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R' = C6H6CH2-) on the basis of elemental analysis 
and analogy to the diazomethane reactions." A 
very small amount of lower boiling material, whose 
infrared spectra indicated the possible presence of 
pyrazoline was also obtained but decomposed very 
rapidly. The spectra of the reaction product before 
distillation exhibited little difference from the com- 
bined spectra of the distillation fractions. Reaction 
of ethyl a-cyanocinnamate with phenyldiazometh- 
ane also gave a compound of type I V  as the major 
product. 

EXPERIMENTAL 

Reagats. The authors thank Kay-Fries Chemicals, Inc., 
and Fisher Chemical Co., Inc., for generous gifts of ethyl 
cyanoacetate. The aldehydes used were obtained from com- 
mercial sources and used without further purification. 
T h a n b  to Union Carbide Chemic& Co. and Abbott Labs. 
for samples of some of the aldehydes. We should also l i e  to 
thank the DuPont Company for a generous gift of EXR 
101,14 which was used to generate the diazomethane, and Dr. 
W. M. Jones for unpublished directions on the preparation of 
phenyldiazomethane. 

(13) A referee has suggested that this compound may be a 
cyclopropane. It has been found ta decolorize potassium 
permanganate and to react with bromine in carbon tetra- 
chloride at the same rate as the unaaturated starting ma- 
terial. In comparison, several cyclopropyl compounds re- 
acted with the bromine at a different rate and did not d e  
colorize permanganate. It would seem therefore that this 
material has the same structure as the diazomethane reaction 
products. 

(14) Contains 70% of N ,  N 1  ,-dinitroso-N, N',dimethyl- 
terephthdamide. 

Compounds 11. Method A .  A mixture of 0,6 mole of ethyl 
cyanoacetate and 0.6 mole of the aldehyde in 80 ml. of glacial 
acetic acid was treated with 8 solution of 2 ml. of piperidine 
in 20 ml. of glacial acetic acid and dowed to stand a t  am- 
bient temperature. After 24 hr. at room temperature, the 
mixture wra diluted with 200 ml. of water and extracted 
with three 2Wml. portions of benzene. The combined ex- 
tracts were washed with water and dried over magnesium 
sulfate. After removal of the solvent on the steam bath, the 
residue waa distilled. 

Compounds 11. Method B. The reaction in dioxane was 
carried out aa described previously.1 If the product was not 
a solid, the solvent was removed in vacuo and the residue 
distilled. 

Reaction of I1 with diazomethane. An etherral solution of 
compound I1 was added to an excess of diazomethane in 
ether in an ice bath16 and the solution kept for a t  least 16 
hr. a t  0 to 5". This solution waa concentrated in vacuo with- 
out heating and the infrared spectra obtained. Solids were 
then recrystallized from 95% ethanol and liquids distilled. 

Reaction of I1 (R' = (CzH&CH-) with phenyldzizzo- 
methane. A solution of I1 was added to an excess of phenyl- 
diazomethane in petroleum ether (b.p. 35-55') and kept at 
about 5' for 24 hr. The solution ww concentrated at 250 ml. 
in vacuo and the precipitated azine filtered. The mixture ws8 
concentrated further and distilled to give a 20% vield of a 

I e -  I 

liquid, b.p. 168-169' (2.2 mm.). 

C, 75.60; H, 7.92. 
Anal. Crtlcd. for C I ~ H ~ S N O ~ :  C, 75.75; H, 8.12. Found: 

Acknowledgment. We acknowledge the assistance 
of H. Swara and J. Pattee in the preparation of the 
diazomethane. 
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(15) Addition of the diazomethane solution to the solu- 
tion of I1 gave identical results, aa did the use of a metha- 
nol-ice bath for cooling. 
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Quatemization of Caminopyridine with alkyl and arylalkyl halides gives Caminopyridinium salts, which are reduced with 
sodium borohydride to l-(alkyl or arylalkyl)-Paminopiperidines. Both 1-alkyl-Paminopipendines and 1-alkyl-Camino- 
piperazinea may be converted to Schiff bases which in turn are reduced with sodium borohydride to corresponding secondary 
amines. S i a r  reduction of appropriate Schiff bases as a means of preparing substituted laminopiperidines, aminopyri- 
dines, and aminomethylpyridines, as well as reduction of dialkylhydrazonea to corresponding trisubstituted hydrazines, 
are alm described. 

Piperidine and piperazine derivatives have oc- 
cupied a very prominent place in medicinal chemis- 
try and it can hardly be the purpose of this paper 
to review the great amount of work, much of it 
recorded in the patent literature, which has been 
done with these compounds. A host of compounds 
of general structure : 

where R signifies various alkyl, arylalkyl, and 
oxygen-containing groups, have been prepared in a 
number of laboratories, and many of these have 
been demonstrated to have analgetic, neuroleptic, 
antihistaminic, hypotensive, antibacterial, or anti- 
parasitic activity in various tests. On the other 
hand, far less work with similarly substituted 
aminopiperidines and aminopiperazines: 

(1) Mrs. Edwin L. Klett. 
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has been recorded. In  view of the obvious structural 
similarity between these types of compounds and 
the fact that some 4-aminopiperidines have al- 
ready been describedzalb as having spasmolytic 
activity, it seemed to us that a t  least some of the 
many possible aminopiperidines and aminopipera- 
aines substituted with some of the more "interest- 
ing" bulkier groups might well have useful phar- 
macodynamic or microbiological properties. Thus 
we have been interested in finding techniques for 
synthesis of new compounds of this type bearing a 
variety of substituents. 

