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Control of Reaction and steric selectivity obtained by the
Solvation of Meisenheimer Type Complexes

SHiGekl Ousawa and MakoTo TAKEDA

Abstract — The structures of Meisenheimer type complexes formed by the bonding of anionic ¢ com-
plexes with various cations are confirmed or established from observation of their IR and 1H NMR, 13C NMR,
14N NMR spectra.

The IR spectra of a relation between sevral anionic ¢ complexes and cations have been reported from
experimental results of the authors.

A normal aromatic NOy group has strong absorptions at 1530-1550 and 1345-1350cm™! due to the
asymmetric and symmetric stretching mods.

The N-O symmetric stretching in 2,4,6-trinitroanisole was reported to decrease from 1343 to 1300-1290
em™ 1 and the asymmetric stretching from 1552 to 1495-1483cm™! on conversion to the 1,1-dimethoxy-2,4,
6-trinitrocycrohexadienate complexes.

On the basis of this results, it is concluded by experimental results that the N-O asymmetric stretching in
2,4,6-trinitrochlorobenzene decrease from 1350 to 1300-1294cm ™1 and the asymmetric stretching decrease
from 1553 to 1500-1479cm™ ! on conversion to the 1-methoxy-1-chloro-2,4,6-trinitrocyclohexadienate
complexes.

The stability of these complexes depends upon both shifts of asymmetric and symmetric stretching vibra-
tion bands of ketal bond and NO, bond.

The symmetric mods is determined by both N-C and N-O force constants, and hence both bond orders.

The N-O force constant, and hence the N-O bond order is determined from the overall force constant of a
large extent for the asymmetric stretching vibration.

A relation between characteristic shift of both 13C, 14N NMR spectra and IR spectra of NO, groups
exhibit obtained by the difference of cations.

Control of the reaction and the steric selectrivity by interaction of solutes to solvents depends upon both
number and orientation of donor and acceptor.

It is confirmed or determined from changes of 1H NMR spectra that the control of reaction is derived
from the relation between concentration of ions and ionic pairs make an attack on the o complexes in solu-
tions.

On the basis of these results, it is concluded that the changes of structures originated from the control of
reaction and steric selectivity by solvation in Meisenheimer type complexes synthesis.
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Fig. 1 Reladon between the stabilities of

Meisenheimer complexes were caused by
the shifts of nitro groups and Ketals
absorption bands. (2,4,6-trinitroc-
cyclohexadienate)

K+ —— - —Na* —--—Li*

2,4 ,6-trinitroanisole.
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Fig. 2 Relatdon between the stabilities of
Meisenheimer complexes were caused by
the shifts of nitro groups and ketals
absorption bands.
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Fig. 3 Relation between the stabilities of
Meisenheimer complexes were caused by
the shifts of nitro groups and ketals
absorption bands.
—e- — 2,4-Dinitroanisole
— Potassium 1,1-dimethoxy-2,4-
dinitrocyclohexadienate.
(immediately after preparation).
—-—, —,----- A few hours after preparation.
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Fig. 4 Reladon between the stabilities of
Meisenheimer type complexes were

caused by the shifts of nitro groups and

ketals absorption bands.

2 ,4-Dinitroanisole

—— --—— Trimethylbenzylammonium 1,1-
dimethoxy-2,4-dinitrocyclohexa-
dienate.
1-(3-hydrooxyethoxy)-2,4-
dinitrobenzene.

