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Twenty-two phenols which contained as substituents chlorine, bromine, hydroxyl, methyl, carboxyl, benzyloxy, benzoyl-
oxy, or chlorohydroxybenzyl were condensed with formaldehyde and methylamine, dimethylamine, or morpholine. The
aminomethylhalophenols prepared can be dehalogenated with hydrogen and platinum dioxide; in some instances, prolonged

hydrogenation yielded aminomethylcyclohexanols.

A Mannich product prepared from a halophenol,
during this investigation, proved to be very useful
for the structure determination of a bis(amino-
methyl)cyelohexanone.? This circumstance
prompted us to make an extensive study of Man-
nich reactions in which a number of halophenols,
as well as other types of substituted phenols, were
employed. Twenty-two phenols which contained
as substituents chlorine, bromine, hydroxyl, methyl,
carboxyl, benzyloxy, benzoyloxy, or chlorohydroxy-
benzyl were condensed with formaldehyde and
methylamine, dimethylamine, or morpholine. All
of the aminomethyl derivatives which were pre-
pared have been numbered and listed in Table II.

It was found that salicylic acid reacted with
formalin and dimethylamine to yield a mixture of
four products: 4-(dimethylaminomethyl)-2-car-
boxvphenol (I, 49C), 6-(dimethylaminomethyl)-2-
carboxyphenol (I1), 4,6-bis(dimethylaminomethyl)-
2-carboxyphenol (III), and 2,4,6-tris(dimethyl-
aminomethyl)phenol (IV). Compounds II and III
were isolated as hydrochlorides (54C and 56C,
respectivelv). The structures of I and II were

COOH COOH COOH
4CHO
CH:,),NH
R =CH,N(CHj;),
f;“‘“* ﬁ;r
III

determined by hydrogenolysis with hydrogen and
Raney nickel, I yielded 4-methyl-2-carboxyphenol
and from II, 6-methyl-2-carboxyphenol (o-creso-
tinic acid) was obtained. The analytical data
furnished proof for the structure of I1I. The liquid

(1) This paper represents part of a dissertation submitted
by F. J. McCarty for the Ph.D. degree in the University of
Michigan.

(2) Sterling-Winthrop Fellow.

(3) F. F. Blicke and F. J. McCarty, J. Org. Chem., 24,
1069 (1959).

base IV is a known compound?; it was isolated and
characterized as the trihydrochloride.

In order for IV to have been formed, one or more
of the compounds—salicylic acid, I, II, or III—
in the form of the dimethylamine salt or as a
zwitter lon must have undergone decarboxylation
during the reaction.

It was found that ITI, in the form of the dihydro-
chloride, like salicylic acid and under the same con-
ditions, reacted with formaldehyde and dimethyl-
amine to form a product which was isolated as the
trihydrochloride and found to be identical with the
trihydrochloride of IV,

Interaction of 5-chloro-2-carboxyphenol (4-chlo-
rosalicylic acid) with formaldehyde and dimethyl-
amine, at steam-bath temperature, produced 4-
(dimethylaminomethyl)-5-chloro-2-carboxyphenol
(45C) and 2,4,6-tris-(dimethylaminomethyl)-3-
chlorophenol. The latter was identified in the form
of its trihydrochloride by comparison with an
authentic sample (43C). By removal of the chlorine
atom from 45C with hydrogen and platinum diox-
ide, 4-(dimethylaminomethyl)-2-carboxyphenol hy-
drochloride was formed. The picrate of this sub-
stance was identical with the picrate of I.

When 4-chloro-2-carboxyphenol (5-chlorosali-
eylic acid) was allowed to react with formaldehyde
and dimethylamine at 60°, 929, of the original
phenol was recovered from the reaction mixture.
When the reaction was carried out at steam-bath
temperature, the only product which could be iso-
lated, in 209, yield, was 2,6-bis(dimethylamino-
methyl)-4-chlorophenol. This substance was found
to be identical with the produet (6A) obtained by
the use of 4-chlorophenol in a Mannich reaction;
the two compounds were compared in the form of
their dihydrochlorides (7A and 8A).

4-Methyl-2-carboxyphenol reacted with form-
aldehyde and dimethylamine, at steam bath
temperature, to vield 6-(dimethylaminomethyl)-4-
methyl-2-carboxyphenol (64C) and 2,6 - bis(di-
methylaminomethyl)-4-methylphenol.> The latter
compound was isolated as the dihydrochloride

(4) H. A, Bruson and C. W. MacMullen, J. Am. Chem.
Soc., 63, 270 (1941).
(5) J. Décombe, Compt. rend., 196, 866 (1933).
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(66C). When 6-methyl-2-carboxyphenol was treated
in the same manner, 4-(dimethylaminomethyl)-6-
methyl-2-carboxyphenol (67C) and 2,4-bis(di-
methylaminomethyl)-6-methylphenol were formed.
The last mentioned phenol was identified as the
dihydrochloride (69C).

From 2,4-dicarboxyphenol (4-hydroxyisophthalic
acid),® at steam-bath temperature, 6-(dimethyl-
aminomethyl)-2,4-dicarboxyphenol (62C) was pro-
duced.

6-(Dimethylaminomethyl)-4-bromo-5-hydroxy-2-
carboxyphenol could not be synthesized from 4-
bromo-5-hydroxy-2-carboxyphenol, formaldehyde
and dimethylamine; the reaction product was a
resin. However, it was possible to prepare the cor-
responding 6-(morpholinomethyl) compound (47C).

From 3-hydroxybenzoic acid, formaldehyde, and
dimethylamine, 24,6-tris(dimethylaminomethyl)-
3-carboxyphenol (57C) was obtained.

