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21-monoacetate-1,2-H* was put on the column as described 
above. From every three runs, four peak fractions containing 
the 1,2-H~aldosterone-2l-monoacetate were pooled, and the 
total activity waa about 1500 mc. The specific activity of the 
substance waa determined and found to be 100 pc/pg. 

Hydrolysis of the aldoste7one-21-monoatate-l,2-H~. (a) 
Enzytatic hydrolysis. The solution of 10 ml. of 0.05M mono- 
hydrogen sodium orthophosphate was prepared and the 
pH adjusted to 7.0 with a few drops of acetic acid. Then 40 
mg. of wheat germ lipaae (Worthington Co., N. J.) was d i 5  
solved in that solution and warmed to 37' in a constant 
temperature oven. The solution of 200 mc of aldosterone-21- 
monoacetab1,2-H' in 0.4 ml. propylene glycol was added 
to the enzyme solution in four portions with approximate 
0.5 hr. intervals between additions. Incubation was continued 
for a total period of 4 hr. The incubation mixture was ex- 
tracted with 4 X 15 ml. methylene dichloride. The com- 
bined solvent extract was washed with 2 ml. of water and 
taken down to dryness. It was further purified using a 
partition column made up with 28 g. Celite 545 in 14 ml. 
of the stationary phase. 

The mobile phase (benzene) of the solvent system was 
equilibrated against the stationary phase [methanol-water 
(1 : 1 v./v.)]. Fractions of 5 ml. were collected and assayed 
for tritium using 5 X from every fraction dissolved in the 
quenched scintillation liquid. The peak fractions 9,10, and 11 
containing aldosterone-1,2-H' were pooled and identity with 
standard aldosterone confirmed by paper chromatography, 
blue tetrazolium reaction, and soda fluorescence. The radio- 
chemical purity of free compound and diacetate, prepared 
by acetylation with acetic anhydride and pyridine was 
determined aa follows. Chromatography of a mixture of 
1 p c  of the 1,2-Ha-aldosterone and inert aldosterone (2 
pg) in a Bush Bs system gave a spot due to inert aldosterone, 
which was marked by pencil as observed in the ultraviolet 
light, and a strip (1.25 in. wide) of the chromatogram was 
scanned in a Vanguard automatic chromatogram scanner. 
It showed only one peak corresponding to the inert aldo- 
sterone;.yield 100 mc. The specific activity of the aldo- 
sterone-l,%H* was found to  be 100 pc/pg. 

A mixture of about 1 pc of the aldosterone-l,>Ha and 3 
pg. inert aldosterone was acetylated with 0.15 ml. acetic 
anhydride and 0.3 ml. pyridine. The diacetate was run in the 
Bush BI system and scanned in a chromatogram scanner. 
Again only one sharp peak corresponding to the aldosterone 
diacete was observed thereby establishing the radiochemical 
purity of the aldosterone-l,%H*. 

(b) Alkaline hydrolysis. Aldosterone 21-monoacetate-1,2-Ha 
(220mc) was hydrolyzed according to the method of Simpson 
et al.4 in a sealed tube. The reaction mixture was extracted 
with 4 x 15 ml. methylene dichloride; the total extract 
with 2 ml. of water and evaporated in dryness. It was puri- 
fied by column chromatography and the fractions containing 
aldosterone-1,2-H* were identified. The radiochemical 
purity11 of the product was established as described above 
in the case of aldosterone-l,2-H' obtained from the enzy- 
matic hydrolysis; yield 66 mc. The specific activity was 
found to be 98 pc/pg. 

Acknowledgment. It is a pleasure to thank 
Dr. J. F. Tait and Mrs. S. A. S. Tait for their 
continuous help and encouragement. 

WORCESTER FOUNDATION FOR EXPERIMENTAL BIOLOGY 
SHREWSBURY, Mass. 

(11) It should be noted that no 17-isoaldosterone-l,2-H* 
could be detected (chromatography of a mixture of authentic 
aldosterone and its 17-isomer showed feasibility of its separa- 
tion with a Bush Br system on paper, as well a8 on a Celite 
column). 
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Saturated amines commonly exhibit nitrogen 
reactivity only. We wish to report a reaction in 
which piperidine is attacked on the carbon skeleton 
without loss of the nitrogen function. Skraup and 
Bohm in 1926 isolated from the reaction of benz- 
aldehyde and piperidine a compound of unknown 
structure, m.p. 88-89', to which they assigned the 
formula CzoHleN.* In 1958 Parker and Furst re- 
ported that p-dimethyl- and diethylaminobenzalde- 
hyde react with piperidine to give compounds 
CzaHnN3 and C27H35N3, respectively.6 

We have reinvestigated the reaction of benzalde- 
hyde with piperidine and have shown the product 
to  be 3,5-dibenzylpyridine (Ia). The NMR spec- 
trum of the product exhibits a high field singlet 
(CH2; T = 6.17), a broad, poorly resolved multiplet 
in the region for phenyl protons (I = 2.90) and a 
doublet (J = 1.7 c.P.s.) a t  such low field (T  = 1.82) 
as to be attributable only to the 2,6-protons of a 
pyridine ring. The methiodide prepared from the 
free base was not sufficiently soluble in water for 
NMR analysis, and was converted by treatment 
with silver chloride to a hygroscopic methochloride 
(11). The 4-proton resonance, obscured by the 
phenyl multiplet in the spectrum of the free base, 
is shifted downfield by quaternization (6 = -3.32 
relative to  DHO in deuterium oxide) and the in- 
tensity is half that of the 2,6-proton resonance 
(6 = -3.60; the doublet is not resolved). Methylene 
(6 = 0.67), N-methyl ( 6  = 0.57) and phenyl (6 = 
-2.53) protons have relative intensities in agree- 
ment with 11. The doublet in the spectrum of the 
free base arises from spin coupling of the 2- and 4- 
protons of the pyridine nucleus. The coupling 
constant of 1.7 C.P.S. is close to the value of 1.9 
C.P.S. calculated by Pople, Schneider, and Bernstein 
for the 2- and 4-protons of pyridine.6 For 2,6- 
dibenzylpyridine, a mechanistically attractive al- 
ternative for Ia, coupling of the 3- and 4- protons 
should give splitting of about 8 C.P.S. by analogy 

