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Figure 2.-Plots of para and meta a-hydrogen coupling con- 
stants os. cos2 e for Znitrotriptycene (0 gauss, 90” and 0 gauss 
goo), pnitrotoluene (3.98 gauss, 45”), mcnitrotoluene (1.10 
gauss, 45”)’ and Snitroindan (5.40 gauss, 30” and 1.38 gauss, 
30”). 

was attempted. Only very transient, free-radical 
species were obtained or no signal at all. However, 
the bright red or blue color characteristic of the carb- 
anion was observed immediately after electrolysis was 
begun. It appears that the initially formed radicals 
act as strong bases and immediately remove the 
acidic proton from the parent p-nitrobenzyl derivative. 
Since the neutral reduced nitrobenzene radical formed 
by the protonation of nitrobenzene radical anion is not 
stablel4 no radicals are seen and simultaneously the 
unreduced p-nitrobenzyl derivative is removed from 
the solution and converted to the carbanion, e.g. 

(C,HF,)~-CH-GH,NOZ-. + (CeH5)2-CH-(CeH4N02) 4 

(C~lls)2--CH--CaH4NO~H + (C~H~)Z-~-C~H,NO~-  
unstable stable carbanion 

Reduction of the carbanion is not possible by electroly- 
sis. p-Nitrobenzyl bromide and p-nitrobenzyl phenyl 
ether also did not give stable radicals presumably 
because of elimination of bromide and phenoxide and 
ions.l5 The only useful spectrum was obtained from 
p-nitrophenylacetic acid. The coupling constants for 
this radical in acetonitrile are ON = 10.78, ~ 2 . 6 ~  = 3.23, 
a8,SH = 1.03, aH = 2.84. The radical is undoubtedly 
p-nitrophenylacetate dianion radical. Since the 
coupling constant of the a-methylene hydrogen is es- 
sentially the same as in p-ethylnitrobenzene, it would 
appear from this limited data that the carboxylate 
group is sterically and electronically similar to the 
methyl group in this solvent. Thk result is un- 
expected. 

Electron spin resonance spectra were obtained with 
a Varian 4502 epr spectrometer with 12-in. magnet 
and “Fieldial” magnetic field control. Radicals were 
generated electrolytically in a Varian flat cell in aceto- 
nitrile containing tetraethylammonium perchlorate as 
carrier electrolyte. The electrode potential was in- 
creased slowly by small increments until radicals were 
detected. Since at, similar potentials the well-known 
spectrum for nitrobenzene radical anion could be ob- 
tained no attempt was made to determine accurate 
reduction potentials for the nitrobenzene derivations 
discussed here. Representative values can be found 
in ref 11 and 13. The method for generating sub- 
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stituted nitrobenzene radical anions in dimethyl 
sulfoxide (80%)-tbutyl alcohol (20%) has been pre- 
viously described.lB 

p-Nitrotoluene, p-nitroethylbenzene, and p-nitro- 
cumene were obtained from commercial sources. A 
generous sample of 2-nitrotriptycene was obtained from 
Dr. R. L. Little.” 

Registry No.-Acetonitrile, 75-0-58; 2-nitrotripty- 
cene, 4628-55-1 ; p-nitrotoluene, 99-99-0 ; m-nitrotoluene, 
99-08-1 ; 5-nitroindaq 7436-07-9 ; p-nitroethylbenzene, 
100-12-9; p-isopropylnitrobenzene, 1817-47-6; methyl 
p-nitrophenylacetate, 2945-08-6 ; p-nitrophenylacetoni- 
trile, 555-21-5 ; p-p’-dinitrodiphenylmethane, 1817-74-9 ; 
p-nitrophenyldiphenylmethane, 2945-12-2 ; tris(p-nitro- 
phenyl)methane, 603-49-6; p-nitrobenzyl bromide, 100- 
11-8; p-nitrobenzyl phenyl ether, 3048-12-2; p-nitro- 
phenylacetic acid, 104-03-0 ; tetraethylammonium per- 
chlorate, 2567-83-1 ; 3,4-dimethy1nitrobenzenel 99-51-4. 

Acknowledgment.-Acknowledgment is made to the 
donors of The Petroleum Research Fund, administered 
by the American Chemical Society, for support of this 
research. 

(16) G. A. Russell, E. G. Janzen, and E. T. Strom, ibid., 86, 1807 (1964); 
G. A. Russell, E. G. Jansen, A. G. Bemis, E. J. Geela, A. J. Moye, A. Mak, 
and E. T. Strom in “Selective Oxidation Processes,” Advances in Chemistry 
Series, 51, American Chemical Society, Washington, D. C., 1965, p 112. 

(17) We acknowledge Dr. Little’s original suggestion which prompted the 
investigation of the ear spectrum of 2-nitrotriptycene anion radical. 

