displaced para to the electrodona-
ting groups they could associate with the cation group.

The transfer of negative charge to the ring accompanied with formation of either a charge-
transfer complex or the Meisenheimer type structure (II) become slower withdecreasing of the
N—O bond of nitro-groups, and the transfer of negative charge to the ring become slower with
lowering of the asymmetric and symmetric N—O stretching frequencies.

Electronic absorption spectra of these complexes seem to be greatly influenced by the number
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and position of nitro groups, and the same is the case for the stability of these substituent on

the tetrahedralcarbon atom.

Two structual formulae in the complexes, (I) and (II) have been proposed, but the structure

has not yet been determined accurately. Fram the study of the ultraviolet, visible light, IR and

NMR spectra the complex ions are found to have a quinoid structure of (I

) in the crystals, but

they almost take a from of (II) in the solution as the result of intra molecular hydrogen bonded

at NH, group.
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SHTME: C: 37.54%, H: 442%, N : 21.70%,
K : 2020%
E1EfE: C: 37.29%, H: 417%, N : 21.75%,
K : 20.23%
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Fig.1 The visible absorption spectra of l-amino-
1-methoxy-2-nitro-cyclohexadienylide in a
mixed solution of methanolic KOCHs and
dichloromethane by changes of temperature.

: A spectrum in the neighbourhood at ~-15 C.
* A spectrum of from 5 to 20 C.
¢ A spectrum in the neighbourhood at 40 'C.

: A methanolic KOCHs solution of 1-amino-
1-methoxy-2-nitro-cyclohexadienylide.

! A dichloromethane solution of o-nitroaniline.
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Fig. 2 The ultraviolet-visible absorption
spectra of dichloromethane and
methylalcohole solutions of
p-nitroaniline.

! A dichloromethane solution of
p-nitroaniline.

: A methylalcohole solution of
p-nitroaniline.
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Table 1  Comparison of rate constant and
activation energy in a mixed
solution of methanolic KOCHs3

and dichloromethane.

Complexes?) Temp. Rate const.
ky

(mol/1) (s tsec 1)

Alkali comc.

{mol/1)

Activation
energy
(Ecal)

nO_ iy 20 - :
%0, 30 1,75x10 7
e . 40 4.17x10 ¢
Na
20 2.50%10 7
x1
(6.91x107"%) 40 9.30¢10 7

RO MK, 20 5.00xl0
N 32 2,00x10°?

4D 1.05x10°7

€6.91x107%) a0
RO__Ni,

NO, 21 17581072

RN 30 3.62x107?

40 6.52x1077

4.0
(Ha0cH )
1.0
(NaoTH ;)
4.0
(KOTH ;)
3.0
(ROCH )
4.0

(R, NOCH ) 2

14.63

9.65

33,61

12.75

12.90

(6.91x10™%)

a)=0Cli; b)=Benzyltrimethylammonium methoxide

BET+HC L0500 THHNTS DH, BEAMLLS N
A Frd—BOKE-T, 78t YEEPCTEAZN
[ A 4 BEKRFEEK L > TEEMENREMEDET
DD, IKEMBEI L AHFRUSEEDE TR 7' = F
VQC)J: BHIKEMEE 5%%@@{&1:@%%1%% Lz 7z Leary
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Fig.3 Infrared spectra of potassium l-amino-1-

me thoxy-2-nitrocyclo-hexadienylide in a
mixed solution of methanolic KOCHs and
dichlorome thane.

* A methanolic KOCHs solution of 1-amino-
1-methoxy-2-nitro-cyclohexadienylide.

t A I-amino-1-methoy-2-nitrocyclohexadie-
nylide in.a mixed solution of methanolic
KOCH: and dichlorome thane.
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IH NMR spectrum of o-nitroaniline
in CD2 Cl2 at 34'C and -20C.
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Fig.5 H NMR spectrum of 2, 4-dinitroaniline

in CD2 Clz at 34C and -20C



108 FPKETEFEHPRER 5 25 %

Table 2 Dependence of chemical shifts
on the solvents and temperature (1)

Compounds Temp(°C) Chemical shifts(ﬂ Solvents
a~H e=H
34 1.92  2.62 CD,yCly
- -25 1.77 2,47 €DzC1;
1o 34 1.84 2.58 CbCly
o2 0 1.78  2.49 CDCly
-5 1.76  2.47 cpcly
-10 1,76  2.47 CDC1;
~15 1.76  2.46 cpely
~25 1.73  2.43 €bCly
3¢ 1.%0 3,31 €D,Cl,
-25 1,78 3.23 CD,Cl,
34 1.87 3.3 €nCl;
0 1.85 3,34 €DCl;
-5 1.79 3.34 cDely
-10 1.78  3.26 cnely
- -15 1.78 3.26 cpely
56, 34 1.89 2,58 cp,cl,
-25 .1.97  2.49 CDyC1,
g 50 2.06 2.60 . . €b,Cl,
G 34 1.87  2.99 ---=  5.39  CD,Cl,
-2541.78 3,22 ---- 5,35 CDyCly
Yo, 50 2.12  3.34 ---- 5.39  CDCly
KENBDT, IRAXZ I ADLIEEVELLK XN