The methods which have been used heretofore in 
synthesis of aminopiperidincs may be summarized 
briefly as follows. 4-Aminopiperidine itself is pre- 
pared by sodium-alcohol reduction of 4-amino- 
~ y r i d i n e ~ - ~  and mention has been made5 of the 
fact that 4-aminopyridine salts, in contrast to those 
of 3-aminopyridinec and practically all other simple 
pyridines, are uniquely resistant to catalytic hy- 
drogenation, a fact which we have confirmed. Simi- 
lar reductions of 4-aminopyridine derivatives and 
of 1-substituted 4-pyridone oximes or imines have 
been described.' Other and more flexible methods 
for synthesis of substituted 4-aminopiperidines 
include the ring closure of 3-amino-1 ,bdihalides 
with amines2J the reaction of 1-substituted 4- 
bromopiperidiiies with amineslg and the reductive 
amination of 4-piperidones*~ lo! l1 which is perhaps 
the most useful method described, to date. 

The synthesis of 1-substituted 4aminopiperaaines 
by zinc reduction of nitrosopipcrazines has been 
covered in patents12 wherein mention is made of 
i~it~ercsting pharmacological properties of these 
compounds and their derivatives. 

Until recently there seems to have been very 
little use made of the fact that 4-aniinopyridine 
can be quaternizcd directly with alkyl bromides (or 
iodides) without any prior masking of the amino 
group, to give I-alkyl4-aminopyridinium salts.' 

(2)(a) E. Cerkovnikov and V. Prelog, Ber., 74, 1648 
(I!J41). (b)  N. Nazarov and E. T. Golovin, Zhur. Obshchef 
Khim., 26, 1496 (1956). See Chem. Abstr., 50,14,742 (1956). 

(3)  B. Emmert and W. Dorn, Ber., 48,687 (1915). 
(4) E. Xoenigs and L. Neumann, Ber., 48,956 (1915). 
(5) L. Orthner, Ann., 456, 225 (1927). 
(6) II. Nienburg, Ber., 70B, 635 (1937). 
(7) K. Tomita, J. Pharm. SOC. Japan,  71, 1053 (1951). 

(8) V. Hahn, E.  Cerkovnikov, and V. Prelog, Helu. Chim. 

(9) V. Hahn, E. Cerkovnikov, and V. Prelog, Ber., 74, 

(10) R. C. Fuson, W. E. Parham, and L. J. Reed, J. 

(11) R. H. Reitaema and J. H. Hunter, J. Am. Chem. 

(12) E. A. Conroy, U. S. Patents 2,663,706 and 2,663,707 

See Chem. Abslr., 46, 5044 (1952); 48, 10020 (1954). 

Acta, 26, 1132(1943). 

1658 (1941). 

Am. Chem. Soc., 68,1239 (1946). 

SOC., 70,4009 (1948). 

(1953). 

This fact is a consequcnce of the inordinately un- 
reactive nature of the 4-amino group which is just 
as strihng in 4-aminopyridine as in the electroni- 
cally similar p-nitroaniline, and which we compre- 
hend a t  present 03 the basis of a partly-zwitter- 
ionic" (bond-delocalized) formulala: 

(R+ attack) 

We prepared a number of representative l-suh- 
stituted 4-aminopyridinium salts (Ia) listed in Table 
I, by the simple expedient of heating together in 
a solvent (indicated) equivalent amounts of 4- 
aminopyridine and appropriate halogen compound. 
The reaction was found to be equally adaptable to 
preparation of a, w-alkyl bis(4-aminopyridinium)- 
dibromides (Ib) from a, o-dibromides, a finding 
that was corroborated by another group14 while 
our work was in progress. 

Having experienced unsatisfactory resul ts in 
attempts to hydrogenate some of the 1-substituted 
4-aminopyridinium salts catalytically (platinum), 
we tried reducing these compounds with sodium 
borohydride, a reagent with is now well known 
to bring about efficient reduction of the quaternary 

-C=N- group in a variety of situations. We 
thought a priori that the best approach might be to 
effect partial reduction of the pyridinium salts, and 
a t  the same time elimination of the halide moiety, 
with borohydride, and subsequently to complete the 
process by subjecting (anticipated) piperideinc 
intermediates to catalytic reduction. However, in 
practice it developed that the second step was 
unnecessary, for with an excess of sodium boro- 
hydride present the 4-aminopyridinium salts were 
reduced completely to corresponding aminopiperi- 
dines (IIa and IIb). Apparently any unsaturated 
intermediate (aminopiperideine) occurring in thc 
(undoubtedly stepwise) process can and does undcr- 
go double bond shift under the alkaline condition 
of the reaction to an iminc or enamine isomer which 
is readily reduced further by borohydride. Some 
selected examples of the 4-aminopiperidines (as 
(13) A similar charge-delornlized formula for 4-amino- 

ppridinium salts aids in rationalizing their unusual resistanre 
to  catalytic reduction: 

I I  
+ 

01': 

- + 
According to this view, the heterocyclic nitrogen loses 
some of ita positively-charged character and becomes less 

vulnerable to  attack by H-H. 
(14) W. C. Austin, L. H. C. Lunta, M. D. Potter, and 

E. P. Taylor, J. Phurm. and Phurmwol., 11,80 (1959). 

+ -  
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Reflux 

R 
Time, Yield, Calcd. 

