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CH3CH2NO2 + HCHO — > - CH3CH(CH2OH)NO2 (II) 

or 

H3CC(CH2OH)2NO2 — > - II + HCHO 

These compounds then react according to the 
mechanism suggested by Henry1 to give 2-nitro-
2,5-dimethyl-4-azahexanol which possesses an 
amino group -NH [CH (CH3) 2] and a hydroxyl 
group on carbon atoms removed by one carbon 
atom 

CH3 C H 2 - N H - C H ( C H s ) 2 

I + II — > yc<^ + H2O 

NO2 CH2OH 

I I I 

Inasmuch as amino alcohols with these structural 
features are known to yield pentoxazolidines with 
aldehydes, it can be assumed that the final step 
in any route is the reaction of 2-nitro-2,5-di-
methyl-4-azahexanol with formaldehyde to yield 
water and 5-nitro-3-isopropyl-5-methylpentoxazo-
lidine 

CH3 C H j - N - C H ( C H a ) 8 

I I I + HCHO — > • \ c / \ C H 2 + H2O 

NO2 C H 2 - O 

The structures chosen for the new compounds 
are supported by the analytical data. Further 
confirmation of their structure was obtained by 
studying the hydrogenation of these compounds 
and the examination of the reduced products. 

An examination of the structures of oxazolidines 

Domagk,1 over a decade ago, found that the 
germicidal activity of quaternary ammonium 
compounds was increased when a large aliphatic 
group was attached to the quaternary nitrogen 
atom. This stimulated the study of the use of 
quaternary ammonium salts as germicides and, 
today, many commercial products2 are on the 
market. However, only a few quaternary am­
monium salts of heterocyclic bases have been 
tested. Hart and Niederl,3 recognizing the im­
portance of a cetyl group in bactericidal "invert 
soaps," prepared N-cetylthiomorpholine and 
studied several of its derivatives. Shepard and 
Shonle,4 investigating topical antiseptics, used 
imidazole and imidazoline as nuclei and formed 
quaternary salts with long alkyl chains. Shelton, 
Van Campen, Tilford, Lang, Nisonger, Bandelin 

(1) Domagk, Deut. Med. Wochschr, 61, 829 (1935). 
(2) Lesser, Drug and Cosmetic Ind., 64, 558-560 (1949). 
(3) Hart and Niederl, T H I S JOURNAL, 66, 1610 (1944). 
(4) Shepard and Shonle, ibid., »9, 2269 (1947). 

and pentoxazolidines will reveal that the grouping 

=N—C—O—C— is common to both structures. 
I 

During the hydrogenation of the oxazolidines,11 

the grouping at hand is split as shown 

I ' I l 
= N — C — O — C + H2 — > = N — C H + H O - C 

I I I 
A similar splitting of this grouping in the 5-
nitropentoxazolidines would be expected to take 
place if these compounds were hydrogenated. 
A simultaneous reduction of the nitro group to 
the amino group should also occur. The hydro­
genation of these compounds was tried. The 
nitrogen content of the product from each of 
these reductions agreed with that of the expected 
diamino alcohol. These data furnish additional 
support for the proposed structures of the 5-
nitropentoxazoli dines. 

Summary 
5-Nitropentoxazolidines have been prepared 

by allowing one mole of a primary amine to react 
with three moles of formaldehyde and one mole 
of a primary nitroparaffin. 

The hydrogenation of these new compounds 
was studied. Each nitro compound yielded a 
new diamino alcohol. 

(11) Cope and Hancock, THIS JOURNAL, 64, 1503 (1942); Senkus, 
ibid., 67, 1515 (1945). 
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and Rubenkoenig5 made long chain alkyl quater­
nary salts using pyridine, picoline, lutidine, piper-
dine and morpholine and found definite germi­
cidal properties. Later Niederl, Salzberg and 
Shatynski6 prepared morpholinium sulfates and 
found that compounds in the N-hexadecyl series 
exhibited phenol coefficients of 500 to 600. 
Baltzly, Buck, Lorz and Schon7 prepared the one 
piperazinium salt, containing a long aliphatic 
chain, that we found in the literature, but it was 
not tested for germicidal activity. Therefore, it 
was thought profitable to prepare and test some 
quaternary ammonium salts of piperazine. 

