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SYNTHESES OF SOME SUBSTITUTED HEXAMINES
IN AQUEOUS MEDIUM

A. KAMAL, A. AHMAD* and A. ALI QURESHI
West Regional Laboratories, Pakistan C.S.L.R., Lahore

(Received 28 November 1962)

Abstract—Hexamines are obtained when aromatic, substituted aromatic and heterocyclic aldehydes
are suspended in aqueous ammonium carbonate solution (10 %, pH 9-2) for 15-20 days.

IN CONTINUATION of our work in aqueous medium, the reaction of various aldehydes
with 109, aqueous ammonium carbonate solution—(pH 9-2) has been studied. The
preliminary findings were reported in the form of a note!. In the present communica-
tion a detailed account of the syntheses of the hexamines along with the preparation
of m and p-nitrophenylhydrobenzamides is reported.

A number of aromatic aldehydes when allowed to stand with aqueous ammonia
(in 109, ammonium carbonate solution; (pH 9-2) for 10-15 days yield condensation
products the analyses of which agree with both hexa-substituted hexamines (I; R =
CH;~; p-CH,O-CH,~; 0-HO-CH,~; o0-CL.CH,; CH=CH—CH=C—; m-

Fo) |

NO,.CgH,~ and p-NO,.CgH, ) and their corresponding hydrobenzamides (II), the
molecular formulae of the hexamines being twice the molecular formulae of the
corresponding hydrobenzamides.
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All the hexamines obtained under these conditions, crystallize well and are
completely different from their hydrobenzamides in chemical properties. The m- and
p-nitro-hydrobenzamides were prepared for the first time in accordance with the
method of Mignonac?, the aldehyde was reacted in alcohol containing ammonia and
ammonium chloride. The optimum pH which plays an important role in these
condensations, is 12-0. Except in cases where a nitro group is present in the aromatic
ring, and is reduceable, none of the hexamines obtained are reduced in the presence of
5% pd—charcoal or Raney-nickel, even at elevated temperatures and pressure indicating
the absence of —C=N— group as distinct from hydrobenzamide which is reduced

* Now at the Pakistan Atomic Energy Centre, Lahore-16, (West Pakistan).
1 A. Kamal, A. A. Qureshi, Chem and Ind (Rev), 931 (1962).
* G. Mignonac, Compt. Rend., 171, 1148-50 (1920).
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with Raney-nickel catalyst to a mixture of the corresponding benzylamine and
benzalbenzylamine.2 The compounds decompose slowly on standing (3-6 months),
and immediately in acid medium (pH 5), the free aldehydes being regenerated.
Molecular weight determinations (Rast) failed to give any indication of molecular
weight as the compounds undergo decomposition on heating. However, on the basis
of theoretical considerations, chemical properties and U.V. spectra (different from
those of the corresponding hydrobenzamides) it was reasonable to regard these
compounds as substituted hexamines (I) hitherto not reported.

These hexamines are easily converted to their corresponding hydrobenzamides.
For instance when the hexamines: (I; R = CgH;~; p-CH,0-CgH,~; 0-HO-CzH,;
0-ClL.C¢H,~; CH=CH—CH=C—; m-NO,.CgH,~ and p-NO,.C;H,) are dissolved in

L
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959, ethanol containing ammonium chloride and liquid ammonia added to adjust pH
to pH 12-0, the corresponding hydrobenzamides: (II; R = CgH;~ (m.p. 102°C.3
p-CH;0-CgH,~ (m.p. 125°C.)%; 0-HO—CgH,~ (m.p. 164°C.)%; 0-CLCgH,~ (m.p.
98°C.)4; CH=CH—CH=C— (m.p. 117°C.%; m-NO,.C;H,~ (m.p. 145°C.) and
| e |
p-NO,.CiH,~ (m.p. 75°C.) are obtained, identical with authentic samples. This
conversion may be explained as follows:
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Attempted condensations at pH 5-3 (i.e.,, 107] aqueous ammonium sulphate
solution) and at pH 7-1 (i.e., 109, aqueous ammonium acetate solution) resulted in
unchanged aldehydes even after 20 days.

Unlike hexamine, all the C-substituted hexamines fail to give salts with picric acid
and hydrochloric acid as they decompose into their components in even slightly
acidic media.