When 4-hydroxybenzoic acid was allowed to
react with formaldehyde and dimethylamine at
room temperature, either 2-(dimethylamino-
methyl)-4-carboxyphenol (58C) or 2,6-bis(dimeth-
ylaminomethyl) - 4 - carboxyphenol  (60C) could
be isolated depending on the amounts of formal-
dehyde and dimethylamine employed. When the
reaction was carried out at steam bath temperature,
the reaction product was 2,4,6-tris(dimethylamino-
methylphenol.

OH
0.3 CH,0 N CH.N(CHa),
0.3 (CH;),NH (100%)
room temp.
COOH
OH OH
4CH,0 (CH,).NCH; CH,;N(CHa;),
———ee—
4 (CH,),NH (97%)
room temp.
COOH COOH
OH
(CHQ)'ZNCHZ CHzN (CHa)z
4 CH;0 O
4 (CH;).NH 7
steam-bath (99%)
e CH,N(CH),

When attempts were made to introduce two
dimethylaminomethyl groups into 4-benzoyloxy-
phenol, and three dimethylaminomethyl groups into
resorcinol and into phloroglucinol, only resinous
products could be isolated. However, by the use
of formaldehyde and morpholine, under the same
conditions, the crystalline products 2,6-bis(mor-
pholinomethyl)-4-benzoyloxyphenol (isolated as
the dihydrochloride, 74C, 509, yield), 2,4,6-tris-
(morpholinomethyl)-3-hydroxyphenol (70C, 1009,

(6) This acid was obtained from the Aldrich Chemical
Company.

(7) The yield is that of the trihydrochloride (35A), the
form in which this substance was isolated.
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yield) and 2,4,6-tris(morpholinomethyl)-3,3-dihy-
droxyphenol (78, 989, yield) were obtained.

By hydrolysis of 2,6-bis(morpholinomethyl)-4-
benzoyloxyphenol dihydrochloride (74C) it was
possible to obtain 2,6-bis(morpholinomethyl)-4-
hydroxyphenol dihydrochloride (77C) in 919
vield. Reaction between hydroquinone, formalde-
hyde, and morpholine has been shown to yield
2,5-bis(morpholinomethyl)-4-hydroxyphenol.8

4-Benzyloxyphenol was converted into 2,6-
bis(dimethylaminomethyl)-4-benzyloxyphenol di-
hydrochloride (73C) which, after hvdrogenolysis,
vielded 2 6-bis(dimethylaminomethyl)-4-hydroxy-
phenol dihydrochloride (76C). 2,5-Bis(dimethyl-
aminomethyl)-4-hydroxyphenol has been obtained
from hydroquinone, formaldehyde and dimethyl-
amine.?

The removal of chlorine or bromine from an
aminomethylhalophenol has been described by
other investigators -2 but platinum dioxide has
not been employed as a catalyst as far as we are
aware.

Several halophenols were aminomethylated and
the aminomethylhalophenols were dehalogenated
with hydrogen and platinum dioxide. It was found
that in all cases dehalogenation could be effected
easily and conveniently. For example, 4,6-bis-
(dimethylaminomethyl)-2-chlorophenol dihydro-
chloride (2A) can be dehalogenated in fifteen
minutes with the formation of 2,4-bis(dimethyl-
aminomethyl)phenol dihydrochloride (5A) in 909,
yield.

The halophenol employed, the aminomethyl-
halophenol obtained by a Mannich reaction and the
aminomethylphenol prepared by dehalogenation
are shown in Table I. The aminomethylhalophenols
were isolated as bases and, with one exception,
were used as hydrochlorides in the dehalogenation
process; compound 45C was dehalogenated in the
form of the base. In most instances the amino-
methylphenol could be obtained as a hydrochlo-
ride. In other cases it was necessary to isolate the
product as the base or picrate.

When 2-bromophenol was allowed to react with
equimolar amounts of formaldehyde and dimethyl-
amine, two mono(dimethylaminomethyl) deriva-
tives were obtained which, in the form of their
hydrochlorides, were separated by fractional re-
crystallization. One of the derivatives, after dehalo-
genation and treatment with picric acid, yielded
2-(dimethylaminomethyl)~phenol picrate, hence the

(8) W. T. Caldwell and T. R. Thompson, J. Am. Chem.
Soc., 61, 2354 (1939).

(9) W. T. Caldwell and T. R. Thompson, J. 4Am. Chem.
Soc., 61, 765 (1939).

(10) J. H. Burckhalter, J. 4Am. Chem. Soc., 72, 5309
(1950).

(11) W. T. Burke and C. W. Stephens, J. Am. Chem.
Soc., 74, 1518 (1952).

(12) A. Cohen, R. A. Hall, B. Heath-Brown, M. W.
Parkes, and A. H. Rees, Brit. J. Pharmacol., 12, 194 (1957);
Chem. Abstr., 52, 7310 (1958).
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TABLE 1
Halophenol Aminomethylhalophenol Aminomethylphenol

2-Chlorophenol 4,6-Bis(dimethylaminomethyl)- 2,4-Bis(dimethylaminomethyl)-
2-chlorophenol.2HC] (2A) phenol.2HCI (5A)

3-Chlorophenol 2,4,6-Tris(dimethylaminomethyl)- 2,4,6-Tris(dimethylamino-
3-chlorophenol.3HCI (43C) methyl)phenol.3HCI (34A)

4-Chlorophenol 2,6-Bis(dimethylaminomethyl)- 2,6-Bis(dimethylaminomethyl)-
4-chlorophenol.2HCI (7A) phenol.2HCI (9A)

2,4-Dichlorophenol 6-(Methylaminomethyl)-2,4- 2-( Methylaminomethyl)phenol.-
dichlorophenol. HCI (16A) HCI (17A)