Many N-monosubstituted7 and N,N'-disub-
stituted8 piperazines have been prepared. A new 
series of syw-disubstituted piperazines was first 

(5) Shelton, Van Campen, Tilford, Lang, Nisonger, Bandeliu 
and Rubenkoenig, ibid., 68, 757 (1946). 

(6) Niederl, Salzberg and Shatynski, ibid., 70, 618 (1948). 
(7) Baltily, Buck, Lorz and Sch8n, ibid., 66, 263 (1944). 
(8) For»ee and Pollard, ibid,, 57, 1788 (1935). 
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prepared. These ditertiary amines, with the 
exception of N,N'-dioctylpiperazine, were white 
solids, nearly odorless, and with the waxy ap­
pearance of the fatty acids. The ditertiary 
amines were then converted to diquaternary 
ammonium salts. Since these salts were too in­
soluble in water to have a practical value, it was 
thought that a quaternary salt with a sulfate 
anion might be more soluble. The solubility 
was only slightly affected, but an emulsifying 
action, not common to the other salts, was noticed. 
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N , N ' - D l A L K Y L P I P E R A Z I N E S AND P l P E R A Z I N I U M SALTS 

R I = Rj 

1 Octy l 
2 Decyl 
3 Lauryl ' 1 

4 M y r i s t y l 
5 Ce ty l 

F o r m u l a 
R I N ( C H J C H 5 ) J N R ! 

C M H 4 J N ! 

Cj 4 HwNj 
C J S H S S N J 

C 3 J H M N J 

C J 6 H 7 4 N J 

M . p . , 
0 C . 

(uncor . ) 

22 -23 
4 0 . 5 - 4 1 
48 
5 7 - 5 8 
69 

N Analyses , % 
Calcd . F o u n d 

9 . 0 3 9 . 0 5 
7 . 6 5 7 . 5 8 
6 . 6 3 6 . 3 3 
5 . 8 6 5 . 7 7 
5 . 2 4 5 .22 

DlHVDROBROMIDES 
Bromine , % 

6 Octy l C a H 4 1 N j B r 2 307 d. 3 3 . 8 3 3 3 . 7 7 
7 Decyl Cj4HsjNjBrj 309 d. 3 0 . 2 5 3 0 . 4 0 
8 L a u r y l CjsHwNjBrj 306 d. 2 7 . 3 4 2 7 . 3 0 
9 M y r i s t y l CsjHtsNjBrj 304 d. 2 4 . 9 5 2 4 . 9 9 

10 Ce ty l CsoH7«NjBrj 303 d. 2 2 . 9 4 2 2 . 9 3 

P I P E R A Z I N I U M S A L T S 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5 

Rl 

Octy l 
Decyl 
Decyl 
L a u r y l 
L a u r y l 
M y r i s t y l 
M y r i s t y l 
Ce ty l 
C e t y l 
M e t h y l 
M e t h y l 
M e t h y l 
M e t h y l 
M e t h y l 
M e t h y l 

R i . 

M e t h y l 
M e t h y l 
E t h y l 
M e t h y l 
E t h y l 
M e t h y l 
E t h y l 
M e t h y l 
E t h y l 
M e t h y l 6 

E t h y l 
« -P ropy l 
w-Butyl 
M-Amyl 
P h e n a c y l 

F o r m u l a 
[ R I R J N ( C H J C H J ) J -

N R I R J ] I J 

C J J H J S N J I J 

CjeHseNalj 
CisHioNjij 
C S O H M N J I J 

CsjHwNjIj 
CS4H72N2IJ 
CsaH76N2lj 
C S I H M N J I J 

C 4 O H S 4 N J I J 

C S H M N J I J 

C I O H J 4 N J I J 

C12H28N2IJ 
C U H S J N S I J 

C H H H N J I J 

C I J H J B N J I I O J 

M . p . , 
0 C 
(un­

cor.) 