EXPERIMENTAL

All points are corrected. U.V. absorption spectra were determined with a Beckman Spectro-
photometer Model D.B.

Syntheses of hexamines

General method. The aldehyde (0-006 mole) was added to an aqueous ammonium carbonate
solution (10%; 50 ml; pH 9-2); and shaken for } hr. After keeping 20 days at room temp. the
condensation product, if solid, was filtered off, but if oily, it was isolated by means of ethyl acetate
and recrystallized from an appropriate solvent.

® F. Francis, Ber. Dtsch. Chem. Ges., 42, 2216 (1909).

1L. B. Howard, G. E. Hilbert, R. Wiebe and V. L. Gaddy, J. Amer. Chem. Soc., 54, 3637 (1932).
5 C. Ettling, Ann. Chem. Leibigs., 35, 261 (1840).

¢ W. N. Hartley, and J. J. Dobbie, J. Chem. Soc., 73, 599 (1898).



Syntheses of some substituted hexamines in aqueous medium 871

2,4,6,8,9,10-Hexaphenyl-hexamine, Benzaldehyde (0-64 g; 0-006 mole) yielded a crystalline
product; m.p. 110°, 042 g; (69-9%) which recrystallized from ethanol in long microscopic
colourless needles; 0-38 g, (64%7); m.p. 115° (clear melt).

It is easily soluble in acetone, benzene, chloroform, ethyl acetate, ether; sparingly in ethanol and
methanol, and insoluble in water, ligroin and light-petroleum (60-80°). It decomposes on standing.
Found: C, 84-15; H, 6-12; N, 9-54, C;uH;eN,; (M. W. 596); requires: C, 84:53; H, 6:08; N, 9-397(.
Its U.V. absorption bands are at Aye, 233 mu (log € 47) and 271 mu (log € 4-65) and Ay, at 255
mp (log € 4-58) with shoulder at 278 mu (log € 3-61); hydrobenzamide shows absorption at Amex
at 235 mu (log € 4-66) and 205 mu (log € 4:76) and Ay, at 278 mu (log € 4-72) and 208 my (log € 3-32).

2,4,6,8,9,10- Hexa-(4'-methoxyphenyl)-hexamine. Anisaldehyde (0-816 g; 0-006 mole)yieldedan oily

product; 0-39 g (49%;) which crystallized from ethyl acetate-ligroin in light brown needles; 0-36 g;
(46%); m.p. 158° (clear melt). It is easily soluble in acetone, benzene, chloroform, ethyl acetate,
ether and insoluble in light-petroleum (60-80°). It decomposes onstanding. (Found: C,74-42; H,6-10;
0, 12:36; N, 7-26; CysH,;306Ny; (M.W. 776); requires: C,74-20; H, 6-23; 0, 12:36; N, 7:21%).

2,4,6,8,9,10-Hexa-(2’-hydroxyphenyl)-hexamine. Salicylaldehyde (0-73 g; 0-006 mole) yields an
oily product; 0-45 g; (65%) which crystallized from methanol in golden yellow prisms; 043 g;
(625); m.p. 130° (clear melt). It is easily soluble in acetone, benzene, chloroform, ethyl acetate;
sparingly soluble in ethanol and methanol and insoluble in water and light petroleum (60-80°) and
decomposes on standing. (Found: C, 7275; H, 5:60; O, 13-92; N, 8-:00; C,;H3s06N,; (M.W. 652);
requires: C,72-82; H, 5-24; O, 13-86; N, 8:097;). It shows U.V. absorption bands at Amsx 255 mp
(log € 473); 206 mu (log € 4-79) and Ay, 279 mu (log € 3-54) and 233 my (log € 4-04). Hydrosalicyla-
mide: Amax at 254 mu (log € 4-68) and 206 my (log € 4-54) and Apyy at 280 mu (log 3-32) and 237 mu
(log € 4-06).

g2,4,6,8,9,1{)-J&Vexa-(z-’chlorophenyl)-hexamine. o-Chlorobenzaldehyde (0-84 g; 0006 mole)

yielded a crystalline product; 0-78 g; (97-57;); m.p. 78° which recrystallized from ethyl acetate
and light-petroleum (60-80°) in long colourless needles; 0-73 g; (917,); m.p. 81° (clear melt). Itis
easily soluble in acetone, benzene, chloroform, ethanol and methanol, sparingly soluble in ethyl
acetate and water and insoluble in light-petroleum (60-80°), and ether. It decomposes on standing.
(Found: C, 62:68; H, 3-72; N, 7-00; Cl, 26:53; C,H;3N,0, (M.W. 800); requires: C, 63:0;
H, 375; N, 7:0; Cl, 26:25%).