Notes hr. % M.P. c H N 
- Found 

c: H N 

HsC200CCHr  C 1 .5  92 197 41.4 5.02 10.7 41.4 5 . 1  10.7 
HbCzOOCCH2CH2- R 5 73 159 43.7 5.5 10.2 43.6 5.37 10.1 

Ce,HsCHZ-- b 0 . 5  90 196 54.4 4.94 10.6 54.6 4.88 10.6 
(CeHs)zCH- a 3 56 263 63.4 5.02 8.21 63.1 4.99 8.40 

1) 9 53 245 64.2 5.39 7.88 63.8 5.30 7 .9s  
d 

HOCHtCH2- t 3.5  SO 131 38.4 5.06 12.8 38.8 5.03 12.7 

CeH6CH*CH*-- R 2 77 260 55.9 5.41 10.0 56.2 5.47 10.2 

CeH5OCH&H2- a 4 .5  75 184 52.9 5.12 9.49 53.0 5.09 9.34 

C6ECH-CH(CoH,)- 

CE.HE.COCH- b 2 96 308 53.3 4.47 9.56 53.1 4.42 9.65 

C 
d 0 . 3  64 271 51.0 4.85 7.93 50.9 4.79 7.89 
a 5 5  66 266 54.2 4.55 15.8 54.1 4.51 16.0 

a 1 56 294 38.7 2.66 16.4 38.1 2.51 16.7 

n 
4 
6 
8 
9 

10 
11 
12 
16 

't 2 87 
a 14 91 
t 5 . 5  84 
a 5 14 
a 5 88 
a 7'/z 48 
a 13 29 

8, e 11 94 

273 
303 
300 
221 
247 
216 
209 
185 

41.6 4.98 
44.5 5.59 
47.0 6.13 
48.1 6.37 
49.2 6.60 
50.21 6.82 
51.1 7 . 0  
46.9 6.65 

13.9 41 3 
13.0 44 1 
12.2 47.0 
11.8 48.3 
11.4 49 2 
11.15 50 23 
10.9 50.5 
8.41 47.2 

5 18 14 0 
5 56 13 0 
6 13 12 0 
6 34 11 8 
6 71 11 2 
6 95 10 84 
7.1 11.3 
6 87 8 4 6  

CH, 

n 
S a 8 60 304 49.2 6.60 l l . .5 49.1 6.84 11.5 
9 z n li 275 50.2 6.82 11.2 50.5 6.94 11.3 

Soles: Preparctl 1)s refluxing the compoiientr in  (a) toliirne. (h) bcnzeiio. (c) hpnficric-cthanol. (d) l%?ld calwlatcd o n  h i s  
of carbinol from vihich bromo compound was prcpnrcd rising hydrobromic acid. (0) Ikparcd from alkyl ioditio. 

dihydrochl oridw) which w r c  prepared t)y this 
method are  presented in Table 11. N7he11 a carbonyl 
group was also present, as 111 phcnacyl saltq, it 
\$as reduced as well, to thti cvxresponding carbinol. 
I t  was i io t  po~sihlc to isolatc. dcbired products aftw 
i d r i c t  i o i i  of  1 -(?',-I '-dinit ropben?~l)-l-ainiiio~?rri- 
t i i i i i ~ i n i  chloride aiid l-t)enzh!.tlrj.I-3-aIniiiop~~i- 
diiiiuin tiroinidr, prolxibly hccxuhc I I I  i hrsc 
th(1 pyridiiic ring opened uiic1t.r thc alknlinc (son- 
t l i t ionq  of the rearatioii ; also an anomdous produvt 
was ohtainccl from reductioii of l-(@-carbethoxy- 
cthgl)-4-aminopyridinium bromide, probably due 
to &elimination 

The sodium borohydridr reduction of coni- 
pounds I to piperidines II is suffirient evidence i i i  

itself that they are quaternary salts. and subse- 

quent preparation of iniines from 11, as descrihtd 
below, provides proof for the survival of a primary 
amino group throughout the preparation and rc- 
duction of I. 

