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InTRODUOTION

Von Braun and Rover (1903:
1196) reported the condensation of
dibenzylamine and formaldehyde re-
sulted in the formation of tetraben-
zyldiaminomethane.

Clarke, CHllespie, and Weishauss
(1933:4571) found that tetrabenzyl-
diaminomethane was reduced $6 some
tertiary amines with formic acid.
They also indicated that wmethy-
lenedipiperdine was reduced under
similar conditions to give 45.3%
methylpiperdine and 52.7% piper-
dine isolated as the benzenesnlfonyl
piperdine. They reported that see-
ondary amines, exeepting dimethy-
lamine, were converted to the N-
methyl derivatives in the presence
of formaldehyde and formic acid.

Burke (1949:609), Burke and
Weatherbee  (1950:4691), Burke,
ITammer, and Weatherbee (1961:
4403), reported on reactions of
phenols with N-methylol derivatives
obtained by condensing primary
amines and formaldchyde. Bruson
and MacMullen (1841:270), and
Caldwell and Thompsen (193%:765),
reported similar condensations in-
volving phenolic compounds with
secondary amines.

Discussion

Tn view of the work of Clarke and
his eo-workers, in this investization

oxperiments were undertaken to de-
termine 1f dibenzylamine and for-
maldehyde react to form N-methy-
loldibenzylamine whiech would fur-
ther ¢omdense with dibenzylamine to
formm  the tetrabenuzyldinminome-
thane. In view of the reduction of
the latter compound with formic
acid, investigations were carried out
to determive if it would dissociate
in solution to dibenzyl amine and
1is N-mnethylo!l derivative.
Condensations under a variety of
cxperimental conditions of dibenzyl
amine, formaldchyde, and para-
benzyloxphenol resulted in the zood
recovery of the phenol and in the
isolation of over 96'% vield of tetra-
henzyidiaminomethane,  Refluxing
of the latter compound with for-
maldehyde and parabenzyloxyphenol
gave similar results. This indicated
that the postulated N-methyloldi-
benzylamine reacted with dibenzyl-
amine easier than with the phenol.
Condensalions of benzyl amine,
formnaldehyde, and para-benzyloxy-
phenol in a 1:2:1 mole ratio under
a variety of experimental conditious
gave gootl yields of 34-dihydro-3-
henzyl-6-benzyioxy-1,3, 2T1-benzoxa-
zine. Similar results were obtained
at room temperature, refluxing in
methanol solution, or refluxing in
dioxane solution. However, similar
condensations of benzylamine, for-
maldehyde, and para-henzyloxy-
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phenol in a 1:1:1 mole ratio respec-
tively, failed to undergo a conden-
safion; the para-benzyloxyphenol
and the benzyl amine as its hydro-
chloride salt were recovered nearly
quantitatively.

Previous investigations by DBurke,
Hammer, and Weatherbce ({1981:
4403}, indicated that benzylamine
readily condensed with hydroguinone
and formaldehyde. The benzylamine
and formaldehyde were interacted
in the mole ratio of 1:2 respectively
and N,N-dimethylolbenzylamine was
postulated as the intermediate. The
N N-dimethylelbenzylamine then re-
acted with hydroguminone in a 2:1
mole ratio respectively to give two
isomeri¢ benzoxazines, 3,8-dibenzyl-2,
3,4,7,8,9-hexahydrobenzo 1,2-¢,4 5-¢’
bis-m-oxazine {compound No.1} and
2,9-dibenzyl1,2,3,8,9,10-hexahydro-
benzo 2,1-¢,3,4-e” bis-m-oxazine (com-
pound No. 2).

In this investigation condensation
of benzylamine, formaldehyde, and
hydroquinone in a 1:1:1 mole ratio
failed to give Z-benzylaminomethyl-
hydroquinone, the expected product
if N-methylolbenzylamine were pos-
tulated as an intermediate. Similar
eondensations involving henzyl-
amine, formaldehyde, and hydro-
quinone in a 2:2:1 mole ratio like-
wise failed to give the expected 2,5-
bis(benzylaminomethyl ) hydroqui-
none, Condensgations of benzylamine,
formaldehyde, and hydroquinone in
8 1:2:1 mole ratio with view of se-
euring the monobenzoxazine 3,4-di-
hydro-3bengyl-6-hydroxy-1,3,2H-
benzoxazine resulted in the isolation
of the two isomeric bis-benzoxazines
{Compounds No. 1 and No. 2) pre-
vionsly mentioned above.