It shows U.V. absorption bands at Amax 293 mu (log € 3-74); 250 mu (log € 490); 210 mu
(log € 5:19) and Amyq 285 mu (log ¢ 3-72) and 226 mu (log € 4-56). Hydro-o-chlorobenzamide: Amax
at 252 my (log € 4-32) and 210 my (log € 4-53) and Ay, 228 my (log € 4-19) with shoulder at 290 mu
(og € 4-42).

g2,4,6,8,9,10—Hexa-(3’-nitropl’zenyl)-hexamirte. m-Nitrobenzaldehyde (0-91 g; 0-006 mole) yielded a
crystalline product m.p. 172°; 0-721 g; (83 %) which recrystallized from ethyl acetate in colourless
microscopic needles; 0-68 g; (78%;); m.p. 176° (dec). It is easily soluble in acetone, benzene, chloro-
form, ethanol and methanol, sparingly soluble in ethyl acetate and insoluble in water, light-petroleum
(60-80°) and carbon-tetrachloride. It decomposes on standing. (Found: C, 58-1; H, 3-7; O, 22-4;
N, 16:3; Cy3H;30042Nyo; (M.W. 866); requires: C, 58-20; H, 3-50; O, 22:20; N, 16:20%). Itshows
U.V. absorption bands at Amax 234 mu (log « 4-84), shoulder at 264 myu (log ¢ 4:72).

Raney-nickel reduction of 2,4,6,89,10-Hexa-(3'-nitrophenyl)-hexamine. 2,4,6,8,9,10-Hexa-(3'-
nitrophenyl)-hexamine (0-87 g; 0-001 mole) was dissolved in absolute ethanol (50 ml), Raney nickel
(3 teaspoonful) was added and the contents shaken in an hydrogen atmosphere (6 hr). The product
recrystallized from benzene light-petroleum (60-80°) in microscopic rectangular plates; 0-57 g;
(839%); m.p. 152°. It is soluble in benzene, acetone, ethyl acetate, ethanol and methanol, and insoluble
in light-petroleum (60-80°). (Found: N, 20-52; C,;H;;Ny; (M.W. 686); requires: N, 20-39%().

3,4,6,8,9,10-Hexa-(4'-nitrophenyl)-hexamine. p-Nitrobenzaldehyde (0-91 g; 0-006 mole) yielded a
crystalline yellow product; m.p. 140° (dec) 0-69 g; (79-6 %) which recrystallized from ethyl acetate-
light-petroleum (60-80°); 0-63 g; (72:6%); m.p. 143° (clear melt). It is easily soluble in acetone,
chloroform, ethanol and methanol, sparingly in benzene, ethyl acetate and insoluble in water, carbon-
tetrachloride and light-petroleum (60-80°). It decomposes slowly on standing. (Found: C, 57-58;
H, 3-49; O, 22:87; N, 15:92; C1H30:2Ny0; (M.W. 866); requires C, 58-20; H, 3-50; O, 22-20;
N, 16:20%). It shows U.V. absorption bands at Amax 267 mu (log € 4-67) and Apy, 223 my (log €4-34).

2,4,6,8,9,10-Hexafuryl-hexamine. Furfuraldehyde; (0-58 g; 0-006 mole) yielded a crystalline
product; m.p. 76° (clear melt); 0-47 g; (87.7 ;) which recrystallized from benzene-light-petroleum
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(60-80° in dark-brown microscopic needles; 0-40 g; (74:57;), m.p. 80° (clear melt). Itis easily soluble
in acetone, chloroform, dioxane, carbon-tetrachloride, ethanol and methanol, sparingly in benzene
(60-80°) and insoluble in water, ligroin and light-petroleum (60-80°). It decomposes on standing,
(Found: C, 66:94; H, 465; O, 18-09; N, 10-42; CsH,,06N; (M.W. 536); requires: C, 67-15;
H, 4-51; O, 17-89; N, 10-449%,).

