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ene according to the procedure described by Robinson and 
R y l d ~ n . ~ ~  

The identities of the reaction product,s were confirmed by their 
inability to depress the melting points of authentic samples. 
The yields in Table I refer to compounds whose boiling points or 
melting points are given in the same table. 

Method A.-To a solution of 0.01 mole of starting material in 
20 ml. of benzene containing a catalytic amount of benzoyl 
peroxide, was added 0.01 mole of TMAT. The mixture was 
stirred a t  room temperature for the specified reaction period, 
which was determined by the disappearance of the tribromide 
and the cessation of hydrogen bromide evolution. The colorless 
tetramethylammonium bromide was dissolved by adding water. 
The organic layer was separated, washed with water and aqueous 
sodium carbonate in succession, dried over sodium sulfate, and 
the solvent removed. The reaction product was isolated by 
recrystallization, distillation, or by both procedures. 

Method B.-A solution of 0.01 mole of the starting material 
and 0.01 mole of TMAT in 30 ml. of acetic acid was refluxed for 
the specitied reaction time until the bromide color disappeared 
and no more hydrogen bromide was evolved. The cold reaction 
mixture was poured into water to dissolve the precipitated 
tetramethylammonium bromide, and the aqueous solution was 
then extracted with ether. The organic layer was treated, and 
the product isolated, as described in method A .  

Benzyl Bromide.--A mixture of 0.921 g.  (0.01 mole) of toluene, 
6.27 g. (0.02 mole) of TPIIAT, and a trace of benzoyl peroxide 
was heated under reflux for 15 min. The cold reaction mixture 
was treated as described in method B to yield 1.00 g. (59%), 
b.p. 194-198" (lit.15 b.p. 198"). 

Benzoic acid was obtained on oxidation of the reaction product 
with potassium permanganate in aqueous sodium carbonate 
solution a t  reflux temperature. 

p-Bromoto1uene.-A mixture of toluene (35 ml.), anhydrous 
ferric chloride (13.85 g.), and TMAT (21.55 9.) was stirred at, 
60" for 6 hr. The mixture was poured into water and extracted 
with ether. The organic layer was washed with dilute hydro- 
chloric acid, followed by sodium carbonate solution. After 
removing the solvent, the residue was fractionated to afford 7.12 
g. (72% yield), b.p. 184-186" (lit.'6 b.p 18.1'). 

fixidation of the reaction product with dilute nitric acid gave 
p-bromobenzoic acid. 
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Since aminomethylols have never been isolated in 
these reactions, and only weak evidence has been pre- 
sented for their ex i~ tence ,~  we wished to  learn if they 
indeed exist in any significant amount in this reaction. 
Our evidence suggests that  in the cases studied the 
methylenebisamine is the predominant product. 

We used the following approach. One mole of 
formaldehyde was added to  two moles of amine and the 
temperature rise AT1 measured in a simple Sernst  
type ~a lor imeter .~  A second mole of formaldehyde was 
then added to this mixture and AT2 measured. The 
data presented in Table I are corrected for heats 
of dilution of amine in water. Since alleged prepara- 
tions of aminomethylols were reported a t  0-,5 ", e, 

we made determiiiatioiis a t  that  temperature and 
a t  room temperature. The AT,  and ATn values are 
readily explained by considering the equilibria involved. 

R2XH + HCHO R2XCHzOH RzNH 

RZNCHzXI?, + H20 

On addition of the first equivalent of formaldehyde, 
equilibrium is established. If the equilibrium greatly 
favors the aminomethylol. then there is still one equiva- 
leiit of amine left to  react with the second equivalent 
of formaldehyde. The addition of this second portion 
of formaldehyde, then, results in a AT, which is nearly 
eyual to  ATl. If, however, the equilibrium greatly 
favors the methylenebisamine, then there is no un- 
changed amine left to react with the second portion 
of formaldehyde and AT1 > AT2. If there is no 
amiiioniethylol at equilibrium after addition of the 
first portion of formaldehyde, ATP is zero except for 
heat of dilution of formaldehyde, which in these ex- 
periments can only account for temperature rises of less 
than 0.05.' 

The data of Table I indicate that in most cases equi- 
librium favors the methylenebisamine a t  both tempera- 
tures. Moreover, in nearly all the cases studied the 
ratio AT1'ATz (Table I) was greater at 30" than at 5". 
This is explained by the greater stability of methylene 
bisamines over aminomethylols. 

Two of the compounds which exhibited low ratios of 
AT1 /ATz are X-ethylethanolamine aiid dicthanolamine- 
which form the oxasolidine on reaction with formalde- 
hyde. 

/cp 
RNHCH&H&H + HCHO' RN\ + H,O 

C H ~ H ~  

The reaction of secoiidary amines with formaldehyde 
can lead to  two products: aminomethylols (I) and meth- 
yleiiebisamines (11). I Although inaiiy examples of I1 

R2SH 
RzSH + HCHO --+ I?,AXC"HrOH ----f lt2SCH>XIla + HA) 

I '  I1 

have been reported, only a fcw examples of I havc hecn 
isolated. Usually the mcthylols arc uiistable aiid form 
none of the dcrivativcs of alcohols or amines.? 
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TABLE I o  