With m c i ~ i i h  available for iiiakiiig l-sut)sti( utt l t i  

.l-:iniiriopipt.ritliiies i i i  quaiitity, IW procwdctl 
frirthvr :tiid prepared soiiie new ~-aniiiiopiperidiiic,s 
which were substituted at h t h  nitrogeii atom-. 
This was done by reduction of Schiff bases, prc- 
pared from primary amino compounds and various 
aldehydes, again using sodium borohydride. J u S t  
as simple anils are reduced expediently by this 
reagent,15 so can more complex and more strongly 

(15) J. H. Rillman and .i. V I)irsing, .J .  Oi-q. P/J (  ) ) i  , 
22,  lOGS(1957). 
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TABLE I1 

R - N B N H ~  -2  HC1 

Yield , Calcd . Found 
R Notea % M.P. C H N C H N 

8 . 1 8  10.1 &CzOOCCHr ' J  ' J  17 169 39 .0  8 .0  10.1 3 8 . 4  
Cd%CHz- a 41 255 54 .8  7 .66  10.65 5 4 . 4  7 .76  10.49 
CsHsCHzCHz a 88 32 1 5 6 . 3  8.00 10.11 56 .7  7 . 8 9  9 . 7 2  

40 237 dec. 61 .5  7 .60  7 .93  61 .8  7.60 8 . 2  
220 53 .2  7.56 9.56 53 .0  7 .83  9 . 0  

CaHbCH&H(CA)- bJ 

CaeOCHdX- b 44 
&H&H (0H)CHz- 8, c 90 24.8 dec. 53.2 7.56 9 .56  53 .7  7 . 2  9 . 3 8  

CH,O 

,,,o&!Z,:- a, c, e 56 220 dec. 5 1 . 0  7.42 7.93 5 0 . 6  7 . 3 6  7 . 9 4  

10 265 dec. 46.76 6 .21  13.63 46.44 6 .43  13.33 p-OzN-CeH4-CHz- bJ 

H,N<P;-(CH,),,-N>NHi .4HC1 

n 
a 6 22 204 44.9 8 . 9 4  13.07 4 5 . 2  8 .94  13.00 

10 a 16 295 49.6 9 .57  11.57 50.1 10 .1  11.2 
12 a 34 311 5 1 . 6  9 . 8 4  10 93 51 .3  9 . 7 8  10 .3  
16 a 20 315 54.9 10.28 9 . 8 5  5 4 . 2  10.39 9 . 7 6  

'Votes: Base salted out, during work-up, with (a) potassium carbonate, (b) sodium chloride. Hydrochloride is (c) hygro- 
scopic, (d) unstable, (e) sensitive to light, (f) monohydrate. 

basic compounds such as I11 be converted to cor- 
responding secondary amines (IV) without the 
difficulty of accompanying hydrogenolysis which 
prevails when catalytic methods are employed. 
Although the yields of some of the compounds 
obtained by this method (see Experimental part) 
are rather low, this usually reflects difficulty ex- 
perienced either in preparation of the imines (111) 
or in isolation of the frequently water-soluble, and 
occasionally unstable, products IT, rather than any 
deficiency in the reduction method per se. The 
approach to synthesis of compounds IV described 
here may be considered as a possibly more widely 
applicable adjunct to the piperidone-reductive 
:Lmination method used previously.ll 

The problem of synthesizing 3-aminopiperidine 
derivatives similar to the 4-amino compounds 
presented some different aspects. Unlike 4-amino- 
pyridine, 2- and 3-aminopyridine cannot be con- 
c erted readily to quaternary salts, and the amino- 
group preferably is protected in some manner. 
Xowever, substituted 3-aminopyridines (V) , again 
prepared by sodium borohydride reduction of ap- 
propriate Schiff bases, could be quaternized, a t  least 
with simple halides, without appreciable interfering 
reaction a t  the secondary amino group, and again, 
presumably by way of labile di- and tetrahydro 
intermediates, quaternary salts of V are reduced 
completely with excess sodium borohydride to di- 
substituted 3-aminopiperidines, VI. An expedient 
route was also found leading to the somewhat less 
stable monosubstituted 3-aminopiperidines, VII, 
consisting of borohydride reduction of imines 
derived from 3-amin~piperidine~ itself. 

Some attempts were made to extend the fore- 
going techniques to derivatives of aminomethyl- 
pyridines. It was possible to synthesize mono- 
substituted aminomethylpyridines, VI11 by the 
usual borohydride reduction of imines derived from 
3- and 4-aminomethylpyridines,16 although this 
procedure was not applicable to the unstable imines 
obtained from 2-aminome t hylp yridine, Quaterni- 
zation of compounds such as VIII, however, proved 
to be out of the question because of the higher order 
of reactivity of the secondary amino group, which 
in these cases is comparable with that of dibenzyl- 
amine. 

The recently acquired prominence of simple 
 hydrazine^'^ in pharmaceutical chemistry, together 
with earlier reports concerning hydrazine-like 
aminopiperazines,12 prompted us to extend our work 
to some new derivatives of these parent bases. 
We found that hydrazones IX derived from 1- 
methyl-4aminopiperazine could be reduced t o  
compounds X with sodium borohydride, a reaction 
which parallels I11 -+ IV and provides a similar 
opportunity for Trariation of substituent] groups in- 

(16) Aii alternative, and more nidely rtpplicablr, method 
for preparation of comporiiids of this tvpc: 

~ C H . - ~ H - N H - C H ~ - p y r i d y l ,  

to be described elsewhere, consists of borohydride reduction 
of imines prepared from phenylalkylamines and pyridine 
aldehydes. 

(17) J. H.  Biel, A. E. Drukker, T. F. Mitchell, E. P.  
Sprengler, P. A. Kuhfer, A. C. Conway, and A.  Horita, J .  
Am. Chem. SOC., 81, 2805 (1959). 