An indireet approach to the prep-

aration of 3,4-dihydro-3-benzyl-6-hy-
droxy-1,3,211-henzoxazine was inves-
tigated. It was found eonvenient to
prepare 2-henzylaminomethyl-6-ben-
zyloxyphenol hydrochloride by
warming 3,1-dihydro-3-benzyl-6-ben-
zyloxy-1,3,2I1-henzoxazine with al-
coholic hydroehlorie acid. The re-
sulting hyvdrochloride salt was neu-
tralized with sodium hicarbonate, or
an aqueous solution was treated with
monoethanolamine, to give the free
Mannich base. Treatment of the free
base with formaldehyde readily eon-
verted it In high vield to the starting
oxazine indicating that the benzoloxy
group was not cleaved by the al-
eoholie hydrochlorie acid,

Warming of the 2-henzylamino-
methyl-G-benzyloxyphenol with 375,
aqueous hydrochloric acid for 14
hour readily cleaved ithe other and
2-henzylaminomethyl hydroguinone
hydrochloride was isolated in good
yield. The corresponding {reec base
was secured by neutralization with
potassium bicarbonate. Tpon warm-
ing the 2-henzylaminomethyl hydro-
guinone with a methanol selution of
formaldshyde in a 1:1 mole ratio
gave good yields of 3,4-dihydro-3-
benzyl-6-hydroxy-1,3,2H -benzoxa-
zine, TUpon rcaction of the latter
compound with » dioxane selution of
formaldehyde and benzyl amine in
a 1:2:1 mole ratio resulied in the
isolation of the itwo isomerie bis
benzoxazines (compounds No, 1 and
No. 2).

Considcrable time was spent in-
vestigating methods of converting 2-
beunzylaminomethyl.6-benzyloxyphe-
nol to 2-benzylaminomethylhydroqui-
none. The eonventional use of hydro-
lodie acid, and other methods of
splitting ethers failed fo give good
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results. The use of 37% hydro-
chloric acid under relatively mild
conditions was found to be a con-
venient method. Splitting of other
henzy! ethers was studied. Para-
benzyloxyphenol was readily econ-
verted in high yields to hydroqui-
ligne.

Condensations of other primary
amines or secendary amines, for-
maldehyde, and para-benzyloxyphe-
nol, hydroguinone, or other phenolie
compounds were investigated. Al
though  dibenzyvlamine, formalde-
hyde, and hydroguinone in a 2:2:1
mole ratio respectively failed to
yietd the expected 2,5-bis{dibensyla-
minomethyl)-hydrogninene, yields in
excess of 759 of 25-bis{dimethyl-
aminomethyl)-hvdroquincne  were
readily secured. Reactions of di-
methylamine, formaldechyde, and hy-
droquinone in & 1:1:1 mole ratio
respectively resulted in the isolation
of  2,5-bis{dimethylaminomethyl) -
hydroguinone and not the expected
mono  derivative, 2-demethylamino-
methyvlhydroquinone.

EXPERIMENTAL

3,4-dihydro-3-bensyl-6-Denzylory-
1,3.2H benzoxazine. To 30.6 ml, of
409, formaldehyde (0.4 mole) in 1-
propanol dissolved in 50 ml. of di-
oxane at 10 to 15°C. was added 22
mi. (0.2 mole} of benxyl amine with
stirring over a period of B to 4 min-
utes. Te the resulting solution was
added 40 grams of para-henzvloxy-
phenol (0.2 mole). After adding an
additional 25 ml. of dioxane, the
flask was stoppered and stirred with
a4 mag-mix stirrer until a complete
solution resulted. The solution was
warmed to gentle refluxing for 2
honrs and then allowed to stand at

