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Reaction of an Asymmetric lmidazolinium Compound with Mucleophiles 
By Isabel Perillo * and Samuel Lamdan, Departamento de Qulmica OrgAnica, Facultad de Farmacia y Bio- 

qulmica, Universidad de Beunos Aires, Junln 956, Repliblica Argentina 

1 -Methyl-3- (p-nitrophenyl) -2-phenylimidazolinium iodide ( 2 )  reacts easily with nucleophiles to give addition 
products of various stabilities. In sodium hydroxide or a silver oxide suspension compound (2) reacted to give 
N-benzoyl-N-methyl-N'-(p-nitrophenyl)ethylenediamine (4). the structure of which was confirmed by synthesis 
from N-(2-bromoethy1)-N-methylbenzamide and p-nitroaniline. Treatment of compound (2) with IRA-400 
resin (OH-) afforded the imidazolinium hydroxide which rearranged to (4). Reaction of ( 2 )  with sodium meth- 
oxide in anhydrous methanol afforded 2-methoxy-I -methyl-3- (p-nitrophenyl)-2-phenylimidazolidine which was 
hydrolysed readily to (4). Sodium borohydride reduces ( 2 )  to 1 -methyl-3-(p-nitrophenyl)-2-phenylimidazolidine. 

ALTHOUGH the behaviour of symmetric 1,3-diaryl- 
imidazolinium salts, as models for tetrahydro-N(5),N( 10)- 
methylidynef olic acid,lB2 towards alkaline hydro- 
lysis 133-5 and reduction has been studied, asymmetric 
imidazolinium salts with different N-substituents have 
not been investigated. We now report the reaction of 
one such salt (2) with nucleophiles (OH-, MeO-, and 

The carbocation form (I) of the resonance-stabilized 
imidazolinium ion would be expected to undergo 
nucleophilic attack as in simple ternary iminium com- 
p o u n d ~ . ~ * ~  This proved to be the case with the imidazo- 
linium iodide (2), which reacted in ethanol with 5% 
sodium hydroxide at room temperature during 30 min 
to give N-benzoyl-N-methyl-N'-(@-nitropheny1)ethylene- 
diamine (4), A,, 386 nm, 6 4.0br (s, exchangeable), 
identical with material synthesized from N-(2-bromo- 
ethyl)-N-methylbenzamide (5) and 9-nitroaniline. The 
insolubility of the product (4) in dilute acid! even at 
loo", and a negative Karl Fischer rea~t ion,~ proved the 
absence of the tautomeric pseudo-base (3), which may, 
however, be an intermediate. Accumulation of a tetra- 
hedral intermediate of this type has been observed 
spectrophotometrically during the hydrolysis of 1,3- 
diphenylimidazolinium chloride above pH 11 ~ 6 . ~  The 
existence of an open-chain structure as the only stable 
form has been observed with other pseudo-bases having 
a strongly electron-withdrawing group at the nitrogen 
atom.8 The behaviour of (4) with dilute acids differs 
notably from that of the NW-diaryl-N-formylethylene- 
diamines arising from 1,3-diarylimidazolinium salts, 
which in acidic medium revert to the ~ a l t s . l * ~  This 
difference can be partially explained by the stability 
conferred on the latter compounds by their symmetry. 
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Passage of the imidazolinium iodide (2) in anhydrous 
methanol through an IRA-400 resin (OH-) column 
completely removed the iodide ion. T.1.c. analysis of 
the effluent showed the presence of a large amount of a 
polar product and traces of compound (4). The solution 
had pH 8.5 and U.V. absorption at 308 nm, characteristic 
of (2), indicating the presence of the imidazolinium 
hydroxide (6). The picrate of (6) was identical with 
that of (2). The ionic nature of compound (6), which is 
the ionic form of the carbinolamine (3) is enhanced by 
the polarity of the solvent, as seen with other pseudo- 
bases8 The hydroxide (6) is slowly transformed into 
compound (a), as shown by the decrease in both basicity 
and absorbance at 308 nm of the solution of (6) in 
methanol. This rearrangement was complete in about 
7 days at room temperature (t.1.c.) and was accelerated 
by heating or by the presence of traces of water. It was 
instantaneous in the presence of alkali. 