A T b  FOR THE REACTION OF FORMALDEHYDE WITH RINH" 
50 --30°-- 

Amine A Ti A Ta AT, ATn References 

Morpholine 2.12 0.50 1.54 -0.02 e ,  f 
Dibutylamine 0.93 0.45 0.83 0.26 Q 
X-Ethylethanolamine 0.33 0.17 0.56 0.16 New compound 
Piperidine 1.29 0.67 1.06 0.26 c 
Diallylamine 1.23 0.07 1.28 0.07 h 
Di benzylamine 0.28 0.05 0.52 -0.05 i 
Diethanolamine 0 . 8 1  0.31 0.45 0.23 j 
Diethylamine 1.07 0.10 0.83 0.07 k 

a Due to the high concentrations used and the resulting large errors due to  large solute-solute interactions and to  differences in the 
specific heat of the contents of the calorimeter, these data are probably of limited value as true thermochemical quantities. 
* The standard deviation is 0.17". c See ref. 6. References to the reaction with formaldehyde. See ref. 5. U. S. Patent 
2,388,058 (October 30, 1945). N. Lewis, Ph.D. thesis, University of 
Florida, 1951. L. Henry, Bull. mad. roy.  med. 
Belg., [3] 26, 200 (1893); 29, 355 (1895). 

H. Brintzinger and B Hesse, Kolloid-Z., 111, 156 (1948). 
S. Y. Lieberman and E. C. Wagner, J. Org. Chem., 14, 1001 (1949). See ref. 8. 

We found that these compounds formed readily 
under the conditions of our experiments. 

Dibenzylamine is the only other amine which does 
not exhibit a large difference between AT1 and ATz. 
The low values of AT1 for this compound made it im- 
possible to decide whether this compound forms pre- 
dominantly the methylenebisamine or the amino- 
met hylol. 

Experimental 

Materials.-The chemicals used and their sources or methods 
of purification are stated. All distillations were through a 20-in. 
column packed with nichrome wire. Temperatures are un- 
corrected. 

Formaldehyde, Merck and Co., C.P. 37y0 aqueous solution, 
standardized by the sodium sulfite method'; morpholine, b.p. 
128.5' (760 mm.!; dibutylamine, b.p. 159-160' (760 mm.); 
N-ethylethanolamine, h.p. 166-166.5 a (760 mm.) ; piperidine, 
b.p. 10GD (7GO mm.); diallylamine, b.p. 109' (7G0 mm.); di- 
benzylamine, Eastman "White Label," used as received; di- 
ethanolamine, b.p. 132-135" (3.0-3.2 mm.); diethylamine, 
b.p. 55.5" (7GOmm.). 

Apparatus.-The calorimeter consisted of a 1-1. dewar flask 
fitted with a Beckmann differential thermometer, mechaniral 
stirrer, and 2.5 X 14 cm. thin-walled copper test tube. The 
test tube was fitted with a thermometer, and glass loop stirrer 
through a rubber stopper, and was held in place in the dewar 
flask by a large rubber stopper. Water, 750 ml., was used as the 
calorimeter fluid. The pure amine was added to the copper 
tube through a funnel which was replaced with a long stem buret 
for slow addition of the aqueous 3773 formaldehyde. The latter 
was added a t  such a rate that the temperature of the reaction 
mixture remained always near the bath temperature. In  the 
low temperature runs the entire calorimeter was immersed in an 
ice-water bath to minimize heat loss. The temperature changes, 
A T , ,  were corrected for external heat gain by preparing plots of 
time u s .  temperature for the low temperature runs. T o  correct 
for heat of dilution, runs were made in which the formaldehyde 
was replared by equivalent amounts of water. 

3-(~-Hydroxyethyl)oxazolidines was distilled from the benzene 
extract, of an equimolar mixture of diethanolamine and formalin 
after it had stood for several hours, b.p. 93"(4.7 mm.), n 3 b  
1.4753; lit.a b.p. 68"(0.5 rnm.), n% 1.4775. 

3-Ethyloxazolidine was prepared by the same procedure as for 
3-(8-hydrosyethyl)o~azolidine, b.p. 122', n2% 1.4322. 

Anal. Calcd. for C5HIlNO: C, 59.4; H, 11.0; S,  13.9. 
Found: C,59.0; H, 11.9; N, 13.2. 

( 8 )  Miles Laboratories. Inc. .  British Patent  839,289 (June 30, 1960) 
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The preparation of secondary amines by the reduc- 
tion of Schiff bases with lithium aluminum hydride or 
with borohydrides has been well established in earlier 
1iteratu1-e.~ This note concerns the generality of the 
synthesis of secondary and tertiary amines by the 
action of sodium borohydride a t  0" on the neutral 
aqueous solutions of amine salts and carbonyl com- 
pounds; reactions of this type were first reported for a 
special case (the preparation of dimethylamino acids) 
by Biemann and c o - ~ o r k e r s . ~  The process is advan- 
tageous, since it occurs rapidly without prior isolation 
of the Schiff bases, and even occurs in some instances 
where the equilibrium for the formation of the Schiff 
base is too unfavorable to permit its ready isolation. 
This synthesis, unlike previous catalytic reductions of 
Schiff bases formed in situ,  may be used in the prepara- 
tion of amines containing nitro or other groups sensitive 
to catalytic hydrogenation. 

The formation of K6-isopropyllysine6 from lysine 
and acetone under various experimental conditions is 
reported in Table I. The primary a-amino acids could 
be easily identified with ninhydrin after paper chroma- 
tography. The reaction also gave N*,N6-diisopropyl- 
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( 5 )  The separation of "modified" lysine (urobably h'~-isoprol,yllysine) has 
been reported by 13. Fasold, G .  Gundlach. and F. Turba.  Biochrni.  2.. 334, 
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