2,4-Dichlorophenol 6-( Dimethylaminomethyl)-2,4- 2-( Dimethylaminomethyl)phenol
dichlorophenol. HCI (20A) base (21A)

2,6-Dichlorophenol
5-Chloro-2-carboxyphenol
base (45C)

2-(2-Hydroxy-5-chlorobenzyl)-
4-chlorophenol

2-Bromophenol

4-(Dimethylaminomethyl)-2,6-
dichlorophenol. HCI (25A)

4-(Dimethylaminomethyl)-5-
chloro-2-carboxyphenol

2-(Dimethylaminomethyl)-4-
chloro-6-[3-(dimethylamino-
methyl)-5-chloro-2-hydroxy-
benzyl]phenol.2HCL (11A)

4-( Dimethylaminomethyl)~2-

4-(Dimethylaminomethyl)~
phenol.HCI (30A)

4-(Dimethylaminomethyl)-2-
carboxyphenol.picrate
(52C)

2-(Dimethylaminomethyl)-6-
[3-(dimethylaminomethyl)-
2-hydroxybenzyl] phenol.2HCl
(14A)

2-(Dimethylaminomethyl)-6-
[3~(dimethylaminomethyl)-
5-chloro-2-hydroxybenzyl}-
phenol.2HCI (12A)

4-( Dimethylaminomethyl)-

bromophenol. HCI (27A) phenol.picrate (31A)
6-( Dimethylaminomethyl)-2- 2-( Dimethylaminomethyl)-
bromophenol. HCl (26A) phenol.picrate (23A)

original compound must have been 6-(dimethyl-
aminomethyl)-2-bromophenol. The other derivative,
after dehalogenation and treatment with picric
acid, yielded 4-(dimethylaminomethyl)phenol pic-
rate, consequently this derivative must have been
4-(dimethylaminomethyl)-2-bromophenol.

Two products, 2-(dimethylaminomethyl)-6-[3-(di-
methylaminomethyl) - 2 - hydroxybenzyl [phenol di-
hydrochloride (14A) and 2-(dimethylaminomethyl)-
6-[3-(dimethylaminomethyl)-5- chloro - 2 - hydroxy-
benzyl]phenol dihydrochloride (12A), were ob-
tained when 2-(dimethylaminomethyl)-4-chloro-6-
[3 - (dimethylaminomethyl) - 5-chloro - 2 - hydroxy-
benzyl Jphenol dihydrochloride (11A) was hydrogen-
ated by the general procedure.

When 2,4-dichlorophenol reacted with one half
of a molecular equivalent of formaldehyde and the
same molecular amount of methylamine, 6-
(methylaminomethyl)-2,4-dichlorophenol (15A) was
obtained. When the reaction was carried out
with one molecular equivalent of formaldehyde and
one fourth of a molecular equivalent of methyl-
amine, the reaction product was 6-[methyl(2-
hydroxy-3,5-dichlorobenzyl)aminomethyl] - 2,4 - di-
chlorophenol which was isolated as the hydrochlo-
ride (18A).

2,6 - Dibromophenol, formaldehyde, and di-
methylamine yielded 4-(dimethylaminomethyl)-
2,6-dibromophenol (28A).

Compounds 18A and 28A were not dehalogen-
ated.

It was found that upon prolonged hydrogena-
tion, in the presence of platinum dioxide, 6-(di-
methylaminomethyl) - 2,4 - dichlorophenol  hydro-

chloride (20A) yielded 2-(dimethylaminomethyl)-
cyclohexanol hydrochloride (40B). The dihydro-
chlorides of both 2,6-bis(dimethylaminomethyl)-
4-chlorophenol (7A) and 2,6-bis(dimethylamino-
methyl)phenol (9A) were converted into 2,6-bis-
(dimethylaminomethyl)eyclohexanol dihydrochlo-
ride; the products obtained from 7A and 9A were
isolated as the dihydrochloride (38B) and base
(36B), respectively. From 4 - (dimethylamino-
methyl)-2,6-dichlorophenol hydrochloride (25A),
a mixture of the hydrochlorides of 4-(dimethyl-
aminomethyl)cyclohexanol (41B) and dimethyl-
aminomethyleyclohexane!® was produced.

EXPERIMENTAL

General procedures. The molecular amounts of reactants
employed in methods A~E and the structures of the products
obtained by these procedures, and by methods F and G,
are shown in Table 1I. The letter after each compound
number indicates the general formula (A, B, or C) to which
the compound conforms.

A. Formalin (37%,) was added, dropwise, during a 15-30
min. period, to a stirred mixture of the required phenol
and 25% aqueous dimethylamine (or morpholine or 40%
aqueous methylamine) maintained at 20-25°. The mixture
was stirred for 1 hr. at 25° and then for 3 hr. on a steam bath.