e ok BEE & Y EAL S HEGEDHEEDNHL » I E
Nreo

Fig. d{do—=tur=)>rDyrunrr BR
DIMCH LT —20CDOPMR XXZ A THE, TDE
HoRyE BT b pHEB I IS KRS EREIC 3L
BBL NH2ZED 7= b+ o SERBICHIR L Thb T & 0.
BaNb, 3.73 ppm WIHART B NHz FED 7w + 5B E
BELICRIDE T = F TV o—Th v 7F LDl
LT, ve—TThnyrFricZibl, 0.28ppm &
Wil v 7 b 35, CTNEHL M CBEME (/bR
N FRKEREN—0--H—NOREHEILL, 5F
WK%#Ameﬁ%ﬁggﬁkb BRIEFEDRY
B Lieed & B

SO NHe#eD 71 b Y HH O R & DKEREEE 2T
vrmr AR EDOERC L VEMBC Yy 4 AHER
& L Tt NHp 345 NOz k% >C=N<3- 0 4 #+ g3t
ﬂm%z%cggigf?&ﬁ%ﬁ?é@é@ﬁﬁuo
FEDRLE Ffe 44 HBORCES
CEREDVBAAYEDEEIBY N ¥ rFHEEE
LR EAEPERELCS R, KEFESL L UFELE
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VEBTHTEHNMRALEESA Chd, coLd
¥ EROPBEE L TOBEMRR (hyperpola-
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Table 83 Dependence of Chemical Shifts on
the Solvents and Temperature (2).
Compounds Temp(°C) Proton{1) Solvents
CH 3. - - -
- Ros a-i b~ c-H NH,  OCH;
34 2.96 3,90 =mm=  ====  §.52  CgDg
34 1.84 311 -e-e €D,C1,
iz 34 2,22 4.44  =-m- CgD,
6
0N, N0, 34 1,30 3.18  -mmm €D,C1,
-10 1.35  3.14  =-e- €D,Cl,
H3CO,¢ OCH; =20 1.34 3.14 m— €D,CL,
OZNNOZ 34 2.23 5,38 ---= CeDg
———— D,C1
facon, 3 1.85 5015 €D,C1,
02“' wOz 34 2,06 4.65 --=- 4.35  6.45  CgDg
34 2.76  5.27 ----  =-== .55  CD,Cl,
CHy
WOz 34 1.80  2.36  4.20 - 7.10 CgDg
34 1.32 2.69  ~-=- ----  5.86  CD,Cl,
R0,
NH2 34 1.30 2.41 3.33 4.58 - CgDg
N0, 34 1189 2.60 3.24 3,93  —=--=  CD,Cl,
-20 1.81  2.51  3.17 3,72 =--=  CD;Cl;
NO,
H3CO OCH3
NO 34 1.80 2.28 4.22 et 6.71 CgDg
34 1.39 2.67 4.10 ——— 6.60 CD5C1,
H3CO NH;
N0, 34 1.68 2,45  ---- - 6,69 CeDg
34 1.99 2.60 3.41 4.41 6.58 CD,C1,
NO2

Table 4 Dependence of Chemical Shifts on
the Solvents and Temperature (3).

Compounds  Temp(°C) Proton(t) solvents
OCH3 a-H b c-H NH; OCHj
@ 34 1.74 2,58  =mem =mem 7.12 CgDg
oan o, 3% 1.29 186 -w--  -eem 585 CBCLp
2 34 1,64 —-ew  mme- === wemm CeDg
38 0055  mmem memm —eem emn CD,C,
0N O,  -20 6.51  mmmm mmem weee ~---  CDzCly
-
38 1,71 mmem meem mmem emem CyDg
. wo, 34 0.62  smo=memoooneeee CBCI
H4C0,, OCH}

34 1.99  4.37  ----  ~=-= .48 CgDg
oan wo, 3 1.85 3008 ---- oo 656 CByCl
f;C0__ N,

34 2.26  5.40  =m=-  —===  §.55  CgDg
a8 No, 3 2.32 540 -=m- === 6155 CDCLy
H3C0s_NOy

@ 34 176 475 mmem meee 6.25  CeDg
ot T e N N R L =
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'H NMR spectrum of l-amino-1-methoxy-
2-nitrocyclohexadienylide in a mixed
solution of methanolic KOCHz and
CD2Cl2 at 34°C and -25C.
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Fig. 7 1H NMR spectrum of 1-amino-1-methoxy-

2,4-dini trocyclohexadienylide in a mixed
solution of methanolic KOCH3 and
CD2Clz at 34C and -25C.
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