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alcohol was the principal product. Severai methods proposed for the
dehydration of diacetone alcohol were investigated. That of Hibbert2
(using a very small quantity of iodine) is superior to the action of
either concentrated sulfuric acid or aiuminum phosphate.

METHYLAMINE HYDROCHLORIDE

2HCHO + I\TH4CI ---+ CHsNH2.HCI + HCOrH

Submitted by C. S. Mrnvnl and R. L. JnNrrNs.
Checked by J. B. CoNaNr and F. C. WHroo,p.N.

1. Procedure

Ix a 5-1. round-buttoned flask, fitted with a stopper holding a
condenser set for downward distillation and a thermometer which will
extend well into the l iquid, are placed 4 kg. (3711 cc., 47-53 moles) of
technical formaldehyde (35-40 per cent; sp. gr. 1.078 at 20") (see
Note l" on p. 378) and 2 kS. (37 moles) of technical ammoniurn chlo-
ride. The mixture is heated on the steam bath until no more disiillate
comes over and then over a flame until the temperature of the solu-
tion reaches 104o. The temperature is held at this point unti l no more
disti l late comes over (four to six hours). The disti l late, which con-
sists of methylal, methyl formate, and water, may be treated as de-
scribed in Note 1.

The contents of the reaction flask are cooled to room temperature
(Note 2), and the ammonium chloride rvhich separates is f i l tered off
and centrifuged (Notc 3). Tire mother l iquor is concentrated on the
steam bath under reduced pre,ssure to 2500 -cc., and again cooled to
room temperature, rvhereupon a second crop of ammonium chloride is
obtained. The total rccover)r of ammonium chloride up to this point
amounts to 780-815 g.

The mother l iquor is again concentrated under reduced pressure
q!,td.c,rystals begin to form on the surface of the solution (1400-1500

cc.). It is then cooled to room temperature, and a first crop of meth-
ylamine hydrochloride, containing some ammonium chloride, is ob-
tained by fi l tering the cold solution and centrifuging the crystals
(Note 3). At this point 625-660 g. of crude product is obtained. The
mother liquor is now concentrated under reduced pressure to about
1000 cc. and cooled; a second erop of methylamine hydrochloride (170-

190 g.) is then fi l tered off and centrifuged. This crop of crystals is
washed with 250 cc. of cold chloroform, fi l tered, and centrifuged, in

order to remove most of the dimethylamine hydrochloride which is
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present; after the washing with chloroform the product weighs 140-
150 g. The original mother i iquor is then evaporated under reduced
pressure, as far as possible, by heating on a steam bath, and the
thick sirulry solution (about 350 cc.) which remains is poured into a
beaker and allowed to cool, with occasional stirring, in order to pre-
vent the formation of a solid cake (Note 2). The thick paste so ob-
tained is centrifuged, and the crystals (170*190 g.) are washed with
250 cc. of cold chloroform; the solution is f i l tered and tl ie crystais
are centrifuged, thus yielcling 55-65 g. of procluct. There is no ad-
vantage in further concentrating the mother l iquor.

The total yicld of crude eentrifuged methylamine hydroeli loride is
830-850 g. This procluct contains, as impurit ies, water, ammonium
chloride, and some dimethylamine hydrochloride. In orcier to obtain
a pure product, the crude methylamine h.vdrochloride is recrystall izecl

f rom ab-.oiute alcohol  (Note 4).  The erucle sal t  is  p laced in a 5-1.
round-bottomed flask fitted rvith a reflux condenser protected at the

top u'ith a calcium chloride tube; 2 l. of. absoh-rte alcohol is added and
the mixturc heatcd to boi l ing.  Af ter about one-hal f  hour the undis-
solvecl material is allowed to settle and the clear solution is pourcd off.
\Vhen the alcohoiic solution is coolcd, rneth-vlamine hydrochloridc crys-

tall izes out. It is f i l tered off and centrifuged, and the alcohol used for

anothcr extraction. The process is repcated unti l the alcohol dissolves
no more of  the product (about f i r 'e cxtract ions are necessary).  In the
flask 100-150 g. of ammonium chloricle lernains, making the total re-

covery of ammonium chloride 850-950 g. The -vield of recrystall ized
methylamine hyclrochloricie is 600-750 g. (-15-5i per cetrt of the theo-

retical amount, based on the ammonium chlolide used up in tl ie proc-

ess) (Notes 5 and 6).