(13) H. Heckel and R. Adams [J. Am. Chem. Soc., 47,
1712 (1925)] hydrogenated 4-dimethylaminophenol hydro-
chloride in the presence of platinum dioxide and sodium
nitrate and obtained a mixture of 4-dimethylaminocyclo-
hexanol, dimethylaminocyclohexane, and cyclohexane after
treatment of the reaction mixture with alkali.
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ANALYSES, %

Carbon Hydrogen Nitrogen Halogen
Formula Caled. Found Caled. Found Caled. Found Caled. Found
1A A’ Ci2H;,ON,Cl 59.36 58.83 7.89 7.85 11.54 11.40
2A B C,:H,ON,Cl; 45.64 45.77 6.71 6.93 22.47 22.15
3A C C2HasO1sNCl 41.13 41.15 3.60 3.66
4A D CooHyOsN:Cl 50.58 50.49 5.73 5.66
5A B CyoH2,ON:Cl, 51.25 51.18 7.89 7.86 9.97 9.92 25.22 25.27
6A C1H;3,0N,Cl 59.30 59.08 7.89 8.04
TA E C12HzON,Cl, 45.64 45.84 6.71 6.86 8.88 8.66 22 .47 22.53
S8A E CHzuON:Cl; 8.88 8.56
9A F C12H»ON,Cl, 51.25 51.43 7.89 7.87 9.97 9.82 25.22 25.07
10A G C1oH20:N,Cl, 59.54 59.51 6.31 6.48
11A G C1sHz60:N.Cly 50.00 49.77 5.74 6.08 15.54 15.27
12A E C1sH20,N.Cl; 54.10 53.95 6.45 6.28
13A A Ci1sH260:N, 72.59 72.52 8.34 8.34
14A E C1oH0: N, Cl, 58.90 58.84 7.29 7.49
15A G C:H;ONCI, 46.62 46.89 4.40 4.71 6.80 7.12
16A E C:H, 0 ONCl;, 39.62 390.64 4.16 4.30
17A H CsH,,ONCl 55.35 55.40 6.97 7.07 20.43 20.41
18A H CisH10.NCl; 43.15 43.14 3.38 3.67 8.49 8.42
19A A CoH;ONCI, 49.11 48.82 5.04 5.31
20A 1D CyH;s:ONCl; 42.13 42.00 4.72 4.79 5.46 5.30 13.82 13.72
24A G C;H,,ONCl, 49,11 49.11 5.04 5.06
25A E CsH;:ONCl; 42.13 42.20 4.72 4.84 5.46 5.84 13.82 13.93
26A E C,H;;ONBrCl 40.54 40.56 4.91 4.98 13.30 13.51%
27A 5 CyHxONBrCl 40.54 40.53 4.91 4.99 13.30 13.47%
28A G CyH;;ONBr, 34.98 34.99 3.59 3.81 51.71 51.69
20A G CyH;;ONBr,Cl 31.29 31.34 3.50 3.45 10.27 10.30%
31A F CisH160sN, 47.38 47 .41 4.24 4.31
33A G CsH;0ON;Cl; 48.08 47.96 8.07 8.11 28.38 28.02
36B C1osHzsON, 67.25 67.29 12.23 12.21
37B C CoHO15Ny 42.86 42.96 4.80 5.10
38B E Ci2HpsON,Cly 50.16 50.12 9.82 9.85 9.75 9.54 24 68 24 .47
41B E CsH,ONCI 55.80 55.83 10.41 10.27 18.30 18.31
42C CysH2:0N:Cl 60.07 60.22 8.74 8.83
43C E C1:Hys0ON,Cl,- H,07 42 .17 42 53 7.32 7.54
45C I CiwH120:NCl 52.27 52.20 5.27 5.39 6.10 6.36
46C E C1oH130:NCly 45.12 45.18 4.92 5.19
47C I C;»HjO:NBr 43.38 43.21 4.25 4,28 4.22 4.73
48C E C1.H1s0sNBrCl 39.10 39.07 4.10 4.28
49C J C1oH1:0:N 61.53 61.39 6.71 6.68 7.18 7.27
50C E CioH,140,NCl 51.84 51.84 6.09 6.16
51C F C1sH160n N, 4529  45.38 3.80 3.81
53C K C;HsOsNBr 45.52 45.46 5.56 5.47
54C L C1oH1:0:NCl 51.84 51.64 6.09 6.14 6.05 6.12
55C F C16H;6010N, 45.29 45.55 3.80 4.09
56C E C1sHy03N;Cly 48.00 47 .89 6.82 6.82 8.61 8.75
57C E C.sH»O:N; 62.11 62.27 8.80 8.85 13.58 13.72
58C i) CioHiOsN 61.53 61.39 6.71 6.84 7.18 7.49
59C B C1oH;,0;NCl 51.84 51.63 6.09 6.29
60C E C13HyOs N, 61.88 62.00 7.99 8.02 11.10 11.30
61C E C1:HaO3N,Cl, 48.00 47.74 6.82 6.90
62C C CuHiO:N 55.23 54.92 5.48 5.39 5.86 5.61
63C E CuH,O:NCl 47 .92 47.72 5.12 5.32
64C E CnH:0:N 63.13 63.13 7.23 7.12 6.69 6.84
65C E CiH;s0;NCl 53.76 53.86 6.56 6.48
66C D Ci:HosON,Cl, 52.89 52.85 8.19 8.25 24.02 23.75
67C I CnH;:0sN 63.13 63.21 7.23 7.37 6.69 6.73
68C E CuHis0:NCl 53.76 53.55 6.56 6.62
69C H C:HaON,Cl, 52.89 52.87 8.19 8.29 24 .02 23.78
70C M Co H3505N; 61.90 62.11 8.16 8.11 10.32 10.47
T1C E CoH30:N;Cly 48.79 48.59 7.02 7.18
72C 3 Cy2H20.N,Cly 48.49 48.44 7.46 7.43 23 .86 23.52
73C E C1oH30.N.Cl2 58.90 58.88 7.28 7.23 18.30 18.18
74C N CosH00s N Cls 56.91 56.71 6.23 6.34 14.61 14 .42
75C A C1:H0ON, 64.26 63.97 8.99 8.76
76C E C12HyON,Cly 48.49 48.49 7.46 7.38 23.86 23.75
77C E C16H260,4NCly 50.41 50.11 6.88 6.98 18.60 18.73
78 O CpH;304N; 59.57 59.64 7.85 7.82
79 E CuHisOsN3Cly 47.33 46.97 6.81 7.04 19.96 20.12
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@ Molecular amounts of reactants employed: substituted phenol, formaldehyde, and amine, respectively. ? Picrate. ¢ Male-
ate. ¢ Boiling point. ¢ J. Decombe [Compt. rend., 196, 866 (1933)] described the base. 2-Hydroxy-3-(dimethylaminomethyl)-
5-chlorobenzyl. 7 2-Hydroxy-3-(dimethylaminomethyl)benzyl. * W, J. Burke and C. W, Stephens [J. Am. Chem. Soc., 74, 1518