Attempts to obtain the hydroxide (6) by stirring the 
iodide (2) in a suspension of silver oxide in methanol or 
methylene chloride, as described by Smith et aZ. for 
benzimidazolium compounds,1o resulted instead in the 
formation of compound (4). The tendency of the 
benzimidazolium ion to maintain aromaticity accounts 
for the difference in results. 

Treatment of the imidazolinium iodide (2) with 
sodium methoxide in anhydrous methanol afforded a 
yellow solid, C,,H,,N,O,, m.p. 1 5 8 O ,  after immediate 
crystallization from anhydrous methanol. The structure 
of the product varied according to the nature of the 
solvent. The U.V. absorbance showed that the covalent 
f o m ,  2-me t hoxy- 1 -met hyl-3- (P-nitrophen yl) -2-phenyl- 
imidazolidine (7b), was present in non-polar or weakly 
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polar solvents: solutions in n-hexane, benzene, or 
chloroform showed a strong absorbance at a similar 
wavelength to compounds (4), (8), and (9), suggesting 
the presence of the group p-N0,*C,H4-N<. In methanol 
the substance showed absorption at 307 nm, similar to 
compounds (2) and (6), which indicated the presence of 
the ionic form (7a). The i.r. spectrum of (7) in KBr 
did not show a strong absorption at 1660 cm-l observed 
in the spectrum of (2) (CN str. of N C+ N); this 
indicates that in the solid state the covalent form (7b) 
prevails. 

nitropheny1)-2-phenylimidazolidine (8), along with traces 
of (4) and N-methyl-N'-@-nitrophenyl) ethylenediamine 
(9). Structure (8) was confirmed by the n.m.r. [S 4-85 
(s, benzylic H-2)] and i.r. spectra (C-H stretch at 2772 
cm-l) and by hydrolysis at room temperature with dilute 
acids to give compound (9),13 identical with that obtained 
by hydrolysis of (4) with concentrated hydrochloric acid. 

EXPERIMENTAL 

M.p.s were taken with a Buchi capillary apparatus. 1.r. 
spectra were recorded with a Beckman 20 A instrument for 
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When compound (7) was dissolved in dilute hydro- 
chloric acid and picric acid was added, a precipitate of 
I-methyl-3-(~-nitrophenyl)-2-phenylimidazolinium pi- 
crate, identical to that formed from compounds (2) and 
(6), was obtained. 

During recrystallization from 96% ethanol, the 
methoxy-derivative (7) was easily hydrolysed to (4), in 
agreement with earlier reports.ll When the hydrolysis 
in chloroform was followed by t.l.c., an intermediate, 
presumably the carbinolamine (3), was detected. 

There are reports on the reduction of ternary iminium 
compounds with sodium borohydride,I2 but an attempt 
to reduce imidazolinium salts failed.3 In our case the 
reduction was successful. Reaction of (2) with sodium 
borohydride in absolute ethanol gave l-methyl-3-($- 

27. 
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potassium bromide pellets. U.V. spectra were recorded 
with a Perkin-Elmer 202 spectrophotometer and extinction 
coefficients were calculated from readings on a Beckman 
DB-G grating spectrophotometer. N.m.r. spectra were 
obtained with a Perkin-Elmer R12 (60 MHz) spectrometer 
in deuteriochloroform, with tetramethylsilane as internal 
reference. The presence of exchangeable protons (NH) was 
confirmed by use of deuterium oxide. Protons mtho and 
meta to p-nitro-groups in P-N0,*C,H4 are denoted as Ha 
and Hb, respectively. T.1.c. was carried out on 10 x 20 cm 
glass plates coated with Merck silica HF,,,,,,, and 
activated a t  100" for 1 h. Non-activated plates were used 
to follow the hydrolysis of the methoxy-derivative (7). 
All solvents were purified by standard techniques. 