2.  Notes

1. Methylal ancl soclium formatc may be obtained from the first

disti l late of thc main reaction mixture. The crude disti l late is placed

in a flask fitted u'ith a rcflux condenser, and to it is aclded a solution of
200 g. of sodium hyclroxicle in 300 cc. of water. The methyl formate is
hydrolyzecl to soclium formatc. Thc rnethl' lal la1'er is -*eparated, dried
over calcir"rm chloride, ancl disti l led. In this rvay 240-260 g. of meth-
ylal, boil ing at 37-42", is obtained. By evaporating the watery portion

to dryness, a residue of about 280 g. of crude sodium forrnate is ob-
tained.

2.  The methvlaminc hvclrochlor ic le solut ions s l iould be cooled rap-
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idly in order to bring the salt down in small crystals which may be
easily purified.

3. Centrifuging the precipitates is the only satisfactory method of
drying, as all the products tend to take up water when aliowed to
stand in the air.

4. Since ammonium chloride is not absolutely insoluble in 100 per
ceni ethyl alcohol (100 g. dissolve 0.6 g. at 15o), the methylamine
hydrochloride purif iecl in the manner described contains apprcciable
traces of it. A purer product can be prepared by recrystall izing from
n-butyl alcohol, in which the solubil ity of ammonium chloricle even at
the boil ing temperature is negligibly small. Methylamine hydrochlo-
ride is somewhat less soluble in this solvent than in ethyi alcohol, but
as a rule three extractions carried out at 90-100" r,r'ith 4-6 parts of
fresh buiyl alcohol for each extraction result in a substantially com-
plete separation. Since the last traces of the solvent are not rcadily
removed by exposure to air, a solution of the rccrystall izecl rnaterial
in a small quantity of water should be disti l led unti l free of alcoliol,
and allowed to crystallize.

An entirely different method for preparing pure methylamine hy-
drochloride free of ammonium chloride has been described.l It is
based on the fact that when a mixture of methylamine and ammonia
reacts with an insufficient quantity of hvclrochloric acid the methyla-
mine is preferentially neutralized and the ammonia left free.

5. The literature2 claims a yield of methylamine hydrochloride
amounting to 79 per cent of the wcight of ammonium chloride used up
in the reaction. This figure is probably based on the weight of crucle
methylamine hydrochloride and not of the recrystall ized material.

6. I\{ethylamine can be purif ied through its benzal derivative,
whieh is disti l led and then hydrolyzed by concentrated hydrochloric
scid.3 This method has been checked ancl found satisfactorv bv one
of ihe editors.

3. Methods of Preparation

Methylamine can be prepared by the action of ammonia on methvl
iodide,a methyl chloride,5 dimethyl sulfate,6 methyl p-toluenesulfo-

lSharp and Solomon, J. Chem. Soc. 1477 (1931).
2Werner ,  J .  Chem. Soc.  111,  850 (1917) .
sSommelet, Compt. rend. 178, 2I7 (1924).

.  aHofmann, Ann. 79, 16 (1851).
- sVincent and Chappuis, Bul l .  soc. chim. 45, 499 (1886).
- 6Ephrian and Curewitsch, Ber. 43, 139 (1910); Denham and Knapp, J. Chem.
Soc. 117, 236 (1920).
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nate7 and methyl alcohol with a catalyst and at elevated temperatures;8
by the action of bromine and alkalie and of bleaching powderl0 on ace-
tamide; by the action of sodamide on methyl iodide;tt by the reduc-
tion of chloropicrin,l2 hydrocyanic or ferrocyanic acid,ls hexamethyl-
enetetramine,la nitromethane,ls methyl nitrite,l6 or formalcloxime;1?
from acetyl chloride and sodium azide;18 and by the action of for-
malclehycie on ammonium chloricle.le