/OH-2

(1952)], m.p. 144-145°, ¢ CHzN(CHs)CHZCqH\g—(SlCé%-HCl. Y M. Julia and G. Tchernoff [Bull. soc. chim. France, 830 (1955)],
m.p. of base, 60°; yield 30%; m.p. of hydrochloride, 185°, ¥ German patent 92,309 (Frdl., 4, 103); footnote ¢, b.p. 104-108°
(17 mm.). * A. Madinaveitia [Anales soc. espan. fis. quin., 19, 259 (1921); Chem. Abstr., 16, 1230 (1922)], m.p. 151°. ™ Pre-
pared by dehalogenation of 26A and treatment of the product with picric acid. » E. Stedman [J. Chem. Soc., 1902 (1927)],
m.p. 185°. ¢ Prepared by dehalogenation of 27A and treatment of the product with picric acid. 2 The base of this com-
pound was prepared as described by H. A. Bruson and C. W. Macmullen, J. Am. Chem. Soc., 63, 270 (1941). ¢ In this in-
stance the product was prepared by simultaneous dehalogenation and ring hydrogenation of 7A. * C. Mannich and R. Braun
[Ber., 53, 1874 (1920)], b.p. 108° (13 mm.); m.p. of hydrochloride, 160°. * Morpholinomethyl. ¢ Obtained in dehalogenation
of 45C and treatment of the product with picric acid. * The base of this compound was prepared as described by W. T. Cald-
well and T. R. Thompson, J. Am. Chem. Soc., 61, 765 (1939). ° Solvents used in recrystallization: A, petroleum ether (60~
75°); B, isopropy! alcohol; C, water; D, acetone; E, methanol-ether; F, ethanol; G, methanol; H, isopropyl alcohol-ether;
I, methanol-water; J, 90% methanol; K, ethanol-ether; L, isopropyl alcohol-ethyl acetate; M, petroleum ether (90-100°);
N, isopropy] alcohol-ethyl acetate—ether; O, benzene-petroleum ether (90-100°). ? Chlorine. * The water could not be re-
moved by heating the compound at 120° (0.1 mm.) for 24 hr.

The product precipitated as a solid'* or an oil. In the
former case, it was removed by filtration. When the product
separated as an oil, the mixture was treated with 160 g. of
sodium chloride per mole of phenol employed. The product
was extracted with ether, the extract was dried over mag-
nesium sulfate, the solvent was removed, and the residue
was distilled.

Compounds 1A and 42C could not be distilled without
extensive decomposition. However, 1A crystallized after
several weeks, and 42C, in crude form, was satisfactory for
the preparation of the trihydrochloride (43C).

B. This procedure was the same as A except for the fol-
lowing variations. Ethanol!® was used as a solvent and the
addition of sodium chloride was omitted. After the heating
period was completed, the mixture was concentrated in
vacuo. The oily residue was dissolved in ether, the solution
was dried and treated with hydrogen chloride. The precipi-
tated salt was recrystallized from an appropriate solvent.

Compound 15A separated from the reaction mixture and
was removed by filtration.

Compounds 26A and 27A were synthesized from 2-bromo-
phenol. After removal of the ethanol and water ¢n vacuo,
the residue was distilled; b.p. 107-108° (0.1 mm.). This frac-
tion, which consisted of a mixture of two isomeric bases,
was dissolved in ether and the solution was treated with
hydrogen chloride. The precipitated hydrochlorides (26A
and 27A) were dissolved in methanol and ether was added
until the solution became turbid. Compound 27A separated
first and was reerystallized four times from methanol-ether.
Compound 26A precipitated after the addition of more
ether to the solution from which 27A had separated.

Compound 74C was obtained by the use of 4-benzoyl-
oxyphenol.1¢

C. Procedure A was modified in the following manner.
The addition of sodium chloride was omitted and the reac-
tion mixture was heated under reduced pressure until all
of the water had been removed. The residual oil was crystal-
lized from ethanol or ethanol-ether.

Compound 8A. 4-Chloro-2-carboxyphenol (5-chlorosali-
cylic acid)'” was used for the preparation of this product.
The oily residue, obtained after removal of the water from

(14) Compounds 10A, 19A, 24A, and 28A separated as
solids. 2-(2-Hydroxy-5-chlorobenzyl)-4-chlorophenol (G-4
brand of dichlorophene), required for the preparation of
10A, was obtained from the Sindar Corporation, New
York, N. Y.

(15) For 15A and 18A, 50 ml. of 509, ethanol; for 26A
(and 27A), 80 ml. of ethanol; for 73C, 40 ml. of ethanol,
and for 74C, 25 ml. of ethanol.

(16) F. Kehrmann, M. Sandoz, and R. Monnier, Helv.
Chim. Acta, 4, 941 (1921).

(17) Purchased from Distillation Products Industries.

the reaction mixture under reduced pressure, was dissolved
in ether and the extract was treated with hydrogen chloride
whereupon the dihydrochloride precipitated; m.p. and
mixed m.p. with an authentic sample prepared by method
A, 231-232° (dec.).