It shows U.V. absorption bands at Amax 265 mg (log € 4-45); 212 mg (log € 4-49) and Apyn 239 mu
(log € 4-36). Hydrofuramide: Amex at 253 myu (log € 4'18) and 215 mu (log e 4-16) and Ay, at 235 mu
(log € 4-11).

gHyan-p-m'trobenzamide. p-Nitrobenzaldehyde (0-45 g; 0-003 mole), was disolved in ethanol (25
ml), ammonium chioride (02 g) and ammonium hydroxide (25 ml), was added; (pH 12); shaken
(4 hr) and filtered; 0-36 g; (83%) m.p. 70° (dec). The product recrystallized from dil. methanol in
pale yellow microscopic needles; 0:34 g; (78-:577); m.p. 75° {dec). It is easily soluble in acetone,
benzene, chloroform, ethyl acetate, dioxane, sparingly in ethanol and methanol and insoluble in water
and light-petroleum. (Found: C, 57-86; H, 3-68; O, 22:60; N, 15-87; CyuH,;0¢N;; (M.W. 433);
requires: C, 58:20; H, 3-50; 0, 22:20; N, 16-20%). Itshows U.V. absorption bands at Amax 254 my
(log €4-81) and 210 mu (log € 4-69) and Ay, at 233 my (log « 4-32).

Hydro-m-Nitrobenzamide. The method was the same as employed for the preparation of hydro-
p-nitrobenzamide. The product m.p. 143° was crystallized from dil. methanol in long needles, 0-34 g;
(78:59%) m.p. 145° (dec). Its solubilities are the same as those of hydro-p-nitrobenzamide. (Found:
N, 15-9; Gy H,;;06N;; (M.W. 433); requires: N, 16:20%)). It shows U.V. absorption bands at Amax
230 my (log € 4-57) and Ay, 260 mu (log € 4-46),

Conversion of hexamines into their corresponding hydrobenzamides (General method). Hexamine:
d; R=CH;; 0-CH,0—CiH,;"; 0-HO.CH,~; 0-Cl.CH,"; o-Furyl-; m-NO,CH,; p-
NO,; . CsH,™), (0-003 mole) was dissolved in ethanol (25 ml) to which ammonium chioride (0-2 g)
and ammonijum hydroxide (25 ml) was added (pH 12). The mixture was shaken (} hr) and the separ-
ated hydrobenzamide recrystallized from an appropriate solvent. The hydrobenzamides were identical
in U.V. spectra and their melting points undepressed by admixture with authentic samples.

Hexamine employed Hydrobenzamide obtained
2,4,6,8,9,10-Hexa-phenylhexamine Hydrobenzamide m.p. 102° (lit.* 102-105°).
I R =CH;

2,4,6,8,9,10-Hexa(4"-methoxy-phenyl)-hexamine:  Hydroanisamide m.p. 125° (lit.* 125°).
I, R = p-CH;0—C,H,~

2,4,6,8,9,lo-Hexa(Z’-hydroxyphenyl) hexamine; Hydrosalicylamide; m.p. 164° (dec) (lit.® 165°).
I, R = 0-HO-CiH~

2,4,6,8,9,10-Hexa(2'-Chlorophenyl) hexamine: Hydro-o-chlorobenzamide, m.p. 100° (lit.*

I, R = o-Cl-CiH m.p. 98°).

2,4,6,8,9,10-Hexa-o-furyl-hexamine: Hydrofuramide; m.p. 115° (lit.* m.p. 117°).
L R = a-furyl.

2,4,6,8,9,10-Hexa(3 -nitrophenyl) hexamine: Hydro-m-nitrobenzamide, m.p. 145° (dec).
I, R = m“NOa'CgHi—'

2,4,6,8,9,10-Hexa-(4"-nitrophenyl)-hexamine : Hydro-p-nitrobenzamide, 75° (dec).

I, R =P—N03‘C3H4‘
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