TRodionov, Bull. soc. chim. (4) 45, 109 (1929).
8 D'vis and Elderf ield, J. A.r.  Ch.m. Soc. 50, 1286 (1929); E. I .  du

Nemours  and  Co . ,  U .  S .  pa t . 2 ,017 .051  tC .  A .29 ,8001  ( t gBS)1 .
e Hofmann, Ber. 15, 765 (1882); Frangois, Compt. rend. 147, 430,

(  1908) .
loBader and Nightingale, u*. S. prt.  1,489,480 iC. A. 18, 1g36 (IgZ4)1.
l lChablay,  Compt .  rend.  156,328 (1913) .
12Geisse,  Ann.  109,2S2 (1859) ;  \ \ ra l lach and Bochr inger ,  Ann.  184,  5 l  ( lgZT) ;

Frankland, Challenger, ancl Nichol ls, J. Chcm. Soc. 115, l5g (1919).
lsMendius,  Ann.  l2 l ,  139 (1862) ;  Debus,  Ann.  128,201 (1968) ;  Denham. Z.

phys ik .  Chem. 72,674 (1910) ;  R iedel ,  Ger .  pat .  Z6q,S28 tFrd l .  11,  110 (1912- ta) l ;
Dreyfus, U. S. pat. 2,072.217 fC. A. 31, 2619 (1937)1.

laMeister, Lucius, and Bri ining, Ger. pat.78,812 tFrdl.3, lb ( lgg0-4)l ;  Tri l lat
and Fayollat,  Bul l .  soc. chint. (3) 11, 23 (1894); I iuntlsen, Ger. pat. 74B,lgZ iFrcl l .
7,24 ( l9VLa)l;  Mcisfsl,  Lucius, and Bri ining, Ger. pat. 148,054 tFrdl.  7,26
(190U)J; Isono, J. Pharm. Soc. Japan No. 397, 209 (1915) tC. A. g,22BZ (1915)1.

15 Pierron, Bul l .  soc. chirn. (3) zt,  ZSB (lg9g) ;  Mailhe and Murat, ibid. (4)
7,954 (1910); Zerewit inov and Ostromisslensky, Ber. 44,2402 (1911).

16Gaudion,  Bul l .  soc.  ch im.  (4)  7 ,824 (1910)  and Ann.  ch im.  phys.  (g)  25,  136
(  1912 ) .

17 Takaki and Ueda, J. Pharm. Soc. Japan SB, 226 (1998) tC. A. 32, EgZ6
(  1e38)  l .

18 Naegeli, Griintuch and Lendorff, Helv. chim. Acta lz, 222 (rg2g).
lsBrochet  and Cambier ,  Br . r l l .  soc.  ch im.  (3)  13,584 (1895) ;  Frangois ,  Compt .

rend.  147,429 (1908) ;  Werner ,  J .  Chem. Soc.  111,848 ( lg l7) ;  Jones and \Vheat ley ,
J .  Am.  chem. soc.40,  1411 (1918) ;  \ \z ie tze l  and r (oh ler ,  Gcr .  pat .468,ggs tc .  A.
23 ,846  (1929 )1 .

Pont de

680, gg3

ME

METI

cHscocHCozczHs
I

(cH2)3cH3

2CHTCOOHCOzNa * Hz
I

(CH')'CH'

Submi
Check

Ix a 12-1. round-bott
stirrer, is pl: iceii 5 l. of a
moles) .  To  th is  i s  adde
925 g.)  obtained (p.2a8)
fure is stirred at room t
the monosubstituted ac
passes into solution. T,
unsaponified rnaterial se1
ous layer is separatecl I
with a stopper fitted wir
tube leading to a conde

Through the separat
cent (sp.  gr .  1.40) sul fu
than the amount requir,
in the saponification of
oxicle ceases to be vigor
boil ing, and from one-t
ti l led. The clisti l late is
(Note 2) and redist i l led

In the disti l late the l
the latter is disti l led un
layer in this disti l late ri
t i l led. This procedure ir
of ketone is obtained in
fraction is washed four
trated solution of calciu

* Commercially available