Compound 35A. In this instance, 4-hydroxybenzoic acid
was the required phenol. The reaction mixture was heated
on a steam bath for 7 hr. When the ether solution of the
residual oil was treated with hydrogen chloride, the tri-
hydrochloride precipitated; m.p. and mixed® m.p. 277~
278° (dee.).

Compounds 44C and 45C. These compounds, in the form
of a mixture, were obtained from 5-chloro-2-carboxyphenol
(4-chlorosalicylic acid).!®* The residual oil was dissolved in
ethanol and ether was added to the solution; 45C precipitated
in crystalline form (4.6 g.). After filtration, the filtrate was
treated with hydrogen chloride. The precipitated oily tri-
hydrochloride (44C) crystallized when it was heated with
isopropyl alcohol; yield 5.8 g.; m.p. 238-239° (dec.) after
several recrystallizations from methanol-ether and then
from methanol-ethyl acetate; mixed m.p. with an authentic
sample (43C), 239-240° (dec.).

Compounds 64C and 66C. The required phenol was 4-
methyl-2-carboxyphenol.? After the residual oil had been
dissolved in ethanol and ether had been added, the precipi-
tated crystalline product (64C) (8.0 g.) was filtered and the
filtrate was treated with hydrogen chloride. After the addi-
tion of ether, the precipitated oily dihydrochloride (66C)
was crystallized by heating it with isopropy! aleohol; yield
5g.

Compounds 67C and 69C. The required phenol was 6-
methyl-2-carboxyphenol (o-cresotinic acid).2! The residual
oil was dissolved in ethanol and ether was added to the solu-
tion. After filtration of the precipitated crystalline product
(67C) (10.2 g.), the filtrate was treated with hydrogen
chloride. The precipitated oil was separated, dissolved in
water, the solution was made alkaline with potassium car-
bonate, and the oily precipitate was extracted with ether.
After removal of the solvent, the product was distilled; b.p.
103~104° (0.6 mm.); yield 1.0 g. The product was converted
into the dihydrochloride (69C) with ethereal hydrogen chlo-
ride.

D. After the addition of formalin, as in procedure A, the
mixture was stirred for 5 hr. at room temperature, then

(18) An authentic sample (33A) was obtained by con-
version of the base, described previously (ref. 4), into the
trihydrochloride.

(19) Purchased from the Aldrich Chemical Company.

(20) Obtained in 439, yield by the method of J. I. Jones
[Chem. & Ind. (London), 228 (1958)].

(21) Obtained from Matheson, Coleman, and Bell.
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heated on a steam bath under reduced pressure until all of
the water had been removed. The oily residue was erystal-
lized from ethanol-ether.

Compound 47C. The required phenol was 4-bromo-5-
hydroxy-2-carboxyphenol  (5-bromo-2,4-dihydroxybenzoic
acid).® In this instance, 25 ml. of 509 ethanol was used as a
solvent. The product separated from the reaction mixture
and was removed by filtration.

Compound 58C. In this case, 50 ml. of ethanol was used
as a solvent. After completion of the reaction, the mixture
was heated under reduced pressure until all of the water
and ethanol had been removed.

E. The required phenol, morpholine, and sufficient
ethanol to form a solution were shaken and treated slowly
with formalin. The mixture was then allowed to remain at
room temperature.

Compound 70C. After 12 hr. most of the ethanol was
removed whereupon the product separated in crystalline
form. The trihydrochloride (71C) melted at 212-213° (dec.)
after recrystallization from methanol-ether. After it had
been dried at 110° (0.1 mm.) for 12 hr., it melted at 179-
180° (dec.).

Compound 78. This product precipitated after 3 hr. and
was removed by hltration.

F. Conversion of aminomethylhalophenol hydrochlorides into
aminomethylphenol hydrochlorides. A mixture of the required
aminomethylhalophenol hydrochloride (0.02 mole), 75 ml
of water, and 0 2 g. of platinum dioxide was hydrogenated
under an initial pressure of 55 pounds until the calculated
amount of hydrogen had been absorbed (15-30 min.). After
filtration, the water was removed under reduced pressure.
In some instances (9A, 30A, and 34A), the oily hydro-
chloride crystallized when cooled. It was then recrystallized
from a suitable solvent. Compound 5A was crystallized from
isopropyl aleohol-ether.

Compounds 12A and 144A. These products were prepared
from 11A. The mixture of oily dihydrochlorides was dis-
solved in methanol; upon the addition of ether, 14A pre-
cipitated in crystalline form; yield 5.5 g. After removal of
14A by filtration, ether was added to the filtrate whereupon
12A (2.0 g.) precipitated.

Compound 21A, This substance was obtained from 20A.
Three hours were required for the hydrogenolysis. Since the
oily hydrochloride cculd not be crystallized, it was converted
into the base which was then distilled. The picrate was pre-
pared from the oily hydrochloride in ethanol-water solution.

Compound 34A. This product was obtained from 43C.
The reaction mixture was heated at 55-60° for 2 hr.

Compound 52C. In order to obtain this substance, 45C
(the base) was hydrogenated at 55-60° for 2 hr.

Compounds 54, 9A, 17A, 23A, 304, 314, and 52C were
obtained from 2A, TA, 16A, 264, 254, 27A, and 45C, respec-
tively. The hydrochlorides (5A, 9A, 17A, and 30A) were
isolated in erystalline form from the reaction mixtures. The
picrates (234, 31A, and 52C) were prepared by addition of
picric acid, dissolved in ethanol, to an aqueous solution of
the erude hydrochleride. The melting points of 234, 31A,
and 52C and the mixed melting points of each of these com-
pounds with an authentic sample (22A, 32A, and 51C,
respectively) were the same.

