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sublimed, code 1082) t o  the  so lut ion o f  0.755 g (5.0 m m o l )  o f  
squary l  dichloride, t he  m i x t u r e  was s t i r red for  1 hr a t  20" a n d  an-  
o ther  20 h a t  re f lux under  the  condit ions o f  t h e  exper iment  de- 
scribed in (A).  W o r k - u p  as before furn ished four  chromatographic 
bands, from wh ich  the  fo l lowing compounds were isolated: b a n d  
I, 0.126 g (6.8%) o f  crude 4, mp 163" ( f rom benzene-hexane); 
b a n d  11, 0.291 g (15.6%) of  crude 2, mp 130-131" ( f rom benzene- 
hexane); band 111, 0.119 g (10.2%) o f  crude 1, mp 95" ( f rom ben- 
zene-chloroform) ( l i t .  97-97 ,2",17 98",3a 94-95" I), undepressed o n  
admix tu re  o f  authentic1 compound; b a n d  IV, 0.328 g (21.0%) o f  
crude 3, mp 204--208" dec ( f rom benzene-hexane). 
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Pursuant to a need for some intermediate compounds in 
our development of certain synthetic routes, we investi- 
gated the Birch reduction of N-methylindoline2 (1). I t  has 
been suggested3 that 3 is the probable product of this 
reaction and that in the case of N, N-dimethyl-p-tolui- 
dine4 a mixture of 2,3-dihydro-N, N-dimethyl-p-toluidine 
and 2,5-dihydro-N,N-dimethyl-p-toluidine are the prod- 
ucts. 

Our conditions for the reduction require lithium in liq- 
uid ammonia-tetrahydrofuran-isopropyl alcohol, and, 
upon subjection of 1 to this reaction, N-methyl-4,7-dihy- 
droindoline (2) is the sole product. Our experience with 
the reduction of 1 and its product 2 indicates that no 3 is 
formed during the reduction. However, 2 is a very labile 
substance with respect to rearrangement to 3 and extreme 
care is required to prevent this rearrangement from occur- 
ring. As one might expect, exposure of 2 to acidic sub- 
stances accelerates the conversion to 3. For example, 
using commercial cc14 or CDC13, which may contain even 
trace amounts of HC1, will cause 3 to develop. We also 
found that the following drying agents also cause the 2 to 
3 reaction: CaC12, Na2S04, KzC03, MgS04, and CaS04. 
However, 2 appears stable, neat or in ether solutions, 
when stored in the cold (0") over solid KOH. Product 2 
can be distilled without rearrangement but rigorous treat- 
ment of the glassware with ammonium hydroxide is nec- 
essary to prevent rearrangement from happening. 

One can, of course, produce 3 directly from the reduc- 
tion by purposely exposing the reduction product to acid 
during work-up. One such method is distillation from a 
small amount of acidic ion-exchange resin. 

The structures for 2 and 3 follow directly from their 
spectral and analytical data. For 2 in its nmr spectrum 
the broad singlet of 2 H at  T 4.4 and the 4 H in the T 7 . 2  
region are fully characteristic of the 1,4-diene in a cyclo- 
hexane ring. In the case of 3, it has three separate single 
proton vinyl resonances a t  r 4.1, 4.9, and 5.6. The first 
two are multiplets and the third is a broad doublet in a 
chemical shift region typical of a P-vinylenamine type. In 
addition 3 gives a uv spectrum with A,,, 3306 ( e  5200) in- 
dicative of the conjugated enamine. 

It appears from these results that 1 indeed gives the 
normal 
can be 

product (2) from the Birch reduction and that 2 
used in some synthetic operations with due cau- 

CH, CH, 
1 2 3 

tion. Also one can easily prepare 3 from 1 and it too may 
be of use in synthetic sequences. 

I t  would seem to be a logical extension of our results 
that N,N-dialkyl aromatic amines will in general give the 
usual unconjugated diene as the sole primary product. 
However, due caution must be taken to see that the very 
facile rearrangement of the unconjugated to the conjugat- 
ed diene does not take place. 
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Experimental Section 
Preparation of 4,7-Dihydro-N-methylindoline (2). A 1-1. 

three-necked flask equipped with a mechanical stirrer, Dry Ice 
condenser, and gas inlet and outlet was purged with nitrogen. 
Ammonia was passed through a KOH gas washing tower, and 
about 500 ml was collected in the reaction flask. To the ammonia 
a solution of N-methylindoline (10 g, 0.075 mol) in tetrahydrofur- 
an (100 ml) was added along with isopropyl alcohol (45 g, 0.75 
mol). To this stirring mixture was added lithium ribbon (1.6 g, 
0.23 g-atom) in small pieces, and the reaction was allowed to con- 
tinue until the blue color had discharged, usually about 0.5 hr. At 
this pojnt an aliquot of the reaction mixture was quenched in an 
ether-water mixture, and the ether layer was examined by nmr t o  
determine if all aromatic protons had disappeared. Usually an 
additional 0.5 g of lithium was required in order to effect com- 
plete reduction and the blue color persisted for an hour or so. At 
this point another aliquot was checked by quenching and nmr 
analysis and more lithium was added if necessary. When com- 
plete reduction was indicated, the ammonia was allowed to evap- 
orate under nitrogen flow. A mixture of water and ether (100 ml 
each) was added and the organic layer was washed rapidly with 
water and dried over solid KOH pellets. Concentration of the 
ether layer and rapid distillation in an apparatus carefully 
washed with ammonium hydroxide and dried gave 2 (8.6 g, bp 
39-41" (0.07 mm)) in 86% yield; nmr (neat) T 4.4 (s, 2 H), 6.95-7.6 
(m, 8 H), 7.7 (s, 3 H). 

