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concentration of act form present in these mixtures and
the rate equation should be expressed in the form

rate = ko[aci] [methylenebisamine]

or

rate = kK. [nitro] [methylenebisamine]
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where K. is the equilibrium constant for the nitro~ac:
interconversion. That the inhibiting effect of base is
not due entirely to dielectric effects is shown by the
runs in excess triethylamine which fell below the curve
in Fig. 1 and 2.
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Several 1-alkylaminomethyl-2-naphthols (III) were prepared from the corresponding naphthoxazines (I).
These new Mannich bases (III) were found to undergo self-condensation with great ease in warm ethanol to
form mainly either N,N-big(2-hydroxy-1-naphthylmethyl)alkylamines (II) or the original naphthoxazine along

with bis(2-hydroxy-1-naphthyl)methane.
primary amine used in the synthesis of 1.

Mannich bases have been used widely as synthetic
intermediates.#5 Work in this laboratory®” on pheno-
lic Mannich bases derived from primary amines has
shown the importance of several reaction variables on
the course of the condensation. These included the
nature and position of substituents on the phenol, react-
ant ratios, temperature, and the basicity of the amine.

Marked differences in behavior also were found be-
tween phenols and naphthols. For example, phenols
having a free ortho or para position reacted readily with
equimolar quantities of formaldehyde and primary
amines to form Mannich bases. However, use of 2-
naphthol in place of the phenol led to a 2-substituted
2,3-dihydro-1H-naphth[1,2-¢][1,3]Joxazine (I) or the
corresponding N,N-bis(2-hydroxy-1-naphthylmethyl)-
amine (II) depending on the particular amine and
temperature employed.®

Hydrochlorides of Mannich bases (I1I1I) from 2-naph-
thols and primary amines were obtained indirectly,
however, by the acidic hydrolysis of naphth{1,3]ox-
azines.! In the present study, neutralization of the
Mannich base (IIla) hydrochloride from benzylamine
resulted in g solid product which upon recrystallization
from warm ethanol did not give the corresponding free
base but rather a good yield of N,N-bis(2-hydroxy-1-
naphthylmethyl)benzylamine. This result was of par-
ticular interest since earlier attempts® to prepare the
latter compound (Ila) by direct condensation of 2-
naphthol with formaldehyde and benzylamine in the
calculated 2:2:1 molar ratio led to an 869, yield of the
corresponding naphthoxazine (Ia).

The structure of I1a was confirmed by an independent
synthesis involving the condensation of benzyl chloride
with N,N-bis(2-hydroxy-1-naphthylmethyl)amine (IV)
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The course of the reaction depended largely on the structure of the

and also by the synthesis of a diacetate (V). The lat-
ter was reconverted to I1a upon saponification.

The ease with which the self-condensation of IIla
oceurs is rather surprising in view of the comparative
stability of naphtholic Mannich bases from secondary
amines although the structure of the latter would, of

course, preclude an analogous reaction.
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It was found possible to prepare the crystalline free
Mannich base (I1Ia) in high yield (949;), however, by
neutralizing an aqueous suspension of the correspond-
ing hydrochloride with 2-aminoethanol in the presence
of ether at 0° and removing the ether under reduced
pressure with cooling. The free base (I111a) was readily
converted to N,N-bis(2-hydroxy-1-naphthyl)benzyl-
amine (ITa) in 839, yield when an ethanol solution was
warmed to 60° for 5 min.
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TasLe I
3-SuBSTITUTED 1H-2,3-DIHYDRONAPHTH[1,2-¢)[1,3] OXAZINES AND 1-SUBSTITUTED AMINOMETHYL-2-NAPHTHOLS
@ wnr?t @
@ )NR @) OH - @ NHR
0 0/H
A B
Amine - HCl-
Yield, M.p., ~———Carbon, % ~— —~Hydrogen, 9,— —~ Chlorine, %—
Structure R % °C. Formula Caled. Found Caled. Found M.p., °C. Caled. Found
A CH(CH;): 70 Ci:HiNO 183-184°% 13.44 13.40
A C(CHai)s 97 75-76° CiHi eNO  79.63 79.59 7.94 7.75 204-205° 12.76 12.75
A CH(CH,)C¢H; 90 75-76°  CyHisNO  83.00 82 .84 6.62 6.66 180-182° 10.88 10.82
A C:Hy, 64’  43-44° C,HyNO  80.86 80.90 7.92 8.26 178-179
A t-Octyl 85 84-85¢ CxHuNO 80.76 80.99 9.15 9.07
B CH,CH, 94 55-56° CisHNO 82,10 82 .59 6.51 6.65
B CeHyy 100 82-84° CyHyNO 79.96 80.00 8.29 8.43 192-193"
B C(CH;)s 90 71-73* CisHNO  (6.11% N) (5.92% N) 202-205* 13.34 13.18
B CH(CHa). 90 CuHiuNO  (4.91% N) (5.06% N) 180-181%° 14 08 14.22
B -Octyl 98 83-84° CyHxNO 79.94 79 .05 9.53 0.12 185-1877 11.02 11.05
B CH(CH,;)CeH; 100 Qil CsH;sNO 81,47 82.15 7.22  7.24 135-137F 11,30 11.11