G. Conversion of an aminomethylphenol hydrochloride and of
aminomethylchlorophenol hydrochlorides into aminomethyl-
cyclohexanol hydrechlorides. A mixture of 0.05 mole of the
required phenol hydrochloride, 200 ml. of water, and 0.5 g.
of platinum dioxide was hydrogenated, at 556-60°, under an
initial pressure of 55 pounds until the calculated amount of
hydrogen had been absorbed. In the preparation of 39B and
41B, hydrogenation required 6 hours; the latter compound
was hydrogenated at room temperature. In order to hydro-
genate 7TA and 9A, it was necessary to filter the mixture after
15 br., add 0.5 g. of catalyst and hydrogenate for an addi-
tional 15 hr.

After hydrogenation had been completed, the mixture was
filtered, most of the water was removed, the residue was
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made strongly basic, and the product was extracted with
ether. The solvent was removed from the dried extract and
the product was distilled.

Compound 38B. The dried extract was not distilled but
was treated with hydrogen chloride. The precipitated di-
hydrochloride was recrystallized several times from meth-
anol-ether,

Compound 41B. In the preparation of this substance, the
desired base (1.0 g.) distilled at 120-123° (15 mm.). A lower
boiling fraction was obtained and identified as dimethyl-
aminomethylcyclohexane; yield 3.2 g.; b.p. 72-73° (15
mm. )??; picrate, m.p. 135-137°22; hydrochloride, m.p, 249-
250°.

Anal. Caled. for CeHyoNCl: Cl, 19.94. Found: Cl, 20.10.

Compounds 36B, 38B, 39B, and 41B were prepared from
9A, TA, 20A, and 25A, respectively.

2,4,6-Tris(d@imethylominomethyl)phenol trihydrochloride, 4~
(dimethylaminomethyl)-2-carboxyphenol (49C), 6-(dimethyl-
aminomethyl)-2-carbozxyphenol hydrochloride (64C), and 4,6-
bis(demethylaminomethyl)-2-carboxyphenol dihydrochloride
(66C). Salieylic acid (138 g., 1.0 mole) and 259, aqueous
dimethylamine (720 g., 4.0 moles) were stirred and main-
tained at 20-25° while 37% formalin (324 g., 4.0 moles)
was added, dropwise, during a 30-min. period. The mixture
was stirred for 1 hr. and then stirred and heated for 3 hr.
on a steam bath, The oily residue obtained, after removal of
the water under reduced pressure, was dissolved in 500 ml. of
hot ethanol. When the solution was cooled, 48 g. of 49C
precipitated and was removed by filtration. The filtrate was
treated with hydrogen chloride and the precipitated 2,4,6-
tris(dimethylaminomethyl)phenol trihydrochloride (47 g.)
was filtered; m.p. and mixed® m.p. 277-278° (dec.). The
filtrate was treated with ether until it became turbid, The
mixture was cooled and the precipitate, 61 g. of 56C, was
removed by filtration. After the solvents had been removed
from the filtrate, the oily residue was dissolved in hot iso-
propyl alechol and ethyl acetate was added until the solution
became cloudy. After 4 weeks, 15 g. of 54C precipitated.

A sample of 49C, dissolved in absolute ethanol, was heated
with excess methyl bromide at 65° for 24 hr. After ether had
been added, the methobromide (53C) precipitated.

Preparation of salts. The hydrochlorides, 24, 7A, 11A,
16A, 20A, 33A, 40B, 41B, 43C, 71C, and 79, precipitated
when a solution of the base in ether was treated with
hydrogen chloride. In the ease of 25A and 294, absolute
methanol was used as the solvent.

Compounds 46C, 48C, 50C, 59C, 61C, 63C, 65C, and 68C
precipitated upon the addition of ether to a methanol solu-
tion of the base which had been treated with hydrogen
chloride. Compound 72C was obtained in the same manner
except that ethanol was used as a solvent.

The dipicrate 37B was obtained by addition of pieric acid,
dissolved in ethanol, to a solution of the base, 36B, in the
same solvent. The dipicrate 3A was obtained in the same
manner from the dihydrochloride 2A. The picrates 22A,
32A, and 55C were prepared from the oily hydrochloride of
21A and the hydrochlorides 30A and 54C, respectively, by
the addition of an ethanol solution of picric acid to a solution
of the hydrochloride in water. Compound 51C was pre-
pared by the same process except that an aqueous solution
of the base, 49C, was used.

The dimaleate 4A was obtained by mixing methanol solu-
tions of the base, 1A, and maleic acid and then adding ether
to precipitate the salt.

Structure proof of 4-(dimethylaminomethyl)-2-carbozyphenol
hydrochloride (56C). A solution of 1.5 g. of 50C in 20 ml. of
water, which had been made alkaline with potassium car-

(22) M. Mousseron, R. Jacquier, and R. Zagdoun
[Bull. soc. chim. France, 197 (1952)], b.p. 75-76° (15 mm.);
picrate, m.p. 133°.
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bonate, was added to 2 g. of wet Raney nickel paste?® and
the mixture was hydrogenated at 55-60° under an initial
pressure of 52 pounds until the caleulated amount of hydro-
gen had been absorbed (20 hr.). After removal of the catalyst
by filtration, the cooled filtrate was acidified with concen-
trated hydrochloric acid. The precipitated 4-methyl-2-
carboxyphenol weighed 0.75 g. (76%); m.p. 152-153°.

Structure proof of 6-(dimethylaminomethyl)-2-carboxyphenol
hydrochloride (54C). This procedure, with the use of 54C,
was carried out in the manner mentioned above. The prod-
uct, 6-methyl-2-carboxyphenol, weighed 0.3 g. (30%); m.p.
165-166°; reported?* m.p. 167°; mixed m.p. with an authen-
tic sample, 165-166°.