R 



2744 WALKER, MOORE, AND WEAVER VOL. 26 

V 

3 

c 
;-r a 



AUGUST 1961 SUBSTITUTED AMINOPIPERIDINES 2745 

troduced. The analogous reduction of some simple 
hydrazones was also explored. While good results 
were forthcoming in preparation of various ex- 
amples of structure XII, it soon became apparent 
that the method was limited to just such fully 
N,N-substituted hydrazones as IX and XI, 
because all compounds of the type RCH=NNHR' 
and IiCH=NNH2 which were tried resisted 
borohydride attack completely. The increased 
stability of hydrazones containing an NH moiety 
is understandable on the basis of a delocalized or 
part id-zwitterionic, structure, 

H H H 
i .e . :  R - C n - N -  or: RCH=N-N- - 

H 
RCH-NsN- 

Chart 

- n 

I Ia H,N<N-(cH,),,-N>NH~ 

~Ar(:ll( l  IIb 
i 

A r C H = N q + - R  ArCH2-NH<N-R 

I11 IV 

ArCHO 
1. CHJ 
2. B H , ~  

C H3 
1 H 

H ' N G  

A r C H 2 - - N H 4  

VI  

H 

A r C H , N H G  

VI1 

a I 
ArCH=N 

B H ~  

ArCH2-NH-CH2-pyridyl 
ArCH=N-CHy-pyridyl 1. 

VI11 

ArCH=N-NbN-CH3 ArCH,NH-N N-CHz 
BH," 

RCH=NN(CH,), RCH2NH-N(CHJ)2 
X I  XI1 

n n 
U 

X IX 

 EXPERIMENTAL'^ 
l-(~',4'-l)imethoxy~azyl)-4-anzinopyrirliniun~ Lrorriitle ( A )  

Veratryl br~mide. '~ Anhydrous hydrogen bromide WM passed 
through an ice-cold solution of 33.6(0.20 mole) of veratryl 
alcohol in 500 ml. of benzene, for 10 min. The lower layer 
which formed was separated, and the benzene solution was 
treated with anhydrous sodium carbonate and stirred until 
moisture and excess hydrogen bromide were absorbed. The 
solution of veratryl bromide was filtered, and without fur- 
ther purification was used in the next step 

(B) To the benzene solution from ( A )  was added 19 g. 
of Paminopyridine. The mixture was boiled for 1.5 hr. 
The aminopyridine was consumed and in ita place there 
appeared a thick suspension of crystnls of the product. 
The cooled suspension was filtered and the crystals were 
washed with benzene. The yield of air-dried, slightly-dis- 
colored product was 54 g. (83%). Recrystallization from 
ethanol gave a pure sample, m.p. 248-250' dec. 

Anal. Calcd. for C1,Ht?O*N*Br: C, 51.7; H, 5.27; N, 8.62. 
Found: C, 51.5; H,  5.18; N, 8.68. 

A similar two-step procedure, involving preparation of 
crude l,>diphenylethyl bromide and 3,4dimethoxyphen- 
acyl bromide,'" waa employed in the synthesis of the 1,2- 
diphenylethyl- and 3,4dimethoxyphenacyl-substituted com- 
pounds, respectively, in Table I. The remaining compounds 
of Table I were prepared from commercially available bromo- 
(in one caae, iodc-) compounds by essentially the same 
procedure, with neceasary modifications, as noted, in sol- 
vente used and reaction times. In reactions involving a , ~  
dibromoalkanes, a mixture of the dibromoalkane, two 
equivalentg of Caminopyridine, and a suitable amount 
(ca. 10 pa&, by weight) of toluene in each caae was re- 
fluxed for the time indicated, during which interval the 
product often separated aa a heavy oil. When this happened, 
the supematnant solution, while still warm, wm decanted 
away from the oil, which waa then allowed to crystallize 
in' the presence of a small amount of alcohol. This manipu- 
lation served to remove any starting materials which might 
still have been present. 

&Meth&4-~minopyidine~~ (from which a few quaternary 
compounds were synthesized) was most conveniently pre- 
pared by a two-step reduction** of 4nitro-Z-piccline-N- 
oxide*'#** as follows: (A).  A solution of 45 g. of 4nitro-2- 
picoline N-oxide in 200 ml. of ethanol, containing 4 g. of 
10% palladium-charcoal waa shaken under hydrogen (45 
lb. initially). Rapid exothermic uptake of approximately 
3.3 moles of hydrogen occurred (0.5 hr.). Filtration of the 
catalyst and evaporation of the solvent gave a dark red oil 
from which crystals (33 g., 91 %) of 8-methyl-4-aminopyri- 
dine N-oxide were obtained. Recrystallization of a sample 
from ethanol afforded pale yellow crystals, m.p. 181-183' 
dec. 

Anal. Calcd. for C6IsON2: C, 58.05; H, 6.50; N, 22.57. 
Found: C, 58.21; H, 6.51; N, 22.36. 