Infrared Spectra of N16-Substituted Schiff Bases 

GERALD DUDEK 

Department of Chemistry, Harvard University, 
Cambridge, Massachusetts 

Received August 8, 1966 

The interpretation of the infrared spectra of chelated 
alp-unsaturated 8-ketamines has been difficult owing to 
strong interactions between the carbonyl, the carbon- 
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carbon double bond, and the amino vibrations which 
may render the concept of group frequencies unappli- 
cable in these sy~tems.l-~ 

Kinseley, et aL13 demonstrated that N15 labeling 
provided valuable information for the interpretation 
of the spectra of amides as the band shift between the 
N14 and N15 compounds eshblished the C-N fre- 
quencies.9*6 Accordingly, the infrared spectra of 
several N16-labeled Schiff basese have been obtained 
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Figure 1.-The infrared spectrum of 3-(N-methylamino)crotono- 
phenone (CC4 solution). 
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Figure 2.-The infrared spectrum of 3-(N-methylamino)-5,5- 
dimethylcyclohexen-1-one (CDCL solution). 

and the results provide an estimate of the vibrational 
coupling in these ketamines. 

The spectra (Figure 1) of the Schiff base, 3-(N- 
methy1amino)crotonophenone (I) indicate that the 
majority of the bands are shifted by several reciprocal 
centimeters; therefore, extensive coupling is present. 
If extensive coupling were not present, the N-H 
frequency would shift by 8 or more cm-l and the 
carbonyl and double-bond frequencies would shift only 
slightly upon NI5 ~ubstitution.~ (See Table I.) 

TABLE I 
INFRARED BAND POSITIONS FOR 

3-( N-RIETHYLAMINO)CROTONOPHENONE (CC4 SOLUTION) 

om-' cm-1 em-] om -1 

NI4 position, N" shift, N1' position, NlS ehift, 

1609 -3 1435 -2 
1596 -3 1376 0 
1579 -3 1317 -2 
1558 -2 1281 -4 
1495 0 1198 0 

Since the ring system in 3-(n'-rnethylamino)-5,5- 
dimethyl-2-cyclohexen-1-one (11, Figure 2) prevents 
intramolecular association, this compound is a useful 
model for comparison. The infrared band at 1586 
cm-' (the amide I)lf2 shifts by 1 cm-l upon Nl6 sub- 
stitution,' while the amide I1 band at 1519 cm-' shifts 
by 14 cm-I and the 1266-cm-l amide I11 band shifts 
by 3 cm-l. Since the amide I band is usually con- 
sidered to be largely a C=O stretching mode, the 
amide I1 a N-H scissor vibration and the amide I11 a 
N-H stretching frequency,' the results obtained here 
are not unexpected. 

The Schiff base 3-(N-methylacetimidoyl)-2-naphthol 
(111) contains a hydrogen bonded C=N and 0-H 

(7) The frequency given is always the one for the N1' compound. 

linkage. The results again are consistent with the 
concept of group frequencies. There is an appreciable 
isotopic shift of 18 cm-' in the C=N stretch (at 1630 

cm-1). The 1331- and 1302-cm-I bands shifting 1 
cm-1 and a broad band at  1065 cm-I shifting 6 cm-l are 
the other nitrogen sensitive frequencies. Broad bands 
at 1526, 1445, and 1213 cm-' are not noticeably 
affected by isotopic substitution of the nitrogen. 

By comparison with the spectra of I1 and 111, the 
strong coupling observed with I is a result of both 
hydrogen-bond chelation and the near equality of the 
double band and carbonyl frequencies. 

Experimental Section 

The infrared spectra were taken on a Gary White Model 90 
infrared spectrometer. The band width was set to 2 cm-l or 
less and the spectra were run in triplicate and averaged. The 
three determinations agreed within 1 cm-l. The solvents used 
were either carbon tetrachloride or deuteriochloroform. The 
compounds have been described in earlier reports.6 

Registry No.-3-(N-Methylamino)crotonophenone, 
7721-58-6; 3-(N-methylamino)-5,5dimethylcyclohen- 
1-one, 701-58-6; 111,7721-60-0. 
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The p-diketamide group common to N-substituted 
2-carbamoyldimedone derivatives (A) is an unusual 
cross-conjugated system. Proton magnetic resonance 
(pmr) spectra indicate that the compounds are enolic 
and that the enolic and the amino hydrogens are in- 
volved in strong hydrogen bonding as evidenced by 
the large d o d e l d  chemical shifts of these protons. 
The chemical shift of the enolic proton of 6 = 18 ppm 
implies that the hydrogen bond in this system is 
stronger than the one in enols such as acetylacetone 
(6 = 16 ppm).2 
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