—————————— Potassium glycol-2,4
dinitrophenylether.
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Table 1 Vibrational frequencies (cm™1) and assignment for the nitro groups and ketals. (1,1-
dimethoxy-2,4,6-trinitrocyclohexadienate) Compounds

vasNO2 VsNO, vasC-0-C-0-C vsC-0-C-0-C
vasC-0~C vsC-0~C

[CeHa (NO,) 5 (OCH;) 21 Li" 1488 1296 1240,1222,1202 1050
[Cohz (NO2) 5 (OCH;) 21 Na™ 1490 1298 1243,1225,1205 1055
[CeHz (NO2) 3 (OCH;) 21 kY 1483 1290 1238,1224 1068,1048
{CeHz (NO2) 3 (OCH3) 2] "Rb™ 1490 1298 1243,1225,1205 1068,1048
[CeHz (NO2) 5 (OCH3) 21 Cs™ 1490 1298 1243,1225,1205 1068,1048
[CeH; (NO,) 5 (OCH3) o] CatOCH;s 1490 1292 1245,1228, 1057,1048
[CeHz (NOz) 5 (OCH3) 2] SrTOCH; 1492 1300 1243,1215 1057,1048
[CeHz (NO2) 5 (OCH3) 2] Ba0CH; 1495 1300 1247,1224 1057,1048
[CsHz (NO2) 5 (OCH3) 21 NRy T 1488 1294 1243,----,1207 1063,1052,1043
[C¢H2 (NO2) 30CH3] 1552 1343 1263, 1077
[CsH2 (NO2) 3.0CH;.C1]1 Lit 1498 1298 1246, 1208 1055
[CsHz (NO2) 5.0CH3.C1] Na®t 1498 1298 1246, 1208 1055
[CeHz (NO2) 5.0CH;.C1] K* 1479 1280 1265,1238,1219 1065,1048
[CeHz (NOz) 3.0CH;.C1] "Rb* 1500 1300 1246, 1208 1055
[CeH2 (NO,) 5.0CH;.CL1] Cs™ 1498 1298 1248, 1209 1058
[CeHs (NO2) 5.0CH;.C1] “catoch; 1496 1295 1250,1218 1050
[CeHz (NO2) 3.0CH;.CL1] "SriocH31496 1295 1245,1223 1055
[CsH, (NO2) 3.0CH;.C1) BatocH;1497 1296 1244,1223 1055
[CsH2 (NO2) 3C1] 1553 1350
[Cotiy (NOZ) 50CH, .C1] TNR, T 1488 1294 1250,1234,1208 1065,1052,1043

Table 2 Vibrational frequencies (cm™ 1) and assignment for the nitro groups and ketals.

Complexes vasNO;, vsNO» VasC-0-C~0-C vsC~0-C-0-C
2,4-Dinitro-
anisole. 1520 1343 1256, 1070
Na® 1528 1348 1223,1205,1170 1093,1058,1029
HaCOS - OCHs k™ 1528 1348 1223,1205,1170 1093,1058,1029
rbT 1528 1348 1223,1205,1170 1093,1058,1029
cs™ 1528 1348 1223,1205,1170 1093,1058,1029
NO2 NR." 1528 1358 1223,1205,1170 1093,1058,1029
H2C —— CH»
o4 k¥ 1528 1348 1223,1205,1170 1090,1065,1053
NO- + 1528 1348 1223,1205,1170 1853:1066,1055
@ Na 1027.
NR.T 1528 1348 1222,1204,1170 1090,1065,1055
NO. 1026.
1- (8-hydroxyethoxy) 1510 1340 1263, 1089, 1025

-2,4-dinitrobenzene

T—v 7 MCXBEREHRIE, T/ EORKICHM 2—=boyiu~FPITir— bDOLIEMeisen-
A UL7OCH: 78, —15CHETIIHE LTBUS 4 heimer BEAEOEE R ORBEICGHEE T3 LBRDTEL
Vi EBDNO, OB FICEES LIDRENHEE sND, HEETZZ3ILBPLIICINIL ChidBEBEICE 2

Kamlet Hic kD NH, BICBHAIKERE T5L BAOKERAT, NICOWET T b YHT 13— 1o
xDEEYROELFIE, 1-TI/—-1—4rFv— OHEODOETFII oESNE, LIchioTNEFOE



