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lithinm in ethylamine, the reaction is obviously limited 
to saturated carboxylic acids unless reduction of other 
fuiictional groups is intended. Additional efforts to in- 
crease the yield of aldehyde by the use of other solvents 
such as ethylenediamine were relatively unsuccessful 
unless a considerable amount of ethylamine also was 
present. 

Experimental 

The general procedure for the reduction of acids to aldehydes 
with lithium in ethylaniine is illustrated by the reduction of un- 
decanoic acid. 

Finely divided lithium shot8 (0.75 g., 0.11 g.-atom) was added 
to a magnetically stirred solution of undecanoic acid (1.86 g., 
0.01 mole) in anhydrous, redistilled et,hylamine (35 g., 50 ml.) in 
a 100-ml. three-necked flask fitted with a soda-lime drying tube, 
a dewar-type reflux c o n d e n ~ e r , ~  and a flexible-necked addition 
flaskLo containing (40 g., 0.9 mole) of anhydrous ammonium 
chloride. After 4 hr. the deep blue color of the mixt,ure was dis- 
charged by careful addition of the ammonium chloride. The 
condenser then wm removed, and after partial evaporation of the 
solvent for 1 hr. a t  rnom temperahre the residue was added to a 
mixture of 65 g. trf cracked ice and 35 ml. of concentrated hydro- 
chloric acid. The resulting acidic solution was extracted with 100 
ml. of ether, and the ether layer was washed with cold 1 .V 
sodium hydroxide solution to yield 90 mg. (5Yc recovery) of un- 
changed undeoanoic acid. The ether layer then was dried and 
evaporated to give a mixture of undecanol and undecanal from 
whidi the aldehyde was isolated and identified a8 its 2,4-dinitro- 
phenylhydrazone (1.05 g. ,  30% yield), m.p. 102.5-103.5".11 
For further identification the aldehyde from another run was 
converted into the semicarbazone, m.p. 104-106".11 
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The reaction of nitromethane with base first yields 
the nitromethane anion, then the methazonate ion2  
The rates of these reactions have been determined and 
some suggestions made about mechanism. 3-5 How- 
ever, the structures of methazonic acid and its anion 
have not been definitely established. Since proton 
resonance spectroscopy has been very useful in de- 
termining structures of mobile species in solution, an 
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Fig. 1.-Proton resonance spectrum of methazonic acid in acetone 
(solvent not shown). 

attempt was made to obtain the spectra of methazonic 
acid and its anion. 

The proton resonance spectrum of methazonic acid 
in acetone solution is shown in Fig. 1. A similar 
spectrum is observed in aqueous solution except for 
the absence of the two low field peaks, attributed to the 
oxime protons, which are presumably exchanging 
rapidly with the solvent. Chemical shifts and spin- 
coupling constants are listed in Table I. The doublet, 
triplet, and single peaks observed for methazonic acid 
may be most readily explained if the compound has the 
structure Ozn'CH2CH :SOH. The two groups of peaks 
can be attributed to syn-anti isomerism about the 
carbon-nitrogen bond. The aldehydic proton in 
aldoximes has been found to occur a t  lowest magnetic 
field in the syn isomer.6 Although no effect of syn- 
anti isomerism was observed on the p-hydrogens in 
aldoximes it has been observed in 2,4-dinitrophenyl- 
hydrazones and ketoxime~.~ * It is, therefore, concluded 
that the lowest field triplet, highest field doublet, 
and highest field singlet can be assigned to the syn 
isomer of methazonic acid. As with the 2,4-dinitro- 
phenylhydrazones the shielding effect of the carbon- 
nitrogen double bond is opposite for the a- and p- 
hydrogens, and smaller for the p- than the a-hydrogens. 

An AX2 spectrum for the protons on the carbon 
chain in both isomers of methazonic acid indicates 
either free rotation about the carbon-carbon bond or a 
fixed conformation in which the two CH, protons are 
equivalent. Since the average coupling constants are 
different for the two isomers, it is likely that there is 
free rotation about the carbon-carbon bond, with dif- 
ferent populations in the various conformations for 
each isomer. 