(B) The material from ( A )  (30 9.) waa dissolved in 300 ml. 
of a 1: 1 solution of glacial acetic acid-water, and was treated 
with excess zinc dust in portions, while stirring and warming 
the mixture on a steam bath (1 hr.). The ice-chilled mixture 
was then covered with ether and treated gradually with a 
large exceas (500 g.) of sodium hydroxide in the form of a 
cold, 40% solution. The ether extract waa dried over po- 

(18) Melting points are corrected. 
(19) R. D. Haworth, W. H. Perkin, and J. Rankin, 

J. 'chkn. Soc., 127, 1444'(1925). 
f20) C. Mannich and F. L. Hahn. Ber.. 44, 1542 (1911). 
(21j H. J. den Hertog, C. R. Kolder, and W. P. CombB, 

(22) Cf. E. Ochiai, J. Org. Chem., 18, 534 (1953), and K. 

(23) This material waa very kindly supplied by Dr. F. 

Rec. trau. chim., 70, 591 (1951). 

Thomaa and D. Jerchel, Angew. Chem., 70,719 (1958). 

E. Cislak, Reilly Tar and Chemical Corp. 
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tassium carbonate, and the ether was evaporated. There 
was obtained 16.8 g. (64%) of crude product, m.p. 82-88". 
Recrystallization from cyclohexane raised the m.p. to 95" 
(reporteds1: m.p. 95.5-96'). 
1-(5',4'-Dimethoxybazyl)-4-aminopiperidine. A solution 

of 30 g .  of 1-( 3',4'-dimethoxybenayl)-4aminopyri&nium 
bromide in 700 ml. of methanol was stirred and treated with 
excess sodium borohydride (ca.  250 g.) gradually over a 
period of about an hour. It was found advisable to carry 
out this operation in a large (3 1.) beaker because of the vig- 
orous frothing action brouKht about by addition of the 
reagent, especially in the early stages. The mixture was then 
heated on a Rteam bath and stirred occasionally, for another 
hour, until a concentrated, thick suspension W&B obtained. 
The mixture was cooled and treated with 500 ml. of water. 
The resulting solution was covered with 2 1. of ether and 
the two phases were stirred while there was added (in por- 
tions) enough anhydrous potassium carbonate to convert 
the lower layer into a heavy paste. The ether solution was 
separated, dried over potassium carbonate, and filtered. 
Evaporation of the ether and finally the residual methanol 
gave an oil which separated into two phases upon standing. 
The lower phase, consisting mostly of a potassium carbonate 
solution, was drawn off; the remaining oil was allowed to 
stand several days until more inorganic material had 
settled out, and again was separated, by decantation. The 
oil (20 g.) was dissolved in ca. 30 ml. of ethanol: this solut,ion 
was tilt'ered to remove remaining traces of inorganic impuri- 
ties, and, while chilling in an ice bath, was treated with 
excess anhydrous hydrogen chloride. The crystals of 
hydrochloride (16.5 9.) were collected, washed with cold 
ethanol, and recrystallized once from the same solvent. 
The yield of colorless salt was 12.2 g. (407,). Further re- 
crystallization from methanol-ether gave a pure sample, 
m.p. 223-225" dec. 

Anal. Calcd. for CIIH&K2Cl~: C, 52.0; H, 7.48; N, 
8.67. Found: C, 51.6; H, 7.54; Y, 8.34. 

Other Caminopiperidines (Table 11) were obtained from 
respective quaternary salts by essentially this same pro- 
cedure. The free bases were found to be hygroscopic, water- 
soluble oils, as expected, and in working up their solutions, 
after reduct,ion, it was always necessary t'o salt out the 
amines with sodium chloride or potassium carbonate (see 
Table IT) in order to extract them with ether. As indicated 
above, when potassium carbonate was used for this purpose 
some of the inorganic salt was usually carried over, with 
remaining met,hanol, into the ether extract. Care had to be 
rwmised finally to eliminate this inorganic residue m com- 
pletely as posziblp, or otherwise the hydrochlorides, suh- 
sequently prepared from crude bases, were contaminated 
with potassium chloride, which was usually difficult or 
impossible to remove bv recrystallization. In this regard the 
tM4-aminopiperidy1)alkanes were especiallv troublesome. 
.Ilthough it is possible to distill the simpler substituted 
:tminopiperidines in V ~ C U O ~ ~ ~  this procedure is in general 
inadvisable with the more complex compounds described 
here, being accompanied or overwhelmed by decomposition, 
especially in the case of oxy-substituted and bis(4-aminopi- 
peridy1)compounds. When kminopiperidines, m free 
bases, were needed for further work, they were used directly 
in crude state after separation of as much inorganic residue 
as possible, by the technique described above or by drying 
the crude base in v a ~ l o  while allowing inorganic residue to 
settle out. I-Methyl-4-aminopiperidine and l-(p-hydroxy- 
eth//l)-4-aminopiperidine, both of which form hygroscopic 
hydrochlorides, were obtained in a condition suitable for 
further reaction by applying the latter method. 

l , lO-Ris-(  4-amino-1 -piperidyl)decane was additionally 
characterized by preparation of the bisdichloroacetate dichlo- 
rfo!e: Reacticn of the crude base with excess dichloroacetyl 
chloride took place with strong heat evolution; subsequent 
treatment of t,he mixture with ethanol and recrystallization 
of the material from the same solvent gave somewhat 
hygroscopic, colorlea3 crystals, m.p. 227-230' dec, 

Anal. Calcd. for C21HI102NIClb: C, 45.51; H, 7.00; N, 
8.85. Found: C, 45.45; H, 7.4; N, 9.14. 