¢ Isolated and characterized as the hydrochloride.
959, ethanol.
neut. equiv.:
lized from propanol-1.
tone containing a trace of water.

267.4. Found, 270.4.
! Recrystallized from ethanol-acetone.
' Lit.fm.p. 178-179.

In view of these results, a study of the stability of
other related naphtholic Mannich bases was under-
taken. Neutralization of 1-n-butylaminomethyl-2-
naphthol (I1Ib) hydrochloride with 2-aminoethanol at
room temperature readily gave the corresponding, pre-
viously reported N,N-bis(2-hydroxy-1-naphthylmeth-
yl)-n-butylamine (IIb) in 709 yield. Under similar
conditions the Mannich base from methylamine (IIlc)
gave an oil which upon treatment with warm methanol
deposited the known® N, N-bis(2-hydroxy-1-naphthyl-
methyDmethylamine (IIc).

1-Cyclohexylaminomethyl-2-naphthol  (ITId) was
readily obtained in 85% yield upon neutralization of the
corresponding hydrochloride at 0°. The product was
characterized as the N,O-diacetyl derivative. When
the free base was warmed in ethanol at 35° for several
minutes a 659, yield of N,N-bis(2-hydroxy-1-naphthyl-
methyl)cyclohexylamine (11d) was obtained along with
small amounts of bis(2-hydroxy-1-naphthyl)methane
(89) and 2-cyclohexyl-2,3-dihydro-1H-naphth[1,2-e}-
[1,3]oxazine (189,). The last compound, previously
reported® as oil, was obtained as a low melting, crystal-
line solid. Similar results were obtained at 65° except
that the yield of the bisamine (IId) was only 37%.

Four new naphthoxazines and the corresponding
Mannich base hydrochlorides were prepared by proce-
dures similar to those used earlier® in order to study the
influence of substituents on the « carbon of the amine
on the stability and decomposition path of the free
Mannich bases. The condensation of 2-naphthol and
formaldehyde with isopropylamine, o-methylbenzyl-
amine, f-butylamine, and f-octylamine gave the ex-
pected naphthoxazines in high yields. These were
readily hydrolyzed to the corresponding Mannich base
hydrochlorides. Data on these compounds are given
in Table I.

Neutralization of l-isopropylaminomethyl-2-naph-
thol (I1Te) hydrochloride in the cold led to a low melting
solid, which upon treatment with warm ethanol gave
an 809, yield of the corresponding tertiary amine (IIe).

® Washed with acetone.
¢ Recrystallized from dimethylformamide-methanol (1:5).
¢ Obtained by treatment of hydrachloride with 2-aminocethanol, not recrystallized.
7 Recrystallized from butanol-1-acetone.
™ Lit.® m.p. 192-193.

° Recrystallized from methanol. ¢ Recrystallized from
7 This compound had been reported as an oil. Caled., for
* Recrystal-
* Recrystallized from ace-

In another run, addition of concentrated hydrochlorie
acid to the cold solution shortly after neutralization re-
sulted in a 909 recovery of the Mannich base (IIle)
hydrochloride. This indicates that the low melting
solid initially obtained upon neutralization was prob-
ably the unstable free Mannich base (I11e).

In contrast to the results with Iile, the free base
(IIIg) obtained from the neutralization of 1-t-octyl-
aminomethyl-2-naphthol hydrochloride was sufficiently
stable to withstand several recrystallizations at room
temperature from dimethylformamide to which meth-
anol was added. Moreover, when base I1llg was
warmed in ethanol for 5 min, at 55°, no N,N-bis(2-hy-
droxy-l-naphthylmethyl)-t-octylamine (IIg) was iso-
lated. Instead, bis(2-hydroxy-1-naphthyl)methane
(73%) and 2-t-octyl-1H-2,3-dihydronaphth{1,2-¢}[1,3}-
oxazine (34%,) were obtained in the indicated yields,
based on IIIg. The results obtained when the t-butyl
Mannich base (IIIf) was warmed in ethanol at 55°
were analogous to those obtained with the t-octyl com-
pound (IIlg) in that bis(2-hydroxy-1-naphthyl)meth-
ane and 3-t-butyl-2H-1,3-dihydronaphth{l,3]oxazine
were formed in high yields, and no N,N-bis(2-hy-
droxy-1-naphthylmethyl)-t-butylamine was isolated. A
somewhat smaller amount of oxazine was obtained when
111g was heated at 50~60° for 24 hr.

