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2-PhenyI-4',6,8-trichIoro-4-quinoly]ethylene oxide, mp 1S3 
185°, was obtained as a gift from the Walter Heed Army In
stitute of Research. The bromohydrin precursor has been 
described.8 

a-(N-Substituted aminomethyl)-2-phenyl-4-quinolinemetha-
nols (Table I).—The oxide (0.01 mole) and the amine (0.011 
0.02 mole) wen.' dissolved in 10-20 ml of 1 ).MF and the solution 
was stirred in a closed flask at 100-110° for 10 hr. The solution 
was diluted (HjO) to precipitate the crude product: when emul
sions formed, they were coagulated by stirring in a little NaOi. 
The crude product was recrystallized from the solvent specified 
in Table I. In a few cases the free base was difficult to handle as 
such and was therefore converted to the hydrochloride salt by 
alcoholic or ethereal HOI. The lower amine/oxide ratio was used 
when water insolublility of the amine might complicate work-up 
of the product. The higher ratio was used in the ease of water-
soluble amines. In the case of «-Hu2>JH the higher ratio wa.« 
used and excess amine was removed by steam distillation. In 
the case of 1-aminoadamantane the free base14 was prepared from 
commercially available 1-aminoadamantane hydrochloride. 

All of the compounds described in Table I are insoluble in Hot) 
and most are moderately soluble in alcohol solvents. We found 
that these compounds caused moderately severe irritation of the 
skin. 
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double-stranded DXA (\'.12 and T;,), single stranded 
DXA (Sis), and RXA (MS.) phages, while a mono-
functional analog, the imonium form of X-'2-chloro~ 
ethylpipei'idine. inactivated neither.'1 These results 
are further strong support for the alkylating action of 
II;m leading to inter- or intrachain cross-links. 

Experimental Section 

4,4'-Bipiperidine7 was converted to tlie bis-N-hydro.\ye!hyl 
(VI) and bis-N-chloroethyl (VII) derivatives,3 From alkaline 
titration data, the pA'a data in Table I were estimated by I lie 
method of iSpeakman.* 

T.UiLE I 

Arm DISSOCIATION CONSTANTS 

il l ' B l l ' I P E R I D Y L COMPOUNDS, 2 5 ° 

<•<« 1 ]>Ka 

11 (1.47, 10. SS 
HOCIl-jOIl, 7.93,9,19 
01CH,CTI, 6.91,8.09 

Cyclization of II to II„„ was determined by V'olhard lilralion 
of chloride ion liberated, as summarized in Table II. After 1 
hr, 50 ml of the solution of II;„, was diluted with 50 ml of 0.00.J .1/ 
t.hiosulfate. The rate of reaction is summarized in Table III. 
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The stability of diethyl-2-chloroethylamine (I) 
against cyclization at pH 7 suggested that other mus
tards with \)Ka of 7 or higher might be so extensively 
protonated under biological conditions as to resist 
cyclization. This led us to reinvestigate a potential 
cross-linking difunctional mustard which might fit 
in this category, N,X~'-bis(2-chloroethyl)-4,4'-bipiper-
idyl (II).:i This compound has been reported earlier as 
biologically inactive.3 We have confirmed this in
activity as well as that for the hydroxylethyl analog and 
X,N,N',X'-tetramethyl-4,-4'-piperidyI (III). The cy-
clized imonium form of II, however, was found to have a 
remarkable obesifying effect on mice.-4 The analog of 
II, X*,X"'-bis(2-chloroethyr)-4,4'-bipiperidylethane also 
shows this obesifying effect. 

Reports by Yamamoto5 that DXA and RXA bac
teriophages are inactivated by conventiaiial difunctional 
mustards but not by monofunctional mustards led to a 
cooperative investigation of the effects of the bipiperidyl 
mustard. Dr. Yamamoto found IL,., inactivated 
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TABLE II 

CYCLIZATION OF II, 0.00" M. p i t 9.0, 25° 

T i m e , i n i n ''•'', CI " 

k, 

30 

45 

.5.4 X 10" ' s e c " 1 . 

2,S. 

SO 

too 

A-B..O. 

T.Mil.E HI 

l iEACTHIN OK I I i , „ ( 0 . 0 0 2 5 .1 / ) WITH 

THIOSFLFATE (0.0025 M), 25°, pH 9" 

Time , min ''•'} IIim reiiL-tt'ii 

15 01 

30 44 

00 5ti 

120 1)5 

ISO 74 

- 0 . 1 1. m o l e - 1 s e c " 1 . 

N,N'-Bis(2-hydroxylethyl)-4,4'-dipiperidylethane was pre
pared from 4,4'-dipiperidylethane7 by treating an EtOH solu
tion with ethylene oxide followed bv evaporation and recrystal-
lizafiou frnm'.MeOH (45% vield), 'mp 107-109°. Anal.' (Cr 
HMN202) C, II, N. 

Conversion io N,\'-bis(2-chloroethyl)-4,4'-dipiperidylethane 
dihydrochloride was accomplished by SOCU in CHC13, re-crys
tallization from MeOH gave colorless needles (80%.), mp above 
.310°. Anal. (Ci6HMCl2N2) C, H, N, CI. 

N-(2-Chloroethyl)piperidine hydrochloride was prepared from 
the hydroxyethyl compound, bp 79° (5 mm), n20D 1.4770 (lit.9 

nr'D 1.4775), by stirring overnight with SOCl2 in CC14. After 
removal of excess !S0C12 by distillation, filtration, and recrystalli-
zation from EtOH, the product melted at 238° (73%). Anal. 
( C T H U C U N ) C, H. An earlier sample reported to be this com
pound, mp 376°,'" was undoubtedly the piperazinium dimer. 
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