106 TP LH TR

WIIEALT, TI/EOUV RRZ PLOKEIITAHR
Wicr7 P LCEAHRE DS,

A 4271 97 KOCH; BlEh ok (ZA8R) OX
BERS>EDLIHobEN S,

N/H . ) <H 0CH;
\H zgézanolic H”“(,)CH}
0—H, ——  H0 0—cH; H
S+l }.(+ &4 i’<+
8- 0/\68‘ 57 N§s-

T DFEEDOFNHEKIL 430 & 45 5 nm B b, BES
B Lk, Sbizp —fLicOCHs » s Lic
REEDHEATT, TORNJ bF420L4450m®D
BN SREEDOR Y P VT, FICRUIZHEEE DL D
&, AT PVDHRPOBERLSDEHEETE 5,
2 DFEBEISIC BTS04 4 v LD
b, 413 VHOBETRIENSTHONE T ENEL. 14
{LEETT DK & OB T O A 4 5 (methanolic
KOCH3) iZ, LY RIBHEOKRENBEMNA 4 VI
BBIEMLT, MEEIEE D)2, BEMA L VO
RUSHEL, 344 XO OBBEZIIE C, BRAA
Fuae7 ) —4 4 VRO ORBIIBIEE ALRA T Y
DOEENIIL, INbIFL USRANCEEOEENICX
S TRIBENREEN D, DX IR, S, Mei-
senheimerBlSk 4 4 YV RICKBRIETH B &,
ZHODEELSRENBHOEEZS (5 )o
o—=taT=Y) UyBLXUOP—=taT=)YDFrE
J—NWVEBEEY I an i 2 VIEREROUV, VisDRRY
FVERGE6ICRT, 0—=taT=)vyoysuouis
VI OPURIEAR 39 6 nm & T IV 2 — VIR OB K
404 nmDBEEDE AT 8um THY, P—=taT =
Yooy oot i YRECTIEK350mm & T v
~ WIBE OFIIER 37 0nm OEREDZE L1 (Z200m T
HbBo Thb2HoDLAMIL, &bicMeisenheimer
Rgkth2WRT A LICED, 42 10wm ICELT BT
EMBELDITH ol TOFRIL, BS KB TRLRL
BAEEDOBINERA 445n0m & KOCHA £/ — VA
Wb DTIRIBA 455 nm DWERDZE AL 100md & HH
BTE 3, &OFZFHMIELTHIE, Al U7 BUCERE
MEULLFEL SN DERD (K5, 6 ),

2.3 NMRZRXARZ pLEREHR
H5Z 0 bMeisenhe imer BIEEEMER LD B,

(1980)

Absorbance

300 400 500
Wave length(nm)

Fig. 5 The visible absorption spectra of 1-
amino-1-methoxy-2-nitrocyclohexa-
dienate in a mixed solution of methanolic
KOCHj3 and dichloromethane by changes
of temperature.

-—— A spectum in the vicinity of

—15°C.
A spectrum at temperatures rang-
ing from 5 to 20°C.
-----~----- A spectrum in the vicinity of 40°C.
——--—— A dichloromethane solution of o-
nitroaniline. .

——---— A methanolic KOCH3 solution of
1-amino-1-methoxy-2-nitro-
cyclohexadienate.

500

AN/ nm

Fig. 6 Comparison of spectra obtained by
solvent effects.

A MeOH solution of o-Nitro-
aniline.

———————— A CH3Clj solution of o-Nitro-
aniline, .

——-——-— A MeOH solution of P-Nitro-
aniline.

"""""""""" A CH2Cl2 solution of P-Nitro-
aniline.
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Fig. 7 The 1H NMR spectra of Meisenheimer
type complexes in DMSOdg.

(1) A DMSOdg solution of Potassium 1-
amino-1-methoxy-2-nitrocyclohexa-
dienate.