25°C. for 22 hours. The solvents
were removed by evaporation under
a hood. The white solid was dis-
solved in 300 ml. of ether and 150
ml. of water containing 11 grams of
sodium hydroxide. The ether layer
was separated and the aqueous layer
further extracted with two-100 ml.
and one-5C¢ ml. portions of ether
Removal of the ether gave 57 grams
(865 crude yield) of white solid
mp. 73 to 77°C. Upon reerystalliza-
tien from 210 ml, of g methanol-
ethanol (2 parts methano! and &
parts ethanol by volume} solufion,
the compound melted at 86 to 87°C.
The agqueous layer was acidified with
hydrochlorie acid. Upon extraction
with cther, 6 grams of para-benzyl-
oxyphenol was recovered. {Analy-
sis of the oxazine: C,H,NO,:
Caleulated: C 79.73, H 6.39, N 4.22.
Found: C 79.68, H 6.29. N, 4.11}.
The eondensation was repeated un-
der a varicty of cxperimental condi-
tions. The reaetion mixture was al-
lowed to stand at room temperature
for 40 hours, it was refluzed in di-
oxane for 3 hours, il was gently re-
fluxed in methano! using 37% ague-
ous formaldehyde, ete. ; in most cases
the vields were somewhat lower than
the above example.
2-henzylaminomethyl-d-bensylozy-
phenol hydrochloride. A 3.6 gram
sample of 3.4-dihyvdro-3-benzyl-6-
benzyloxy-1,3.2H -henzoxazine was
disgolved In 25 ml. of 23% ethyl
alecohol and placed in a round bot-
tom flask egnipped with a elaissen
flask, dropping funnel, and econ-
denser for distillation. After cool-
ine on an ice bath, 2 ml. of 37%
agnreous hydroehlorie acid was added
dropwise through the dropping fun-
nel with sghaking. The flask was
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gradually warmed until 5 ml. of
aleohol distilled over into an aleoholic
solution of 24-dinitrophenylhydra-
zine. The distilling flask was cocled
and an additional 1 ml. of hydro-
ehiorie acid was added. Distillation
was repeated until 10 ml. of aleohol
‘distilled over. The residue in the
distilling flask was decanted to a
beaker, cooled on an iee bath, and
gpproximately 20 ml. of acetone was
added. A white solid, 3.4 grams,
melting point. 168-16%°¢€. was se-
eured. Upon two recrystallizations
from 95% ethanol the melting
point was 170-171°C. (Analysis:
C,,H,,CINQ,: Calenlated: C 70.87,
H 623, Ct 997, N 3.94. TFound:
C 7046, H 6.44, C1 9.95, N 4.02).
The 2,4-dinitrophenylhydrazine
solution was aeidified with dilute
sulfarie acid, warmed to refiuxing,
and coneentrated to one-half volume
under the hood. A yellow solid was
obtained which did not depress the
meliing point of an authentic sample
of the 2, 4-dinitrophenylhydrazone of
formaldchyde.
S-benzylaminomethyl-4-benzylowy-
phenol. A 495 gram sample of 2-
benzylaminomethyl-4-henzyloxyphe-
nol hydrochloride was stirred in 150
ml, of water with a mag-mix stirrer.
After adding 1.5 ml. of monoethanol-
amine, the mixture was vigorously
stirred for several minutes. The
Iixfure containing a white solid was
extracted with several small portions
of ether. Upon cvaporation of the
ether, 4316 grams of white solid,
melting point 83-88°C. was secured.
After two recrystallizations from
methanol, the sample melted at 90-
91°C. A mixed melting point with
3,4-dihydro-3-benzyl -6 -benzyloxy-
1.3, 2H-benzoxazine melted at 70 to

-

73°C. (Analysis: C,,H, NO,: Cal-
enlated: € 78.78, H 6.62. ¥Found:
C 78.71, H 6.69),

Conversion of 2-benzylaming-
methyl-4-benzylozyphenol to 3,4-di-
hydro-3-benzyl-6-bengylozy -1,3,2H -
benzoxazine. A 6.39 gram sample of
2-benzylaminomethyl-4-benzyloxy-
pheno! was dissolved in 100 mi. of
warmt methanol. After cooling on
an ice bath, 1.5 ml of 37% aqnecus
formaldehyde was added. The solu-
tion was shaken for several minutes
and a white solid separated. The
mixture was gradually warmed to
gentle refluxing for two hours, Aft-
er cooling on an iee bath, the result-
ing 5.3 grams white solid was re-
moved by filtration and reerystallized
from inethanol. The solid melted at
85-86°C. and did not depress the
melting point of an anthentie sample
of the oxazine,