(1) Formerly E. D. Parker. 
(2) Present address: Department of Chemistry, Clarkson 

College of Technology, Potsdam, N. Y. 
(3) Supported by Grant CY 3611 from the National 

Cancer Institute of the National Institutes of Health. 
This is Contribution No. 114 from the Graduate Depart- 
ment of Biochemistry, Brandeis University. 
(4) S. Skraup and K. Bohm, Ber., 59,  1015 (1926). 
(5) E. D. Parker and A. Furst, J .  Org. Chem., 23 ,  201 

(1958). 
(6) J. A. Pople, W. G. Schneider, and H. J. Bernstein, 

High-resolulion Nuclear Magnetic Resonance, McGraw-Hal, 
New York, 1959, p. 266. 



JANUARY 1962 NOTES 317 

with 2,6-lutidine.7 The ultraviolet spectrum of Ia  EXPERIMENTAL 

(A,,, 262, 268, 276 mp, emax. 4180, 4650, 3860) is 
strikingly similar to that of 3,5-lutidine.* The infra- 
red spectrum is also consistent with Ia, as is the 
empirical formula, C ~ ~ H I ' I N . ~  

CH3 
I1 

Ia. X = H 
Ib. X = N(CHa)2 
IC. X N(C2H5)z 

The molecular formulas and ultraviolet spectra 
reported by Parker and Furst are consistent with 
structures I b  and Ic.l0 The simplest mechanism for 
this transformation involves rearrangement of the 
initially formed Schiff cation I11 to the enamine IV 
followed by condensation with benzaldehyde, 
yielding the dibenzyldihydropyridine V. Condensa- 
tion with a. third molecule of benzaldehyde followed 
by displacement of the product from the N-benzyl 
group by piperidine gives 3,5-dibenzylpyridine. 

An analogous condensation was reported in 1891 
by Rugheimer, l1 who isolated 3,5-dibenzylpyridine 
and benzoic acid from the reaction of benzaldehyde 
with N-benzoylpiperidine in a sealed tube, although 
his proof of structure was not conclusive. Our 
results suggest that benzaldehyde reacts with the 
free base rather than the benzamide, and that water 
so produced is consumed in hydrolysis of the benz- 
amide. We are investigating other examples of this 
reaction. 
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S15-Dibenzylpyridine. A solution of 15 ml. of benzaldehyde, 
5 ml. of piperidine, and a few drops of glacial acetic acid in 
80 ml. of dry toluene was heated under reflux for 48 hr. 
under a Dean-Stark trap. The toluene was distilled in vacuo 
leaving 21 g. of dark syrupy residue of which 13.4 g. 
was dissolved in dry benzene and chromatographed on 550 g. 
of Merck acid-washed alumina. Non-crystalline material, 
total weight 5.3 g., was eluted with benzene, benzene-ether 
mixtures and finally ether. The last ether fractions were 
combined to  give 2.14 g. of crude crystalline 3,5-dibenzylpyri- 
dine, m.p. 82-88'. (Thus the product isolated incorporated 
25% by weight of the initial piperidine.) This material was re- 
crystallized once from ether, then five times from acetone to 
give 394 mg., m.p. 90'. 

Anal. Calcd. for CloHllN: C, 87.99; H, 6.61; N, 5.40. 
Found? C, 87.98; H, 6.64; N, 5.43. 

Portions of this sample were used for all spectral measure- 
menta and for the preparation of the methochloride. 

3,6-Dibenzylpyridine methochloride. To a solution of 20 mg. 
of the free base in 0.2 ml. of carbon tetrachloride was added 
a slight excess of methyl iodide. The solution turned yellow 
immediately. After a few minutes the precipitated crystal- 
line methiodide waa removed by filtration and stirred with 
an aqueous slurry of freshly precipitated silver chloride. The 
suspension was filtered and the clear filtrate waa lyophilized 
to give about 20 mg. of a white, hygroscopic solid. For NMR 
analysis the methochloride was dissolved in deuterium oxide, 
filtered, lyophilized to dryness and redissolved in deuterium 
oxide. 

Spectra. NMR spectra were obtained for degassed 10% 
solutions using the Varian 60 mc. spectrometer. For the free 
base in carbon tetrachloride solution tetramethylsilane wm 
the internal standard. For the methochloride in deuterium 
oxide adventitious water was the internal standard. Chemi- 
cal shifts were measured by the conventional sideband 
technique. Methochloride samples were not spun, 

The ultraviolet spectrum of the free base in 95% ethanol 
was determined using a Cary recording spectrophotometer. 
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In  connection with another problem, i t  became 
desirable to prepare an authentic sample of the 
compound named in the title. A synthesis of this 
material was achieved in the following manner. 

Lithium aluminum hydride reduction of ethyl 
y, y-diphenylparaconate2 (Ia), prepared by a Re- 
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