The spectrum of a freshly prepared acetone solution 
of methazonic acid shows only those peaks attributed 
to the anti form. With time, peaks due to the syn 
isomer appear, and at equilibrium it is the more abun- 
dant by 1.29:l.OO. When methazonic acid is dis- 
solved in water the equilibrium concentrat,ions of syn 
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TABLE I 
CHEMICAL SHIFTS A N D  SPIN-COUPLING CONSTANTS OF SOME NITRO DERIVATIVES 

Compound &(HzO)' &(acetone) 61(CHaOH) 6z(Hz0) Idacetone) 6z(CHsOH) 6dacetone) J+zb 

0,NCHzCH :NOH syn 0.48  3.17 2.90 5.56 8.78 6 . 0  
1 2 3 anti 0.67  3 .35  2.46 5.08 8.90 4 . 7  

OzN : CHCH : N@ syn 1.99  3.38d 3.19 4.71 9 . 0  
1 2  anti 2.33 3 .82  2 .83  4 . 2 6  8 .8  

1 

1 2  

1 

CHg : NO,- 1 .oo 2.32 

CHjCH: N0z- 3 .  14e 1.39 6 . 2  

(CH3)qC: NOi- 1 .  3ge 

0 Chemical shifts are listed in p.p.m. to low field of the solvent resonance (the CHI resonance in the case of methanol). * Spin-coupling 
c The n.m.r. evidence cannot distinguish between the monoanion with a rapidly exchanging hydrogen constants are in cycles per second. 

and the dianion. d Spectra in methanol are for lithium salts only. e To high field of solvent. 

I-anti 
2-anti 

184.5 163.8 136.2 116.7 

( b )  

Fig. 2.-(a) Proton resonance spectrum of CHZNOZ- and 
-20&CHCHSO; (b), (c), and ( d )  progressive deuteration of 
-202NCHCHNO. Peak positions are in c.p.8. to low field of water. 

and anti isomers are observed immediately. The syn 
isomer is favored by 2.53:l.OO. One may conclude 
that crystalline methazonic acid occurs as the anti 
isomer and goes into solution in that form. This also 
agrees with the observations of Phillips,6 who found 
that those aldoximes which were isolated after re- 
crystallization were exclusively in the anti  form. 

The reaction of nitromethane with base in water or 
methanol yields, after a short time, an eight-line spec- 

trum whose spacing and intensity is consistent with two 
AB pairs. A similar spectrum is also obtained when 
methazonic acid is dissolved in water containing one 
equivalent of base. The chemical shifts and spin 
coupling constants for these species, the syn  and anti 
isomers of methazonate ion, are listed in Table I. A 
typical spectrum is illustrated in Fig. 2(a). These 
spectra may be explained by the structure O z S : -  
CHCH:KO-2 for the methazonate ion. It is not pos- 
sible to distinguish, from the proton resonance spectra, 
between the dianion and the monoanion with a rapidly 
exchanging hydrogen on one of the oxygen atoms. The 
retention of configuration about the oxime anion has 
also been observed with ketoximes.8 Since the spec- 
trum is the same with either one equivalent of base 
(methazonic acid in aqueous alkali) or two equivalents 
(nitromethane anion in water) it seems likely that the 
oxime proton is the last to ionize. This is consistent 
with the ultraviolet spectral data on the mono- and 
disodium salts.5 

The proton resonance peaks centered at  2.83 and 3.19 
p.p.m. to low field of water are assigned to the hydrogen 
adjacent to the oxime group since they are at lowest 
field as in methazonic acid. Therefore, the peaks 
centered at  1.99 and 2.33 p.p.m. are assigned to the 
hydrogen adjacent to  the nitro group. The peaks at  
2.33 and 2.83 p,p.m. are assigned to the anti isomer 
since they have the same position relative to the syn  
protons as in methazonic acid. The variation of in- 
tensity with time, described later, is also similar to 
that of methazonic acid for this peak assignment. 

In an aqueous solution of methazonate ion, freshly 
prepared from methazonic acid or from the anion of 
nitromethane, the anti isomer is in excess by 1.41 : 1.00. 
At equilibrium the syn  isomer is favored by 2.02: 1.00. 
The variation in intensity of the two groups of four 
peaks is good evidence in favor of the assignment to 
two AB pairs. Additional evidence comes from the 
change of the spectrum when the sodium salt of nitro- 
methane is dissolved in deuterium oxide. Methazo- 
nate ion is first produced and exchange occurs in the 
order I-anti > 1-syn > 2-anti > 2-syn. This behavior 
is illustrated in Fig. 2. 

The logarithm of the rate constant for the reaction 

2CHzNOz- + -'Oz?i: CHCH:SO.HzO 

has been calculated as log k2 = 1.79 moles-' 1. min.-' 
a t  25°.2 From the rate of disappearance of the peak 
due to the nitromethane anion a value of 1.75 moles-' 
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1. min.-' was obtained in the present study. Since 
concentrations of nitromethane anion were one thousand 
times greater in the present study, the agreement is 
excellent. 