Anal. Calcd for CgH13N: C, 79.95; H, 6.69. Found: C, 80.08; H, 
9.58. 

Preparation of 4,5-Dihydro-N-methylindoline (3). The iden- 
tical reaction as described above for the preparation of 2 was con- 
ducted again upon N-methylindoline (10 g). Work-up of the reac- 
tion was also identical except that ca. 100 mg of Dowex 50W-X2 
200-400 mesh hydrogen form cation-exchange resin was added to  
the pot and then the product was slowly distilled to give 3 (8.1 g, 
bp 69-73" (3 mm)): nmr (neat T 4.1 (m, 1 H), 4.9 (m, 1 H), 5.6 (d, 
1 H), 6.8-8.7 (m, 7 H), 7.5 (s, 3 H); uv hmax(i-PrOH) 306 ( e  5200). 

Anal. Calcd for CsHl&!: C, 79.95; H, 9.69. Found: C, 79.90; H, 
9.62. 
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In 1879 Fischer reported1 that, when 1,1,l-triethylhydra- 
zinium hydroxide is refluxed in water, 1,l-diethylhydra- 
zine is formed (eq 1). He formulated the reaction as also 
producing ethylene, but mentioned no experimental evi- 
dence for it;  perhaps this was merely equation balancing. 
However, since he had previously shown2 that some hy- 
drazinium hydroxides give alcohols by a displacement 
process, he might have had unreported evidence that eth- 
anol was not formed from the ethyl compound. 

1 
(CH~CH~),&-NH, OH- - (CH,CH,)NKH, + CH,=CH? (1) 

H,O 

If such eliminations could be effected generally, they 
might furnish a useful alternative to  the Hofmann and 

Scheme I 

R ~ N  + NH,X --, R~T;--NH~ x- - base R,N-KH- + 1, 
1 

L H' _I 
Cope degradations, particularly since hydrazinium salts 
can be formed readily from tertiary a m i n e ~ . l b + ~  The over- 
all plan for such a degradation is indicated in Scheme I. 

Presumably under proper conditions, though perhaps 
not in water, the elimination would occur via an aminim- 
ine inner salt 1,4 and therefore would be a nitrogen analog 
of the Cope elimination5 of amine oxides 2, and the a$' 
mechanism of elimination in some hindered quaternary 
ammonium ions via the ylides 3.6 Eliminations from the 
similar aminimide inner salts 4 have been reported,' but 
these occurred only a t  rather high temperatures. 

0 
+ + -  + - II 

R,N-0- RJ-C-R R,N--N--C-R 
H 

2 3 4 

Accordingly, we have investigated the elimination from 
two hydrazinium salts in the presence of strong base (po- 
tassium tert-butoxide) and have obtained respectable 
yields of olefins. The two systems studied, sec-butyl and 
cyclohexyl, were selected as likely to reveal most quickly 
the characteristics and utility of the scheme. The results 
are what one might anticipate for a Cope-like process, a 
syn elimination in 1 through a cyclic transition state. 

The hydrazinium chlorides were prepared from di- 
methyl-sec-butylamine and dimethylcyclohexylamine by 
several minor variations of Sommer's method3, employing 
hydroxylamine-0-sulfonic acid (the excellent method of 
Tamura, et ~ l . , ~ c  had not yet appeared when this investi- 
gation was begun). The yields were quite variable and 
sometimes rather low. The best yields, based on amine, 
were obtained in aqueous potassium carbonate to which a 
small amount of ethylenediaminetetraacetic acid (EDTA) 
was added in an effort to minimize heavy metal catalyzed 
side reactions. This procedure was adopted to avoid the 
use of excess amine as the required base.lb33a It was found 
to be advisable to use freshly prepared hydroxylamine-0- 
sulfonic acid, since the commercial product is rather un- 
stable and some lots gave poor results. 

These hydrazinium salts displayed no detectable acidity 
in 0.1 N NaOH, and therefore their pK, is greater than 
13. When the solutions in aqueous sodium hydroxide were 
refluxed for 1 hr, no olefin was formed, and after acidifi- 
cation with hydrochloric acid the original hydrazinium 
salts were recovered. Since it has been reported4 that po- 
tassium tert-butoxide suffices for the preparation of tri- 
methylaminimine, this base was used in subsequent stud- 
ies. The elimination from dimethyl-sec-butylhydrazinium 
chloride proceeded smoothly in refluxing tert-butyl alco- 
hol containing a small excess of potassium tert-butoxide, 
giving a mixture of butene isomers in 73% isolated yield. 
The ratio of isomers, as determined by glc, was found to 
be 64.5% 1-butene, 10.570 cis-2-butene, and 25% trans-2- 
butene. This ratio is very nearly identical with that found 
for the Cope elimination of dimethyl-sec-butylamine 
oxide,8 67:12:21, and probably can be interpreted as 
implying a similar mechanism. 

The elimination from dimethylcyclohexylhydrazinium 