Reaction of 4,6-bis(dimethylaminomethyl)-2-carboxyphencl
dihydrochloride (56C) with formaldehyde and dimethylamine.
A mixture of 3.3 g. (0.01 mole) of 56C, 5.0 g. (0.06 mole)
of formalin and 11.0 g. (0.06 mole) of 259 aqueous dimethyl-
amine was heated on a steam bath for 3 hr. The mixture was
made alkaline with potassium carbonate and then concen-
trated until most of the water had been removed. The residue
was extracted with ether and the dried extract was treated
with hydrogen chloride. The precipitated 2,4,6-tris(dimethyl-

(23) Sponge Nickel Catalyst which was obtained from
the Davison Chemical Company, Division of W. R. Grace
and Company, Department T, Baltimore 3, Md.

(24) N. V. Sidgwick, J. Chem. Soc., 117, 396 (1920).
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aminomethyl)phenol trihydrochloride (0.5 g.) was recrystal-
lized from methanol; m.p. 276-277° (dec.); mixed m.p. with
an authentic sample (334), 276-277° (dec.).
2,6-Bis(dimethylaminomethyl)-4~hydroxyphenol dihydro-
chloride (76C). A mixture of 3.9 g. of 2,6-bis(dimethylamino-
methyl)-4-benzyloxyphenol dihydrochloride (73C), 50 ml. of
acetic acid and 2.5 g. of palladium on carbon?® was hydro-
genated under an initial pressure of 14 pounds for 15 min.
The mixture was filtered and the solvent was removed under
reduced pressure. The oily residue was crystallized from hot
isopropyl alcohol; yield 2.5 g. (85%); m.p. 205-206° (dec.)
after recrystallization from methanol-ether.
2,6-Bis(morpholinomethyl)-4-hydrozyphencl dikydrochloride
(77C). A solution of 2.0 g. of 2,6-bis(morpholinomethy!)-4-
benzoyloxyphenol dihydrochloride (74C) in 30 ml. of 189
hydrochloric acid was heated for 3 hr. on a steam bath.
The mixture was cooled and filtered to remove benzoic acid
(0.45 g.). The water and hydrochloric acid were removed
under reduced pressure and the residue was recrystallized
from methanol-ether; yield 1.4 g. (91%); m.p. 115-116°
(dec.). After the product had been dried at 65° (0.1 mm.)
for 24 hr., it melted at 193-194° (dec.).

ANN ARBOR, MicH,

(25) Obtained from Baker and Company, Newark, N. J.
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Ten bis(aminomethyl)cycloalkanones were prepared by the simultaneous introduction of two aminomethyl groups into a
cycloalkanone by the use of a Mannich reaction. It was definitely established that the reaction product obtained from

cyclohexanone, paraformaldehyde and dimethylamine hydrochloride was

2,6-bis(dimethylaminomethyl)eyvclohexanone di-

hydrochloride and not the salt of the isomeric 2,2-disubstitution product.

The introduction of one aminomethyl group into
a ketone by the use of a Mannich reaction has been
reported in many instances but only a relatively
few examples are known in which two aminomethyl
groups have been introduced into a ketone either
intentionally or fortuitously.

It was reported that acetone reacts with formal-
dehyde and dimethylamine®! or diethylamine,*5
under certain conditions, with the formation of a
1,1-bis(dialkylaminomethyl)acetone, and the struc-
tures of these products have been definitely estab-
lished.

From acetone, formaldehyde, and hexahydro-
azepine hydrochloride the disubstituted acetone
2-acetylpropane-1,3-bis(hexahydro-1- Mepme) di-
hydrochlonde has been obtained.®

(1) This paper represents part of a dissertation submitted
by F. J. McCarty for the Ph.D. degree in the University of
Michigan.

(2) Sterling-Winthrop Fellow.

(3) C. Mannich and O. Salzmann, Ber., 72, 506 (1939).

(4) H. M. E. Cardwell, J. Chem Soc., 1056 (1950).

(5) A. L. Wilds and C. H. SBhunk, J. Am. Chem. Soc.,
65, 469 (1943).

(6) R. P. Mull, P. Schmidt, M. R. Dapero, J. Higgins,
and M. J. Weisbach, J. Am. Chem. Soc., 80, 3769 (1958).

1,1,1-Trifluoroacetone reacted with the methylols
of piperidine, morpholine, and diisobutylamine to
form products which appeared to be hydrates of
the bis(aminomethyl)ketone.”

A disubstitution product obtained from methyl
ethyl ketone, formaldehyde, and dimethylamine
hydrochloride has been stated to be either 1-di-
methylamino-4- (dimethylaminomethyl) - 3 -penta-
none or 3,3-bis(dimethylaminomethyl)-2-butanone
by Cardwell* but according to Barrett and Cham-
bers® the product is the former compound; Haeus-
sler and Schacht® claim that the product is the
latter substance.

I'rom propiophenone and from 3-acetylpyridine,
8,8’-bis(1-piperidyl)pivalophenone and bis(1-piper-
idylmethyl)methyl-3-pyridyl ketone, respectively,
were obtained by Mannich reactions.!

(7) G. F. Grillot, S. Aftergut, S. Marmor, and F. Car-
rock, J. Org. Chem., 23, 386 (1958).

(8) P. A. Barrett and K. A. Chambers, J. Chem. Soc.,
338 {1958).

(9) H. Haeussler and W. Schacht, Chem. Ber., 83, 129
(1950).

(10) J. J. Denton, R. J. Turner, W. B. Neier, V. A, Law-
son, and H. P. Schedl, J. Am. Chem. Soc., 71, 2048 (1949).