Since deuterium exchange at  the 1-position is faster 
than syn-anti equilibration the exchange cannot in- 
volve loss of configuration about the oxime double bond. 
Rlethazonate ion, produced from nitromethane anion 
in deuterium oxide as solvent, does not contain any 
deuterium. Therefore, the dimerization of nitro- 
methane anion to methazonate ion occurs more rapidly 
than hydrogen exchange between water and nitro- 
methane anion. 

Experimental 
The proton resonance spectra were obtained as described pre- 

viously.9 Two molar solutions were prepared by dissolving the 
appropriate amount ot solid in 0.25 ml. of solvent. Despite 
care to  introduce the salts of nitromethane slowly into solution 
excessive reaction sometimes occurred.1° Methazonic acid was 
prepared by an  established method.11 
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Kitration of 2-methylgramine with nitric acid in 
acetic acid has been reported to yield 2-methyl-5- 
nitrogramine, m.p. 158-160°.2 The product was sub- 
sequently proved, however, to be 2-methyl-6-nitro- 
g r a m i ~ ~ e . ~  In a recent paper from this laboratory4 the 
preparation of authentic 2-methyl-5-nitrogramine1 m.p. 
173-175', has been described, by a Mannich reaction 
with 2-methyl-5-nitroindole (I), the nitration product 
of 2-methylindole in concentrated sulfuric acid. Ab- 
sence of a well defined XH band in the Nujol infrared 
spectrum of the gramine derivative suggested the pos- 
sibility that the Mannich reaction might have occurred 
a t  the 1-position. Equilibration with deuterium oxide, 
however, produced a series of weak KD bands,5 thus 
showing that the S H  group is still present in the gram- 
ine derivative. 

The structure of 2-methyl-5-nitrogramine (11) has 
now been proved by chemical means. Catalytic hy- 
drogenolysis of 11, with concomitant hydrogenation 
of the nitro group, gave the known 5-amino-2,3- 
dimethylindole (III),6-g identical with a sample pre- 
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121 V. Colo, B. h e r o ,  and A. Vercellone, Farmaco (Paaia), Ed. Sei., 9 ,  611 

(19,54). 
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(4) W. E. Noland, L. R. Smith, and D. C.  Johnson, J .  Ore. Chem., P8, 

2262 (1963). 
( 5 )  The XD bands, unlike the S H  bands. do not overlap with the C H  

region. 
( G )  H. Bauer and E. Strauss. Ber., 65, 308 (1932). 
(7)  E. Shaw and D. W. Woolley, J .  Am. Chem. Soc.. 76, 1877 (1953). 

pared by catalytic hydrogenation of 2,3-dimethyl-5- 
nitroindole (IV) ,6.9-11 the nitration product of 2,3- 
dimethylindole in concentrated sulfuric acid. Other 
evidence that I1 is 3-substituted is provided by its 

IV 

0zNyJQ 

H 
I 

V 

'zNnT CH~COOH 

CHs 
VI1 

reaction with I in acetic acid, which gave 3,3'-methyl- 
enebis (2-methyl-5-nitroindole) (V) . This nucleophilic 
replacement of the dimethylamino group of I1 by I is 
analogous to the formation4 of V as a coproduct with 
I1 during the Mannich reaction. The presence of an 
NH band in the infrared spectrum of V is consistent 
with the formulation of V and of its precursor I1 as 3- 
substituted indole derivatives. n'ucleophilic replace- 
ment of the dimethylamino group of I1 with cyanide 
ion gave 2-methyl-5-nitroindole-3-acetonitrile (VI) 
as well as a small amount of V. The presence of a 
well defined NH band in VI provides additional evi- 
dence that its precursor I1 is not a l-substituted indole 
derivative. 

Acid hydrolysis of VI provides a convenient synthesis 
of 2-methyl-5-nitroindole-3-acetic acid (VII). 

Experimental 

Melting points were determined on a calibrated Fisher-Johns 
hot stage. 

2-Methyl-5-nitrogramine (3-Dimethylaminomethyl-2-methyl-5- 
nitroindoleI2) (11) .-By increasing the mole ratio of formaldehyde 
and dimethylamine relative to 2-methyl-5-nitroindole the yield of 
2-methyl-5-nitrogramine has been increased to 607, from the 
18% previously reported.4 

A solution of 2-methyl-5-nitroindole4 (4.20 g., 0.0238 mole) in 
acetic acid (500 ml.) was added dropwise, with stirring, to a solu- 
tion of formalin (2.50 g. of 37% formaldehyde, 0.031 mole) and di- 
methylamine (6.00 g. of aqueous 257, solution, 0.033 mole) in 
acetic acid (150 ml.) a t  5". Stirring was continued a t  5" for an 
additional 1.5 hr., at room temperature for 1 hr., and a t  steam 
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