When the Mannich base 1-a-methylbenzylamino-
methyl-2-naphthol (IITh) was warmed in ethanol and
treated with formaldehyde, the corresponding naph-
thoxazine and bis(2-hydroxy-1-naphthyl)methane were
obtained, but there was no evidence for the forma-
tion of N,N-bis(2-hydroxynaphthylmethyl)-a-methyl-
benzylamine (ITh).

In carbon alkylations with phenolic Mannich bases
derived from secondary amines, methylene quinones
have been postulated as intermediates® and o-quinone
methide recently has been prepared.®! The addition of

(8) P. D. Gardner, H. Sarrafizadeh, and R. Brandon, J. 4m. Chem. Soc.,
81, 5515 (1959).
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a Mannich base (III) to an analogous o-methylene
naphthoquinone intermediate (VI), formed by the
elimination of a mole of primary amine from III, would
offer a possible route to the formation of N,N-bis(2-
hydroxy-1-naphthylmethyl)amines (II).

CH,’ H,
pp R, OQ W,
VI

Study of molecular models indicated the excellent
opportunities for inter- as well as intramolecular hy-
drogen bonding of the naphtholic Mannich bases (III).
The formation of a dimeric intermediate such as VII
would appear to provide an opportunity to facilitate
both amine elimination and tertiary amine (II) forma-
tion. The possibility of reaction between two mole-
cules of Mannich base with one acting as an acid and
another as a base has been pointed out by Brewster

and Eliel.?
~RNHy 1
N@ 63

H""NB,O

O —H
VII

The failure to convert the Mannich bases (I1I) to the
corresponding tertiary amines (II) when R was t-butyl,
t-octyl, or a-methylbenzyl would be consistent with
either of the above mechanisms. Bulky R substituents
could be expected to discourage either intermolecular
hydrogen bonding or the addition of the Mannich base
to the o-methylene naphthoquinone intermediate (VI).

Phenolic Mannich bases from secondary amines have
long been known to undergo self-condensation to form
bis(hydroxyaryl)methanes® and recently Mannich bases
from lawsone were shown to undergo an analogous reac-
tion.9 It was proposed that the Mannich base reacted
first to form lawsone, an o-methylene quinone, formal-
dehyde, and the secondary amine. A similar reaction
path with the naphtholic Mannich bases (III) with
bulky R substituents would account readily for the
formation of bis(2-hydroxy-1-naphthyl)methane and a
naphthoxazine.

OH
2111 — + VI
‘vr

OH
CH:  III +CH0 — I
2

Since N,N-bis(2-hydroxy-1-naphthylmethyl)-t-octyl-
amine (IIg) was not obtained from the Mannich
base (IIIg) the possibility of preparing this compound
directly by reaction of t-octylamine, formaldehyde, and

+ CH0 + RNH;

(9) K. Auwers and A. Dumbrowski, Ann., 344, 280 (1906).
(10) W. R. Vaughn, M. 8. Habib, R. 8. Mc¢Elhinney, N. Takahashi, and
J. A. Waters, J. Org. Chem., 26, 2394 (1961).
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2-naphthol in a molar ratio of 1:2:2 at 0° was explored.
Even at this low temperature, known to be favorable
to the formation of bis(thydroxynaphthyl)amines,® a
high yield (889) of the naphthoxazine (I) was obtained.
Replacement of f{-octylamine with {-butylamine also
led to naphthoxazine formation (479, based on ¢-
butylamine), but in addition a high yield of bis(2-hy-
droxy-1-naphthyl)methane (889, based on available
2-naphthol) was obtained. In neither case was any of
the N,N-bis(hydroxynaphthyl)amine (II) isolated.

Experimental!!