I-Methy2-3-(p-ni tro~henyl)-2-pheny2irniuw~ Iodide 
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(2) .-A solution of l-(p-nit~ophenyl)-2-phenyl-A2-imidazo- 
line l4 (1) (1.5 g) in methylwe chloride (15 ml) was refiuxed 
with methyl iodide (3.5 ml) for 45 min. The solvent and 
the excess of methyl iodide were removed in v a m o .  The 
residue crystallized, affording the iodide (2) (83%), m.p. 
98" (from absolute ethanol) (Found: C, 46.9; H, 4.1; N, 
10.0; I-, 30-8. C,,HI,IN302 requires C, 46.9; H,  3-9; 
N, 10.3; I-, 31.0%); A,, (EtOH) 208, 221, and 308 nm; 
?.max. (MeOH) 207, 223, and 305 nm; Amx. (CHCl,) 270 and 
3 18 nm ; vmas. 1650, 1605, 1528, and 1350 cm-l; 6 8.10-7.32 
(DH, m, Ph and C,H,-NO,), 4.90-4.50 (4H, m, CH,*CH,), 
and 3.25 (3H, 5, Me); the picrate had m.p. 193" (from 
ethanol) (Found: C, 51-9; H, 3-8; N, 16.6. C,,H18N,0, 
requires C, 51.8; H, 3.5; N, 16.5%). 

N-Benzoy1-N-methyl-N'- (p-nitrophe~zyl)ethylenediamine (4). 
-(a) A mixture of compound (2) (0.5 g) in ethanol (20 ml) 
arid 10% sodium hydroxide (20 ml) was stirred for 1 h a t  
10-15". The yellow solid was filtered off, washed with 
water, and crystallized giving compound (4) (92%), m.p. 
149" (from methanol) (Found: C, 64.2; H, 5.7; N, 14.0. 
C1,H17N@3 requires C, 64.3; H, 5-9; N, 13.9%); Amx. 
(EtOH) 206 and 386 nm; Amy. (MeOH) 206 and 380 nm; 
A,,,,, (CHC1,) 374 nm; Amx. (n-hexane) 347 nm; vmm. 3263, 
1624, 1592, and 1281 cm-1; 8 8.16 (2H, d, Ha, J 9 Hz), 
7.50 (5H, s, Ph), 6-62 (2H, d, Hb, J 9 Hz), 6-0br (lH, s, 
NH, exchangeable), 34-4-0 (4H, m, CH,*CH,), and 3.09 
(3H, s, Me) ; Rp (MeOH) 0.80. 

(b)  A solution of silver nitrate (0-425 g) in water (2.1 ml) 
was treated with sodium hydroxide (0.11 2 g) in water (1 ml) . 
The resulting silver oxide was filtered off, washed with 
water, and suspended in a solution of compound (2) (0-4 g) 
in methylene chloride (20 ml). After stirring for 1 h the 
silver iodide and the excess of silver oxide were filtered off. 
The filtrate gave a negative test for iodide ion and t.1.c. 
showed (4) as the only product. The solution was con- 
centrated and the residue crystallized affording (4) (79y0), 
m.p. 149. 

(c) Benzoyl chloride (1.27 ml) was added to a solution of 
2-bromo-N-methylethylamine hydrobromide l5 (2.19 g) 
in cold N-sodium hydroxide (23 ml). The mixture was 
vigorously shaken until the odour of benzoyl chloride had 
disappeared. The emulsion was extracted with chloroform 
and the extract was mashed with 5% sodium hydroxide, 
10% hydrochloric acid, and water, dried (Na,SO,), and 
evaporated. An intimate mixture of the crude amide (5) 
(2-42 g)  and p-nitroaniline (2.76 g) was heated a t  110" for 
2 h. The crude product was washed three times with 
boiling water and the oil solidified after cooling. The solid 
was filtered off, pulverized, and washed with benzene to 
remove p-nitroaniline. Crystallization from methanol 
afforded compound (4), identical with the samples obtained 
from compound (2) (mixed m.p., t.l.c., and i.r.); this 
compound was insoluble in dilute acids and no reaction 
with the Karl Fischer reagent was observed. 

Hydr- 
oxide (6).-A solution of compound (2) in anhydrous 
methanol was passed through an Amberlite IRA-400 (OH-) 
column (20 x 2 cm). The effluent was alkaline (pH 8.5), 
contained no iodide ion, and absorbed strongly a t  308 nm. 
T.1.c. in methanol showed considerable amounts of a polar 
compound (6) (Rp ca. 0) and traces of (4) (RF GU. 0-8) .  
Acidification and precipitation with aqueous picric acid 
gave the picrate corresponding to (6). When kept at room 
temperature for a week, the solution decreased in basicity 

L-Methyl-3- (p-nitrophenyl) -2-fl henylimidazo Iinium 

as (6) rearrmged completely to (4). 
only 3 h for completion under reflux. 