1 -Methyl+( 3',4 '-dimethoxybenzy2umino)piperazine. A solu- 
tion of 8.1 g. of 1-methy14aminopiperazine1* and 11.2 g. of 
veratraldehyde in 200 ml. of toluene was refluxed under a 
water trap for 1.5 hr. The solution was evaporated. The 
residual yellow oil was dissolved in 150 ml. of methanol 
and reduced by treating with sodium borohydride (ca. 40 g.) 
in portions. When effervescent reaction was complete, the 
mixture was heated on a steam bath for 0.5 hr. The cooled 
residue was treated with 150 ml. of cold water, and enough 
sodium chloride was added to saturate the aqueous solution. 
The product was extracted with ether, and the dried (po- 
tassium carbonate) ether solution w & ~  evaporated. The re- 
maining pale yellow oil (20.5 g.) was treated with exceea 
cold alcoholic hydrogen chloride. The yield of crude, hygro- 
scopic dihydrochloride was 10 g. (41 7,). Recrystallization 
from ethanol gave very pale yellow, hygroscopic crystals, 
m.p. 199-202' dec. 

Anal. Calcd. for CI,HZO~N~CI~.H*O: C, 47.2; H, 7.64; 
N, 11.8. Found: C, 47.6; H, 7.8; N, 12.0. 

Other secondary aminopiperidines and aminopiperazines 
listed in Table I11 were prepared by essentially the same 
procedure. 

Attempts to reduce imines, derived from l-phenyl-2- 
propanone and 1-substituted 4-aminopiperidinesJ with 
sodium borohydride did not lead to desired products, evi- 
dently because of cleavage of the unstable imines. 

3-( St,,$ '-Dimethoxybenzy1amino)pyridine. A solution of 
16.8 g. of 3-aminopyridine and 30 g. of veratraldehyde in 
500 ml. of xylene was refluxed under a water separator for 
24 hr. The solvent was evaporated, and the reaidual, oily 
imine (45.5 g.) was dissolved in methanol ( ca .  200 ml.) 
and reduced with sodium borohydride by the usual technique 
of adding the reagent in portions. The mixture waa heated 
on the steam cone 0.3 hr. prior to dilution with water. This 
resulted in formation of an oil which crystallized when the 
mixture was chilled. The crude product, upon being col- 
lected, washed with water, and air-dried, had m.p. 115-117' 
and the yield was 33 g. (72%). Recrystallization from meth- 
anol afforded colorless crystals, m.p. 123-125". 

Bnal.  Calcd. for ClrHla02N~: C, 68.83; H, 6.60; N, 11.47. 
Found: C, 68.76; H, 6.80; N, 11.7. 

The other pyridines listed in Table I11 were prepared by 
the same procedure, using appropriate aldehydes and various 
aminopyridines and aminomethvlpyridines, except that 
for condensation of aldehydes with aminomet'hylpyridines 
toluene was used in place of xylene, and the required reaction 
time was shorter (1-3 hr.). 

i-Methyl-S-(5',&'-dimethoxybensylamino)piperidine. With 
excess methyl iodide, 14.1 g. of 3-(3',4'-dimethoxybenzyl- 
amino)pyridine was converted rapidly and exothermically 
to the corresponding methiodide. Aftrr evaporation of the 
excess reagent, the crystals were suspended in methanol 
(200 ml.) and reduced with sodium borohydride (cn. 125 g.) 
in portions, following the same procedure as has already 
been described for Paminopyridinium mlb. Subsequent 
dilution of the cooled. concentrated reaction mixture with 
ca. an equal volume of water gave a solution, from which the 
product was isolated by salting with potassium carbonate 
into ether solution, as described above. The potassium 
carbonate-dried ether solution, upon evaporation, settlinq, 
dissolution in ether-alcohol, filtration, and reevaporation, 
gave an oil, which was converted to the dihydrochloride: 
Yield, 14.6 g. (757,) of colorless crystals. Recrystallization 
from ethanol-methanol afforded material having m.p. 233- 
235" dec. 

An.al. Calcd. for CibH2~02X2C12: C, 53.41; H, 7.77; N, 
8.31. Found: C, 53.12; H, 7.97: N, 8.10. 
3-(3',4'-Dimethoxybenzylamino)piperidine. A mixture of 

7.6 g. of 3-aminopiperidine.6 12.7 g. of veratraldehyde and 
250 ml. of toluene was refluxed under a water separator for 
3.5 hr. The crude imine, after evaporation of the solvent, 
waa reduced with sodium borohydride in methanol 88 usual. 
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The crude product, isolated by salting out with potassium 
carbonate into ether solution, was converted to  the dihydro- 
chloride: yield, 20.6 g. (84%) of colorless crystals. Recrystal- 
lization from ethanol gave a pure sample, m.p. 229-231'. 

Anal. Calcd. for C,rH2,0,N&l*: C, 52.01; H, 7.48; N, 
8.67. Found: C, 51.87; H, 7.43. N, 8.75. 

By the same procedure, two additional compounds were 
prepared from 3-aminopiperidine.' 
S-(4'-Dimethylamznobazyllamino)paperzdine was obtained 

by reduction of the p-dimethylaminobenzylidene derivative 
and isolated in 76y0 yield as the trihydrochloride: hygro- 
scopic, light-sensitive crystals from ethanol, having no 
definite melting point (gradual decomposition when heated). 