1-Benzylaminomethyl-2-naphthol (IIla).—2-Aminoethanol (8
ml.) was added to an agitated suspension of 12.0 g. of I11a hydro-
chloride in 200 ml. of water and 300 ml. of ether at 0°. The mix-
ture was stirred at 0° for 10 min. and the small amount of undis-
solved solid removed by filtration. The ether layer was separated
and the aqueous layer extracted with two 100-ml. portions of
ether at 0°. The combined ether extracts were concentrated
under reduced pressure at 0° and the resulting solid (9.9 g., 949,
yield) quickly removed by filtration, washed with ethanol at 0°,
and dried at room temperature at 0.l-mm. pressure, m.p.
54-57°

A gimilar procedure was used to prepare l-cyclohexylamino-
methyl-2-naphthol.

N,N-Bis(2-hydroxy-1-naphthylmethyl)benzylamine (IIa).
Procedure A.—Ethyl ether (300 ml.) and 25 ml. of 2-amino-
ethanol were added to a suspension of 36 g. of II1a hydrochloride
in 11. of water at room temperature. The solid dissolved upon
agitation and the ether layer separated. The aqueous layer was
extracted twice with ether. Removal of solvent from the
combined ether extracts left an oil which was dissolved in 100
ml. of ethanol. Within 15 min. crystallization occurred to yield
14.5 g. (60% yield), m.p. 125-128°; after recrystallization from
ethanol, the melting point was 135°.

Procedure B.—1-Benzylaminomethyl-2-naphthol (I1Ia, 7 g.)
in 75 ml. of 959, ethanol was warmed at 60° for 5 min. and kept
at room temperature for 2 days. The white solid (4.52 g., 81%
yield) which separated was removed by filtration and washed
with cold ethanol, m.p. 131-134°; after recrystallization from
ethanol, the melting point was 135-136°.

Procedure C.—Benzyl chloride (2 ml., 0.017 mole) was added
to a solution of 2 g. of N,N-big(2-hydroxy-1-naphthylmethyl)-
amine (0.0057 mole) in 75 ml. of pyridine. After 16 hr. at room
temperature the reaction mixture was added with stirring to
distilled water. The resulting product (2.5 g., 969, yield)
melted at 135-136° after recrystallization from ethanol and did
not depress the melting point of the product from procedure A.

N,N-Bis(2-acetoxy-1-naphthylmethyl )benzylamine.— Acetic
anhydride (2.5 g., 0.03 mole) was added to a solution of 4 g. of
I1a (0.013 mole) in 20 ml. of pyridine. After 16 hr. at room
temperature, the reaction mixture was poured slowly with agita-
tion into ice and water. The yield of the resulting solid was
essentially quantitative; after recrystallization from methanol,
the melting point was 170-172°.

Anal. Caled. for CuHyNO,:
C, 78.52; H, 5.67.

Treatment of the above ester with a 19, solution of sodium
hydroxide in aqueous ethanol at 25° for 3 hr. gave a product
which melted at 133-135° and did not depress the melting point
of Ila.

N,N-Bis(2-hydroxy-1-naphthylmethyl)amines (II).—The fol-
lowing tertiary amines (II) were prepared from the corresponding
Mannich bases by a method similar to that described in procedure
A for Ila above. The compounds used in the mixture melting
point determinations were prepared directly from 2-naphthol as
described earlier.®

N,N-Bis(2-hydroxy-1-naphthylmethyl)-n-butylamine (IIb).—
The yield was 709;, m.p. and m.m.p. 136-138°, lit.* m.p. 137-
138°. The hydrochloride melted at 135-137°, lit.5 m.p. 135~
137°.

N,N-Bis(2-hydroxy-1-naphthylmethyl )methylamine (IIc).—
The yield was 59%, m.p. and m.m.p. 146-148°, 1it.* m.p. 147-

C, 78.70; H, 5.80. Found:

(11} All melting points are uncorrected.
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148°.
151°.

N,N-Bis(2-hydroxy-1-naphthylmethyl)isopropylamine (Ile).—
The yield was 83%, m.p. 125-126°, after recrystallization from
methanol-1-dimethylformamide (6:1).

Anal. Caled. for CoysHysNO,: C, 80.83; H, 6.75.
C, 80.53; H, 6.95.

The hydrochloride melted at 163-164°, after recrystallization
from methanol.

Anal. Caled. for C;HyCINO;:
8.73.

Treatment of 1-{-Octylaminomethyl-2-naphthol (IIIg) with
Hot Ethanol.—1-t-Octylaminomethyl-2-naphthol (2.5 g.) was
warmed to 50-55° in 30 ml. of 95% ethanol for 5 min. and then
kept at room temperature for 2 days. Removal of the solvents
under reduced pressure gave an oil which was dissolved in 100 ml.
of ether. The resulting solution was extracted with 100 ml. of
water containing 2 g. of sodium hydroxide. The ether extract
was washed with water and dried over sodium sulfate. Evapora-
tion of the ether gave a solid, m.p. 78-80°. It was recrystallized
from 959, ethanol to yield 0.45 g. (34%), m.p. 82-83°; mixture
melting point with an authentic sample of 2-t-octyl-1H-2,3-
dihydronaphth[1,2-e][1,3]oxazine, m.p. 83-84°, gave no de-
pression.