2-Methoxy- 1 -methyl- 3- (p-nitrophenyl) - 2-phenylzmidazol- 
dine (7).-Sodium methoxide [sodium (0.92 g) in absolute 
methanol (20 ml)] was added to compound (2) (4.09 g) in 
anhydrous methanol (30 ml) a t  10". After 45 min the 
precipitate was collected and recrystallized as quickly as 
possible to obtain compound (7), m.p. 158" (from anhydrous 
methanol) (Found: C, 65.2; H, 6.1; N, 134.  C1,H19N,0, 
requires C, 65.4; H, 6.3; N, 13.2%); A,, (MeOH) 206, 
227, and 307 nm; A,, (CHCl,) 377 nm; ha, (benzene) 
365 nm; Am=. (n-hexane) 345 nm;  v,, 1606, 1496, 1300, 
and 1306 cm-l; 8 7.98 (2H, d, Ha, J 9 Hz), 7.31 (5H, s, 
Ph), 6.69 (2H, d, H b ,  J 9 Hz), 34-3-97 (4H, m, CH,CH,), 
3.14 (3H, s, MeO), and 2-01 (3H, s, MeN). Attempts to 
crystallize (7) from 96" ethanol afforded (4). Dissolution 
of (7) in 10% hydrochloric acid and precipitation with 
aqueous picric acid yielded a picrate identical with that 
obtained from (2) and (6) (mixed m.p.). 

1 -Methyl-3- (p-nitrophcnyl)-2-phenylimidazolidine (8) .- 
Sodium borohydride (3.8 g) was added to a solution of 
compound (2) (4.0 g) in anhydrous ethanol (60 ml). When 
the evolution of gas had ceased, water was added. The 
yellow precipitate was collected and crystallized, affording 
compound (8)  (580//,), m.p. 81-83" (from a small volume of 
methanol) (Found: C, 67.8; H, 6.0; N, 14-8. C,,H17N,0, 
requires C, 68.5; H, 6-3; N, 14.8%); A,, (EtOH) 204 and 
386 nm; A,,, (MeOH) 205 and 380 nm; A,, (CHCl,) 
385 nm; A,, (benzene) 377 nm; A,,, (n-hexane) 355 nm; 
vmX 1600, 1486, 1304, and 1110 cm-l; 6 8-10 (2H, d, Ha, 

(lH, s, benzylic H), 4.0-3.5 (4H, m, CH,*CH,), and 2-40 
(3H, s, Me). The crude product contained small amounts 
of (4) and (9) (t.1.c.). 

N-Methyl-"-( p-nitrophenyl)ethyZenedianzine (9) .-(a) 
Compound (4) (0.5 g) in concentrated hydrochloric acid was 
refluxed for 6 h. After cooling and diluting with water, 
benzoic acid was filtered off. The solution was made 
alkaline with 200/;, sodium hydroxide. Comfiound (9) 
separated as a yellow oil which slowly solidified; m.p. 84" 
(from cyclohexane) (Found: C, 55.5; H, 7.0; N, 21.8. 
C,H1,N,02 requires C, 55.5; H, 6.8; X, 21.6%); A,, 
(EtOH) 204 and 386 nm; A,,,. (MeOH) 304 and 380 nm; 
Amx. (CHCl,) 370 nni; Amx. (benzene) 368 nm;  & (n- 
hexane) 343 nm; vmX. 1610, 1480, and 1315 cm-l; 6 8.07 
(2H, d, Ha, J 9 Hz), 6.53 (2H, d, Hb, J 9 Hz), 5.25br (lH, 
s, NO,*C,H,*NH, exchangeable), 2.74-3.44 (4H, in, 
CH,CH,), 2.45 (3H, s, Me), and 1-26 ( lH,  s, MeNH, 
exchangeable). The chloroplatinate had m.p. 205" (Found : 

requires C, 27-0; H, 3.5; C1, 26.6; N, 10*5y0). 
(b)  Compound (8) (0.5 g) was stirred with 10% hydro- 

chloric acid for 1 h. The mixture was filtered and (9) was 
isolated from the solution, as above. 

The reaction required 

J 9 Hz), 7.10 (5H, S, Ph), 6.51 (2H, d, Hb, J 9 Hz), 4.86 

C, 27.3; H, 3.6; C1, 26.8; N, 10.8. C,,H2,Cl,N,00Pt 
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