217 d. 
221 d. 
282 d. 
225 d. 
288 d. 
213 d. 
273 d. 
213 d. 
278 d. 
278 d. 
2 4 O d . 
227 d. 
213 d. 
202 d. 
159 d. 

N i t rogen , 

% 
Calcd . F o u n d 

4 . 7 2 4 . 8 9 
4 . 3 1 4 . 3 4 
4 . 1 3 4 . 0 4 
3 . 9 6 4 . 0 4 
3 . 8 2 3 . 7 6 
3 . 6 8 3 . 6 3 
3 . 5 4 3 . 6 0 
3 . 4 2 3 . 2 2 
3 . 3 1 3 . 2 6 

6 . 5 7 6 . 3 7 
6 . 1 7 6 . 0 7 
5 . 8 1 5 . 4 9 
5 .49 5 .39 
4 . 6 2 ' 4 . 4 5 

[ R I R J N ( C H J C H J ) J -
N R I R J [ S O 4 R I ] I 

26 M e t h y l M y r i s t y l C S e H 7 8 N 2 S j O 8 255 d. 3 . 8 3 3 . 5 9 

" Compound was mentioned by Baltzly, Buck, Lorz and 
Schon, T H I S JOURNAL, 66, 263 (1944), but no constants 
given. 6 M . p . agreed with that of Abderhalden and 
Haas, Z. physiol. Chem., 148, 245 (1925). 

Experimental 
N,N'-Dimethylpiperazine was prepared by methylating 

piperazine with formic acid and formaldehyde.9 

N,N'-Diphenacylpiperazine was prepared by the 
method of Lutz and Shearer10 which consisted of treating 
piperazine with phenacyl bromide in alcohol. Sodium 
carbonate was then added to liberate the amine which was 
recrystallized from a mixture of alcohol and ethyl acetate. 

N,N'-Dialkylpiperazines were prepared by refluxing 
0.14 mole of the alkyl halide with 0.06 mole of piperazine 
hexahydrate in alcohol for twelve to twenty-four hours. 
The dihydrohalide salts which precipitate can be obtained 
in 50 to 100% yields, depending on the alkyl halide used. 
The salt was dissolved in water and converted to the free 
amine by addition of a 10% solution of sodium hydroxide. 
The free amines were then recrystallized from methyl or 
ethyl alcohol with the exception of N,N'-dioctylpipera-
zine which was purified by vacuum distillation (b. p . 
202° at 10 mm.) . The yields of the free amines varied 
from 60 to 90% based on the amount of salt used. 

Piperazinium salts were synthesized by refluxing the 
ditertiary amine with an excess of the appropriate alkyl 
halide in a small quantity of ethyl alcohol for three to 
seven hours. The solid precipitating was recrystallized 
from glacial acetic acid. The yields varied from 30 to 
85%. Perhaps better yields could have been obtained 
in closed vessels. The N,N'-dimyristyl-N,N'-dimethyl-
piperazinium di-methylsulf ate was obtained by treating the 
tertiary amine with methyl sulfate and refluxing for thirty 
minutes andrecrystallizing the solid obtained from alcohol. 
Compounds 11, 14 and 18 were also synthesized by re­
fluxing the long chain alkyl halide with N,N'-dimethyl-
piperazine. The yields obtained were almost the same as 
by the previous method. 

Summary 
Four new 53/JM-dialkylpiperazines, containing 

long chain alkyl radicals, and a series of piper­
azinium salts, derived from sym-disubstituted 
piperazines, have been synthesized. 

Compounds 11, 20, 21 and 25, which were 
tested for germicidal activity against Staph, 
aureus, exhibited no bacteriostatic effect. Other 
compounds of higher molecular weight than no. 
11 were too insoluble to test. 
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(9) C la rk , Gillespie a n d Weisshaus , T H I S J O U R N A L , SS1 4576 
(1933). 

(10) L u t z a n d Sheare r , / . Org. Chem., 12, 771 (1947) . 