The aqueous extracts were washed with ether. Upon adding
379, hydrochloric acid to pH 1, a white solid separated. It
readily dissolved in ether. Removal of the ether gave 0.95
g. (739, yield) of bis(2-hydroxy-1-naphthyl)methane; melting

The hydrochloride melted at 149-151°, lit.® m.p. 148-

Found:

Cl-, 8.69. Found: CI-,

(12) O. Manasse, Ber., 37, 2409 (1894).
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point and mixture melting point with authentic specimen was
200-202°, 1it.*? m.p. 200°.

The aqueous extracts were neutralized with potassium bicarbon-
ate and extracted with ether. Removal of the ether gave only a
trace of oil.

N-Cyclohexyl-N-(2-acetoxy-1-naphthylmethyl)acetamide.—
Acetic anhydride (10 g., 0.12 mole) was added to a solution of 4
g. of l-cyclohexylaminomethyl-2-naphthol (0.016 mole) in 20
ml. of pyridine cooled on an ice bath. After 24 hr. at room
temperature, 70 ml. of water was added. Upon cooling 4.8 g.
(887, yield) of solid, m.p. 107-108°, separated. The product
was recrystallized twice from methanol containing a trace of
water, m.p. 108-109°.

Anal. Caled. for CyHNO;:
C, 74.43; H, 7.37.

N-a-Methylbenzyl-N-(2-acetoxy-1-naphthylmethyl)acetamide
was prepared from Mannich base by above procedure, 619, yield,
m.p. 119-121°, from methanol.

Anal. Caled. for CuHaNO;:
C, 76.30; H, 7.00.

N-a-Methylbenzyl-N-(2-hydroxy-1-naphthylmethyl)acetam-
ide.—Hydrolysis of the above ester in 29, potassium hydroxide
in 959, ethanol at 25° for 3 hr. gave a product, m.p. 160-160.5°,
after two recrystallizations from 959, ethanol.

Anal. Caled. for CxHyNO.: C, 78.96; H, 6.63.
C, 78.77; H, 6.59.

C, 74.32; H, 7.42. Found:

C, 76.43; H, 6.41. Found:

Found:
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An exchange reaction occurs readily between tertiary Mannich bases (I) and primary and secondary aryl-
amines, making accessible the monosubstituted arylamine Mannich bases (II and IV) in good yield. The aryl-

amines used include polycyclic and heterocvclic bases as well as diamines.

Experiments suggest that the over-

all amine-exchange reaction may proceed both by a substitution as well ag by an elimination-addition mechanism.

A survey of the literature? concerning the Mannich
reaction, using ketones as the acidic entity, reveals
that, although the range of aliphatic amines used is
virtually unlimited, the only reported successful con-
densation using an arylamine is the synthesis, in un-
stated yield, of 1,2,6-triphenyl-4-piperidone® from ace-
tone, benzaldehyde, and aniline. Attempted Mannich
reaction® between acetophenone, formaldehyde, and
aniline hydrochloride failed to give the required 8-
anilinopropiophenone (IIa), leading instead to the for-
mation of polymeric products derived from the alde-
hyde and amine.

Only a few isolated examples®® of such condensa-
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tions have appeared since that observation, and Man-
nich bases of type II are not readily available and can-
not be prepared by the standard Mannich reaction.
A number of syntheses of 3-arylamino ketones (II) by
other routes appear in the literature!*—!? but the meth-
ods are usually complex, the starting materials dif-
ficultly accessible, and the preparations confined to
specific examples and not general in scope.

R-COCH,CH:~NR/, I a R=Ph; Ar = Ph
R-COCH,CH-NHAr II b R=Me; R' = Et
R-COCH.CH,~NHR' III e R = Me; Ar = Ph

d R = Ph; R’ = Et
R-COCH,CH,-NMeAr IV ¢ R=R’' = Me
Ph-COCHMeCH,NEt, V. f R = Ph; Ar = pCICsH,
Ph-COCHMeCH,NHC:H,—-Cl VI g R = Ph; R’ = Me

It was shown recently!® that the exchange reaction
between tertiary Mannich bases (I) and primary alkyl-
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