(2) A methanolic KOCH3 added to dichlo-
romethane solution of o-Nitroaniline
makes mixed solution.

(3) ADMSOdg solution of o-Nitroaniline.
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Fig. 8 The IHNMR spectra of Meisenheimer

type complexes in DMSOdg.

(1) A DMSOQdg solution of p-Nitroaniline.

(2) A DMSOgg solution of p-Nitroaniline
and methanolic KOCH3 in the rato of
1:50.

(3) A DMSOdg solution of p-Nitroaniline
and methanolic KOCH3 in the ratio of
1:1.
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Fig. 9 The lH NMR spectra of Meisenheimer
type complexes in methanolic KOCD3.
(1) A methanolic KOCK3 solution of
Potassium 1-amino-1-methoxy-4-nitro-
cyclohexadienate.
(2) A week after preparation.
(3) A CD30D solution of p-Nitroanisidine.
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Fig. 10 The 1H NMR spectra of Meisenheimer
type complexes in methanolic KOCDj3.
(1) A methanolic XOCD3 solution of
Potassium 1-amino-1-methoxy-4-nitro-
cyclohexadienate (a month after prepa-
ration).
(2) A CD30D solution of p-Nitroanisidine.
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Fig. 11 The IH NMR spectra of Meisenheimer

type complexes in methanolic KOCD3.

(1) A methanolic KOCD3 solution of Potas
Potassium l-amino-1-methoxy-2-nitro-
cyclohexadienate (a few hours after
preparation).

(2) Immediately after preparation.

(3) A CD30D solution of o-Nitroanisidine.
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Fig. 12 The IH NMR spectra of Meisenheimer
type complexes in methanolic KOCD3
and DMSOdg.

(1) A DMSOd6 solution of Potassium 1,1-
diamino-2-nitrocyclohexadienate.

(2) A methanolic KOCD3 solution of
Potassium 1,1-diamino-2-nitrocyclo-
hexadienate.

(3) A few days after preparation (methano-
lic KOCD3).
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Fig. 13 The 1y NMR spectra of Meisenheimer
type complexes in methanolic KOCDj3
and DMSOdg.

(1) A DMSOdg solution of Potassium 1,1-
diamino~4-nitrocyclohexadienate.

(2) A methanolic KOCD3 solution of
Potassium 1,1-diamino-4-nitrocyclohexa-
dienate.
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Fig. 14 A 3¢ NMR spectrum of Meisenheimer
type complex in methanolic KOCH3.
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Table 3 The relation between 1-?'C, 14N NMR
spectra and its shifts of NOy groups
obtained by the cations of
Meisenheimer complexes.

cagion
Compounds KO a-c b-C c-C d-C e-C ion.wt

O,Ng&%ﬁ‘@zcﬁ 1035.89  127.4 141.8 154.6 28.23 77.77 132.9
: :
v

a NR,* 1039.40  127.4 143.0 154.7 20.23 77.76 150.2
NO:

G

Meisenheimer B & OIEIRIC X 2 FUSRE] & 30k
B DD S, IROK DR IE SNic, OMei -
senheimer Bghkis, HRERPSERZKB LD
BEABEA A v E LTGS2, @o—fir&p —fiI
DONO EDOEEIZ 0,/p = 2.6 OHEEHOMEOE D
50 — OGN & b3, A 4 vhic & B3tk
BIREOHA L 785,

ERNC X 2 BUGIRENIE, AE &AM OMEfEAH
HMAROBRELBEBEOBMEIERICLY, KBTS /44
HOBRBREIGICRELHTFET ST ENRIBHEI &8 -
7o

TERRREGETFES I HEOHEMBOBICLY,
FNENA L) ~n, RYEY, A4/ ) v 7 KOCH3,
vrnnid i EBRREBRELYD, TNThBEEMT S
TEILED, BEOREEICASCEST BT EEY
SN, (FEBEFEREHSE 1 0RIKEARICTH
)
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