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The preparation of N-methylated amino alco-
hols and amino mercaptans is usually very cumber-
some and employs devious routes.'—1 Therefore, the
possibility has been studied of methylating amino
alcohols and amino mercaptans by means of formic
acid and formaldehyde, a method which!¢—1
has been recently used to methylate 3-amino-1-
propanol’ and 2-ethylaminoethanol.!

We modified this method and extended it to
other amino alcohols and mercaptoethylamine and
found that yields of 90-1009, of the N¥,N-dimethyl
derivatives are obtained in all cases by refluxing
1 mole of the amino alcohol (or amino mercaptan)
with 2.5 moles of formic acid and 2.5 moles of form-
aldehyde for five hours. The methylated produect
is isolated from the reaction mixture by salting out
with sodium or potassium hydroxide. Only the
first member of this series, N,N-dialkylaminoetha-
nol, has to be distilled after salting out. All others
were found to be practically pure, containing at
most traces of moisture.

EXPERIMENTAL

Starting materials. Yellow label 2-aminoethanol, 2-ethyl-
aminoethanol, 3-amino-1-propanol, 1-amino-2-propanol, and

(1) A. Marxer, Helv. Chim. Acta, 24, 209E (1941).

(2) N. N. Dykhanov and I. I. Korotkina, Chem. dbstr.,
52, 7145 (1958).

(3) Beilstein, Handbuch der Organischen Chemie, Vol. 1V,
p. 289.

(4) V. Franzen, Chem. Ber., 90, 623 (1957).

(5) E. Hannig and H. Bekemeier, Pharmazie, 14, 201
(1959); Chem. Absir., 54, 278 (1960).

(6) H. Vanderhaeghe and G. Derruder, Bull. soc. chin.
Belges, 61, 322 (1952).

(7) Ch. E. Cosgrove and R. A. La Forge, J. Org. Chem.,
21, 197 (1956).

(8) K. J. M. Andrews, F. Bergel, and A. L. Morrison,
J. Chem. Soc., 2998 (1953).

(9) J. N. Ashley and 8. S. Berg, J. Chem. Soc., 3725
(1959).

(10) Kawahata, Japan Pat. No. 11 (1951); Chem. Abstr.,
47,3334 (1953).

(11) A. W. D. Avison, J. Appl. Chem., 1, 469 (1951).

(12) O. Gawron and P. E. Spoerri, J. Am. Chem. Soc., 67,
514 (1945).

(13) J. Fakstorp and J. Christiansen, Acta Chemn. Scand.,
8, 346 (1954).

(14) E. Fourneau, Bull. soc. chim. France, 35, 445 (1924).

(15) H. T. Clarke, H. B. Gillespie, and 8. Z. Weisshaus,
J. Am. Chem. Soc., 55, 4571 (1953).

(16) R. N. Icke, B. B. Wisegarver, and G. A. Alles, Org.
Syntheses, Coll. Vol. III, 723 (1955).

(17) T. V. Gortinskaya, N. V. Savitskaya, V. G. Samolo-
vova, Yu. S. Tsizin, and M. N. Shchukina, Chem. Abstr., 52,
7146 (1958).

NOTLs

VoL, 26

2-amino-2 methyl-1-propanol were purchased from Eastman
Kodak Co. 4-Amino-1-butanol was synthesized by a recently
published method!® and 2-mercaptoethylamine was prepared
from ethyleneimine and hydrogen sulfide,2

Methylations. To 30.5 g. (0.5 mole) of 2-aminoethanol 65 g.
(1.25 moles) of 889 formic acid and 108 g. (1.25 moles) of a
35% formaldehyde solution were added slowly and with
cooling. The mixture was heated gently until the evolution of
carbon dioxide ceased, and refluxed for 3 hr. The deeply
colored solution was then cooled and saturated with solid
sodium hydroxide. The organic layer was separated, treated
with a few grams of solid sodium hydroxide, separated again,
mixed with a large volume of benzene and distilled. The
forerun, consisting of benzene and water, was discarded and a
vield of 90-05% of N,N-dimethyl-2-aminoethanol distilling
in the range of 129-134° was obtained.

N-Methyl-N-ethylaminoethanol was prepared entirely
analogously in 969, vield from 2-ethylaminoethanol. B.p.
149-150°, n%5 1.4348 dZ§ 0.8824; MR, caled., 30.53; MR,
found, 30.51.

N, N-Dimeihyl-3-amino-1-propanol. To 37.5 g. (0.5 mole) of
3-amino-1-propanol, 65 g. (1.25 moles) of 889, formic acid
and 108 g. (1.25 moles) of a 359, formaldehyde solution was
added with cooling, The mixture was first heated slowly and
then refluxed for 5 hr. It was then cooled and saturated with
potassium hydroxide. To the upper layer a few grams of
solid potassium hydroxide was added, and this operation
continued until no more stratification took place. A yield of
90-959 of a material which was quite pure was thus ob-
tained. It was distilled for the determination of the physical
properties. B.p. 163-164° (reported?' b.p. 163-164°); a3}
1.4355 (reported” n?’ 1.4349), d2; 0.8816; MR, caled.,
30.54; MR, found, 30.58.