2-benzyloaminomethyl-hydrogui-
none hydrochloride. An 8.8 gram
sample of 2-henzylaminomethyl-4-
benzyloxyphenol hydrochloride was
placed in a round bottom flask with
15 ml. of 37% agueous hydrochloric
acid. After attaching to a reflux
condenser the mixture was warmed
on a boiling water bath for 30 min-
ules. An oil formed. The mixture
was cooled on an ice bath. A white
solid was removed by filtration and
washed with several small portions
of ather, Afier drying, the solid
weighed 51 prams. It was reorys-
tallized from isopropyl aleohol,
melting point 177-178°C. (Analy-
sis: C,,H, CINO,: Calenlated: ¢
63.27, H 6.06. Found: C 6349, H
5.80).

The ether wag separated from the
aqueous layer. Upon removal of the
ather, 1.1 grams of benryl chloride,
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boiling point 178-1807C. was seeured.

2-benzylominomethyl -hydrogui-
none, The above experiment was re-
peated using 21.8 grams of 2-henzyl-
aminomethyl-4-benzyloxyphenol hy-
drochloride and 25 ml. of agueous
hydrochlorie acid. A solid did not
form. After extracting the aqueous
layer with ether to remove the ben-
zylchloride, it was salurated with
potassium bicarbonate and extracted
with several small portions of ether,
Removal of the ether gave 7.9 grams
of the free base, melting point 115-
117°C. Upon three recrystalliza-
tions from benzene the solid melted
at 120-1205°C. (Analysis: C H, .-
NO,: Caleulated: C 73.34, X 6.59,
N 6.11. Found: € 72.53, II 6.52,
N 611}.

Conversion of Hydroquinonomono-
bensylether to Hydroguingne, Three
grams of hydroguinone monobenzyl-
ether was placed in a round bottom
fiask with 10 ml. concentrated hydro-
chloric acid and the mixture warmed
at 85-90° under a reflux condenser
for 45 minutes. The ether gradually
changed 1o a brown oil and finally
nearly a clear sclution resulted. The
flask was cooled and an additional
10 ml. eone. hydroehloric acid was
added. The mixture was warmed
for 1 hour at 85-90°, cocled to room
temperature, made basic with sodium
hydroxide, and extracted with one-
20 ml. and two-18 ml portions of
cther. The ether was allowed to
evaporate leaving a nearly colorless
liquid, which was identified as hen-
zyl ehloride, boiling point 180-181°C.
at 759 mm.; quaternary ammonium
salt with N,N-dimethylaniline gave a
melting point of 108-111°C,

The aqueous extracts were made
acidic with hydrechlorie acid and

extracted with one-30 ml. and two-
20 ml, portions of ether, which upen
evaporation gave 170 g. of brownish
white solid, m.p. 105-140°. The
solid was recrystallized from ter-
tiary butyl zlechol giving 1.5 g
white solid m.p. 165-170°. An ad-
ditional recrystallization gave m.p,
169-171°; mixed m.p. with hydro-
quinene showed no depression.

3,4 -dihydro-3-beneyl-6 - hydroxy-
1,3,2I1-benzozazime.  The Mannich
base 2-benzylaminomethyl-4-hydroxy
phenol was readily converted 1o the
oxazine under eonditions to those de-
seribed for conversion of 2-henuzyl-
laminomethyl-4-benzyloxyphenol to
its corresponding oxazine as indi-
cated above in 91.5% yicld, melting
point 105-106° after three recrystal-
lizations from carbon tetrachloride.
(Analysis: CH,.NO,: Calculated:
C 7466, II 6.26, N 5.80. Found: C
75.04, I 6.44, N 5.79),