Anal. Calcd. for Cl,Hz6S,Cln: C, 49.06; H, 7.65; N, 12.26. 
Found: C, 48.5; H, 7.50; N, 11.9. 
3-(3-Pyridylmcthylamino)piperidine was obtained by rc- 

duction of the 3-pyridylidene derivative, and isolated in 
79% yield as the trihydrochloride: very hygroscopic crystals 
which, like the preceding compound, did not have a definite 
melting point. 

Anal. Calcd. for C1,HmN3Cla: C, 43.94; H, 6.71; N, 
13.98. Found: C, 44.02; H, 6.98: N, 13.96. 

N,N-Dimethyl-N'-(S,4-dzmethoxybenzyl)hydrazine. When 
16.8 g. of veratraldehyde and 6.5 g. of A-,iV-dimethylhydra- 
zine were mixed there was heat evclution. The oil was 
taken up in 200 ml. of benzene, and the solution waa re- 
fluxed under a water separator for 4 hr., which resulted 
in slow, steady collection of water. After evaporation of the 
benzene, the oily hydrazone was dissolved in methanol and 

reduced with sodium borohydride by the usual procedure. 
The product, isolated by extraction with ether after dilution 
of the reaction mixture, was an oil. The hydrochloride 
separated in 13.9 g. (5670) yield, m.p. 172-174.5", when this 
oil was treated with alcoholic hydrogen chloride. Recrystal- 
lization from ethanol-ether did not raise this melting point. 

Anal. Calcd. for C11H1802N2C1: C, 53.54; H, 7.76; N, 
11.36; CI, 14.37. Found: C, 53.62; H, 7.2; N, 11.6; CI, 
14.46. 

The other hydrazine derivatives listed in Table I11 were 
prepared by essentially the same procedure, except that 
toluene waa used in place of benzene in condensation of 
p-dimethylaminobenzaldehyde with 1,l-dimethylhydrazine. 
Hydrazones which were obtained by condensation of 
various pyridine aldehydes with 1,l-dimethylhydrazine 
were not affected by treatment with sodium borohydride. 
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3,8-Diazabicyclooctane[3.2.1] ( I )  was obtained by a four step synthesis from 2,5-dicarbethoxypyrrolidine (11). This com- 
pound was converted into 2-benzylcarbamyl-5-carbethoxypyrrolidine (111) which, when heated, gave 3-benzyl-3,Sdiaza- 
bicyclooctane[X 2.1 ]-2,4-dione (IV). The latter by reduction with lithium aluminum hydride to 3-benzyl-3,Sdiazabicyclo- 
octane[3.2.1] ( V )  and reductive dehenzylation gave 1. An alt'ernate synthesis of I from the already known Scarbobenzoxy- 
3,8-diazabicyclooctane[:3.2.1)-2,4-dione (VIII) is also described. The known 8-methyl-3,8-diazabicyc~ooctane[3.2.1] ha13 
now been obtained by a new improved synthesis in five steps starting from I1 through V. 

In  the preceding paper of this series' we described 
the synthesis of several %substituted S-methyi- 
3,8diazabicyclooctanes 13.2.1 ] of general formula 
7 1  2 
CH,-CH--CH, 1s. R = H 
I 1  I Ib. R CHI 

i l  I Id. R = CeHs 

6 5  4 

I 8N-CH3 3X-R IC. R = nCIHs 

CH~-~H----C:H~ Ie. R = CHKJI, 

obtained starting from 2,5-dicarbethoxypyrrolidine 
(11),2 which was converted in three steps into N -  
carbobenz-oxy-P15-pyrrolidine dicarboxylic acid 
anhydride. The latter reacted with appropriate 
amines to give %substituted 8-carbobenz-oxy-3,8- 
diazabicyclooctane [3.2.1]-2,4-diones from which 

(1) G. Cignarella and G. Nathansohn, J .  Org. Chem., in 
Dress. 

(2) G. Cignarella and G. Nathansohn, Gaia. Chim, Ztal., 
90, 1695 (1960). 

the corresponding bicyclic bases were obtained by 
direct reduction with lithium aluminum hydride in 
ether. 

We now describe the synthesis of the unsubstitu- 
ted bicyclic ring, 3.8diazabicyclooctane [3.2.1] (I). 
The key intermediate for the synthesis is 3-benzyl- 
3,s-diazabicyclooctane [3.2.1]2,4-dione (IV). This 
compound was initially prepared in a 52yo yield by 
hydrogenolysis in methanol3 of 3-benzyl-&carbo- 
benz-oxy-3,8-diazabicyclooctane [3.2.1] -2,4-dione1 
(VI).  In  the course of this reduction 2-benzylcar- 
bamyl-5-rarbomethoxypyrrolidine (VII) was also 
identified as by-product. 

A more efficient method was subsequently iound 
lor obtaining the intermediate IV from 2,5-dicar- 
bethoxypyrrolidine (TI). 2-Benz y lcarbamyl-&car- 
bethoxypyrtolidine (111) was obtained in S7% 

13) M. Bergmann and L. Zervss, Ber., 6.54 1192 (1933:. 