Similarly from 37.5 g. of I-amino-2-propanol, 49 g. (959%)
of the N,N-dimethyl derivative was obtained. B.p. 124-126°
(reported®® b.p. 122-126°); n?% 1.4218, di3 0.8722; MR,
caled., 30.51; MR, found, 30.06.

The methylation of 8.9 g. of 4-amino-1-butanol provided a
quantitative yield of the N,N-dimethy! derivative. B.p. 186-
189° (reported?? b.p. 187-189°); n75 1.4388, d27 0.8758;
MR, caled., 35.18; MR, found, 35.18.

Analogously, 44.5 g. of 2-amino-2-methyl-1-propanol gave u
quantitative yield of 2-dimethylamino-2-methyl-1-propanol,
b.p. 160-161° (reported? h.p. 159-161°), ni 1.4442,
d?l 0.9007; MR, caled., 35.15; MR, found, 34.57. This
material should not be dried over solid potassium hydroxide,
since salt formation occurs. Should this bappen, a small
amount of water will cause the free hase to separate.

To 15.4 g. (0.2 mole) of 2-mercaptoethylamine 13 g. of 889,
formic acid and 21 g. of 35% formaldehyde was added and
the mixture refluxed for 5 hr., made strongly alkaline and
distilled almost to dryness. The distillate was acidified with
hydrochloric acid, the water removed in vacuo and the hydro-
chloride recrystallized from a large volume of ethanol. The
vield was nearly quantitative; m.p. 157° (reported® m.p.

157°).
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The Girard reagents,® Girard-T (I, N,N,N-tri-
methylammonium acetylhydrazine chloride) and
Girard-P (II, pyridinium acetylhydrazine chloride),
have been widely used for separating aldehydes and
ketones from complex mixtures* since their intro-
duction by Girard and Sandulesco in 1936, but no
quantitative study has been made of the formation
of Girard derivatives.

(CHy),NCH,CONHNH,-CI~ <\—/§—CHZCONHNH2~CI’
I II

Semicarbazide can be titrated iodometrically®
and it seemed probable that the Girard reagents
could be titrated similarly. An aqueous solution of
the Girard-T reagent (I) is strongly acidic (pH 2)
and reacts very slowly with iodine (Table I). How-
ever in a neutral buffer solution the reaction with
iodine is rapid and corresponds to the utilization of
two moles (4 g.-atoms) of iodine per mole of
Girard-T reagent. Titrations at different pH
(Table I) showed that there was an optimum pH
for the reaction (pH 7-8); below this the reaction
was very slow and incomplete and in strongly
alkaline solution the iodine was consumed by the
base. The stoichiometry of the reaction® is pre-
sumably the following:

(CH):NCH.CONHNHe Cl~ + 21, + HyO) —>
(CH»),NCH,CO.H + N, + 4HI

Although the Girard-T reagent (I) can be readily
determined in this manner, the Girard-P reagent
(II) reacted incompletely with iodine in both acid
and basic solution (Table IT).
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NOTES
TABLE I
TrrraTiON OF GIRARD-T REAGENT
MI. of 0.1N I; for MI. of 0.1N Thiosul-
2 ML of 0.025M fate for 2 MI. of
Buffer pH Girard 0.1N L*
None 2 0.00 2.00
Chloride 2 0.00
3 0.04
Acetate 4 1.00
5 1.02
6 1.05
Phosphate 7 2.00
8 2.00
8.5 1.95
9 1.01
Borate 9 0.60° 1.80
10 0.40° 1.36

¢ With 10 ml, of buffer solution. ? Corrected for blank.

TABLE I1
T1TRATION OF GIRARD-P REAGENT

ML of 0.05N I, for Same with 21/,
2 M. of 0.04M Girard® X Excess I,

0.07 —
0.13 0.37
0.57 —
0.55 —
0.55 —
0.60
0.65
0.78

* Nolution titrated after 2-3 min., Theory 6.4 ml. ? Used
2.95 ml. at 50°.

Buffer pH
Chloride

Acetate

Phosphate

W =1 O WD

1.58°

The kineties of reaction of simple aldehydes and
ketones with Girard-T reagent can be followed con-
veniently in 609, ethanol at 25° (Tables III and
IV) by withdrawing samples at intervals, adding
to an excess of iodine solution adjusted to pH 7
and titrating with thiosulfate in the usual manner.
The reaction with eyclohexanone was essentially
instantaneous in acid media at pH 8 and 25°, and
measurements were accordingly made at pH §
(Table III), where the reaction is much slower.
The reactions showed good second order plots up
to ca. 909. The increases in rate in rate for eyelo-
hexanone and cyclopentanone on increasing the
temperature from 23° to 64° were only factors of
8 and 9, respectively, which corresponds to an
energy of activation of 10.7 and 11.1 keal/mole
respectively.

TABLI: 111
Rares or ReactioN witH Cycric KeToNES?

kX 10* L. Mole™! Sec.™!

25.0° 64.0°
Cyclohexanone 87 708
4-Methyleyclohexanone 55 —
Cyclopentanone 5.4 48
Cycloheptanone 5.8 —

® In 609, aqueous-ethanol at pH 8.5,