Condensation of pare-benzyloxy-
phenol, formaldehyde, and dibenayl-
amine. To 1.87 ml. of 37% agqueous
formaldehyde (0.025 mole) in 50 ml,
of methanol was added dropwise with
mag-mix stirring and eooling on an
iee bath 4.93 grams (0.025 mole) of
dibenzylamine,  After adding 5
grams (0.025 mole) para-benzyloxy-
phenol, the selution was refluxed for
3 hours. The solvents were removed
nnder a hood; the residue was dis-
solved in 100 ml. ether and 100 mi.
wegter econtaining 5.6 grams (0.1
mele) of potassium hydrexide, The
agqueons exfract was further ex-
tracted with two 35 ml. portions of
ether. The combined ether extracts
upon evaporation wunder the hood
gave 4.87 grams (96% yield) of
tetrabenzyldiaminomethane, melting
point 91.93°, UUpon reerystallization
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from 95% ethanol the melting point
wes 97-98°(. (literature value 99-
101°C.) (Analysis: C,II,N,: Cal-
enlated: C 85.70, H 7.44, N 6.90,
Found : C 86.04, H 7.25, N 7.07).
Condensation of hydrogquinone,
formaldehyde, and dibenzylamine.
Dibenzylamine {9.86 grams:; 0,05
mole}, formaldcehyde (3.75 ml. 37% ;
0.05 mole), and hydroquinone {275
grams; 0.025 mole} in 50 ml. of
methanol were condensed as for para-
benzyloxyphenol above. An essen-
tial quantitative yield of tetraben-
gyldiaminomethane was isolated.
When dimethylamine was used in
lieu of the dibenzylamine, yields in
excess of 7% of 2,5-bis{dimethyl-
aminomethyl ) hvdroquinone  (melt-
ing point 190-191°; literature value
190°) were readily obtained. Con-
densation of equal mole guantities
of dimethylamine, formaldehyde,
and hydroquinone gave a product
which did not depress the melting
point of the 25-derivative,
Condensation of tetrabenzyldia-
minomethane with formaldehyde and
para-benzylozyphenol. Tetrabenzyl-
diamonomethane (10.15 grams, 0.025
mole), formaldehyde (1.87 ml. 37% ;
0.025 mole), and para-benzyloxyphe-
nol (10 gram; 0.025 mole} in 50 mL
of methancl was refluxed for 3 hours.
The Solvents were remt)ved unﬁer a
hood. The resulting mixture was
dissolved in 100 wl. watler containing
28 gram of potassium hydroxide
(0.05 mole) and 100 ml. ether, The
ether wag removed and the aqueous
layer further extracted with fwo
small portions of ether. Removal of
the ether under the hood gave a near-
ly quantitative recovery of the tetra-
benzyldiaminomethane. Acidifiea-
tion of the aqueous layer with hydro-

chloric acid followed by three ex-
tractions with small portions of ether
gave 10 grams, quaniitative recovery
of the para-benzyloxyphenol,

Condensation of bensylamine, for-
maldehyde, end hydroquinone, Ben-
7yl amine (11 ml, 0.1 mole), for-
maldehyde (7.5 ml,, 37%, 0.1 mole},
and hydroguinone (11 g., 0.1 mole)
in 73 ml, of methanol was refluxed
for 2 hours. The solvents were re-
moved under the hood. The result-
ing mixture was extracted with
ether and 100 ml. of water contain-
ing 10 grams of sodium hydroxide.
The ether extracts were treated with
37% aqueous hydrochlorie acid.
Upon standing a nearly gquantitative
recovery of the amine ag its hydro-
chloride salt was seenred.

Repetition of the experiment using
benzylamine hydrochloride in lien of
the free base gave similar results.

SUMMARY

Dibenzylamine, formaldehyde, and
para-benzyloxyphenol or hydroqui-
none did not undergo a Maunnich
condensation under conditions simi-
lar to the condensation of dimethyl-
amine, formaldehyde, and hydroqui-
none which gave high vields of 2,5-
bis{dimethylamnomethyl) hydroqui-
none. Bengylamine and formalde-
hyde in 1:1 mole ratio condensations
tailed to give Mannich bases with
hydroquinone or para-benzyloxyphe-
nol. Condensations of benzylamine
and formaldehyde in a 1:2 mole
ratio with these phenolie eompounds
gave 1,3,2H-benzoxazines. Reaetion
of benzylamine, formaldehyde, and
hydroguinone in a 1:2:1 mole ratio
gave two isomerie bis benzoxzazines
instead of the expected mono 34-



18 T'ransactions Iflinois Academy of Science

dihydro-3-benzyl-6-hydroxyl-1,3, 211 -
benzoxazine. An indirect synthesis
of the latter compound was reported.
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